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Executive summary

EXECUTIVE SUMMARY

0. Rationale, aim and specific objectives

Rationale

Overweight and obesity prevalence rates have been increasing worldwide in the last

few decades. This is also the case in the adult population from Catalonia, Spain.

Overweight and obesity are multi-factorial chronic diseases.

There are many strategies used by individuals for body weight control/loss. Although
the diets of all sorts and physical activity are the most popular methods, also relevant
ones are tobacco smoking (i.e. smokers are reluctant to give up smoking under the fear
that they will gain body weight if they do so) and the usage of weight-loss plant food
supplements (PFS).

This PhD thesis has been motivated by the following questions:
1. What are the prevalence rates of overweight and obesity in the Catalan adult
population in two different points in time (1992-1993 and 2002-2003)?
2. Do socioeconomic (occupation and education) and sociodemographic (gender,
age and population of residence size) factors relate to these prevalence rates?
3. Do popularly used weight control strategies such as tobacco smoking (in
Catalonia) and PFS consumption (in six EU countries) relate to these

prevalence rates?

Aim

This thesis aims firstly to respond to the questions posed on the rationale, with the
intention to identify groups within the Catalan adult population who -according to their
SES or their smoking habits- may be more vulnerable to excess body weight and fat. In
addition, it aims to ascertain if consuming tobacco or PFS in weight control/loss has
any relationship with overweight or obesity. Finally, it aims to contribute to the scientific

literature related to overweight and obesity.

Specific objectives
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The objectives of research chapter 1 are two: a) to evaluate the trends (1992-2003) of
overweight and obesity prevalence rates in the adult population of Catalonia, Spain,
and b) to explore the influence of some socio-economic (occupation and education)
and socio-demographic (gender, age and population of residence size) variables on

these prevalence trends.

Research chapter 2 has the objective of showing trends in the relationship between
smoking history and overall overweight/obesity, and between smoking history and

central fatness in an adult Catalan population.

Research chapter 3 has the objective to provide an overview of the characteristics and
usage patterns of PFS consumers in six European countries. This chapter also

contextualizes the work carried out in chapter 4.

Finally, research chapter 4’s objectives are two: a) to provide an overview of the PFS
botanical ingredients consumed for “body weight reasons” and by “dieters for
overweight/obesity” in six European countries, and b) to explore the relationship
between the consumption of these botanical ingredients and the self-reported BMI of

their consumers.

1. Backgqround

The background section is included to provide an overview of some relevant aspects
on the two main research topics: 1.1) Obesity: excess body weight and adiposity and
1.2) Plant food supplements (PFS). Background 1.1 contextualizes research chapters 1

and 2, whereas background 1.2 contextualizes research chapters 3 and 4.

1.1 Obesity: excess body weight and adiposity — an overview

Obesity is characterised by altered body composition with increased adiposity. It is a
multifactorial chronic disease whose origins involve environmental (related to sedentary
habits, inadequate dietary habits and other lifestyle factors) and genetic factors

(involving different polymorphisms).
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The International Obesity Task Force (IOTF) and the World Health Organization
(WHO) have declared obesity, as the epidemic of the 21st century due to the
dimensions acquired within the last few decades, its impact on morbi-mortality, quality
of life and related healthcare costs. The WHO recognizes the impact obesity has on the
development of the most prevalent chronic diseases in our society: type 2 diabetes,
cardiovascular diseases, musculoskeletal pathologies and an increasing number of
certain cancers. Increased body weight also leads to the onset of depression, impaired
cognitive functions and disorders related to body image, self-esteem, etc, resulting in
impaired social interactions. Moreover, it generates important direct and indirect
economic costs as well as significant increases in social and health services (medical

visits, absenteeism, loss of autonomy, special needs, etc).

Prevention of excess body weight/adiposity is essential, requiring a multidisciplinary

preventive approach.

Section 1.1 includes five subsections that provide an overview of different areas within
the study of excess body weight and adiposity, including: the different techniques
currently used to measure body weight and fatness (subsection 1.1.1); the body weight
an fatness measures used in the present thesis i.e. Body Mass Index (BMI) and Waist
Circumference (WC) (subsection 1.1.2); global, European and Spanish overweight and
obesity prevalence rates and trends (subsection 1.1.3); the determinants of overweight
and obesity (subsection 1.1.4); and the health effects of overweight and obesity

(subsection 1.1.5).

1.2 Plant food supplements - relevant aspects

The popularity of botanical products is on the rise in Europe, with consumers using
them to complement their diets or to maintain health, and products are taken in many
different forms (e.g. teas, juices, herbal medicinal products, plant food supplements
(PFS). However there is a scarcity of data on the usage of such products at European

level.

Section 1.2 includes six subsections that provide information on relevant aspects
related to the PFS topic for understanding the research carried out on PFS, including: a
description of the PlantLIBRA EU project and the PlantLIBRA PFS Consumer Survey
2011-2012 (subsection 1.2.1); the concepts and definitions needed when collecting

data on PFS consumption (subsection 1.2.2); an overview of the regulatory aspects

9
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related to PFS (subsection 1.2.3); an overwiew of PFS market data in EC Member
States (subsection 1.2.4); a chronological overview of the weight management industry
(subsection 1.2.5); and a general classification of botanical products used for body

weight loss (subsection 1.2.6).

2. Research

My research has focused on the study of adult overweight and obesity in relation to the
following environmental factors: 1) Socioeconomic (occupation and education) and
sociodemographic (age, gender and population of residence size) factors, and 2)
lifestyle factos (tobacco smoking and consumption of PFS). | have studied the
relationship of overweight and obesity with occupation, education, age, gender
population of residence size and smoking history in the Catalan adult population, using
data from the two Catalan Nutrition Surveys (ENCATs 1992-1993 and 2002-2003) -
two methodologically identical cross-sectional surveys. In addition, | have studied the
relationship between overweight/obesity and the consumption of PFS in the adult
population from 6 EU countries where the PlantLIBRA EU project's PFS Consumer
Survey 2011-2012 was conducted. Each of the four research chapter contains its own
Introduction, Materials and Methods, Results and Discussion sections. A summary of
the objectives, methodology and results of each chapter is included in this executive
summary. The conclusions and original contributions of each chapter are included in

section 3 of the thesis.

2.1 Chapter 1 - Obesity and overweight trends in Catalonia, Spain (1992-2003):

gender and socio-economic determinants

Objective: This study evaluates the trends of obesity and overweight prevalence rates
in the adult population of Catalonia, Spain, and the influence of socio-economic

variables on these prevalence trends.

Materials and methods: The analysis was based on data from two representative
population-based cross-sectional surveys, i.e. the two Evaluations of Nutritional Status
in Catalonia (ENCAT 1992-93 and ENCAT 2002-03). Trained interviewers obtained
weights and heights by direct measurement in standardised conditions. Overweight

and obesity were defined using BMI and WC, categorised according to 1998 WHO

10
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criteria. The overall samples consisted of 1015 men and 1233 women from ENCAT
1992-93, and 791 men and 924 women from ENCAT 2002-03, all aged 18-75 years.

Results: Mean BMI and mean WC were higher in males in 2002-03 as compared to
1992-93, while for females, mean BMI was lower (except for the youngest group), and
mean WC was higher. In men, overall BMI overweight prevalence remained stable
(from 44.1% to 43.7%), while obesity increased (from 9.9% to 16.6%); total WC
overweight remained stable (from 21.7 to 23.8%), while WC obesity increased (from
13.1% to 24.4%). In women, overall BMI overweight and BMI obesity remained stable
(from 29.1% to 30.1% and from 15.0% to 15.2% respectively); total WC overweight
decreased (from 21.8% to 17.7%), while WC obesity increased (from 24.5% to 31.1%).
The socio-economic and education variables had an influence on BMI and WC
overweight and obesity rates mainly on females in both surveys and on the youngest

men only in the 1992-93 survey.

2.2 Chapter 2 - Trends in the association between smoking history and

general/central obesity in Catalonia (1992-2003), Spain

Objective: This study shows trends in the relationship between smoking history and
both general overweight/obesity and central fatness in adults from the Mediterranean

area of Catalonia, Spain.

Materials and methods: The ENCAT 1992-93 and ENCAT 2002-03 surveys were used:
482 men and 589 women from 1992-93 and 515 men and 613 women from 2002-03,
all aged 25-60 years. Trained dieticians measured anthropometry (weight, height) and
collected self-reported data on smoking habits, diet, lifestyle and SES. WHO’s 2008
general overweight/obesity indicator (BMI>=25) was used among never, former, and
current smokers; WHO’s 2008 central fatness indicators used among never, former,
and current smokers included the increased-risk-for-metabolic-disease waist
circumference (IR WC - as a WC =94-<102 cm in men and =80-<88 cm in women) and
the substantially-increased-risk-for-metabolic-disease WC (SIR WC - as a WC>=102
cm in men and >=88 cm in women). Multivariate-adjusted associations were estimated

using simple logistic regression.

Results: By 2002-2003, male prevalence of both joint overweight/obesity and IR/SIR
WC had increased; former-smokers had the highest overweight (57.2%) and SIR WC

(28.2%), but never-smokers had the highest obesity (19.3%) and current-smokers the

11
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highest IR WC (30.7%). Disparities in female rates across smoking history groups were
substantially diminished after ten years, due to the increased joint rates in former- and
current-smokers, and the lower joint rates in never-smokers; highest overweight
(32.2%) and IR WC (21%) were observed in former-smokers and highest obesity
(16.5%) and SIR WC (33.2%) in never-smokers. After ten years, most associations
between smoking history and general and central obesity had been strongly
attenuated: only male current-heavy smoking remained associated with IR/SIR WC
(two- instead of three-fold) and female current-moderate smokers were 0.57 times less
likely to have an IR/SIR WC (p<0.10).

2.3 Chapter 3 - Usage of plant food supplements across six European countries:

findings from the PlantLIBRA Consumer Survey

Objective: To provide an overview of the characteristics and usage patterns of plant

food supplements (PFS) consumers in six European countries.

Materials and methods: This study was carried out within the PlantLIBRA project (FP7-
EC funded project n°245199). Data on PFS usage were collected in a cross-sectional,
retrospective survey of PFS consumers using a bespoke frequency of PFS usage
questionnaire. The total sample consisted of 2359 adult PFS consumers from Finland,
Germany, Italy, Romania, Spain and the United Kingdom. Descriptive analyses were
conducted, with all data stratified by gender, age, and country. Absolute frequencies,

percentages and 95% confidence intervals are reported.

Results: Overall, an estimated 18.8% of screened survey respondents used at least
one PFS. Characteristics of PFS consumers included being older, well-educated, never
having smoked and self-reporting health status as “good or very good”. Across
countries, 491 different botanicals were identified in the PFS products used, with
Ginkgo biloba (ginkgo), Oenothera biennis (evening primrose) and Cynara scolymus
(artichoke) being most frequently reported; the most popular dose forms were capsules
and pills/tablets. Most consumers used one product and half of all users took single-

botanical products. Some results varied across countries.
2.4 Chapter 4 - BMI overweight and obesity in relation to plant food supplement

usage in six European countries: results from the PlantLIBRA PFS Consumer
Survey 2011-2012

12
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Objectives: This study aims to identify the botanicals of the plant food supplements
(PFS) consumed for “body weight reasons" and by "dieters for overweight/obesity" in
six European countries, as well as to explore the relationship between the consumption

of these identified botanical ingredients and the self-reported BMI of their consumers.

Materials and methods: This study used data from the PlantLIBRA PFS Consumer
Survey 2011-2012, a cross-sectional, retrospective survey of 2359 PFS consumers
using a bespoke frequency-of-PFS-usage questionnaire. Analyses were performed in
two consumer subsamples of 1) respondents taking the products for “body weight
reasons”, and 2) “dieters for overweight/obesity”. Subsamples’ country proportions are
presented; consumed PFS botanicals by respondents of “body weight reasons”, by
“dieters for overweight/obesity” and by the “crosstabulation of the two groups” were
identified. The relationship between the 5 most consumed botanicals and self-reported
BMI in group 1 and 2 is explored by comparing BMI proportions of consumers vs. non-
consumers of these botanicals (using % test, p<0.05 for significance). Comparisons
were made using a) the “body weight reasons” sample (n=240) and the “dieters for
overweight/obesity” sample (n=112), in which the top 5 consumed botanicals had
actually been identified, and b) the total survey sample (N=2359) for increasing the

power of the test.

Results: Of the total 2874 PFS products consumed, 252 (8.8%) were consumed for
“body weight reasons” (by 240 PFS consumers). Of the total 2359 PFS consumers,
112 (4.8%) were “dieting for overweight/obesity”. Spain is the country where “body
weight reasons” and “dieting for overweight/obesity” were most popular. Artichoke was
the most consumed botanical by a) respondents of “body weight reasons”, by b)
“dieters for overweight/obesity” and by c) the crosstabulation of the two. Considering
the top 5 botanicals used by “body weight reasons” repondents, a significantly greater
proportion of BMI>25 was observed among the consumers of PFS containing artichoke
and green tea as compared to non-consumers (58.4% vs. 49.1% and 63.2% vs. 49.7%
respectively); these results were obtained when using the total survey sample.
Considering the top 5 botanicals used by “dieters for overweight/obesity”, when the
dieters sample was used, a significantly lower proportion of BMI>25 was observed
among consumers of pineapple-containing PFS as compared to non-consumers
(38.5% vs. 81.5%); however, when using the entire survey sample, the only significant
difference was a greater proportion of BMI>25 among consumers of artichoke-
containing PFS than among non-consumers (58.4% vs. 49.1%). The first three reasons

for taking artichoke-containing products were “body weight” (in 79 products, of which
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47 were consumed in Spain), “stomach/digestive function” (79 products, of which 37
were consumed in Germany) and “cholesterol” (32 products, 21 consumed in

Germany).

3. Conclusions and original contributions

The results of the research carried out in this thesis have significant implications for
public health. It has long been established that excess general and central body weight
is an increasing public health problem, affecting more and more societies of all sorts,
i.e. affluent, in transition and emerging ones. It is also well known that this public health
problem is influenced by many factors, and that affected individuals seek all sorts of
weight-control/loss strategies. Some of these factors and weight-control strategies

have been addressed in this thesis.

Chapter 1: Ten-year trends indicated that Catalan males were getting bigger overall
(BMI) and around the waistline (WC), while Catalan females only had bigger waistlines
(WC). BMI male obesity prevalence had overtaken that of females. WC obesity
continued to be more prevalent among females than males. In spite of the study
limitations, findings for the Catalan adult male and female population would encourage
urgent weight management actions to improve this collective’s health and to prevent
co-morbidities, with special focus on the lower socio-economic and education level
groups. This study was published in the journal Public Health Nutrition 2007 (impact
factor (IF) in 2008: 2.123) (see Annex IVa), and presented as a poster at the VIII SENC
Congress, Valencia, 22-25 October 2008.

Chapter 2: Although causality cannot be established, results suggest a positive
association between heavy smoking (>20 cigarettes/day) and central fatness among
men; the very small number of women who reported themselves to be heavy smokers
limited the ability to examine associations between current heavy smoking and central
obesity and to compare them with those observed in men. Nevertheless, no
association between former smoking and general/central fatness was observed in the
latest survey and these findings strengthen arguments for promoting smoking
cessation to reduce morbidity and mortality associated with both smoking and obesity.
This research chapter contributes to the global pool of evidence about this topic,
because this analysis has never been done before in this population. The manuscript

has been submitted to a scientific journal (see Annex IVb).
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Chapter 3: This chapter presents the first results on the consumption of PFS in relation
to the type of product consumed, the frequency of its consumption, and the botanical
ingredients most frequently contained in these consumed products. Obtaining and
handling all this information was a rather complex task, and conducting the survey in 6
EU countries simultaneously added in even more challenges. The survey is one of the
main outcomes of the PlantLIBRA EU project and has represented a contribution to
scientific research in this sector at the European level. Thanks to this project and
survey, nowadays there are available data directly obtained from consumers in six EU
countries that can be used in the future to carry out various types of research. In
addition, a new methodology has been proposed and tested, which can be used and
improved by future researchers of the topic for generating additional data. Thus, for
example, incorporating measures of the intake of botanicals in national dietary surveys
would provide much-needed data for comprehensive risk and benefit assessments at
the European level towards an EC policy-making and regulation of the sector. The first
results of the survey were disseminated through numerous presentations before the
project ended and through a publication in the journal PLoS One 2014 (IF in
2013/2014: 3.53) (see Annex IVc).

Chapter 4: Although limited by a small sample size and a lack of “composition data”
(actual amounts of the botanical ingredients), our study represents a first attempt (and
hopefully not the last) to explore the relationship “BMI-PFS consumption” in six EU
countries. Findings should encourage the research community to carry out further
studies on this topic. Future studies should as much as possible be long-term, with
large sample sizes from the general population (i.e. PFS consumers and non-
consumers, ideally as part of regional/national health/nutrition/CAM-use surveys), and
that allow collecting label data on ingredients amounts and dosages. This additional
information would help elucidate the many unknowns about the marketing,
consumption and effectiveness of PFS specifically used as a strategy for body weight
control (in some countries like Spain rather prevalently). It is important to keep on
gathering data on the weight-loss botanicals that are being consumed, why and how
they are being consumed, and if there are any differences between consumers and
non-consumers of these botanicals in terms of their body weight indicators (BMI, WC,
etc) and other aspects of health. This research was presented as a poster at the /I
World Congress of Public Health Nutrition, Las Palmas de Gran Canaria, 9-12
November 2014 (see Annex IVd). The article is pending submission to one of the
following journals (IF in 2013-2014): 1) Phytomedicine (2.877) or 2) Plant Foods For

15
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Human Nutrition (2.416) or 3) Phytotherapy Research (2.397) or 4) Planta Medica
(2.339).

4. References

This section includes n=298 alphabetically ordered references cited in all the previous

sections.

5. Annexes

This section contains supplementary information to the different sections of this thesis,
including: the recommendations of the WHO 2008 Expert Consultation on waist
circumference and waist-hip ratio; the PlantLIBRA PFS Consumer Survey’s screening
questionnaire; the PlantLIBRA PFS Consumer Survey’s main questionnaire; and the
dissemination material (two published articles, one submitted article and one presented

poster).

6. Resumen en castellano de la tesis doctoral: aspectos mas relevantes

(“Spanish summary of the PhD thesis: most relevant aspects”)

This summary in Spanish of the most relevant aspects of the thesis is included in order
to comply with the rules of the "Regulations for the preparation, tribunal, defence and
evaluation of doctoral theses, Chapter I, Article 2" (Royal Decree 1393/2007), of the

University of Las Palmas de Gran Canaria.

16



Contents







Contents

Contents
Page

Tables 21
Figures 24
Abbreviations 26
0 Rationale, aim and specific objectives 29
1 Background 33
1.1 Obesity: excess body weight and adiposity — an overview 34
1.1.1 Measuring body weight and fatness 35
1.1.2 The body weight an fatness measures used in this thesis 39

1.1.2.1 Body Mass Index 40

1.1.2.2 Waist Circumference 41
1.1.3 Global, European and Spanish overweight and obesity prevalence
rates and trends 45
1.1.4 Environmental determinants of overweight and obesity 58
1.1.5 Health effects of overweight and obesity 60
1.2 Plant Food Supplements — relevant aspects 64
1.2.1 Concepts and definitions to consider when collecting data on PFS
consumption 64
1.2.2 The PlantLIBRA project and the PlantLIBRA PFS Consumer Survey
2011-2012 69
1.2.3 Regulatory aspects of PFS 72
1.2.4 PFS market data in EC Member States 74
1.2.5 The weight management industry: past, present and future 78
1.2.6 Classification of botanical products in body weight loss 79
2 Research 83
2.1 Chapter 1: Obesity and overweight trends in Catalonia, Spain
(1992-2003): gender and socio-economic determinants 85
2.1.1 Introduction 87
2.1.2 Materials and methods 88
2.1.3 Results 90
2.1.4 Discussion 99
2.2 Chapter 2: Trends in the association between smoking history
and general/central obesity in Catalonia (1992-2003), Spain 105

19



Contents

2.2.1 Introduction 107
2.2.2 Materials and methods 108
2.2.3 Results 112
2.2.4 Discussion 121
2.3 Chapter 3: Usage of plant food supplements across six

European countries: findings from the PlantLIBRA PFS Consumer

Survey 2011-2012 127
2.3.1 Introduction 129
2.3.2 Materials and methods 131
2.3.3 Results 136
2.3.4 Discussion 151
2.4 Chapter 4: BMI overweight and obesity in relation to plant food
supplements usage in six European countries: results from the

PlantLIBRA PFS Consumer Survey 2011-2012 157
2.4 .1 Introduction 159
2.4.2 Materials and methods 162
2.4.3 Results 164
2.4.4 Discussion 174
3 Conclusions and original contributions 185
4 References 191
5 Annexes 223

Annex I: WHO 2008 Expert Consultation on waist circumference and waist-hip ratio

Annex II: PlantLIBRA PFS Consumer Survey’s screening questionnaire
Annex lll: PlantLIBRA PFS Consumer Survey’s main questionnaire

Annex IV: Articles and posters:

IVa. Article - Obesity and overweight trends in Catalonia, Spain (1992-2003):

gender and socio-economic determinants

IVb. Article - Trends in the association between smoking history and

general/central obesity in Catalonia (1992-2003), Spain

IVc. Article - Usage of plant food supplements across six European countries:

findings from the PlantLIBRA Consumer Survey

IVd. Poster - Plant food supplements consumption, body weight control and BMI:

results from the PlantLIBRA PFS Consumer Survey 2011-2012

6 Resumen en castellano de la tesis doctoral: aspectos mas relevantes

20



Contents

Tables
Page

Table1  Methods for measuring body composition 36
Table2 The International Classification of adult underweight, overweight

and obesity according to BMI 40
Table 3  WHO cut-off points and risk of metabolic complications 43
Table 4 International Diabetes Federation cut-off points for different ethnic

groups 43
Table 5 Combined recommendations of BMI and WC cut-off points made for

overweight or obesity, and association with disease risk 45

Table 6 Projected weight management market growth rates, 2014 through

2018 79
Table 7 A summary of the PFS categories that are hypothesized to achieve

weight-loss 81
Table 8 Sample characteristics of the two ENCAT surveys 90
Table 9 Mean, standard deviation and percentiles of BMI and WC, by

gender, age and survey (ENCAT 1992-93 and ENCAT 2002-03) 92
Table 10 Overweight and obesity prevalence (BMI and WC) by gender,

survey year (ENCAT 1992-93 and ENCAT 2002-03),

socioeconomic and socio-demographic characteristics 95
Table 11 Overall crude and adjusted overweight and obesity prevalences

(BMI and WC), by gender and survey year (ENCAT 1992-93 and

ENCAT 2002-03) 98
Table 12 Comparison of general and abdominal obesity prevalence rates

from 3 surveys conducted in the population of Catalonia 103
Table 13 Prevalence of overweight, obesity, IR WC and SIR WC, by gender

and survey 113

Table 14 Male and female characteristics by survey and cigarette smoking

history 114
Table 15 Associations between smoking history and overweight/obesity and

increased-risk/substantially-increased-risk WC (IR/SIR WC) 120
Table 16 Validation study results 136

Table 17 Distribution of screened individuals, PFS consumers interviewed
and prevalence sample by country and gender 138

Table 18 PlantLIBRA's PFS consumer survey — socio-demographic sample

21



Contents

Table 19

Table 20

Table 21

Table 22

Table 23

Table 24

Table 25

Table 26

Table 27

Table 28

Table 29

Table 30

Table 31

Table 32

Table 33

characteristics, overall and by country

PlantLIBRA's PFS consumer survey - health-related lifestyle
sample characteristics, overall and by country

PlantLIBRA's PFS consumer survey — PFS usage patterns, per
product used by a respondent, overall and by gender and age
group

PlantLIBRA's PFS consumer survey — PFS usage patterns, per
product used by a respondent, overall and by country

PlantLIBRA's PFS consumer survey — Characteristics of PFS
reported by respondents

PlantLIBRA’s PFS consumer survey — number and type of products
taken, overall distribution and by gender and age group
PlantLIBRA's PFS consumer survey — number and type of products
taken, by country

PlantLIBRA's PFS consumer survey — PFS dose forms used, per
product used by a respondent, overall and by gender and age
group

PlantLIBRA's PFS consumer survey — PFS dose forms, per product
used by a respondent, by country

PlantLIBRA's PFS consumer survey — botanicals used by at least 5
respondents, ordered by the "n of respondents”

PlantLIBRA's PFS consumer survey — distribution of the overall top-
40 botanicals’ reported consumption and the ranking of these
botanicals when stratified by gender and age group

PlantLIBRA's PFS consumer survey — ranking of the overall top-40
botanicals’ reported consumption when stratified by country

Sample characteristics, overall and by response to question on
reasons to take the PFS product (did not respond "body weight",
responded “body weight”)

Top 20 botanicals contained in the PFS taken by “consumers who

did not respond ‘body weight™ and by those who “did respond ‘body

weight™ when asked for the reasons to take the product

Top 20 botanicals contained in the PFS taken by consumers who
are not and those who are "dieting for overweight/obesity"

Top 10 botanicals contained in the PFS taken by consumers who

“responded body weight" when asked for the reasons to take the

22

138

139

141

141

144

144

144

145

145

148

149

150

166

169

170



Table 34

Table 35

product and who were simultaneously "dieting for
overweight/obesity"

BMI distribution differences between consumers and non-
consumers of the top 5 botanicals consumed by those who
responded “body weight reasons” for PFS use, when using a) the
“body weight” subsample and b) the entire survey sample

BMI distribution differences between consumers and non-
consumers of the top 5 botanicals consumed by “dieters for
overweight/obesity”, =~ when using a) the “dieters for

overweight/obesity” subsample and b) the entire survey sample

23

Contents

171

172

173



Contents

Figures

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Figure 10
Figure 11

Figure 12
Figure 13
Figure 14
Figure 15
Figure 16
Figure 17
Figure 18

Figure 19

Figure 20

Figure 21

Prevalence of overweight*, ages 20+, age standardized. Both
sexes, 2008

Prevalence of obesity*, ages 20+, age standardized. Both sexes,
2008
Overweight

prevalence in adults aged 20+ vyears

(age
standardized), by WHO Region, gender and income level

Obesity prevalence in adults aged 20+ years (age standardized),
by WHO Region

Overweight

prevalence in adults aged 20+ vyears

(age
standardized), by income level

Obesity prevalence in adults aged 20+ years (age standardized),
by income level

Countries with the largest overweight and obese populations,
2013/2018

WHO’s most recent overweight prevalence (%) in adults aged
20+ years, by European country

WHO’s most recent adult obesity prevalence (%) in adults aged
20+ years, by European country

Mean BMI in Europe by sex

Population breakdown by BMI category in each country (men and
women combined)

Deaths attributed to 19 leading risk factors, in 2004

From the botanical to the PFS
Classification of plant-based products
Characteristics of PFS

Composition and classification of PFS
Decision tree to identify a PFS
Countries and cities participating in the PlantLIBRA PFS
Consumer Survey

Mean BMI by gender, age and survey year (ENCAT 1992-93 and
2002-03)

Mean WC by gender, age and survey year (ENCAT 1992-93 and
2002-03)

Prevalence of BMI categories in male (top) and female (bottom)

24

Page

47

48

50

50

51

51

52

54

55
56

57
61
64
65
68
68
69

71

93

93



Figure 22

Figure 23
Figure 24
Figure 25

never smokers, former smokers and current smokers, by Survey.
ENCAT 1992-1993 and 2002-2003

Prevalence of WC categories in male (top) and female (bottom)
never smokers, former smokers and current smokers, by Survey.
ENCAT 1992-1993 and 2002-2003

PFS products taken for "body weight" (%), by country

PFS Consumers dieting for overweight/obesity (%), by country
Number of Cynara scolymus (artichoke)-containing PFS used for

body weight and other health reasons, by country

25

Contents

116

117
167
167

174



Contents

Abbreviations

BMI
CAM
EC
EFSA
ENCAT

EU

GHO

ICO

IDF

IOTF

IR

OR

PFS
PlantLIBRA

SES
SIR
wWC
WHO
WHR

Body Mass Index

Complementary and alternative medicine
European Commission

European Food Safety Authority

Evaluations of the Nutritional Status of the Catalan
Population

European Union

Global Health Observatory

International Congress of Obesity

International Diabetes Federation

The International Obesity Task Force

Increased risk (of metabolic complications)

Odds ratio

Plant food supplement(s)

PLANT Food Supplements: Levels of Intake, Benefit and
Risk Assessment

Socio-economic status

Substantially increased risk (of metabolic complications)
Waist Circumference

World Health Organization

Waist—Hip-Ratio

26



0. Rationale, aim & specific
objectives







Rationale, aim and specific objectives

0. RATIONALE, AIM AND SPECIFIC OBJECTIVES

Rationale

Overweight and obesity prevalence rates have been increasing worldwide in the last 3

decades. This is the case in the adult population from Catalonia, Spain.

Overweight and obesity are multi-factorial chronic diseases.

There are many strategies used by individuals for body weight control/loss. Although the
diets of all sorts and physical activity are the most popular methods, also relevant ones are
tobacco smoking (i.e. smokers are reluctant to give up smoking under the fear that they
will gain body weight if they do so) and the usage of weight-loss plant food

supplements (PFS).

This PhD thesis has been motivated by the following questions:
1. What are the prevalence rates of overweight and obesity in the Catalan adult
population in two different points in time (1992-1993 and 2002-2003)?
2. Do socioeconomic (occupation and education) and sociodemographic (gender,
age and population of residence size) factors relate to these prevalence rates?
3. Do popularly used weight-control strategies such as tobacco smoking (in
Catalonia) and PFS consumption (six EU countries) relate to these prevalence

rates?

Aim

This thesis aims firstly to respond to the questions posed on the rationale, with the
intention of identifying groups within the Catalan adult population who -according to
their SES or their smoking habits- may be more vulnerable to excess body weight and
fatness; in addition, it aims to ascertain if tobacco smoking or PFS usage to
control/lose weight has any relationship with overweight or obesity. Finally, it aims to

contribute to the scientific literature on overweight and obesity.

Specific objectives

The objectives of chapter 1 are two: a) to evaluate the trends (1992-2003) of

overweight and obesity prevalence rates in the adult population of Catalonia, Spain,
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and b) to explore the influence of some socio-economic (occupation and education),
and socio-demographic (gender, age and population of residence size) variables on

these prevalence trends.

Chapter 2 has the objective of showing trends in the relationship between smoking
history and general overweight/obesity, and between smoking history and central

fatness in an adult Catalan population.

Chapter 3 has the objective to provide an overview of the characteristics and usage
patterns of PFS consumers in six European countries. This chapter also contextualizes

the work carried out in the next research chapter.

Finally, chapter 4’s objectives are two: a) to provide an overview of the PFS botanical
ingredients consumed for “body weight reasons” and by “overweight/obesity dieters” in
six European countries, and b) to explore the relationship between the consumption of
these botanical ingredients and the self-reported body mass index (BMI) of their

consumers.
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1. BACKGROUND

This section introduces the main research objectives developed in the thesis. Section
1.1 shows the importance of the problems of overweight and obesity (excess body
weight and adiposity) in today's society. Obesity and overweight are defined, weight
and body fat measuring techniques are explained, and indicators of overall weight and
abdominal fat used in the empirical analysis (Body Mass Index —BMI- and Waist
Circumference -PC) are described. Prevalence rates and trends of overweight and
obesity at global, European and Spanish level are also shown; determinants of
overweight and obesity and the effects that overweight and obesity have on health are
summarized. All these aspects have been extensively described in numerous articles
and therefore only a summary of the main inputs is presented in order to contextualize
the contributions that are made in research chapters 1, 2 and 4 of the thesis. In these
chapters the relationship between obesity and overweight and socio-economic and
socio-demographic characteristics of the population (chapter 1), smoking history

(chapter 2), and consumption of plant food supplements (PFS) (chapter 4) is analyzed.

Chapters 1 and 2 of the thesis have used population samples and datasets obtained
from the Catalan Nutrition Surveys (ENCAT 1992-1993 and 2002-2003). The
characteristics of these surveys are not described in this introductory section, since
they have been widely described in numerous scientific articles published in
international journals. The most relevant publications of ENCAT have been cited in the

methodological sections of chapters 1 and 2.

Furthermore, this section pays special attention to describing the PlantLIBRA
Consumer Survey 2011-2012. This survey was conducted within the framework of the
European Project PlantLIBRA, in which the Foundation for Nutritional Research-FIN
participated. The survey was conducted under the leadership of Professor Lluis Serra
Majem and it was coordinated by the author of this thesis. Its data have been used in
this thesis to analyze the consumption of PFS in 6 countries of the European Union
(EVU) (chapter 3) and to analyze the relationship between BMI and PFS use (chapter 4).
The main reason for including a detailed description of the survey is that its
development is very recent and there are few articles that have used it. It is also
important to note that to date there is very little literature that analyzes the consumption
of PFS, their marketing and the profile of the consumers of these products. Finally, the
development of the survey and the creation of this database is considered an important

methodological contribution of this thesis.
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With this in mind, section 2.2 introduces various concepts and definitions used in the
preparation of survey material, it describes the methodology used and explains the
main features of the database. Moreover, the relevant aspects of the PFS market and
its regulation, the evolution of the body weight control industry in recent years and the

classification of the botanicals used in weight control/loss are also described.

1.1 Obesity: excess body weight and adiposity — an overview

Obesity is characterised by altered body composition with increased adiposity. When
applying the analysis of body composition, cases of obesity are defined when
percentages of adipose tissue are above 33% in women and over 25% in men (Serra-
Majem & Bautista 2013).

Obesity is a multifactorial chronic disease whose origins involve environmental and
genetic factors (Serra-Majem & Bautista 2013; Varela-Moreiras et al. 2013). A high
percentage of obesity cases show a clear environmental component (related to
sedentary habits, inadequate dietary habits and other lifestyle factors) that causes a
positive energy balance and, as a consequence, the gradual accumulation of fatty
tissue. From the genetics perspective, it is currently known that obesity is a polygenic
disease. Moreover there is an incomplete understanding of its physiopathology, for
which it is difficult to discern the role of the different polymorphisms and their

interaction with environmental factors (Serra-Majem & Bautista 2013).

The International Obesity Task Force (IOTF) and the World Health Organization
(WHO) have declared obesity, as the epidemic of the 21st century due to the
dimensions acquired within the last few decades, its impact on morbi-mortality, quality
of life and related healthcare costs. WHO recognizes the impact obesity has on the
development of the most prevalent chronic diseases in our society: type 2 diabetes,
cardiovascular diseases, musculoskeletal pathologies and an increasing number of
certain cancers. Moreover, increased body weight also leads to the onset of
depression, impaired cognitive function (Varela-Moreiras et al. 2013) and disorders
related to body image, self-esteem, etc, resulting in impaired social interactions (Serra-
Majem & Bautista 2013). There is increasing emphasis on the distribution of abdominal

fat and its role in increasing cardiovascular risk.

34



Background 1: Obesity

Obesity in a society results in important direct and indirect economic costs, as well as
significant increases in social and health services (medical visits, absenteeism, loss of
autonomy, special needs, etc) (Serra-Majem & Bautista 2013; Varela-Moreiras et al.
2013).

Prevention of excess body weight/adiposity is essential since once the obesity level is
reached by an individual, it is associated with a large degree of therapeutic failures and
the tendency towards relapse (Serra-Majem & Bautista 2013). A multifactorial disease
such as obesity requires a multidisciplinary preventive approach (Varela-Moreiras et al.
2013).

1.1.1 Measuring body weight and fatness

Power et al. suggested that “an ideal measure of body fat should be accurate in its
estimate of body fat; precise, with small measurement error; accessible, in terms of
simplicity, cost and ease of use; acceptable to the subject; and well documented, with
published reference values”. They further comment that “no existing measure satisfies
all these criteria” (Power, Lake & Cole 1997; Lobstein, Baur & Uauy 2004).

Adiposity is measured using a range of settings and methods. There are both direct

and indirect methods for assessing and evaluating fatness:

- Direct measures of body composition provide an estimation of total body fat
mass and several components of fat free mass. Such techniques include
underwater weighing, magnetic resonance imaging (MRI), computerized axial
tomography (CT or CAT) and dual energy X-ray absorptiometry (DEXA). The
methods are used predominantly for research and in tertiary care settings, but
may be used as a “gold standard” to validate anthropometric measures of body
fatness (Goran 1998).

- Indirect measures refer to the anthropometric measures of relative adiposity
include among others waist, hip and other girth measurements, skinfold
thickness and indices derived from measured height and weight such as
Quetelet’s index (BMI or W H-2), the ponderal index (W H-3) and similar
formulae. All anthropometric measurements rely to some extent on the skill of
the person taking the measure, and their relative accuracy as a measure of
adiposity must be validated against a ‘gold standard’ measure of adiposity
(Lobstein, Raur & Uauy 2004).
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Table 1 includes a brief description of these direct and indirect methods, as well as

comments on the strengths and weaknesses of these different methods used for

population and clinical judgements.

Table 1. Methods for measuring body composition.

Method

Description

Comments:
advantages (A) and disadvantages

(D)

Direct measures

Underwater weighing
(hydro-densitometry)

Magnetic resonance
imaging (MRI)

Computerized
tomography (CT)

Fat has a lower density than
lean tissue, and by measuring
the density of the whole body
the relative proportions of each
component can be determined.
If total body density and the
specific densities of fat and fat-
free mass are known, an
equation can be generated for
converting total body density to

percentage body fat (Goran
1998).

MRI provides a visual image of
adipose tissue and non-fat

tissue. Total body fat volume,
total fat mass and percentage
fat mass can be estimated.

CT scans produce high-
resolution X-ray-derived images
and can identify small deposits

of adipose tissue. Total and
regional body fat can be
calculated, as well as

percentage body fat.

(D): Requires a person to hold their
breath underwater, and is unsuitable
for use in young children or in older
subjects who lack water confidence.
There are theoretical concerns about
the assumptions used to translate
density measurements into estimates
of fat mass and fat-free mass, both
among normal children and the obese.

(A): MRI can accurately and reliably
distinguish intra-abdominal from
subcutaneous fat.

(D): MRI is expensive, time consuming
and must be

performed in a major medical facility.
The procedure takes approximately 20
min, and requires the subject to lie
still, enclosed in a scanner, and may
be unsuitable for young children.

(A): The procedure allows intra-
abdominal and subcutaneous fat to be
quantified with a high degree of
accuracy and reliability.
(D): The equipment is expensive and
must be operated by a skilled
technician. The procedure involves
significant radiation exposure, takes
20 min and requires the subject to lie
stil within the scanner, so s
unsuitable for routine use in children
unless clinically indicated.
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Dual-Energy X-ray
Absorptiometry
(DEXA)

Bioelectrical
impedance analysis
(BIA)

Air-displacement
plethysmography

DEXA is based on the principle
that transmitted X-rays at two
energy levels are differentially
attenuated by bone mineral
tissue and soft tissue, and the
soft tissue component s
subdivided into fat and lean
tissue by using experimentally
derived calibration equations
(Goran et al.1996).

BIA is not strictly a direct
measure of body composition,
being based on the relation
between the volume of a
conductor (the body), the
conductor’'s length (height) and
its electrical impedance (Wells
2001). BIA assumes fat mass is
anhydrous and that conductivity
reflects fat-free mass. Prediction
equations estimate the fat-free
mass from the measured
impedance and, by subtraction,
the fat mass.

A subject’s volume is
determined indirectly by
measuring the volume of air the
subject displaces when sitting
inside an enclosed chamber.
Adjustment for thoracic gas
volume is made. Once body
volume and mass are known,
the principles of densitometry
are  applied to estimate
percentage body fat.

(A): It has a high correlation with CT
scan data in determining total fat mass
(Goran et al.1998). The procedure
delivers lower radiation exposure than
CT and is thus more suitable for use in
children and adolescents.
(D): DEXA cannot distinguish between
intra-abdominal and subcutaneous fat.
The test must be performed in a major
medical facility with the DEXA
equipment, the equipment is
expensive and must be operated by a
skilled technician, and the procedure
may take up to 20 min and requires a
very cooperative subject, therefore
making it unsuitable for children aged
less than 6 years. DEXA has not been
fully evaluated in healthy child or
adolescent populations or in very
obese people.

(A): BIA measurements can be taken
quickly and inexpensively, it is
relatively non-invasive and has high
inter- and intra-observer reliability.
(D): It requires equations specific to
the instrument used and for the
population under investigation, and
the measurement may vary with
hydration status and ethnic status
(Wabitsch et al. 1996). Although
gaining acceptance in a range of
settings, the limitations of BIA are
sometimes overlooked.

(A):Air-displacement plethysmography
measurements are comfortable,
relatively quick, non-invasive and can
accommodate a wide range of body

types.

(D): Subjects should be reasonably
cooperative (for accurate
measurement the subject should

breathe through a tube and wear a
nose clip) and hence the technique
may be unsuitable for younger
children. Again, there are theoretical
concerns about the assumptions used
to calculate body fat (Fields et al.
2002).
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Table 1. Continued.

Indirect measures

Body mass index
(BMI)

Waist circumference
(WC) and Waist-to-
hip ratio (WHR)

BMI is defined as weight (kg)
/height squared (mz), and is
widely used as an index of
relative adiposity among
children?, adolescents and
adults.

Among adults, the WHO
recommends that a person with
a BMI of 25 kg m-2 or above is
classified overweight, while one
with a BMI 30 kg m-2 or above
is classified obese (WHO 2000)
although revisions of these
guidelines are being proposed
for certain populations
(Deurenberg-Yap et al. 2002).
For children, various cut-off
criteria have been proposed
based on reference populations
and different statistical
approaches.

WC is an indirect measure of
central adiposity. Central
adiposity is strongly correlated
with risk for cardiovascular
disease in adults (Ross et al

1996) and an adverse lipid
profile
and hyperinsulinaemia in

children (Freedman et al. 1999).
WC is measured at the minimum
circumference between the iliac
crest and the rib cage using
an anthropometric tape.
W-to-hip ratio has been used
among adults to identify people
with high central adiposity. WC
is measured as above and hip
circumference is measured at
the maximum protuberance of
the buttocks. The ratio is then
calculated.

(A): BMI is more accurate when height
and weight are measured by a trained
person rather than self-reported.
Measurement of height and weight
has a high subject acceptance, which
is particularly important for
adolescents who may be reluctant to
undress (measures are normally taken
in light clothing, without shoes). There

is low  observer error, low
measurement error and good reliability
and validity.
(D): BMI may not be a sensitive

measure of body fatness in people
who are particularly short, tall or have
an unusual body fat distribution, and
may misclassify people with highly
developed muscles. Hence two people
with the same amount of body fat can
have quite different BMIs (Sardinha et
al. 1999). There may also be racial
differences in the relationship between
the true proportion of body fat and BMI
(Wang et al. 1994).

(A): Waist and hip circumferences are
easy to measure with simple, low-cost
equipment, have low observer error,
offer good reliability, validity and low
measurement error.
(D): There are no accepted cutoff
values for the classification of
overweight and obesity based on
these measures, and there have been
few studies of the relation between
central adiposity and the metabolic
disturbances associated with excess

visceral fat among children and
adolescents. wcC and hip
circumference  are  highly age

dependent, and it is not recommended
to use the ratio between them without
first considering each measure
separately (Power et al. 1997).
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Skin-fold thickness

Other anthropometric
measures:

1) the Ponderal
Index;

2) the Conicity Index;
3) The Body Shape
Index.

Skin-fold thickness can be
measured at different sites on
the body (e.g. triceps,
subscapular) using skin-fold

callipers. Prediction equations
can then be used to estimate fat
mass and percentage fat from
the skin-fold measurements.
New methods for measuring
skin  fold using portable
echography equipment are
under development.

Various alternatives to the
weight-to-height ratio have been
developed examining different
powers of N in the formula
weight/heightN, such as the
Ponderal Index (w h'3). ‘N’ is
sometimes referred to as the
Benn index.

The Conicity Index, is defined as
WC/(0.109 x square root of
weight/height).

The Body Shape Index (ABSI) is
the most recent index defined as
WC/BMI*? height"?.

(A): Skin-fold thickness uses simple
equipment and offers only a moderate
respondent burden, and has the
potential to determine total body fat
and regional fat distribution.
(D): Skin-fold thickness varies with
age, sex and race, and the equations
relating skin-fold thickness at several
sites to total body fat need to be
validated for each population.
Measurement requires training and
intra- and inter-observer reliability is
poor (Wells 2001). In very obese
individuals the measurement of triceps
skin-fold or other skin-fold thicknesses
may not be possible. The relationship
with metabolic problems is unclear.
(A): 1) and 2) measures have high
subject acceptance and there is low
observer error, low measurement error
and good reliability and validity; 3)
Body shape, as measured by ABSI,
appears to be a substantial risk factor
for premature mortality in the general
population derivable from basic clinical
measurements. ABSI| expresses the
excess risk from high WC in a
convenient form that is
complementary to BMI and to other
known risk factors (Krakauer 2012).
(D): 1) and 2) measures - as with BMI,
height and weight are more accurate
when measured by a trained person
rather than self-reported; 3) More
cohorts are needed to delineate the
limits of ABSI's utility and further
studies about ethnic specificities of
ABSI are needed and warranted (He &
Chen 2013).
None of these indices is widely used
at present.

Source: adapted from Lobstein et al. 2004.
®For children, various cut-off criteria have been proposed based on reference populations and
different statistical approaches (Lobstein et al. 2004).

1.1.2 The body weight and fatness measures used in this thesis

Overweight and obesity occur when excess fat accumulates in the human body, posing
a risk to health. Despite the limitations mentioned in the previous section, current
definitions are based on both the BMI and the WC (ICO 2010). A gain in body weight or

W(C is indicative of increasing health risk.
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1.1.2.1 Body Mass Index

The “Quetelet index” — as it was known until 1972, when Ancel Keys (1904-2004)
termed it the “Body Mass Index’ (Keys et al. 1972)-, was described in 1832 by the
Belgian mathematician Adolphe Quetelet (Eknoyan 2007) and it is a measure for

human body shape based on an individual's mass and height.

The WHO defines the BMI as “a simple index of weight-for-height that is commonly
used to classify underweight, overweight and obesity in adults”; Table 2 includes the
international classification of adult underweight, overweight and obesity according to
BMI that has been proposed by the WHO (WHO 1998; WHO 2014: BMI). It is defined
as the “weight in kilograms divided by the square of the height in metres (kg/m?)”. For
example, an adult who weighs 80kg and whose height is 1.80m will have a BMI of 24.7.

BMI = 80 kg/(1.80 m?) = 80/3.24 = 24.7 kg/m?

In countries where the weight is measured in pounds and the height in inches, the
formula would be adapted as follows: BMI = [weight(Ib)/height(in))?] x 703)

Table 2: The International Classification of adult underweight, overweight and obesity
according to BMI.

Classification BMI (kg/m?)
Principal cut-off Additional cut-off

points points

Underweight <18.50 <18.50

Severe thinness <16.00 <16.00
Moderate thinness 16.00 - 16.99 16.00 - 16.99
Mild thinness 17.00 - 18.49 17.00 - 18.49
Normal weight 18.50 - 24.99 el a2l
23.00 - 24.99

Overweight 225.00 225.00
Pre-obese 2500-20.99 ~ 2>00-27.49
27.50 - 29.99

Obese 230.00 230.00
Obese class | 30.00-34.99 ~ -0-00-3249
32.50 - 34.99
Obese class Il 3500-39.99 ~ o>00-3749
37.50 - 39.99

Obese class lll 240.00 240.00

Source: WHO 2014: Global Database on BMI, adapted from WHO 1995,
WHO 2000 and WHO expert consultation 2004.
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Adult BMI values are age-independent and the same for both sexes. However, BMI
may not correspond to the same degree of fatness in different populations due, in part,
to different body proportions. The health risks associated with increasing BMI are
continuous and the interpretation of BMI gradings in relation to risk may differ for
different populations (WHO 2014: Global Database on BMI). For example, the
interpretation of the BMI cut-offs in Asian and Pacific populations raised a debate due
to the increasing evidence that the associations between BMI, percentage of body fat,
and body fat distribution differ across these populations and therefore, the health risks
increase below the cut-off point of 25 kg/m? that defines overweight in the current WHO
classification (WHO/IASO/IOTF 2000; James et al. 2002). In order to shed the light on
this debate, WHO convened the Expert Consultation on BMI in Asian populations
(Singapore, 8-11 July, 2002) (WHO expert consultation 2004).

The WHO Expert Consultation concluded that the proportion of Asian people with a
high risk of type 2 diabetes and cardiovascular disease is substantial at BMI's lower
than the existing WHO cut-off point for overweight (= 25 kg/m?). However, the cut-off
point for observed risk varies from 22 kg/m? to 25 kg/m? in different Asian populations
and, for high risk, it varies from 26 kg/m2 to 31 kg/mz. The Consultation, therefore,
recommended that the current WHO BMI cut-off points (Table 1) should be retained as
the international classification (WHO expert consultation 2004). However, they also
recommended that the cut-off points of 23, 27.5, 32.5 and 37.5 kg/m2 were to be added
as points for public health action: therefore, for reporting purposes, and with a view to
facilitating international comparisons, countries should use all categories (i.e. 18.5, 23,
25, 27.5, 30, 32.5 kg/m2, and in many populations, 35, 37.5, and 40 kg/mz) (WHO

expert consultation 2004).

A WHO working group was formed by the WHO Expert Consultation (WHO expert
consultation 2004) and is currently undertaking a further review and assessment of
available data on the relation between WC and morbidity and the interaction between
BMI, WC, and health risk (WHO 2014: Global Database on BMI).

1.1.2.2 Waist circumference

Waist circumference (WC) has more recently been considered to classify obesity, as
the distribution of body fat has been found to be important and carrying it around the
abdomen has been found to be especially unhealthy. The WHO defines disease risk on
the basis of both BMI and WC (see Table 3).
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As reported in the “2008 WHO Expert Consultation on WC and waist-hip ratio” (WHR),
different organizations have given recommendations on both WC and WHR" (WHO

2008). These organizations and their recommendations are as follows:

e  World Health Organization

A number of WHO publications make recommendations for WC and WHR.
Recommendations about abdominal obesity and WC have been made as one of the
components of metabolic syndrome in a report on diabetes mellitus (WHO 1999),
under the definition of metabolic syndrome. According to this report, the working
definition of metabolic syndrome is a condition characterized by “glucose intolerance,
impaired glucose tolerance or diabetes mellitus, and/or insulin resistance together with
two or more components listed below”, which includes abdominal obesity in addition to
raised arterial pressure, raised plasma triglycerides and microalbuminuria. Abdominal
obesity is further defined as WHR above 0.90 for males and above 0.85 for females, or
a BMI above 30.0 (WHO 2008).

The report of the WHO Expert Consultation on Obesity (WHO 2000) highlighted the
“need to develop sex-specific WC cut-off points appropriate for different populations”.
That report provides a table as an example of sex-specific WC and risk of metabolic
complications associated with obesity in Caucasians. The table is based on the
increased relative risk observed in the Netherlands from a random sample of 2183 men
and 2698 women aged 20-59 years (Han et al. 1995). The recommended sex-specific
cut-off points are 94 cm (men) and 80 cm (women) for increased risk, and 102 cm

(men) and 88 cm (women) for substantially increased risk.

Based on these two WHO reports, the recommendations often attributed to WHO are
shown in Table 3 although those sex-specific cut-off points cited in the report of the
WHO Expert Consultation on Obesity (WHO 2000) were an example only and not
WHO recommendations (which were included in the WHO 2008 report).

! The aim of the expert consultation was to provide guidance that WHO could use to develop
recommendations and ultimately provide guidelines for the effective use of specific cut-off points for waist
circumference and waist-hip ratio. Making definitive decisions on actual cut-off points was outside the
scope of the consultation. However, the expert consultation was asked to advise WHO on how the process
of developing actual cut-off points could be moved forward, and to identify any gaps in the data.
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Table 3. WHO cut-off points and risk of metabolic complications.

Indicator Cut-off points Risk of metabolic complications
Waist circumference >94 cm (M) >80 cm (W) Increased

Waist circumference >102 cm (M) >88 cm (W) Substantially increased

Waist—hip ratio 20.90 cm (M) 20.85 cm (W) Substantially increased

M, men; W, women. Source: WHO 2008.

e International Diabetes Federation

The International Diabetes Federation (IDF) has also provided recommendations for
cut-offs for WC and WHR (IDF 2006; Zimmet & Alberti 2006). The recommendations of

IDF for WC are not only sex specific, but are also population and geography specific.

Values are shown in Table 4.

Table 4. International Diabetes Federation cut-off points for different ethnic groups.

Men Women
Europids >94 cm >80 cm
South Asians, Chinese and Japanese >90 cm >80 cm

Source: IDF 2006.

e United States National Cholesterol Education Program

Another group of recommendations extensively used are the ones recommended by
the experts of the Adult Treatment Panel (ATP) under the auspices of the National
Cholesterol Education Program (NCEP) of the NIH’s National Heart, Lung, and Blood
Institute. The NCEP recommends sex-specific cut-offs of above 102 cm for men and
above 88 cm for women (ATP |11 2001).

e  Other countries

The WHO conducted an analysis as part of the preparations for the expert consultation
which showed that some countries adhered to one or more of the three
recommendations mentioned above (for example, many countries use the WHO cut-off
points; or Saudi Arabia, Singapore and Slovakia, use both the IDF and the NCEP
recommendations), whereas other countries had their own specific recommendations
and others use both options (for example, the Republic of Korea, Saudi Arabia,

Singapore, Slovakia and Turkey use the IDF recommendations plus other specified
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sources). In addition, some countries such as Japan have based their cut-off points on
assessment of visceral adipose tissue from computerized tomography — i.e. the extent
to which measurements predict intra-abdominal fat rather than disease risk (JSSO,
2002) — and DEXA (Ito et al. 2003; WHO 2008).

The WHO’s WC and WHR Expert Consultation stated that there is little information on
the endorsement of WC and WHR cut-off points at national level by national ministries
of health (WHO 2008). They also stated that the most popular cut-off points used
worldwide were the ones attributed to two reports from WHO (WHO 1999; WHO 2000).
Moreover, they recognized that the IDF recommendations and the NCEP cut-off points
were frequently used in research or national surveys in many countries, although the
rationale for the choice and use of a specific recommendation was often unknown and
unclear (WHO 2008). Finally, they mentioned that several other countries have
developed their own recommendations and cut-off points, however, some of these are
simply suggested or used in specific populations in published studies, rather than being

national recommendations (WHO 2008).

Rationales for selecting the cut-off points of WC and WHR vary, but are generally
based on indices of sensitivity and specificity and their trade of (sensitivity measures
the proportion of actual positives correctly identified as such, and specificity measures
the proportion of actual negatives correctly identified as such) (WHO 2008). In some

cases, there are multiple specific cut-off points for different diseases or risk factors.

The consultation concluded that due to the relative low difficulty of obtaining WC, its
use is favoured over WHR. Moreover, there was insufficient data on other proxy
measures (e.g. waist-height ratio) to suggest giving them any priority at present.
Finally, although BMI and abdominal adiposity measures may be highly correlated, it is
preferable to obtain a BMI where possible, and consider the utility of using the two
indicators together as suggested by the NHLBI Obesity Education Initiative (NHLBI
Obesity Education Initiative 2000) and shown in Table 5 (WHO 2008).
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Table 5. Combined recommendations of BMI and WC cut-off points made for overweight or
obesity, and association with disease risk.

BMI Obesity Disease risk
class (relative to normal weight and WC)
Men < 102 cm Men >102 cm
Women < 88 cm Women >88 cm
Underweight <18.5
Normal 18.5-24.9
Overweight 25.0-29.9 Increased High
Obese 30.0-34.9 I High Very high
35.0-39.9 Il Very high Very high
Extreme obesity >40.0 Il Extremely high Extremely high

Source: NHLBI Obesity Education Initiative 2000. BMI=Body Mass Index; WC=Waist circumference.

Recommendations

The expert consultation agreed that the anthropometric indicators and measures used
previously (i.e. BMI, WC and waist-hip ratio) are predictive of the risk of chronic
disease. Hence, any WC and waist—hip ratio cut-off points developed following the
process recommended by the consultation (see Annex |) could be used alone or in

conjunction with BMI.

1.1.3 Global, European and Spanish overweight and obesity prevalence rates and

trends

According to the WHO, overweight and obesity are increasing in prevalence and,
worldwide, are the fifth cause of death in the ranking of risk factors, behind high blood
pressure, tobacco use, high blood glucose, and physical inactivity (WHO 2009). In high
and middle income countries, where the prevalence of overweight and obesity among
the adult population already exceeds 50%, they rank third among risk factors causing
death, behind high blood pressure and tobacco use (WHO 2009).

Global data

In 1980, the worldwide prevalence of adult obesity was 5% for men and 8% for women
(WHO 2009).

In 2003, the WHO reported 1.1 billion overweight individuals and 300 million obese
individuals (Garcia-Alvarez et al. 2006; WHO 2003), 10% of which were overweight or
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obese children (Garcia-Alvarez et al. 2006; Haslam & James 2005). In the same report
they also stated that, since 1980, worldwide obesity had nearly doubled, obesity
prevalence rates had increased threefold in Northern America, the United Kingdom,
Central and Eastern Europe, Pacific Islands, Australia and China (WHO 2003); a few
years later, Townsend reported that in the United States, over 65% of adults were

overweight or obese (Garcia-Alvarez et al. 2006; Townsend 2006).

More recently, in its Global Health Observatory (GHO) (WHO 2009), the WHO reported
that, in 2008, more than 1.4 billion adults aged 20+ were overweight, this is 35% of
adults over 20; of these, over 200 million men (10% vs. 5% in 1980, a 2-fold increase)
and nearly 300 million women (14% vs. 8% in 1980, just under a 2-fold increase) were
obese worldwide i.e. 11% of adults over 20 (a total of more than half a billion) (WHO
2009; WHO 2013).

Figures 1 and 2 show WHOQO’s global distribution of adult BMI overweight and obesity in
2008. It can be observed that obesity prevalence rates were highest (>60% of the
population aged 20-and-over) in Alaska, the United States of America, Mexico,
Venezuela, Libya, Egypt, Israel, Syria, Jordan, Saudi Arabia, United Arab Emirates and
South Africa; while overweight prevalence rates reached 60% also in these countries,
as well as in Canada, Panama, Chile, Argentina, Ireland, the United Kingdom, the

Czech Republic, Turkey, Iraq, Australia and New Zealand.
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Background 1: Obesity

Moreover, the WHO recognizes that overweight and obesity prevalence rates are
increasing both in developed and developing societies (Garcia-Alvarez et al. 2006;
WHO 2003) and that 65% of the world's population live in countries where overweight
and obesity kills more people than underweight (WHO 2013). The WHO has very
recently reported a very alarming fact that evidences this increasing trends and
compromises global future health: “more than 40 million children under the age of five
were overweight in 2011”; and they insist in the statement that obesity is preventable
(WHO 2013).

The WHO facts and figures are in line with those of the IASO/IOTF which refers to
obesity as “the global epidemic”, and whose recent analysis (2010 data) estimates that
approximately 1.0 billion adults are currently overweight (BMI 25-29.9 Kg/m?), and a
further 475 million are obese. They add that when Asian-specific cut-off points for the
definition of obesity (BMI>28 kg/m?) are taken into account, the number of adults
considered obese globally is over 600 million. Moreover, globally, IASO/IOTF estimate
that up to 200 million school-aged children are either overweight or obese, of those 40-
50 million are classified as obese (IASO/IOTF 2012).

The GHO also reported the 2008 prevalence of overweight and obesity by WHO region
(WHO 2009). Figures 3 and 4 show that the prevalence rates of overweight and obesity
were highest in the WHO Regions of the Americas (62% for overweight in both sexes,
and 26% for obesity) and lowest in the WHO Region for South East Asia (14%
overweight in both sexes and 3% for obesity). In the WHO Region for Europe and the
WHO Region for the Eastern Mediterranean and the WHO Region for the Americas
over 50% of women were overweight (Figure 3). For all three of these regions, roughly
half of overweight women were obese (23% in Europe, 24% in the Eastern
Mediterranean, 29% in the Americas) (Figure 4). Moreover, in all WHO regions women
were more likely to be obese than men. In the WHO regions for Africa, Eastern
Mediterranean and South East Asia, women had approximately twice the obesity

prevalence of men.
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Figure 3. Overweight prevalence in adults aged 20+ years (age standardized),
by WHO Region, gender and income level.
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Source: Adapted from WHQO'’s Global Health Observatory (WHO, 2009), year 2008.

Figure 4. Obesity prevalence in adults aged 20+ years (age standardized),
by WHO Region
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Source: Adapted from WHO'’s Global Health Observatory (WHO, 2009), year 2008.

In addition, the GHO reports that the prevalence of elevated BMI increases with income
level of countries up to upper middle income levels (WHO 2009). Obesity, unhealthy
diets and too little physical activity are often linked to each other and to a far more
common cluster of risk factors among people with low versus higher incomes (WHO
2007). In 2008, the prevalence of overweight in high income and upper middle income
countries was more than twice that of low and lower middle income countries (Figure

5). Regarding obesity, the difference more than tripled from 7% obesity in both sexes in
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lower middle income countries to 24% in upper middle income countries (Figure 6).
Obesity among women was significantly higher than among men, except for high
income countries where it was similar. In low and lower middle income countries

women’s obesity was approximately twice that of men.

Figure 5. Overweight prevalence in adults aged 20+ years (age standardized),
by income level.
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Source: Adapted from WHO's Global Health Observatory (WHO 2009), year 2008.

Figure 6. Obesity prevalence in adults aged 20+ years (age standardized),
by income level.
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Source: adapted from WHQO'’s Global Health Observatory (WHO 2009), year 2008.

And the future does not augur better expectations. According to the WHO, in 2011,

more than 40 million children under the age of five were overweight. Once considered
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a high-income country problem, overweight and obesity are now on the rise in low- and
middle-income countries, particularly in urban settings. More than 30 million overweight
children are living in developing countries and 10 million in developed countries (WHO
2013).

Figure 7 shows that by 2018, more than 3 out of 4 people aged 15 and older are
projected to be overweight or obese in Kuwait, Venezuela, and Mexico, as well as in
the United States (Euromonitor International 2014a).

Figure 7. Countries with the largest overweight and obese populations, 2013/2018
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As seen earlier, this is a major cause for concern since being overweight or obese is
linked to a series of health complications and is directly responsible for 2.8 million

deaths a year according WHO.

European data

The WHO has reported that overweight affects 30-80% of adults in the countries of the
European Region (WHO Regional Office for Europe 2007; WHO 2011; WHO Regional
Office for Europe 2013). Also that more than 20% of children and adolescents are
overweight, and one third of these are obese, alerting that the trend in obesity is
especially alarming among children and adolescents. The annual rate of increase in the

prevalence of childhood obesity has been growing steadily and the current rate is 10
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times that in the 1970s (WHO Regional Office for Europe 2007; WHO 2011; WHO
Regional Office for Europe 2013). This contributes to the obesity epidemic among

adults and creates a growing health challenge for the next generation.

Figure 8 shows WHO’s most recent adult overweight prevalence rates of both sexes of
34 European countries. Bearing in mind the data’s limitations, it can be observed that
sixteen countries have a prevalence rate equal or higher than 50% - with Germany
having the highest rate; sixteen have a rate ranging between 40 and 50%; and only two
have a rate between 30 and 40%.
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Figure 8. WHO’s most recent overweight prevalence (%) in adults aged 20+ years,
by European country.
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In addition, Figure 9 shows WHO’s most recent adult obesity prevalence rates in 34
European countries. Six countries have a prevalence rate in the range of 20-30%, with
the Former Yugoslav Republic of Macedonia taking the lead.

Figure 9. WHO’s most recent adult obesity prevalence (%) in adults aged 20+ years,
by European country.
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According to the IASO/IOTF, in the European Union (EU) 27 member states,

approximately 60% of adults and over 20% of school-age children are overweight or

obese. This equates to around 260 million adults and over 12 million children being

either overweight or obese (IASO/IOTF 2014).

Using data from Eurobarometer 59.0 (European Commission 2003), de Saint Pol

reported the male and female mean BMI in 15 European countries (Figure 10), as well

as the population breakdown by BMI category in each country (Figure 11) (de Saint Pol

2009). The United Kingdom had the highest female mean BMI, whereas Greece had

the highest male mean BMI. Again, Greece and the United Kingdom had the greatest

proportion of obesity and overweight.

Figure 10. Mean BMI in Europe by sex.
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Figure 11. Population breakdown by BMI category in each country
(men and women combined).
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Spanish data

In Spain, several studies have coincided in that adult, adolescent and child obesity
prevalence has also increased in the last decades (Serra-Majem et al. 2003; Aranceta-
Bartrina et al. 2005). They have recognized that the group of children aged between 6
and 13 years and the group of women aged over 45 years are the groups with the
highest risk of obesity; moreover, obesity prevalence is higher among males during
years of growth and development (Serra-Majem et al. 2003; Aranceta-Bartrina et al.
2005), while in the over 45-year group it is significantly higher in females (Gutiérrez-
Fisac et al. 1994; Aranceta-Bartrina et al. 2005). In a study in Southern Spain, the
authors found that a larger proportion of men were overweight compared to women,
but the opposite was found for obesity (Mataix et al. 2005). In 2004, the results from
the DORICA Study (Aranceta et al. 2004) showed that the obesity prevalence of the
North-Eastern region of Spain (which includes Catalonia) was 8.5% for men and 13.8%
for women, which were the lowest out of the eight regions included in the study
(Aranceta-Bartrina et al. 2005).
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More recently, Gutiérrez-Fisac et al. (2011) using data from the ENRICA study®
(Gutiérrez-Fisac et al. 2012), have for the first time reported the prevalence rates of the
Spanish adult general and abdominal obesity based on measured weight, height and
WC —defining overweight as BMI 25-29.9 kg/m? obesity as BMI>30 kg/m® and
abdominal obesity as WC >102 cm in men and >88 cm in women. They found that the
prevalence of general obesity was 22.9% (24.4% in men and 21.4% in women), and
about 36% of adults had abdominal obesity (32% of men and 39% of women).
Moreover, the frequencies of general and abdominal obesity increased with age and
affected 35% and 62% of persons aged 65+, respectively; while they decreased with
increasing educational level (for example, 29% of women with primary education or
less had obesity vs. only 11% of those with university studies). As for regional variation,
they observed that the prevalence of obesity (age-adjusted) was very high in the
Canary lIslands and in the south of Spain. In Catalonia, the prevalence of general
obesity was slightly higher in men as compared to women (21.8-24.8% vs. 20.1-
23.4%), while that of abdominal obesity was much higher in women as compared to
men (<25.5 vs. 34.8-38.9%) (Gutiérrez-Fisac et al. 2012).

1.1.4 Environmental determinants of overweight and obesity

Obesity and overweight are fundamentally caused by an energy imbalance between
calories consumed and calories expended (Hill et al. 2012). Globally, there has been
an increased intake of energy-dense foods that are high in fat, and an increase in
physical inactivity due to the increasingly sedentary nature of many forms of work,
changing modes of transportation, and increasing urbanization (Hill et al. 2012). The
WHO recognizes that changes in dietary and physical activity patterns are often the
result of environmental and societal changes associated with development and lack of
supportive policies in sectors such as health, agriculture, transport, urban planning,

environment, food processing, distribution, marketing and education (WHO 2013).

Excess body weight has been related to a number of socio-demographic, socio-
economic and lifestyle/behavioural determinants (Serra-Majem & Bautista-Castafio
2013):

> The ENRICA study is a cross-sectional study carried out between June 2008 and October 2010 in 12,883
individuals representative of the non-institutionalized population on Spain aged 18 years and older.
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e Socio-demographic and socio-economic determinants

- Age and gender: Differences in the distribution of weight indexes according to
age and sex have been reported. Almost all studies conducted in adults
residing in Spain — including by the ENRICA study (Gutiérrez-Fisac et al. 2012),
the EnKid (Serra-Majem et al. 2003) and in the National Health Study- have
reported a higher prevalence of obesity in males as compared to females and
this prevalence increases as age advances (Serra-Majem & Bautista-Castano
2013). Weight indexes and obesity prevalence increase with age in both men
and women, reaching a maximum at around 60 years of age (Serra-Majem &
Bautista-Castano 2013). In adults, overweight prevalence increases until the
age of 55 in males and until the age of 70 in females (INFITO 2009).

- Cultural level: An inverse relationship has been observed between cultural level
and obesity prevalence in most of the epidemiological studies on obesity, so
that the lower the educational level, the higher the prevalence of obesity.
According to the EnKid study, in children and adolescents, this was particularly
important in girls and for the cultural level of the mother (Serra-Majem et al.
2003).

- Socioeconomic level: Socioeconomic factors can influence differently in
developing as compared to more developed countries. In developed countries,
obesity prevalence is generally higher in the lower socioeconomic groups. On
the contrary, in less developed countries obesity most frequently affects the
highest socioeconomic groups, particularly those who have western lifestyles
(Serra-Majem & Bautista-Castafo 2013).

- Geographic distribution: Geographic differences have been observed in obesity
prevalence. For example, in different Spanish regions, the highest rates have
been observed in the Southern Autonomous Communities, the Canary Islands

and the Northwestern region (Serra-Majem & Bautista-Castafio 2013).

e Lifestyle related factors

- Sedentary habits: Obesity is more frequent in sedentary persons as compared

to those regularly active (Serra-Majem & Bautista 2013).
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- Diet: Individuals with low fruit and vegetable consumption and high fat intake,
especially in saturated fatty acids, have a greater risk of obesity (Serra-Majem
& Bautista 2013; Gargallo Fernandez et al. 2012). In some countries, habitual
consumption of alcohol and sugary beverages (Serra-Majem & Bautista 2013;
Gargallo Fernandez et al. 2012) has also been associated with excess body
weight. In Spain, Gargallo-Fernandez 2012 also listed other factors such as: a
high intake of meat and processed meat products might increase weight gain
and WC; offering larger portions (which conditions an increase of the
individual’s caloric intake); the absence of supermarkets with fruit and vegetable
availability, or their location at greater distances -in particular from
neighborhoods with low socioeconomic levels- which are conditioning factors
for a higher population mean BMI; finally, the habitual intake of “fast food” (over
once a week), which might contribute to increased energy intake and to weight

gain and obesity.

- Smoking cessation: Increased BMI has also been associated with having quit
smoking in former smokers. Results from a subsample of the NHANES Il
Study showed an average weight gain due to smoking cessation of 4.4 kg in
males and 5 kg in females who had quit smoking within the previous 10 years
(Flegal et al. 1995).

- Parity: There is a positive association between the number of children and
excess body weight. In general, women tend to increase their usual weight by
a certain number of kilograms two years post partum as compared to
nulliparous women of the same age group and environment. This positive

association was also observed in the DORICA study (Aranceta et al. 2004).

1.1.5 Health consequences of overweight and obesity

On death rates

The WHO states that overweight and obesity are the fifth leading risk for global deaths
(shown in Figure 12) (WHO GHR Report 2009). The WHO also report that at least 2.8
million adults die each year as a result of being overweight or obese. In addition, 44%
of the diabetes burden, 23% of the ischaemic heart disease burden and between 7%
and 41% of certain cancer burdens are attributable to overweight and obesity.

Moreover, overweight and obesity are linked to more deaths worldwide than

60



Background 1: Obesity

underweight. For example, 65% of the world's population live in countries where
overweight and obesity kill more people than underweight (this includes all high-income

and most middle-income countries) (WHO 2013).

Figure 12. Deaths attributed to 19 leading risk factors, in 2004.
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Source: WHO Global Health Risks Report, 2009 (WHO GHR Report 2009).

In addition, obesity shortens life expectancy. As reported in the WHO Global Health
Risks (GHR) Report (WHO GHR Report 2009), in 2004, increased BMI alone was
estimated to account for 2.8 million deaths, while the combined total with physical
inactivity was 6.0 million — surpassing the excess mortality associated with tobacco,
and approaching that of high blood pressure, the top risk factor for death (WHO GHR
Report 2009).

Moreover, relationships between obesity and health risks vary between populations.
For instance, Asians are more susceptible and thus BMI risk thresholds are lower than
other populations, with an action point for overweight defined at 23 kg/m? (World
Obesity 2014).

On non-communicable diseases (NCDs)

An increased BMI is also considered a major risk factor for NCDs. According to the

WHO, these include: cardiovascular diseases (mainly heart disease and stroke), which
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were the leading cause of death in 2008; diabetes; musculoskeletal disorders
(especially osteoarthritis); and some cancers (endometrial, breast, and colon). The risk
for these NCDs increases with the increase in BMI (WHO 2013). Moreover, in children,
obesity is associated with a higher chance of adulthood obesity, disability and
premature death. But in addition to increased future risks, obese children experience
breathing difficulties, increased risk of fractures, hypertension, early markers of

cardiovascular disease, insulin resistance and psychological effects.

On the “double burden” of disease

The WHO informs that many low- and middle-income countries, while they continue to
deal with the problems of infectious disease and under-nutrition, they are experiencing
a rapid upsurge in non-communicable disease risk factors such as obesity and
overweight, particularly in urban settings. It is common to find under-nutrition and
obesity coexisting within the same country, the same community and even the same
household. The situation is cruder for children in these countries because they are
more vulnerable to inadequate pre-natal, infant and young child nutrition. At the same
time, their diet is high-fat, high-sugar, high-salt, energy-dense and micronutrient-poor,
what makes it lower in cost but also lower in nutrient quality. These dietary patterns in
conjunction with lower levels of physical activity result in sharp increases in childhood

obesity while under-nutrition issues remain unsolved (WHO 2013).

On the costs of healthcare and social resources

Obesity has substantial direct and indirect costs that put a strain on healthcare and

social resources. Some examples are as follows (World Obesity 2014):

- Direct medical costs: include preventative, diagnostic and treatment services
related to overweight and associated co-morbidities. Experts have reported that
European nations spend 2-8% of their health care budgets on obesity, equating
to 0.6% of gross domestic product (GDP) for some (Muller-Riemenschneider et
al. 2008). Also, in the United States, estimates based on 2008 data indicated
that overweight and obesity account for $147 billion in total medical expenditure
(Finkelstein et al. 2009).
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- Indirect costs: costs to society can be much higher, but they are often
neglected. They include for example costs related to income lost from
decreased productivity, reduced opportunities and restricted activity, illness,
absenteeism and premature death. In addition, there are high costs associated
with the numerous infrastructure changes that societies must make to support
obese people (for example, reinforced beds, operating tables and wheel chairs,
enlarged seats in sports-grounds, and modifications to transport safety

standards).

Social consequences

Obese individuals commonly suffer from wide-ranging psychological problems that can
be potentially serious. They are often stigmatized due to the growing worldwide
awareness of obesity, which may have reinforced prejudice against the obese.
Depression and low self-esteem can affect an individual's quality of life, mental health,
educational achievement and employment prospects. However, the social impact of
obesity and its perception are modulated by cultural and ethnic factors. For example, in
some parts of the world — such as the Pacific Islands and parts of Africa — obesity may
still have historic and cultural connotations associated with power, beauty and
affluence (World Obesity 2014).
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1.2 Plant food supplements — relevant aspects

The popularity of botanical products is on the rise in Europe, with consumers using
them to complement their diets or to maintain health, and products are taken in many
different forms (e.g. teas, juices, herbal medicinal products, plant food supplements
(PFS). However there is a scarcity of data on the usage of such products at European

level.

This section presents a background on some relevant topics related to plant food
supplements (PFS) that will provide a context for better understanding the research

presented in both Chapters 3 and 4.

1.2.1 Concepts and definitions to consider when collecting data on PFS

consumption

When collecting data on PFS consumption it is essential to have all relevant concepts
and definitions harmonized. This section summarises the main concepts and definitions
used in the work carried out during the conduction of the PlantLIBRA PFS Consumer
Survey 2011-2012.

Origen and definition of a PFS

In order to have a general idea of where PFS derive from, Figure 13 shows a route that

botanicals follow to arrive to the dose form of PFS.

Figure 13. From the botanical to the PFS.
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The differences between botanicals, botanical substances, botanical preparations and

PFS can be derived from the following definitions:

e Botanical: Consists of plants, algae, fungi or lichens that have a nutritional or
physiological effect. Botanicals are precisely defined by the botanical scientific name

according to the binomial system (genus, species, variety and author).

e Botanical substances*: Derived from botanicals, are mainly whole, fragmented, or
broken plants, parts of plants, algae, fungi or lichens in an unprocessed state - usually
in dried form, but sometimes fresh. Certain exudates that have not been subjected to a
specific treatment are also considered to be botanical substances.

*Note: Can also be referred to as “plant parts used” or “plant used portions”.

e Botanical preparations: Used in PFS, are obtained by subjecting botanical
substances to treatments such as extraction, distillation, expression, fractionation,
purification, concentration or fermentation. These include extracts, essential oils,

expressed juice, etc.

Botanical substances and botanical preparations are included in different products,
generally designed as plant-based products for human consumption, and further

classified as food, medicine or homeopathic product (Figure 14).

Figure 14. Classification of plant-based products.

Plant-based product

for human consumption

Food Medicine Homeopathy

A “plant-based product” is any product intended for human consumption that has

botanical ingredients. This includes herbal teas/tisanes, condiments/spices, PFS,
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herbal medicinal products and herbal homeopathic products. As these products might

be confused with PFS, the definition of each of them as given below:

e Herbal® teas/tisanes: Consist of one or more botanical substances intended for oral
aqueous preparations by means of decoction, infusion or maceration. Herbal teas are
usually supplied in bulk form or in sachets and prepared immediately before use. The
term “herbal teas” is also used to designate instant soluble preparations (tisanes) also
obtained by means of decoction, infusion or maceration. Usually, infusion is
appropriate for leaves, flowers and delicate parts whereas decoction or maceration is
appropriate for roots, rhizomes and barks. These preparations are usually consumed

as beverages.

e Condiments/spices: Are classified as plants or botanical substances, fresh or
dried, whole, fragmented or powdered, for their colour, aroma or flavour characteristics.
They are used to prepare food and beverages to incorporate these features so as to
make them products more palatable and tasty and thus enhancing their better

consumption.

e Plant food supplement: According to the Directive 2002/46/EC (European

Parliament & Council 2002), food supplement is defined as “foodstuffs the purpose of
which is to supplement the normal diet and which are concentrated sources of nutrients
or other substances with a nutritional or physiological effect, alone or in combination,
marketed in dose form, namely forms such as capsules, pastilles, tablets, pills and
other similar forms, sachets of powder, ampoules of liquids, drop-dispensing bottles,
and other similar forms of liquids and powders designed to be taken in measured small
unit quantities”. This definition includes the general statement “concentrated sources of
nutrients or other substances”, which, for the purpose of the PlantLIBRA PFS
Consumer Survey was replaced by the specific term “botanical preparations” (the

adapted definition is included in Chapter 3).

e Herbal medicinal products (see definition of “herb” in footnote 3): Any product used

for a medicinal purpose, exclusively containing one or more herbal substances or one

*Definition of "herb": The term "herb" has more than one definition. Botanists describe an herb as a small, seed bearing
plant with fleshy, rather than woody, parts (from which we get the term "herbaceous"). According to The Herb Society of
America's New Encyclopaedia of Herbs and Their Uses (Bown 2001), the term refers to a far wider range of plants. In
addition to herbaceous perennials, herbs include trees, shrubs, annuals, vines, and more primitive plants, such as ferns,
mosses, algae, lichens, and fungi. They [herbs] are valued for their flavour, fragrance, medicinal and healthful qualities,
economic and industrial uses, pesticidal properties, and colouring materials (dyes)."
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or more herbal preparations as active ingredients, or one or more such herbal
substances in combination with one or more such herbal preparations. These products
have two important characteristics: they have a therapeutic effect and need marketing

authorisation.

e Homeopathic products (including herbal-based): Are prepared from botanical,
zoological o human substances (of natural or synthetic origin), products or preparations
called stocks, in accordance with a homeopathic manufacturing procedure. A
homeopathic preparation is usually designated by the Latin name of the stock, followed

by an indication of the degree of dilution.

Characteristics, composition and classification of PFS

PFS have the following characteristics (illustrated in Figure 15): they are concentrated
sources of botanical preparations, i.e. they must include botanical preparations, e.g.
pressed oil of Evening primrose seed. Moreover, PFS can contain only botanical(s) or
botanical(s) in combination with other ingredients (see classification in Figure 16, which
presents two other important aspects of PFS), e.g. only Evening primrose seed oil or
this oil combined with vitamin E. Also, they are marketed in dose form, e.g. Evening
primrose seed oil marketed as soft capsules. Furthermore, they are designed to be
taken in measured small unit quantities, i.e. the soft capsules of Evening primrose seed
oil will be taken in a recommended dose with a frequency and a duration period. In
addition, they are meant to supplement the normal diet, e.g. Evening primrose seed oil
would be an additional source of essential fatty acids. Lastly, they have nutritional or
physiological effects, e.g. Evening primrose seed oil can be recommended for its

nutritional and/or health benefits.
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Figure 15. Characteristics of PFS.
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Figure 16. Composition® and classification® of PFS.
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a.PFS are composed of “must” ingredients and “other possible ingredients”; b. PFS can be

classified in different ways, according to (among others): the “chemical nature” of their ingredients
and their “effect”.
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Identification of a PFS in the market

PFS are very specific products and it is not easy to identify them in a market where
many other herbal products are used. A decision tree was used -together with all the
above information- to train the interviewers during the participant recruitment process

of the survey, presented in Figure 17.

Figure 17. Decision tree to identify a PFS.

Does the product contain one or more
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Is the product used for cooking Yes No The productis not a Plant-
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No Yes
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No
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Is the botanical preparation

diluted? Herbal teas/tisanes

No Yes

Does the product have a

therapeutic effect ora Homeopathic

marketing authorisation? products
No Yes
Plant food Herbal medicinal
supplements products

1.2.2 The PlantLIBRA project and the PlantLIBRA PFS Consumer Survey 2011-
2012

The popularity of botanical products is on the rise in Europe, with consumers using
them to complement their diets or to maintain health (e.g. body weight control), and

products are taken in many different forms (e.g. teas, juices, herbal medicinal products,
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PFS). However there is a scarcity of data on the usage of such products at European

level.

PlantLIBRA (acronym of “PLANT Food Supplements: Levels of Intake, Benefit and Risk
Assessment” - EC contract no. 245199) (www.plantlibra.eu/web) is a four-year
research project (2011-2014) co-financed by the EC within the context of the 7" EU

Framework Program, that aimed to foster the safe use of food supplements containing

plants or botanical preparations, by increasing science-based decision-making by
regulators and food chain operators. The project was also structured to develop new

methodologies and tools for risk and benefit assessment of PFS.

PlantLIBRA was carried out by an international consortium of 25 partners, including 8
academic centres, 7 public research institutions and national food safety agencies, 6
non-profit bodies or foundations, 3 small- and medium-sized enterprises involved in
research and regulation and one private sector enterprise, and spans 4 continents:
Europe, Asia (China), South America (Argentina and Brazil) and Africa (South Africa).

The project was organized into 11 work packages (WP). The main activity of WP1

consisted of conducting a survey to assess the consumption of PFS.

The PlantLIBRA PFS Consumer Survey 2011-2012 was conducted by 6 partner
centres from the 6 European countries in which it was conducted: Finland, Germany,
Italy, Romania, Spain and the United Kingdom. Fieldwork lasted over 15 months, from
May 2011 to August 2012. Data were collected from 2359 PFS consumers residing in
24 European cities (4 per country) (Figure 18). A 5-minute questionnaire was used
initially to identify consumers of PFS in the previous 12 months (see Annex Il). Those
considered “eligible consumers” who were also willing to participate completed a 30-
minute questionnaire during an interview about their PFS usage. This questionnaire
consisted of 58 questions, 20 of which asked about aspects of PFS usage, and 38
asked about socio-demographic, health and lifestyle aspects (see Annex Ill). Survey
results have provided data to assess the socio-demographic profile of PFS users, the
usage patterns of these products, the actual products consumed and their botanical

ingredients.
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Figure 18. Countries and cities participating in the PlantLIBRA PFS Consumer Survey.
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It is important to describe how the data have been organized into databases for
analysis. In order to properly assess the consumption of PFS in the selected population
at the level of all three the product, the botanical and the consumer, three different
databases were built and used: 1) the “products-botanicals” database, 2) the
“‘consumer” database, and 3) the merged database of “consumers and products”. The
first two databases were initially built in each country and then merged into two global
ones. The “products-botanicals” database contained collected basic information about
the product such as PRODUCT CODE (identification code for each product: it was
used as the variable that allowed knowing the main features of the product and the
botanicals contained in them, and hence, it was included in both the products-
botanicals and the consumer databases), MANUFACTURER CODE (identification
code for each producer/laboratory/distributor/brand), FORM (consumption dose form),
PRODUCT TYPE (single or multi-botanical), PLANT NUMBER (number of botanicals
contained in the product) and PLANT CODE (identification code for each botanical
name). The “consumer database” was developed from the survey PFS consumption
questionnaire (Annex lll). In this database, information was collected on the products
consumed (up to a maximum of five products per respondent, as included in the
questionnaire. Each of the products consumed was identified with a code number that
corresponded to the product code of the products-botanicals database. Lastly, in order

to obtain information on the total number of botanicals consumed by each participant in
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the survey, a new database was generated with all the information contained in the
database of products-botanicals and all the information contained in the consumers
database. The merging of the two database files was performed using the product code
as the connecting link. The aim was to link each product registered as consumed by
the survey participants with the data contained in the products-botanicals database,
and the product code allowed this matching. With this step, the final database was
obtained, which contained in the same one file the respondents data and the data of
the products consumed by the respondent. The first generated database file contained
a total of 3698 variables, since each of the five (per-consumer) potentially consumed
products was assigned the 491 botanical code variables of the products-botanicals
database (491x5=2455 variables, plus 1243 variables from the questionnaire=3698).
The next step was to generate a new ID code for each of the botanicals and the
number of the consumed product (out of the five possible). Since the aim of the study
was not to determine the amount of consumed botanicals, but rather whether or not a
certain botanical was consumed, all botanical variables for each of the five products
were unified in a single variable to identify whether or not the botanical had been
consumed regardless of the order number of the product it came from. Thus, the

database was reduced to a total of 1937 variables.

Further methodological details are provided in Chapter 3’s Materials and Methods
section, including the definitions used for a PFS product and of a PFS consumer, the
sample distribution, survey instruments and their administration for data collection, and

data preparation for analysis.

1.2.3 Regulatory aspects of PFS

Plants or botanicals are being used in many products, including foods, food
supplements, medicinal products, cosmetics, biocides, etc. All these different products
have their specific legal framework. For example, in the food area, plants are used for
seasoning and taste; plants are also used for their health properties, in particular in
herbal teas and food supplements; in medicinal products, plants are used for a

therapeutic purpose (Larranaga—Guetaria 2012).
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In the EU, it is a general principle that a plant or botanical can be used both in
foods/food supplements and in medicinal products, depending on the purpose (health
or therapeutic) and in agreement with specific rules regarding safety (Larrafiaga—
Guetaria 2012). The EU legal system does not set out any kind of authorization
procedure centralised at EU level for the use of botanicals and derived preparations in
food. Nonetheless, the use of botanicals and derived preparations in food has to
comply with the general requirements set out in the Regulation laying down general
principles and requirements of food law and creating the European Food Safety
Authority (EFSA) (Regulation (EC) No 178/2002). This, among other things, assigns
primary legal responsibility for the safety of the products placed on the market to
business operators (EFSA 2012). In other words, it is the manufacturer who decides
what legal framework to use depending on the use intended for the product, and once
this choice is made, he is responsible for applying the relevant legal requirements in a

correct way (Larranaga—Guetaria 2012).

Food supplements are regulated by Directive 2002/46/EC, known as the Food
Supplements Directive, and may be marketed within the Community only if they
comply with the rules laid down in this directive. (European Parliament & Council
2002) The objective of the document was to harmonize EC rules across Member
States, but does not provide for substances other than vitamins and minerals, such as
amino and fatty acids, fibers, plants and plant extracts, to be used in food
supplements and they continue being regulated by various national decrees, which
need to be observed when marketing PFS. These national legislations differ widely.
Some Member States have regulated the use of botanicals in detail, based on
negative lists of plants the use of which is not allowed and/or positive lists of plants
that are accepted to be used. Some apply specific conditions of use (e.g. maximum
levels, warning statements) (Larrafniaga—Guetaria 2012). But in most Member States,
the manufacturer or the person placing the product on the market in the particular
territory is obliged to notify the competent authorities of these activities by forwarding
a model of the label used. This process is free of charge in some European countries
(Vargas-Murga et al. 2011). In some case, such information must include specific
technical data on the composition and nature of the product. Such information may be
assessed by specific national scientific advisory bodies (Larrafnaga—Guetaria 2012).
Despite this multitude of national rules, a basic European ‘principle of mutual
recognition’ applies, by which any product that is lawfully marketed in one Member

State can be sold in all 27 Member States. But this principle of mutual recognition is
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not always accepted and a Member State can restrict the sales of a product in case
there would be a risk for consumer health. In such case the burden of proof to
demonstrate the safety risk is upon the Member State. Since 2008, Regulation
764/2008 provides for fixed procedures to be followed in such cases. If a Member
State consistently refuses to apply mutual recognition, the EC can start infringement

procedures against that Member State (Larranaga—Guetaria 2012).

1.2.4 PFS market data in EC Member States*

The European herbal market is growing due to the interest in complementary and
alternative healthcare therapies (e.g. acupuncture, ayurvedic medicine, chiropractor,
homeopathy, naturopathy, traditional Chinese medicine, yoga), the increase in the
elderly population, emerging efficacy studies from plants, including interactions and

side effects, as well as consumers awareness about general health and well being.

Member States have a dynamic market for PFS, and in general for herbal products.
Recent reports concerning the market data are published by Business Insights (Bl),
which cover the market for vitamins and minerals, herbs and botanicals, and sports
and speciality supplements in Europe and the United States, and by Global Industry
Analysts (GIA), which analyzes the worldwide markets for herbal supplements and
remedies (Tallon 2011; GIA 2011). According to Bl, in the EC, the Nutrition and Health
Claims Regulation (EC) N° 1924/2006 is highly controversial. To date, the EFSA has
published 1851 opinions on 4951 submitted claims covering reduction of disease to
basic structure function claims. 91% of the claims with published opinions submitted

under the 13 route (GIA 2011) have received a negative evaluation by EFSA.

The global herbal supplements and remedies market exhibited robust growth over the
decade, with little or apparently no significant decline on account of the worldwide
recession and is forecasted to reach US$93.15 billion by the year 2015, according to
GIA. The world market in fact, exhibited steady growth for the crisis-ridden period of
2008-2009 and beyond. Recession in the European economy and the increased
capital requirements for registration under EC regulation of companies expanded the
resources of small companies and provided opportunities for acquisitions in herbal

supplement markets. In the United States and Europe, herbal medicines represent a

*For completeness purposes, this section has been almost literally taken from Vargas-Murgas et al.
2011, publication co-authored by the author of this thesis.
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major share of the pharmaceutical market and are included in regular medicinal
practice. However, the market is highly regulated and of difficult access, as

companies need to pass rigorous tests before mass production.

Europe represents the largest regional market, accounting for the single largest share
of the world market. Asia-Pacific and Japan make up the other important markets for
herbal supplements on a global basis. In terms of growth rate, the Asia-Pacific market,
led largely by China and India, is set to pave the way with the highest Compound
Annual Growth Rate (CAGR) of 10.7% through 2015. The market for herbal
supplements varies by region based on factors such as consumer awareness, product
availability and forms of delivery, product acceptance, and regional regulations (GIA
2011).

A study elaborated by the European Advisory Services (EAS) provide detailed data
about the four largest EC Member States, in terms of sales, led by Italy which is
closely followed by Germany, the United Kingdom and France (EAS 2007). According
to this study, the total size of the EU food supplement market in 2005 was estimated
to be around 5 billion euros (retail selling prices). This figure was divided between
food supplement products containing vitamins and minerals that had a market share
of 50%, and supplements containing other substances with a market share of 43%
equivalent to 2.15 billion euros. 75% of the latter value constituted sales of these
products in Germany, ltaly, France and the United Kingdom. This study also reported
that between 1997 and 2005, the growth of the market for food supplements
containing other substances ranged between 20% in the United Kingdom to 219% in
Poland. The authors stated that the growth projections for this market for the period
2005-2010 indicated a slowdown in growth, and that forecasts for this period varied
between the Member States and ranged from 4% to 45%, with an average of 20% to
25% (EC 2008).

Growth projections to 2010 provide an indication of the extent to which previous rapid
growth cannot be taken as an indicator of future rapid growth. However, market
growth is not expected to reach the levels achieved in the previous decade. The
reasons for the market growth decrease might be due to changes of some important
economic factors, for example market saturation. Other factors having a strong impact
on the growth of the market of food supplements containing other substances might

be the notification/authorisation of national requirements, restrictions on distribution
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channels and the extent to which the national authorities apply mutual recognition
(Vargas-Murga et al. 2011).

Referring to herbal ingredients, the EAS reported that ginkgo followed by echinacea,
garlic and ginseng were the four most commercially important botanicals in the
combined markets of seventeen EC Member States, although echinacea and gingko
were part of the composition of products registered as medicines. The wide variations
in the size of national markets are, in some cases, due to the regulatory origins
(Vargas-Murga et al. 2011).

1.2.4.1 PFS market trends®

A maijor trend observed in the market is a shift from a single ingredient market to
multiple ingredient-based medications for a particular condition. There is also an
increased demand for herbal and botanical products in multi formula and combination
packed format, as well as for chewable capsules and tablets. Multi-herbs dominate as
the largest segment, capturing a significant share of the overall herbal supplements
and remedies market worldwide. The segment is also forecasted to surpass other
markets, having the fastest compounded growth rate of 9.0% over the analysis period
(2000—-2006). Soy and specialty herbs are also expected to display strong growth
potential in the future (GIA 2011).

Another important trend is seen in the type of consumer. According to the GIA,
women, particularly in the middle-aged range, form the major consumer group owing
to their growing health-consciousness, increased concern for diet, and enhanced
attention towards preventive healthcare. In addition, there is a greater urgency to
maintain healthy lifestyles, focusing on alternatives for conventional medicine and
general health. Some of the health benefit for which consumers consider herbal and
botanical supplements as natural alternatives include: hormone replacement therapy,
prostate health, brain health and cognitive function, and joint and connective tissue
health (GIA 2011).

GIA reports that the importance of a healthy diet and lifestyle reigns in the minds of

the consumer, which is not affected even by the financial crisis withessed in almost

>For completeness purposes, this section has been almost literally taken from Vargas-Murgas et al.
2011, publication co-authored by the author of this thesis.
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every other product segment worldwide. In fact, the recession may have actually
prompted increased preference for dietary supplements. Escalating prices, tighter
budgets and high health care and lifestyle costs have actually driven consumers
towards the more economical and perceived healthier and safer options of alternative

medicine and dietary supplements for relief of physical and mental disorders.

1.2.4.2 PFS distribution channels®

Direct sales and consumer sales channels or retailers are the two marketing
techniques for PFS used by manufacturers, distributors and importers. Direct sales
includes mail order, e-commerce, multilevel marketing and medical & alternative
health practitioners, whereas consumer sales address drugstores, health/natural food
stores, herbal shops, parapharmacies, pharmacies, supermarkets/mass market, and
among others, specialized shops (e.g. gym, hairdresser, healthcare institutions,

sporting goods store).

According to GIA, there is an increase in the number of retail outlets along with e-
commerce, coupled with efficient support and cooperation of medical and health
professionals. Mail order and internet sales are expected to continue growing as a

result of the increasing number of internet websites selling PFS.

The common and widely distributed retail channels in the Member States are
drugstores, health food stores, herbal shops, pharmacies and supermarkets. Most
consumers prefer to buy PFS in herbal shops and pharmacies where they can receive

advice on product benefits and dosage.

Multilevel marketing, also known as direct selling, party plans, relationship selling,
person-to-person selling, and network marketing constitute another important channel.

However, few are used by manufacturers/distributors.

Because consumer demand has increased greatly, larger pharmaceutical companies
are entering the market, often by buying supplement firms. As a result, the structure of

the market is changing and will continue to change as the PFS market matures.

®For completeness purposes, this section has been almost literally taken from Vargas-Murgas et al.
2011, publication co-authored by the author of this thesis.
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1.2.5 The weight management industry: past, present and future

The I0TF’s report “Obesity in Europe 2002” mentioned that in 1995, in Europe, there
was an tremendous demand for help amongst the population and their perception that
the medical profession was unable or unwilling to respond, which resulted in parallel
systems of help being developed, which include: a) unorthodox or private medical
groups making unsubstantiated claims of success, b) clubs and commercial slimming
groups which charge for the sessions attended, c) food and other companies who
market a huge range of “slimming foods” or selective weight loss and diet aids, and d)

a remarkable number of magazines giving conflicting advice (IOTF 2002).

The IOTF’s report informed that the total spending on the slimming industry in the EU
was estimated in the order of at least 15 billion euros per year (and around 1 billion
pounds in the United Kingdom) (IOTF 2002). In Spain, the prospective study Delphi
reported in 1999 that an estimated 80% of Spaniards who wanted to lose weight spent
an average of 60 euros per month in all kinds of treatments, and the total expenditure

amounted to 2.05 billion euros (Estudio prospectivo Delphi 1999).

In the United States, sales of weight-loss supplements were estimated to total >1.6
billion dollars in 2005 (Pillitteri et al. 2008; NBJ 2006) and the food supplement market
increased by 7.5% in 2012 compared with 2011 (reaching 32.5 billion dollars in sales)

(Euromonitor International 2014a).

Euromonitor International has recently analysed the future for the weight management
industry worldwide (Euromonitor International 2014a). They have stated that the
combination of the huge potential customer base and the severity of the excess body
weight condition results in an enormous market for weight management and is a key

factor for its future growth.

Preliminary Euromonitor International data for the global weight management market
showed strong year-over-year gains of 5% in 2013, reaching retail value sales of 14
billion US dollars. They stated that “while growth is projected to continue through
2018, with a 3% CAGR (“‘compound annual growth rate”), performance varies by
region and product type” (Euromonitor 2014b). The Euromonitor International recent

report includes projected regional performance data, which is included in Table 6.
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Table 6. Projected weight management market growth rates, 2014 through 2018.
Expected growth

Region through 2018 Comments
(% CAGR?®)
Global 3 Growth is projected to continue through 2018, but

performance varies by region and product type.
By far the world’s largest weight management
market, accounting for approximately one-third of
sales, which is heavily based on meal replacement
slimming products and weight loss supplements.
However, the popularity of OSP® (i.e. diet patches,
creams, extracts, concentrates) and OTC® obesity
products (e.g. Orlistat) are on the rise.
Historically, this region has been by far the fastest
growing weight management market, with 2013
sales up 88% since 2008. The maijority of these
sales are split between China, Japan, and South
Korea. While China and Japan actually posted
sales declines since 2008, booming growths in not
only South Korea, but also India, Malaysia,
Indonesia, and others, were able to offset these
drops and boost sales in the region. OTC obesity is
mostly absent from this region. However, it was
introduced in China in 2011 and is expected to grow
at the shown rates through 2018 and achieve sales
of US$90 million. On the other hand, slimming teas,
for which Asia Pacific currently accounts for two-
thirds of global sales, will continue recent declines in
the near future.
Future weight management sales projected to be the
fastest growing over the forecast period. Weight loss
supplements are the preferred weight management
product in this region and are estimated to reach
Eastern Europe 6 sales of US$514 million in 2018. Much of this
growth is attributable to Russia, where product
offerings and  promotions have developed
substantially, led by Poliaris’ new brand Reduksin-
light.
Obesity prevalence is growing especially high in this
region, most notably in Venezuela. In this country, a
slim body is very desirable and associated with
success. Weight management is increasingly
Latin America 5 perceived as an easier way to get slim than
changing poor diets and sedentary lifestyles. While
meal replacement slimming derives the majority of
sales in Venezuela, slimming teas posted year-over-
year gains of 94% in 2013.

17 (OSPY)

USA 15 (OTC®)

Asia Pacific 37 (OTC")

Western Europe

. 1 Lowest growth.
and Australia
Middle East 0 Estimated to remain a negligible 1% of the global
and Africa market.

a. CAGR= Compound annual growth rate; b.OSP="Other slimming products”; c. OTC="Over the
counter” products. Source: Adapted from Euromonitor International 2014a.

1.2.6 Classification of botanical products in body weight loss

Weight-loss supplements typically fall into 1 of 4 categories depending on their
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hypothesized mechanism of action for reducing weight or changing body composition
(Manore 2012):
1) Products that block the absorption of fat or carbohydrate, thus decreasing the
amount of energy absorbed from food
2) Stimulants that increase metabolism
3) Products hypothesized to alter nutrient partitioning, thus changing body
composition by decreasing body fat while increasing lean tissue
4) Products that suppress appetite or increase satiety so that less energy is

consumed.

Table 7 briefly covers each category, giving examples of botanical ingredients used in
PFS and discussing proposed mechanisms of action and potential side effects
described in the literature. Many weight-loss supplements combine multiple
ingredients from these categories into one product, which makes testing for efficacy
and safety difficult (Manore 2012).
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Table 7. A summary of the PFS categories that are hypothesized to achieve weight-loss.

Weight-loss
supplement category

Absorption blockers

Stimulants

Disruptors of nutrient
partitioning or energy

Appetite
suppressants

Examples of botanical
ingredient of
supplements

Phaseolus
vulgaris (common
bean)

Caffeine (from coffee
seeds, tea leaves, kola
nuts, yerba mate,
guarana berries)

Camellia sinensis
(green tea (GT) or its
extract)

Hydroxycitric acid
(HCA), a botanical
extract from

plants native to
India, especially
Garcinia cambogia
(malabar tamarind)

Soluble fibers
(e.g., psyllium,
guar gum, beta
glucans, or
glucomannan)

Hoodlia gordonii
(e.g., Hoodia, Kalahari
cactus, Xhoba)

Proposed mechanisms or
use

Alpha-amylase inhibitor:
reduces or prevents
carbohydrate digestion
and absorption.

Increases thermogenesis
by inhibiting degradation of
cAMP (Diepvens et al.
2007). Effects can be
potentiated with ephedra
or nicotine.

Active ingredients are
caffeine and catechins,
especially EGCG. May
increase thermogenesis,
Reduce lipogenesis, and
decrease fat absorption or
increase fat oxidation.

HCA inhibits ATP-citrate-
lyase, the enzyme that
leaves citrate into
oxaloacetate and acetyl-
CoA for endogenous fat
synthesis (Watson et al.
1969; Watson &
Lowenstein 1970). HCA
may suppress fatty-acid
synthesis and food intake
while decreasing weight
gain.

Soluble fibers hold water
and increase satiety and
fullness. SCFA can
influence production of
satiety hormones
(Anderson et al. 2009;
Hosseini et al. 2011).
Native plant of the Kalahari
Desert in southern Africa
associated with reduced
hunger. Appetite
suppression

Attributed to a plant
compound called P57, a
steroidal alkaloid (Madgula
et al. 2010).

Potential side effects

Gl upset, bloating,
and gas. No toxicity,
based on animal
studies (Chokshi
2006).

High intakes (=300
mg/day) can result in
insomnia, irritability,
heart palpitations,
and anxiety.

Generally regarded
as safe if taken as
tea. GT extracts have
been associated with
liver damage,
especially if ingested
on an empty stomach
(Sarma et al. 2008).

Numerous safety
issues including liver
injury. In 2009, the
FDA warned
consumers to stop
using Hydroxycut
products that
contained HCA (Fong
et al. 2010).

Gl upset, bloating,
and gas.

Safety is unknown.
No published studies.

Note. Gl=Gastrointestinal; GT=Green tea; EGCG=Epigallocatechin gallate; HCA=Hydroxycitric acid;
FDA=Food and Drug Administration; SCFA=short-chain fatty acids. Source: Adapted from Manore 2012.
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2.1.1 Introduction

Numerous studies have shown that obesity is more frequent in the less socially
advantaged population groups, regardless of the variable used to classify socio-
economic status (SES); these differences in the prevalence of obesity by SES have
been observed both in men and women, but are stronger and more consistent in
women (Sobal & Stunkard 1989). The WHO’s MONICA Study showed that the
prevalence of obesity is higher among adults and children of low SES (Molarius et al.
2000). In Spain, in 1987, a group of researchers found a higher prevalence of obesity
among the population of a lower educational level (Gutiérrez-Fisac et al. 1994); in the
period 1987-1997, the same researchers found a higher obesity prevalence in
individuals with elementary education, and that the obesity prevalence proportion
associated with elementary education increased in women and decreased in men
(Gutiérrez-Fisac et al. 2002). Moreover, the SEEDO 97 Study in Spain showed higher
obesity rates in men and women with low educational level, and also that older women
with low educational level and low income seemed to be the most susceptible group to
weight gain (Aranceta et al. 2001). Adding to this evidence, a significant inverse
relationship between SES and overweight and obesity was found by the AVENA
(Alimentacion y Valoracion del Estado Nutricional de los Adolescentes Esparioles)

Study (Moreno et al. 2005), although only in male adolescents.

Overweight and obesity also have a socio-demographic component. In this respect, the
SEEDO"97 Study in Spain also showed differences in the distribution of the obesity

prevalence by area of residence and geographical zones (Serra-Majem et al. 1996).

Other well-known factors that influence the development of obesity are physical
inactivity (Jakicic & Otto 2005; Gutiérrez-Fisac et al. 2003), over-consumption of
energy-dense diets (which has been shown to be associated to low SES) (Rolls et al.
2005) and genetic factors (although some authors do not agree to this) (Townsend
2006).

The objective of this chapter is to evaluate the trends (1992-2003) of overweight and
obesity prevalences in the 18-75 year-old population of Catalonia, Spain, and the
influence of socio-economic and socio-demographic variables on these prevalence

trends.
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2.1.2 Materials and methods

Sample and subjects

The data analysed belong to the 1992-93 and the 2002-03 cross-sectional Evaluations
of the Nutritional Status of the Catalan Population (ENCAT 1992-93 and ENCAT 2002-
03) (Serra Majem et al. 1996; Serra Majem et al.2006). ENCAT is a regional survey
carried out periodically by the Department of Health of the Catalan Government and
co-ordinated by the Centre for Research on Community Nutrition of the University of
Barcelona. The theoretical random sample population and sample size have been
described elsewhere (Serra Majem et al. 1996; Serra Majem et al.2006), comprising
the population source of residents in the official census. The samples were stratified
according to household and randomized into sub-groupings with municipalities being
the primary sample units, and individuals within these municipalities comprising the
final sample units. The valid response rate for the first survey was 69% and for the

second 65%.

Adults from each representative sample within the age of 18-75 years were included in
the analysis of this study (n in ENCAT 1992-93=2248 and n in ENCAT 2002-03=1715).

Data collection procedures and variables of the study

In both surveys, dieticians were trained on standardisation of criteria and methodology
before data collection, in order to reduce inter-observer measurement variability. The
data were collected from 1992 to 1993 and from 2002 to 2003 through questionnaires

and anthropometric measurements during a home interview.

In order to analyse the influence of the socioeconomic variables on the prevalence of
overweight and obesity, the following variables were used and rearranged according to

the following categories (Aranceta et al. 2001):

1. Socioeconomic level (SEL) (occupation of the subject): a) low: the non-classifiable,
army, agricultural sector, service sector and non-qualified labourers; b) medium:
qualified labourers, foremen, rest of administrative, commercial and technical staff and
medium-level technicians; c¢) high: high—level technicians, directors/managers, self-
employed professionals, business owners or self-employed individuals without staff,

business owners or self-employed individuals with staff.
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2. Education level of the subject and of the family’s head member (ELS and ELH): a)
low: primary school incomplete or illiterate (<6 years at school); b) medium: primary
school completed, secondary school or further education (6-12 years of education); c)

high: high school, college or university degree (>12 years of education).

The socio-demographic determinants included: 1) gender, 2) age group (18-24 years,
25-44 years, 45-64 years and 65-75 years) and 3) population of residence size
(<10,000 inhabitants; 10,000-100,000 inhabitants, and >100,000 inhabitants).

Anthropometric measurements

Body Mass Index: weight and height had been measured with a portable spring scale
and a metric tape (Kawe®© model). The individuals were measured in standardised
conditions, wearing underwear and no shoes. Weight was measured in kilograms,
scale measurement error +100g. Height was measured standing and head in Frankfurt
horizontal position, expressed in centimetres, instrumental measurement error +0.1
cm. BMI was calculated using weight and height and categorized according to WHO
criteria (WHO 1998) so that overweight was defined as BMI>25 to BMI<30 kg/m? and
obesity as BMI>30 kg/m?.

Waist circumference: it was measured with a non-elastic metric tape halfway between
the lower border of the ribs and the iliac crest on a horizontal plane. Measurements
were recorded to the nearest 0.1 cm and categorized according to WHO criteria, so
that men with a WC 94.0-101.9 cm and women with a WC 80.0-87.9 cm were
classified as overweight, and men with a WC>102.0 cm and women with a WC>88.0

cm were classified as obese (WHO 1998).
Statistical analysis

All analyses were performed with SPSS 12.0. Proportions of overweight and obesity
were estimated for each sample separately and stratified by gender and age (to control
for its potential confounding effects). The age distribution of the whole Catalan
population in 1992-93 was used as a reference. The proportions from the two surveys
were compared using the y? statistic test and the means were compared using the t-

test, considering p-values <0.05 for significance.
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2.1.3 Results
The sample characteristics of the two surveys are presented in Table 8: the total
number of subjects by gender, age group and each socio-economic/socio-demographic

variable category.

Table 8. Sample characteristics of the two ENCAT surveys.

ENCAT 1992-3 ENCAT 2002-3
Variables n % n %
Gender
Males 1015 45.2 791 46.1
Females 1233 548 924 53.9
Age Group (years)
18-24 526 234 276 16.1
25-44 801 35.6 654 38.1
45-64 668  29.7 557 32.5
65-75 253 11.3 228 13.3
BMP (Kg m?)
<18.5 (underweight) 37 1.6 33 1.9
18.5-<25 (normal) 1119 4938 787 459
25-<30 (overweight) 807 35.9 624 36.4
>=30 (obese) 285 12.7 271 15.8
WC" (cm)
Normal 1312 594 878 52.2
Overweight 484 21.5 349 20.0
Obese 430 19.1 477 27.8
Socioeconomic Level (occupation)
Low 666  30.5 258 15.2
Medium 964 441 627 36.9
High 557 255 812 47.8
Education Level Subject
Low 486  21.6 233 13.6
Medium 1154 513 861 50.3
High 608  27.0 618 36.1
Education Level of Family Head
Low 654  29.1 264 15.5
Medium 1145  50.9 925 54.3
High 449  20.0 513 30.1
Population Size (inhabitants)
<10,000 294 13.1 379 221
10,000 -100,000 604  26.9 541 31.5
>100,000 1350  60.1 795 46.4
TOTAL (n) 2248 100.0 1715 100.0

a. Body Mass Index: according to WHO classification (WHO 1998). b. Waist circumference: according to
WHO classification (WHO 1998): normal = <94 cm for males and < 80 cm for females; overweight = 94 -
<102 cm for males and 80 - <88 cm for females; obese = >102 cm for males and > 88cm for
females. ENCAT — Evaluations of the Nutritional Status in Catalonia.
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Table 9 shows the mean, standard deviations and 5th-95th percentiles of BMI and WC
by gender and age group. In 2002-03, male mean BMI was higher as compared to
1992-93, although the observed difference was significant only for individuals aged 25-
44 years (from 25.2 to 25.9) and 45-64 years (from 26.7 to 27.4), and male mean WC
was significantly higher in all age groups; for females the observed decreasing trends
in mean BMI in most age groups (except for the youngest) were not significant, while
mean WC was significantly higher only in the youngest (from 70.3 to 72.7) and eldest
(from 92.2 to 95.3) individuals. These results are shown in Figures 19 and 20, which
also show how mean BMI and WC increase as age progresses in both genders.
Percentiles 50, 75 and 95 of BMI show increases in males from all age groups and
decreases in females (except for the youngest group). As for WC, percentiles 50, 75

and 95 show increases in males and females of all age groups.
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Figure 19. Mean BMI by gender, age and survey year
(ENCAT 1992-93 and 2002-03)
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Figure 20. Mean WC by gender, age and survey year
(ENCAT 1992-93 and 2002-03)
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Table 10 shows overall by-gender and by-survey BMI and WC overweight and obesity
prevalences; it can be observed that the overall prevalence of BMI obesity has
increased significantly only in males (6.7 percentage points, from 9.9 to 16.6%) in the
10-year period, while that of WC obesity has increased in both sexes (11.3 percentage
points for males-from 13.1 to 24.4%, and 6.6 for females—from 24.5 to 31.1%). Table
10 also shows BMI and WC overweight and obesity prevalences when age,

socioeconomic level, education level and population of residence size are considered.
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Research: Chapter 1

When considering the variable “age”, Table 10 shows that in ENCAT 1992-93, the
highest prevalence of BMI overweight was found in both males and females aged 45-
64 years, which was also the case for female but not male WC overweight; while in
ENCAT 2002-03, only an increase in female BMI overweight and male WC overweight
were observed with progressing age. Regarding obesity, both surveys show an
increase in the prevalence of BMI and WC obesity with progressing age in both sexes
(note the high prevalence of WC obesity among the eldest men and women in 2002-
03, 49.6 and 70.9% respectively). The between-survey comparison shows significant
changes only in male BMI overweight and male WC obesity rates, showing alarming

increases in the latter rates (i.e. from 1.3 to 6.0% in the 18-24 year-old group).

Regarding the variable “socioeconomic level” (SEL), the differences observed in BMI
and WC overweight and obesity prevalences of the different SEL groups were
significant only in females of both surveys, WC obesity being highest in the low SEL
group (Table 10). In ENCAT 1992-93, SEL was inversely related to the prevalence of
BMI obesity, but only significantly in females; this inverse relationship was not
observed among SEL groups in ENCAT 2002-03. WC obesity was only inversely
related with SEL in females of both surveys and the differences among SEL groups
were significant (Table 10). The between-survey comparison shows significant
increases in male BMI and WC obesity (from 8.3 to 16.5% and from 13.3 to 26.3%) and
female WC obesity (from 15.3 to 19.3%).

With regard to the variable “education level of the subjects” (ELS), in ENCAT 2002-03,
Table 10 shows an inverse relationship with BMI overweight and obesity prevalence,
but with differences among ELS groups only significant in females (note a female BMI
obesity prevalence of 36.6% in the low ELS group); this inverse relationship is
observed between ELS and male and female WC obesity but not WC overweight (note
the high male and female WC obesity rates in the lowest ELS group, 34.3 and 69.5%
respectively). The between-survey comparison revealed significant differences in both
BMI and WC overweight and obesity for both genders. It is worth noticing that while
male and female WC overweight seem to have increased among the highest ELS
group (from 15.5 to 23.9% and from 11.8 to 14.9% respectively), female WC obesity
prevalence in the lowest ELS group increased by 20 percentage points (from 49.3 to
69.5%).

96



Research: Chapter 1

The variable “education level of the family head member” (ELH), showed in ENCAT
2002-03 a significant inverse relationship with BMI overweight, BMI obesity and WC
obesity in females (Table 10). Females whose family head member had a medium
education level presented the highest WC overweight prevalence compared to females
whose family head member had a low or high ELH (23.9% in 1992-93 and 19.0% in
2002-03). The between-survey comparison revealed significant differences in both BMI
and WC overweight and obesity for both genders. Male and female BMI overweight,
male and female BMI obesity, male WC overweight and male and female WC obesity
rates have increased in the low and high ELH groups, while in the medium ELH group
the increase was only observed in male BMI overweight (from 9.6 to 17.5%) and male
and female WC obesity (from 12.9 to 24.9% and from 23.3 to 30.2% respectively). The
difference of 27 percentage points in female WC obesity prevalence in the low ELH
group is worth noticing (from 35.1 in ENCAT 1992-93 to 61.9% in ENCAT 2002-03).

Regarding “population of residence size”, only ENCAT 2002-03 differences observed in
female WC overweight and obesity were significant (“within-survey comparison”, Table
10). The between-survey comparison showed significant differences in all prevalences
except for males BMI andWC obesity; it is worth mentioning that, in the <10,000
inhabitants group, while female BMI and WC overweight rates decreased (from 32.5 to
27.8% and from 22.5 to 12.9%, respectively), female BMI and WC obesity rates
increased (from 15.6 to 18.0 and from 31.1 to 38.6%, respectively).

Table 11 shows how the ENCAT 2002-03 BMI and WC overweight and obesity
prevalences change when adjusting by the ENCAT 1992-93 SEL, ELS, ELH and
population of residence size distributions. It is apparent that male and female BMI
obesity increases to its highest when standardised by the ENCAT 1992-93 ELS and
population size (from 16.6 to 17.8% and from 15.2 to 19.6%, respectively), while male
and female WC obesity increases to its highest when standardised by the ENCAT
1992-93 ELS (from 24.4 to 26.7% and from 31.1 to 39.2%, respectively). Male and
female BMI and WC obesity decreased when adjusted by the ENCAT 1992-93 SEL

distribution.
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2.1.4 Discussion

The WHO recognises that the main limiting factors when comparing epidemiological
studies on the prevalence of overweight and obesity are: the different criteria to define
the cut-offs; the different age groups considered; the time interval for collection of data;
and studies comparison based on reported weight and height (WHO 1998). This study
is based on the 1992-93 and 2002-03 ENCAT surveys, which were carried out on
representative random samples of the Catalan population. Both surveys used the same
anthropometric measurement procedures (weight, height and WC were measured
instead of reported) and socioeconomic factors, and allow for comparison of the same

age groups (18-75 years).

The WHO has recommended BMI as a good index of total overweight and obesity
(WHO 1998), although it gives no information about body fat distribution, while WC
reflects abdominal visceral fat distribution. Nevertheless, the two measures are highly
correlated (Sarlio-Lahteenkorva et al. 2006). It has been shown that changes in WC
accompany changes in cardiovascular risk factors especially in the elderly (Turcato et
al. 2000). Research has also shown that WC can also predict morbidity and mortality,
considering it a better measure of obesity than BMI, since it is a simple and easy
measurement (Lean et al. 1998); WC is even more strongly associated with metabolic
abnormalities and health-care costs than BMI (Sarlio-Lahteenkorva et al. 2006). A
single WC measurement has been suggested to be used to identify individuals who
should seek and be offered weight management (Lean et al. 1995). We have used both
BMI and WC measures to define total and central overweight and obesity in order to

have a more complete overall picture of the problem in the Catalan population.

This study has shown that in Catalonia, in 2002-03, mean BMI in males was higher
than in 1992-93, and that of females was lower (except for the youngest group); on the
other hand, overall prevalence of BMI overweight and obesity was 43.7% and 16.6%
respectively in males, and 30.1% and 15.2% respectively in females. When comparing
these figures with those of the 2002 IOTF report for Spain (1998-2000), we observe
that overweight was lower in Catalonia in both genders (in Spain 48% for males and
40% for females), while obesity was higher for Catalan males and females (in Spain
12% and 15% respectively) (IOTF, EASO 2002). Therefore, in terms of gender, this
study shows that overweight and obesity are more prevalent in men (obesity was more
prevalent in women thirteen years ago, but male obesity has caught up and overcome

the female prevalence). These findings are in agreement with other literature available
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from developed countries, which suggests that women hold a more negative attitude
towards obesity than men and they are also more heavily influenced by the public
negative view towards obesity, thus spending more time, effort and money on the ideal

thinner shape (Manios et al. 2005).

Regarding WC overweight and obesity prevalences, this study has shown that in
ENCAT 2002-03, mean WC was higher in males and females as compared to ENCAT
1992-93 (except for the female group aged 45-64 years). In men, overall WC
overweight increased (from 21.7% in 1992-93 to 23.8% in 2002-03), as well as overall
WC obesity (from 13.1 to 24.4%). In women, overall WC overweight decreased (from
21.8 to 17.7%), while overall WC obesity increased (from 24.5 to 31.1%). In other
words, our results on BMI and WC overweight and obesity suggest that Catalan men
are getting bigger overall and also around specifically the waist, while Catalan women
are getting smaller overall but with bigger waistlines. They also show that WC obesity
is increasing more rapidly than BMI and, while BMI obesity is more prevalent among
men, WC obesity is more prevalent among women. These findings agree with those of
several recent studies carried out in Northern Europe (Sarlio-Lahteenkorva et al. 2006;
Chen & Tunstall-Pedoe 2005).

There are few studies that examine the possible relationship of SES and overweight
and obesity prevalence, and even fewer for the actual distribution of its prevalence into
the SES groups (Sarlio-Lahteenkorva et al. 2006; Manios et al. 2005; Choiniere et al.
2000). Although comparisons are not directly possible, there are three studies that
show that obesity rates have been increasing for decades and are in line with our
findings in that the prevalence of obesity is higher for the lower SES groups (two of
these studies use education (Berkman & Breslow 1983; Lynch et al. 1997) and one
uses income (Choiniere et al. 2000) and for men. Data from the ENCAT 2002-03
survey showed an increasing trend in the prevalence of BMI obesity in all male SEL
(using occupation) groups as compared to ENCAT 1992-93, whereas female BMI
obesity prevalence only increased in the high SEL group (although not significantly).
The analysis showed that SEL had no influence on male BMI overweight or obesity
prevalence, and that it only had an influence on BMI overweight and obesity
prevalence among the oldest females (45-64 years and 65-75 year-olds), showing an
inverse relationship (this further stratification by age group is not shown in the results).
Referring to WC, in the ten-year period, only female WC overweight and obesity
changed due to SEL, overweight decreased (being highest in the lowest SEL but no

inverse relationship was observed) and obesity increased (highest in the lowest SEL,

100



Research: Chapter 1

showing an inverse relationship). These findings are in agreement with numerous
studies carried out in developed countries by which, overall, the prevalence of obesity
is higher in lower SEL groups (Aranceta et al. 2001; Sarlio-Lahteenkorva et al. 2006;
Stam-Moraga et al. 1999). In developing countries the problem has been shown to be
more prevalent among the highest SEL groups, some showing the inverse relationship
between overweight/obesity and household amenities in both genders and

occupational level in men (Fezeu et al. 2006).

Studies using the Spanish population have shown that the prevalence of obesity is
higher among women and increases with age, particularly in the least educated female
subgroups (Aranceta et al. 2001; Gutiérrez-Fisac et al. 1994), results that agree with
the findings of the present study. The further stratification of each education level by
age group (not shown in the results), revealed different prevalences from the overall
male and female BMI obesity prevalences probably because the least educated people
were mostly the older age group with a higher obesity prevalence, which agrees with
findings from the SEEDO'97 Study (Aranceta et al. 2001). Regarding WC, we have
shown that overweight basically increased in the male and female highest ELS groups,
while obesity increased in all ELS groups, being highest in the lowest ELS one (inverse
relationship) and most prevalent among the females of this group (reaching an
alarming prevalence of 69.5%), and affecting more prominently the 45-64 year-olds
(again probably because the least educated people were mostly the older age group
with a higher WC obesity prevalence—analysis not shown). These results coincide with
those obtained in recent studies (Molarius et al. 2000; Chen & Tunstall-Pedoe 2005;
Gutiérrez-Fisac et al. 2004), in particular, a study carried out in Spain which showed an
even higher prevalence of WC obesity in non-educated elderly females (80.9%)
(Gutiérrez-Fisac et al. 2004).

With regard to the influence of the area of residence (population size) on excess body
weight, no significant differences were found for BMI prevalences in the 10-year period,
in the 10-year period, significant differences were found for BMI overweight in both
sexes and for female BMI obesity; the differences were also significant for WC male
and female overweight and female WC obesity. Females living in the smallest
communities showed a decrease in BMI and WC overweight..However, this decrease
was probably at the expense of an increase in the female WC obesity. Studies carried
out on the Spanish population (Aranceta et al. 1998; Aranceta et al. 2001) disagree

with our BMI findings by not showing significant differences on overweight and obesity
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when stratifying by population size, but no comparable results are available for WC

prevalences.

Finally, SES has been found to be associated with dietary patterns and physical activity
(Aranceta et al. 1998; Stam-Moraga et al. 1999; Manios et al. 2005; Proper et al.
2007). For example, more disadvantaged population groups generally have a poorer-
quality diet (e.g. higher fat intake and lower vegetable consumption) than higher SES
groups, which may partly explain the inverse association between SES and obesity
demonstrated in some studies (Manios et al. 2005; Proper et al. 2007). Other studies
have evaluated how money expenditure on food can assist in the achievement of a
healthy diet (Manios et al. 2005; Drenowski & Specter 2004). The inverse relationship
between energy density and energy cost suggests that “obesity-promoting” foods are
simply those that offer the most dietary energy at the lowest cost. The relative cost also
has been taken into account, which increases even further the cost of the healthy diet
for the low-income families (Manios et al. 2005). The present study has not considered
diet, physical activity, income (at least not directly), expenditure on food or food costs in
its analysis (which was merely descriptive and far from suggesting causality due to the
cross-sectional nature of the data;, therefore, the authors recognize the need for a
further and more robust analysis that involves all these lifestyle variables known to
affect the relationship between prevalence of excess body weight and SES. In addition,
self-reported occupation and education level may be over or under estimated.
However, this probably has not significantly modified the classification of the
participants into the three SES groups. Moreover, this study has not adjusted WC for
BMI, which should be done due to the influence a high BMI can have on a high WC
(Sarlio-Lahteenkorva et al. 2006). In spite of the mentioned limitations, we believe that
our findings contribute to the evidence needed to guide public health policy makers in
the design and implementation of preventive campaigns against the increasing trends
of overweight and obesity, paying special attention to males and low SEL and
education level groups, and small population of residence size (for male overweight

and female obesity).

2.3.4.1 Updating note (not included in the Public Health Nutrition publication)

Main results showed that SES variables had an influence on BMI and WC overweight
and obesity rates mainly on females. WC obesity was only inversely related with SES

in females (both ENCAT surveys) and the differences among SES groups were
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significant. Moreover, female WC obesity in the lowest education level group increased
by 20 percentage points in 10 years. We concluded that Catalan males were getting
bigger overall and around the waistline, while Catalan females (over 45 years) were
getting thinner overall but with bigger waistlines -and more so in the lower SES level

groups.

Although these results are significantly important in terms of public health, the data
were obtained one and two decades ago (1992-93 and 2002-03 respectively) and so |
feel that the discussion included in their Public Health Nutrition publication (2006-07)
needs updating and contrasting with more recent data. In this respect, it has to be said
that unfortunately, recent studies such as the ENRICA study (Gutiérrez-Fisac et al.
2012) have shown that chapter 1’s findings still prevail almost a decade later, with
significant differences between sexes in Spain overall (higher overweight rates in men
and higher obesity rates in women); in Spanish women overall, with obesity decreasing
as education level increases, in overall Spain; and with abdominal obesity being much
higher in women as compared to men in Catalonia. Table 12 compares the prevalence
rates of general and central obesity in the Catalan adult population of three cross-
sectional surveys: the ENCAT 1992, ENCAT 2003 and the ENRICA 2011 study.
Disregarding the different methodologies used in ENCATs and ENRICA an the fact that
rates are not directly comparable, we can observe an increasing trend for both general
and central prevalence rates over the years. But most importantly, it can be observed
that, while general obesity rates are increasing at a similar pace among men and
women, central obesity rates among women are -in all three surveys- consistently

higher than men'’s rates, getting close to the 40% in the most recent study.

Table 12. Comparison of general and abdominal obesity prevalence rates from 3 surveys
conducted in the population of Catalonia.
ENCAT 1992 ENCAT 2003 ENRICA 2011°

(%) (%) (%)
General obesity
Men (BMI>30 kg/m?) 9.9 16.6 21.8-24.8
Women (BMI>30 kg/m?) 15.0 15.2 20.1-23.4
Abdominal obesity
Men (WC>102 cm) 13.1 24.4 255
Women (WC>88 cm) 24.5 31.1 34.5-38.9

a. Source of data: Gutiérrez-Fisac et al. 2012.
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2.2.1 Introduction

In developed countries, the most important modifiable factors recognised as
responsible for excess mortality and morbidity at the population level are tobacco
smoking and obesity (Adami & Trichopoulos 2003; Poulter 2003; Bamia et al. 2004).
Smoking cessation has been associated with increased risk of weight gain (Caan et al.
1996; Xu et al. 2007). In addition, it has been suggested that current smoking —
particularly of high intensity — may increase insulin resistance and may thus be
associated with central fat accumulation (Clair et al. 2011), which could increase the
risk of diabetes and metabolic syndrome and, hence, the risk of cardiovascular disease
(Chiolero et al. 2008; Pisinger 2009). Thus in addition to more direct pathways,
smoking may also contribute to morbidity and mortality indirectly through an influence
on obesity, particularly as numerous studies suggest that central fatness is a more
important determinant of disease risk than is generalized obesity (Wei et al. 1997;
Folsom et al. 1993; Pi-Sunyer 2000). Individuals with elevated WC, a marker of
abdominal fat accumulation, appear to have higher risks of developing diabetes
(Seidell et al. 1997), hypertension (Beegom et al. 1995) and CVD (Dipietro et al. 1999)

than those with elevated BMI alone.

Although the relationship between overweight/obesity and smoking is receiving
increasing attention (Chiolero et al. 2008; Williamson et al. 1991; Flegal 2007; Pisinger
& Jgrgensen 2007), a greater pool of evidence is needed, especially on the
relationships between central fatness and smoking. In particular, it is crucial to explore
both the emerging evidence that central fatness and current heavy smoking may co-
occur, and attenuation of the relationships between weight status and smoking
cessation over the longer term. Moreover, given that the studies where there was not
an increased risk of overweight or obesity associated with smoking were conducted
fairly recently (Xu et al. 2007; Clair et al. 2011; John et al. 2005), it is important to
assess whether and how the rising prevalence of obesity in the general population may

influence relationships observed between smoking and body weight.

The aim of this paper is to contribute to the understanding of these issues by
examining the relationships between past and current tobacco use and both BMI and
WC in a Mediterranean area with high smoking (Jané et al. 2002) and obesity rates
(Garcia-Alvarez et al. 2007; Shroder et al. 2007). Our objectives are: 1) to examine 10-
year prevalence trends in observed general/central fatness patterns among subjects of

different smoking habits; 2) to examine the association between smoking and both
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general/central fatness after adjusting for possible confounders; and 3) to understand
how these relationships change with temporal trends in the prevalence of both obesity

and smoking.

2.2.2 Materials and methods

Conduction of the surveys

The Evaluation of the Nutritional Status of the Catalan Population (ENCAT) is a
regional survey carried out every ten years by the Department of Health of the Catalan
Government and co-ordinated by the FIN (formerly the CRENC). So far, two surveys
have been conducted: the ENCAT 1992-1993 and the ENCAT 2002-2003. ENCAT'’s
random sample population consisted of civilian non-institutionalized individuals aged 6
to 75, living in 82 Catalan municipalities of different sizes (ENCAT 1992-1993 with an
N=2,757 and ENCAT 2002-2003 with an N=2,160). The sample was weighted to reflect
the population distribution in the official census. The response rate for the first survey
was 68.9% and for the second 66.0%. Further details on sampling have been
described elsewhere (Serra Majem et al. 1996; Serra Majem et al. 2007; Ribas-Barba
et al. 2007).

Recruitment of each of the selected sample populations was carried out using the
IDESCAT census (IDESCAT: Population and Housing Censuses). Selected individuals
who were going to be interviewed received an information letter from the Department of
Health announcing the study and asking for their collaboration. When fieldwork started,
the interviewer visited the home of the person selected and requested his/her
participation; if the person could not be contacted (at least three attempts at different
times in the day), the person was replaced with a substitute of the same age group and

SexX.

Study sample population

Data used in the current paper consisted of 1,242 individuals from the ENCAT 1992-
1993 and of 1,223 individuals from the ENCAT 2002-2003 - all aged 25-60 years.
However, analysis included all subjects aged 25-60 years with available data on
anthropometric measures and smoking history, i.e. from ENCAT 1992-1993, a total of
1,071 subjects, 482 men (45.0% of the sample) and 589 women (55.0%), and from
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ENCAT 2002-2003, a total of 1,128 subjects, 515 men (45.7%) and 613 women
(54.3%). Mean age, the gender distribution, and level of education did not differ
between the analysis sample and the full sample aged 25-60 years (p>0.05 for all three

variables) in either of the surveys.
Data collection

All data were collected by trained dietician-interviewers using standardized
questionnaires and anthropometric measurements (weight, height and WC) during a
home interview. Weight and height were measured with a portable spring scale and a
metric tape (Kawer model). The individuals were measured in standardised conditions,
wearing underwear and no shoes. Weight was measured in kilograms, scale
measurement error 6100 g. Height was measured standing and head in the Frankfurt
horizontal position, expressed in centimetres, instrumental measurement error 60.1 cm.
Waist circumference was measured with a non-elastic metric tape halfway between the
lower border of the ribs and the iliac crest on a horizontal plane; measurements were

recorded to the nearest 0.1 cm.

In ENCAT 1992-1993, a first 24-hour dietary recall was conducted in a warm season —
May/July - and a second one in a cold season - November/December. In 2002-2003,
the 24-hour dietary recalls were conducted throughout the entire year; in both surveys
the dietary recalls were conducted on different days of the week including weekend
days. Food data was coded into groups and quantified by the interviewers and
supervised by two dieticians. The food composition tables used were the Spanish Food
Composition Tables of CESNID (Ribas-Barba et al. 2007).

Variables

BMI (weight (kg)/height® (metres)) was used as an indicator of general excess in total
body fat independent of height. WHO's standard cut-off points were used to define
general overweight (BMI 25-<30 kg/m?) and obesity (BMI >30 kg/m?) (WHO 1998).
Underweight (BMI<18.5 kg/m?) individuals (0.2% of men and 1.9% of women in 1992-
1993 and 0.4% of men and 2.3% of women in 2002-2003) were combined with normal
weight (BMI 18.5-<25 kg/m?) individuals, since separating these two groups had no

meaningful effect on results (not shown).
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WC provided an index of abdominal fatness, which has more recently been included in
efforts to classify obesity, as the distribution of body fat has been found to be important
and carrying it around the abdomen has been found to be especially unhealthy (ICO
2010). The recommended sex-specific cut-off points for risk of metabolic complications
were used: WC >94 cm (men) and WC >80 cm (women) for increased-risk (hereafter
‘IR WC”), and 102 cm (men) and 88 cm (women) for substantially-increased-risk
(hereafter “SIR WC”) (WHO 2008).

Multivariate-adjusted associations between smoking history are reported for overweight
and obesity combined (hereafter "overweight/obesity", as findings were generally
similar for overweight and obesity when examined separately using multinomial logistic
models, and the sample size for exploring obesity separately was limited given that
very few smokers were obese (data not shown). Similarly, IR and SIR WC were
combined in the multivariate models (hereafter IR/SIR WC), as findings were similar

when these variables were examined separately (not shown).

Information on tobacco smoking was collected by self-report. Smoking history was
defined as "never smoker", "former smoker" (had quit at the time of the interview but
had smoked in the past for at least 6 months or longer) and “current smoker” (includes
both daily and occasional smokers consuming <1 cigarette/day). Smoking intensity was
defined as "light" (1-10 cig/d), "moderate" (11-20 cig/d) and "heavy" (>20 cig/d).
Individuals smoking >20 cigarettes/day were considered as heavy smokers because
this corresponds to the quantity of cigarettes contained in a standard pack in Western
countries and other studies have also used this cut-off (Okuyemi et al. 2001; Rutten et
al. 2009).

The covariates considered were: sex; age, defined as "20-40 years" and "41-60 years"
(i.e. using the median age); physical activity (PA) at work —which was provided by
questions adapted from the WHO physical activity “Countrywide Integrated Non-
communicable Diseases Intervention” questionnaire (CINDI 1991) used in the ENCAT
1992-93 and ENCAT 2002-03 surveys- was defined as "sedentary", "light and
moderate activity" and "active and very active" based on each subject's current
employment, where sedentary occupations included those where most time is seated,
light and moderate included standing occupations, and active or very active included
manual occupations; occupation social class —for which the definition of Garcia-Alvarez
et al. (2007) was used, although slightly modified- was defined based on the subject's

occupation as: "low" (including farm labourer and fishermen, manual unskilled and
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skilled workers, craftsmen/skilled industry workers, amenities and machinery guards),
"medium" (including foremen, rest of administrative staff, commercial and technical
staff, service sector, army, medium-level technicians, business owners without
employees, agriculture skilled professional, support technician, administrative staff,
writers and artists), "high" (including high-level technicians, self-employed
professionals — dentists, lawyers etc, business owners with employees,
directors/managers), and "other" (including the unemployed, housewives and the non-
classifiable); education level of the subject and of the family’s head member (ELS and
ELH) as defined in Garcia-Alvarez et al.; ethanol consumption, classified as "level 1"
(0-9.99 g/day — men and women), "level 2" (men: 10.00-29.99 g/day, women: 10.00-
19.99 g/day), "level 3" (men: >30.00 g/day, women: >20.00 g/day) (1 standard unit of
alcoholic beverage in Spain is equivalent to 10 g of ethanol (Ministerio de Sanidad y
Consumo 2007); energy intake, defined as "tertiles of intake (kcal/day)", fruit and
vegetable consumption, defined according to recommendations (Aranceta, 2004;
SENC 2001; WHO 2003) as "low" (<170g/day), "moderate" (170-400g/day)", "high"
(>400g/day). Energy intake and fruit and vegetable consumption were obtained from

the 24-hour recalls.

Statistical analysis

All analyses were performed with Intercooled Stata 8.0 for Windows (STATA
Corporation, 98/95/NT. Texas, USA; 2002). In descriptive analyses, percentages were
used to describe the prevalence of overweight, obesity, IR WC and SIR WC among
men and women overall, and across smoking history strata; percentages were also
used to describe the prevalence of smoking history by gender and age group.
Weighted means with standard errors (SE) and proportions were used to describe the

distribution of other variables across smoking history groups.

Multivariate-adjusted associations between smoking history variables and each obesity
outcome (both for BMI and WC) were estimated using simple logistic regression.
Separate models were fit for each survey, and for men and women; age-adjusted and
multivariate adjusted results are presented. Models analyzed odds of
"overweight/obesity", and "IR/SIR WC" among stratified current (light:<10/day),
moderate:11-20/day) and heavy:>20/day) and former smokers vs. never smokers (the

referent group). No data on smoking intensity was available for former smokers.
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Variables included as confounders in the final multivariate models were: age, education
level, occupation level, PA level at work, alcohol (ethanol) consumption, energy intake
and fruit and vegetable consumption. Confounder selected included all variables that
changed odds ratios (OR) of interest by >10% in at least some models. Within the
analysis sample, sensitivity analyses were also carried out to assess whether missing
values for covariates were influential, confirming that excluding subjects with missing
values did not influence the main associations of interest (not shown). Final models
excluded subjects with missing values for all covariates included. Results are
presented as odds ratios and 95% confidence intervals (Cls). Mantel-Haenzel test for
trend was used to determine whether there was a dose-dependent relationship
between smoking history/intensity and BMI and between smoking history/intensity and
WC (p<0.05 as significance level). All prevalence estimates and ORs were weighted
using the Catalan census population of 1991 and 2001 (IDESCAT: Estructura de la
poblacio, 1975-2003) respectively, accounting for the population gender and age

group distribution.

2.2.3 Results

Prevalence and trends in general and central obesity

Levels of overweight/obesity were substantial, and consistently higher in men than in
women (55.3% vs. 44.4% in 1993 and 64.7% vs. 42.2% in 2003, p<0.05); levels of
IR/SIR WC, also substantial, were initially higher in women than in men (35.9% in men
vs. 48.6% in women p<0.05) but very similar in the second survey (men 50.9% vs.
women 49.1%, p<0.05) (Table 13).

Over time, there was a substantial increase in the prevalence of obesity (7%) as well
as in SIR WC (11%) in men, though levels of overweight and IR WC were fairly stable.
Among women, there was a substantial increase in the prevalence of SIR WC (7%),
though overweight and obesity levels remained fairly stable and IR WC declined. Thus
overall, among men, there were increases in overweight/obesity (55.3% and 64.7% in
1992-1993 and 2002-2003 respectively) and IR/SIR WC (35.9% and 50.9%), while
among women levels of overweight/obesity (44.5% and 42.2%) and IR/SIR WC (48.6%
and 49.1%) remained fairly stable, albeit with an increase in the prevalence of SIR WC
(Table 13).
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Table 13. Prevalence of overweight®, obesityb, IR WC®and SIRWC?, by gender and survey.

Men Women
ENCAT 1992-93 ENCAT 2002-03 ENCAT 1992-93 ENCAT 2002-03
(n=502) (n=595) (n=602) (n=590)
Overweight/obesity® 55.3% 64.7% 44.4% 42.2%
Overweight 46.8% 49.2% 31.0% 28.4%
Obesity 8.5% 15.5% 13.5% 13.8%
IR/SIR WC' 35.9% 50.9% 48.6% 49.1%
IRWC 24.0% 28.1% 24.8% 18.4%
SIRWC 11.9% 22.8% 23.8% 30.7%

a.Overweight= BMI 25-<30 kg/mz; b. Obesity= BMI 230 kg/mz; c.IR WC= Increased-risk of metabolic
complications (i.e. WC >94 cm for men and WC >80 cm for women); d. SIR WC= Substantially-increased-
risk of metabolic complications (i.e. WC >102 cm for men and WC >88 cm for women); e.
Overweight/obesity = overweight plus obese subjects; f. IR/SIRWC = subjects with IR WC plus subjects
with SIRWC.

Prevalence and characteristics of never, former and current smokers

In 1992-1993, 53.6% of men and 30.8% of women reported being current smokers.
Over time, as shown in Table 14, the prevalence of current smoking decreased
substantially in men (by 13%), though only slightly in women (2%), while the percent of
former smokers increased (by almost 4% in men and by 9% in women). The
prevalence of heavy smoking (>20/day) declined from 10.9% to 8.2% in men, and from
3.2% to 2.1% in women (not shown). Table 14 also shows that, among males, both
mean BMI and WC increased in all smoking history groups, with larger increases
among never than former or current smokers (4.8 cm vs. 3.0 cm for WC). Among
female never smokers, however, mean BMI and WC decreased over time, while both
measures of obesity increased among former and current smokers. Moreover, among
men in both surveys, current smokers had the highest percentages of low occupational
social class, low levels of education, sedentary physical activity at work, low fruit and
vegetable consumption and high ethanol consumption. However, among females,

these percentages were highest in never smokers.
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Shifts in the prevalence of general and central obesity by smoking history group

Figures 21 and 22 show prevalence rates of general and central obesity by smoking
history. In 1992-1993, among men, former smokers had the highest prevalence of
overweight, obesity, and both IR and SIR WC. By 2002-2003, however, substantial
increases among never and current smokers led to levels of general and central
obesity similar to those in former smokers. More specifically, in 2002-2003, while
former smokers had the highest prevalence of overweight (57.2%) and SIR WC
(28.2%), never smokers had the highest rates of obesity (19.3%) and current smokers
had the highest level of IR WC (30.7%).

In contrast to men, among women, in 1992-1993 the prevalence of overweight, obesity,
IR WC and SIR WC was highest among never smokers. As among men, however, in
2002-2003 disparities in prevalence rates across smoking groups were substantially
diminished as a consequence of increased levels in both former and current smokers,

as well as lower levels in never smokers.
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Figure 21. Prevalence of BMI categories in male (top) and female (bottom) never smokers,
former smokers and current smokers, by Survey. ENCAT 1992-1993 and 2002-2003.
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Figure 22. Prevalence of WC categories in male (top) and female (bottom) never smokers,
former smokers and current smokers, by Survey. ENCAT 1992-1993 and 2002-2003.
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Associations between smoking history and general and central obesity: 1992-1993

Age- and multivariate-adjusted associations between smoking history and
overweight/obesity and IR/SIR WC are presented in Table 15. In 1992-1993, the
multivariate-adjusted analysis showed that male moderate and heavy smokers were
0.40 and 0.63 times less likely to be overweight/obese than never smokers, although
the association was only significant (p<0.05) for moderate smokers. Neither former
smoking nor current-light smoking was associated with general obesity among men.
For central fatness, however, both male former and current-heavy smoking were
associated with a more than two-fold increased odds of IR/SIR WC compared to never

smoking (p<0.05).

In contrast to the null association among men, women who were current-light smokers
were significantly less likely to be overweight/obese than never smokers (OR 0.42, ClI
0.22-0.81). For central fatness, both former and current-light smokers had lesser odds
of an IR/SIR WC than never smokers, with associations significant at the 10 and 5%
level respectively, again contrary to the positive association between central fatness

and former smoking observed in men.

Results of the Mantel-Haenszel test for trend (Table 15) show a significant trend
(p=0.007) only in male BMI overweight/obesity-smoking OR; in females however, OR
for both BMI overweight/obesity-smoking and IR/SIR WC-smoking show a significant
trend (p=0.000 and p=0.006 respectively).

Associations between smoking history and general and central obesity: 2002-2003

In 2002-2003, when the prevalence rates of general and central obesity were notably
higher, particularly in men, a rather different situation emerged, with most associations
strongly attenuated compared to those observed in 1992-1993. Thus among men,
current moderate and heavy smoking were no longer associated with general
overweight/obesity, and former smoking was no longer associated with IR/SIR WC.
However, current heavy smoking remained associated with IR/SIR WC, although the

magnitude of the association was nearly two-fold rather than three-fold.

Associations were similarly attenuated towards the null among women in 2002-2003.
Current light smoking was no longer associated with reduced odds of

overweight/obesity or with reduced odds of IR/SIR WC, and former smoking was no
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longer associated with reduced odds of IR/SIR WC. However, current moderate
smokers were 0.57 times less likely to have an IR/SIR WC as compared to never

smokers, although the association was very weak (p<0.10).
Results of the Mantel-Haenszel test (Table 15) show a significant trend in female BMI

overweight/obesity-smoking OR and IR/SIR WC-smoking OR (P=0.046 and P=0.025
respectively), but not in any of the male OR.
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2.2.4 Discussion

The analysis of these two samples of adults from the region of Catalonia yielded very
different results and may illustrate the trends in tobacco use and its body weight

implications in a Mediterranean setting.

The 1992-93 general overweight, obesity and excess central fatness prevalence rates
were higher in male former smokers and female never smokers. Similar results
showing lower BMI in current smokers have been reported by other studies (Lissner et
al. 1992; Molarius et al. 1997; Martinez et al. 1999; Canoy et al. 2005; Akbartabartoori
et al. 2005; Pisinger & Jorgensen 2007; Travier et al. 2009). However, findings by John
et al. (2005) only agree with our female results, as they found lower overweight or
obesity in female heavy smokers as compared to never smokers; nevertheless, our
results from heavy smoking in women could not be properly analyzed because the
sample size was too small. For males, they found higher proportions of overweight or

obesity among moderate smokers as compared to never smokers.

Between 1992-93 and 2002-03, current smoking prevalence, initially more than 50%,
declined substantially in men, though it remained fairly stable among women (30.8-
28.8%). Other authors that studied the period 1982-1998 also found decreasing
smoking prevalence trends among Catalan men, but increasing trends among Catalan
women and young adults of both sexes, concluding that tobacco smoking rates were
stable (Jané et al 2001). Using data from 2005, the WHO reported similar percentages
of tobacco use among Spanish adults, which ranged between 28.6-36.5% (WHO
2008).

In addition, levels of overweight, obesity and IR/SIR WC were substantial in 1992-93,
but there were nonetheless substantial increases over time, particularly in obesity and
SIR WC. According to the ENRICA study (Banegas et al. 2010), in Catalonia, by 2010,
male general obesity prevalence had reached a 23.7% (an 8-point increase if
compared to ENCAT 2003) and that of female a 21.2% (a 7-point increase when
compared to ENCAT 2003). The increases in obesity and SIR WC observed in ENCAT
were highest among male never smokers, but were also substantial among current

female smokers, with smaller increases in former smokers.

Moreover, associations between current smoking intensity and general obesity,

adjusted for confounders such as subject's age, energy intake, physical activity at
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work, education level and occupation, were initially strongly negative in men for
moderate and heavy smoking, and in women for light smoking. By 2002, null
associations were observed, indicating that current smokers were no longer leaner

than never smokers.

With some exceptions indicating no association (Clair et al 2011), the majority of
studies on this topic have found negative associations between current smoking—
especially moderate and heavy smoking—and general obesity (Canoy et al. 2005; Xu
et al. 2007; Bamia et al. 2004; Travier et al. 2009; John et al. 2005). No previous
studies have looked at changes in associations coinciding with shifts in the prevalence
of obesity and smoking over time. These shifts in results suggest that the increased
overweight and obesity among current smokers diminish disparities in prevalence vs.

never smokers.

Mechanisms for a possible causal relationship between current smoking and a lower
BMI may include the increased metabolic rate induced by nicotine (Clair et al. 2011;
Hofstetter et al. 1985; Chiolero et al. 2008), the decreased metabolic efficiency or the
decreased caloric absorption (reduction of appetite) (Chiolero et al. 2008; Lloveras et
al. 2001; Mineur 2011) or the lower consumption of desserts that some authors have
observed in men (but higher in women) (Lloveras et al. 2001); an increased total
energy expenditure involving the stimulation of the sympathetic nervous system
(Hofstetter et al. 1985), although weaker among obese subjects (Audrain et al. 1995)
and also depending on physical activity and fitness degree (Perkins et al. 1994; Perkins
& Sexton 1995).

In contrast, despite negative associations with general overweight/obesity, there were
strong positive associations between current heavy smoking—but not moderate or light
smoking—and central obesity in men. These associations were only slightly attenuated
in 2002: this was the most persistent association observed. Among women, moderate
and the small number of heavy smokers had similar levels of IR/SIR WC as did never
smokers, although current light smoking was initially associated with reduced odds of
IR/SIR WC; by 2002, however, after multivariate adjustment, female light smokers had
similar levels of IR/SIR WC to those of never smokers, and moderate smokers,

unexpectedly, had lower levels (p<0.10).

Our finding of a positive association for heavy smoking in men is again in line with

results reported by Travier et al. (2009) and Clair et al. (2011), who found heavy
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smoking to be positively associated with elevated WC, though in those studies this was
observed in both sexes. Clair et al. (2011) however, did observe a positive association
between moderate smoking and elevated WC in men. On the other hand, the negative
association between moderate smoking and central obesity in women is in line with
Travier et al.'s findings, which observed a lower elevated WC in female current
smokers of the average number of cigarettes, but did not observe this in men. Again,
changes in associations at different points in time have not been reported previously,
but results in men suggest that disparities between current smokers and never

smokers are diminished as levels of central obesity rise among the never smokers.

A possible mechanism for a greater WC among smokers is, for instance, the higher
fasting plasma cortisol concentrations seen in smokers as compared to non-smokers,
which are strongly associated with visceral adipose tissue (VAT) (Cryer et al. 1976;
Friedman et al. 1987), in turn strongly associated with WC (Han et al. 2006); higher
cortisol concentrations could be a consequence of the stimulation of sympathetic
nervous system activity that is induced by smoking (Williamson et al. 1991; Yoshida et
al. 1999). In addition, sex hormones may be involved. In women, low concentrations of
estrogens and an excess of androgens such as testosterone - typically seen after
menopause (Haarbo ef al. 1991) - has been associated with VAT accumulation
(Haarbo et al. 1991; Bjorntorp 1988; Evans et al. 1988). In men, VAT increases when
testosterone concentrations decreases (Vermeulen et al. 1999), and testosterone
administration in middle-aged men reduces VAT by increasing lipolysis (Marin 1995).
Smoking may reduce testosterone concentrations (Vermeulen et al. 1999; Marin 1995;
Meikle et al. 1988). However, in the case of heavy smokers, the mentioned increase in
metabolism induced by nicotine might be outweighed by the metabolic effects of
nicotine that favour abdominal fat accumulation and the smokers propensity for
unhealthy lifestyle habits, thus causing an inverse relationship for heavy smokers and
WC as compared to light smokers (Clair et al. 2011; Chiolero et al. 2008).

In 1992-93, age-adjusted associations between former smoking and general
overweight/obesity were weakly positive in men but strongly negative in women as
compared to never smokers; after multivariate adjustment for confounders such as
subject's age, energy intake, physical activity at work, education level and occupation,
both the positive and negative associations seen in men and women respectively were
attenuated. However, it is important to note that associations with former smoking were
strongly diminished over time, as the prevalence of obesity increased more among

never and current smokers. Our results are in line with those by John et al. (2005), who
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found that former smokers did not reveal more overweight or obesity than never
smokers, suggesting that a short-term increase in body weight after smoking cessation
does not become critical in public health terms when never smokers are taken as the
reference group. Other authors, however, have reported different results for male
former smokers indicating that they weigh more than never smokers (Travier et al.
2009; Molarius et al. 1997; Pisinger & Jorgensen 2007). Mechanisms for weight gain
among male former smokers might include higher energy intake, decreased resting
metabolic rate and physical activity and possibly changes in adipose tissue metabolism
(Ferrara et al. 2001; Filosof et al. 2004). Moreover, it has been suggested that more
female than male quitters might develop decisions or psychological strategies that are
strong enough to curb weight gain (John et al. 2005; Davis et al. 2004).

Associations between former smoking and central obesity: in 1992-93 were strongly
positive in men as compared to never smokers, persisting even more strongly positive
after multivariate adjustment for age, energy intake, subject's education level and fruit
and vegetable consumption; these results have been found previously in men (Xu et al.
2007). In women, however, age-adjusted associations were strongly negative,
persisting at a lower significance level (10%) after multivariate adjustment. These
results for both men and women are in line with those of Travier et al's (2009),
although they analysed the association in former smokers of the average time since
quitting. In contrast, Pisinger and Jorgensen (2007) observed that female quitters had a
higher increase in WC than men. Nevertheless, our results show that by 2002-03,
when levels of central obesity had increased especially in the never and current

smokers, no association between former smoking and central obesity was observed.

Moreover, it is important that results have been derived from multivariate-adjusted
analyses with the intention to eliminate as much as possible the effect of confounders
such as physical activity, energy intake or alcohol consumption on the relationship
between smoking and general/central fatness. In this sense, Chiolero et al. (2008)
suggested that, heavy smokers tend to have greater body weight than light smokers or
non-smokers because heavy smokers are more likely to adopt behaviours favouring
weight gain (e.g. low physical activity, unhealthy diet, and high alcohol intake) than are
light smokers or non-smokers. It is noteworthy that we found very little disparity in age-
adjusted vs. multivariate-adjusted results, and the list of variables included in the
adjustment did not explain persistent positive associations between current heavy

smoking and central obesity (in men).
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The reasons for the observed gender disparities are unclear. Previous studies reporting
gender disparities are also found in the literature (Barret-Connor & Khaw 1989;
Akbartabartoori et al. 2005; Canoy et al. 2005; Travier et al. 2009; Clair et al. 2011).
However, other studies that have considered the effects of confounding factors such as
alcohol and food intake, physical activity, and education still showed similar findings
between sexes (Troisi et al. 1991; Visser et al. 1999; Bamia et al. 2004). It has been
argued that the sex difference could be explained by a stronger antiestrogenic effect of
nicotine in women as compared to men (Tanko & Christiansen 2004). Heterogeneity in
the results could be caused by differences in sample sizes, because smaller studies
are less likely to detect modest effects, variation in reporting smoking variables and
other important confounders, and age structure of the population (Canoy et al. 2005).
In our study, the very small number of women who reported themselves to be heavy
smokers may be limiting the ability to examine associations between current heavy

smoking and central obesity and compare them with those observed in men.

We recognise the following study limitations: the cross-sectional nature of the surveys,
which does not allow us to establish any definitive temporal association between
smoking and general/central adiposity; relying on self-reported measures of smoking
habits; using surrogate markers for fat distribution; the missing data on anthropometry
(outcomes) and smoking history (exposure) variables, although, no significant
differences in terms of age, education and socio-economic status (occupation) were
observed when the sample of individuals with missing data on outcome and exposure

variables was compared with the sample that had all data.

Regarding confounders, some important factors observed in other studies to have had
a large/meaningful impact on the smoking-general/central fatness relationship and,
which were available for our analyses, include age, energy intake, physical
activity/exercise, alcohol consumption, education level (John et al. 2005; Travier et al.
2009; Xu et al. 2007) and socioeconomic status (Xu et al. 2007; Wild & Byrne 2006;
Healton et al. 2006), although they had a minimal impact on our results and in other
studies (Clair et al. 2011). Failing to adjust for potential confounders described in other
studies such as residence (Xu et al. 2007), weight cycling (Lissner et al. 1991), location
of work/urbanization (Flegal et al. 1995; Chen et al. 1993), menopausal status (WHO
2008; Travier et al. 2009), parity — associated with increases in WC (WHO 2008),
marital status (Flegal ef al. 1995), snacking, sugary drinks consumption, hours seated,

total fibre, fast food and BMI (Basterra-Gortari et al. 2010) is unlikely to have had a

125



Research: Chapter 2

large impact; but we cannot totally rule out the effect of confounding caused by factors

that we have not considered.

The major strengths of the present study include: that it uses measured anthropometry;
that it is based on two general population samples of relatively large total size, which
provide a rather good number of explanatory factors (potential confounders) and
detailed information on current smoking intensity; but most importantly, it is based on
two methodologically very similar samples that are 10-years apart, which allows for

comparison and trends identification.

We conclude that although causality cannot be established, results suggest a positive
association between heavy smoking and central fathess among men, but no
association between former smoking and general/central fatness; findings strengthen
arguments for promoting smoking cessation to reduce morbidity and mortality

associated with both smoking and obesity.
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2.3.1 Introduction

Botanicals and their derivatives/preparations are used throughout Europe for health
purposes, with increased usage in the general population as well as among specific
subgroups encompassing children and pregnant women or those suffering from
diseases such as cancer among others (Menniti-lppolito et al. 2002; Ritchie 2007;
Adams et al. 2009; Bishop & Lewith 2010). Botanicals are used in many different types
of products, including foods, (teas and juices), food supplements such as plant food
supplements (PFS), herbal medicinal products (HMP), homeopathic products,
cosmetics, biocides etc (Larranaga-Guetaria 2012). These different product categories

are regulated by specific legislation, depending on the intended use of the product.

The European Union (EU) Directive on Food Supplements (2002/46/EC) defines
dietary supplements (which include PFS) as (European Parliament & Council 2002):

“...foodstuffs the purpose of which is to supplement the normal diet and which are
concentrated sources of nutrients or other substances with a nutritional or physiological
effect, alone or in combination, marketed in dose form, namely forms such as capsules,
pastilles, tablets, pills and other similar forms, sachets of powder, ampoules of liquids,
drop dispensing bottles and other similar forms of liquids and powders designed to be

taken in measured small quantities”.

The marketing of a product as a PFS however, depends on national legislation, which
differs widely across Member States. Countries vary in the extent to which products are
regulated, as well as in the process of regulatory control. Some countries have
regulated the use of botanicals in detail (including negative and positive lists), some
apply specific conditions of use, (including maximum usage levels or warnings for the
consumer), and in others less specific requirements exist. An added complexity lies in
the application of the basic European “principle of mutual recognition”, whereby any
product that is lawfully marketed in one Member State can be sold in all 27 Member

States (Larrafaga-Guetaria 2012).

Moreover, the same botanical may be used as a food supplement and as a medicinal
product, depending on the intended use of the product and both food supplements and
medicinal products often share the same form of presentation (powders, pills or
tablets). Hence the legal status of products differs from one country to another,
resulting in a complex market environment. This so-called borderline issue between

PFS and HMP is a major obstacle to the marketing of PFS in the EU (Larrafaga-
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Guetaria 2012).

Plant food supplement usage data at EU level are scarce with reports providing PFS
market data as opposed to data reported directly by the consumer (EAS 2007).
Surveys on the intake of botanicals have been conducted primarily in the context of the
intake of dietary supplements in general (Skeie et al. 2009) or as part of surveys of
complementary and alternative medicine (CAM) therapies (Vargas-Murga et al. 2011),
and issues such as the legal distinction between HMP and PFS have not been taken
into account. A recent systematic review evaluating the demographic characteristics
and health status factors associated with CAM use reported that the majority of
population based consumption studies had been conducted in the USA (64% of the
110 identified studies), and of these, 13% were in Europe, with the majority carried out
in Scandinavia (7%) and the United Kingdom (5%) (Bishop & Lewith 2010). Studies
have been limited by the heterogeneity of definitions used, study designs and
objectives making it difficult to compare results and to extrapolate conclusions. The
ambiguity of categories such as “natural medicine”, “herbal remedies” or “herbal
medicine” and what constitutes “dietary supplements” makes it nearly impossible to
attain reliable estimates of the prevalence of PFS usage in Europe, with only limited
data available at national levels (Vargas-Murga et al. 2011; Harrison et al. 2004;
INFITO 2007) But not at the European level.

A study by the European Advisory Services (EAS) on “The use of substances with
nutritional or physiological effect other than vitamins and minerals in food supplements”
(EAS 2007), provided information on European market and regulation data, and
highlighted the need for obtaining PFS usage data in order to plan, monitor and
evaluate national and European policies, as in other regions of the world. One such
example is the United States of America, where the Alternative Health/CAM
supplement of the National Health Interview Survey (NHIS) has been collecting data on
botanical dietary supplements for some years now (NCHS 2003; Bardia et al. 2007,
Dwyer et al. 2013).

The EFSA has recognised the lack of data in the sector and has published a number of
reports addressing related issues, namely the recommendations for reporting the use
of supplements and medicines by adults in any pan-European dietary survey or project
(EFSA 2009), and the “Compendium of botanicals reported to contain naturally
occurring substances of possible concern for human health”, aimed to help with the

safety assessment of botanicals and botanical preparations intended for use as food
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supplements (EFSA 2012).

The purpose of this paper is to describe the type and frequency of PFS usage reported
in a retrospective survey of consumers in six European countries; in addition we
present the most frequently used botanical ingredients in these products. We also
highlight the issues associated with measuring usage of PFS in European populations

and make recommendations for future research.

2.3.2 Materials and methods

Ethics statement

Before initiating the fieldwork, approval for the conduct of the survey was obtained from
four ethics committees: the Bioethics Commission of the University of Barcelona,
Spain; the Ethics Committee of the University of Milano, Italy; the Ethical Committee of
the Faculty of Medicine - Transilvania University of Brasov, Romania; and the
Coordinating Ethics Committee, Hospital District of Helsinki and Uusimaa, Finland.
Approval of the survey by these four ethics committees required submitting all survey
material to their members for evaluation. No ethical approval for the survey was

needed in Germany and the United Kingdom.

To ensure harmonisation and standardisation of the fieldwork and data collection
across countries, a market research organization, European Fieldwork Group (EFG)
was subcontracted to implement the survey. The survey was conducted by EFG in
strict accordance with the ICC/ESOMAR Code on Market and Social Research. In all
countries, informed consent was obtained verbally from all respondents after reading
the survey information sheet. All data were recorded manually i.e. pen-and-paper.
Recruitment of survey participants occurred in the selected cities in each country.
Approximately the first 1000 individuals per country were systematically selected for
screening i.e. intercepting 1 in every 5 individuals passing by to ask him/her the initial
screening questions; subsequent screening selection was performed on a convenience
basis i.e. intercepting individuals in places where consumers were likely to be found,
such as herbal shops, pharmacies etc. Eligible respondents who agreed to participate
were given an appointment at their home/workplace to complete the main survey. The

appointments of those willing to participate were later reconfirmed by phone.
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The data were made anonymous when recorded electronically i.e. the respondents’
contact details were not entered into the survey database. Instead, the market research
organization assigned ID numbers to each respondent and provided PlantLIBRA

partners only the database with the assigned ID numbers.

Definition of plant food supplements in the PlantLIBRA PFS consumer survey

Although there is a legal definition of Food Supplements (EU Directive (2002/46/EC)
(European Parliament & Council 2002) under which PFS reside, for the purposes of
this research it was necessary to develop a specific definition of PFS whose main
characteristic is that they contain botanical preparations as ingredients for food

supplementation.

Botanical preparations are obtained by subjecting botanicals (plants, algae, fungi or
lichens) to treatments such as comminution, extraction, distillation, squeezing,
fractionation, purification, concentration or fermentation. These include extracts,

essential oils, expressed juices, powders, etc.

Botanical preparations can be considered as nutrients or other substances. Thus, the
definition of PFS for the survey was as follows: PFS are "foodstuffs the purpose of
which is to supplement the normal diet and which are concentrated sources of
botanical preparations that have nutritional or physiological effect, alone or in
combination with vitamins, minerals and other substances which are not plant-based.
PFS are marketed in dose form, such as capsules, pastilles, tablets, pills and other
similar forms, sachets of powder, ampoules of liquids, drop dispensing bottles, and
other similar forms of liquids and powders designed to be taken in measured small unit

quantities”.

Products that did not meet this definition, such as herbal remedies and other medicinal
products based on botanicals, and those that did not meet the PFS definition in terms

of dosage, such as herbal teas or juices, were excluded.

Sample population and PFS consumer definition

A cross-sectional, 12-month retrospective survey was conducted in 24 cities in six
European countries -Finland, Germany, Italy, Romania, Spain and the United Kingdom.

An estimated sample size of 2000 screened individuals per country was calculated in
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order to obtain a final sample of approximately 400 consumers per country (total
N=2400 approximately). Per country, gender and age group quotas were set as
follows: 300 adults (18 to 59 years) and 100 older adults (60-and-over years), with 30-
50% male and 50-70% female. All individuals were screened by means of a brief
questionnaire which recorded PFS usage in the preceding 12 months. Individuals were
considered eligible for inclusion if they were over 18 years old and met either of the
following specified criteria, intended to capture the different usage patterns of PFS
consumers:
1) They had taken at least 1 PFS in the last 12 months, in an appropriate dose
form at a minimum frequency of either:
a) 1 daily dose for at least 2 consecutive or non-consecutive weeks, or
b) 1 or more doses per week for at least 3 consecutive weeks or
c) 1 or more doses per week for at least 4 consecutive or non-
consecutive weeks
2) They had taken 2 or more different PFS, in an appropriate dose form, at a
minimum frequency of 1 or more doses per week, with the sum of the

usage period of the 2 or more products being equal to at least 4 weeks.

Instruments and variables

A short screening questionnaire was used to identify consumers who met the survey
inclusion criteria; it consisted of six questions which allowed interviewers to identify
eligible consumers, based on the product(s) used, the frequency and duration of use
and the dose form. Eligible consumers subsequently completed a more detailed
questionnaire on their PFS usage in the preceding 12 months, providing details of
product/plant names, dosage forms, frequency of use, reasons for use, adverse
effects, places and patterns of purchase and information sources on products. These
questions were asked for each of up to a maximum of 5 different PFS used. In addition,
respondents were asked to provide socio-demographic data including age, gender,
level of education and employment status, as well as self-reported height and weight

and further health-related lifestyle information.

Survey administration and data collection

Fieldwork and data collection for the cross-sectional survey were performed by the
international market research company EFG, from May 2011 to September 2012. The

duration of the fieldwork ensured that any seasonal variability in usage of products was
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captured. The survey protocols and instruments -training material, information sheet,
informed consent, screening and usage questionnaires-, were initially developed in
English by consensus amongst the research team, and subsequently translated into
the respective languages in each of the survey countries. Pilot interviews were
conducted in each participating country to assess the comprehension of the questions

and to determine the time required to complete the survey.

In each participating country, trained interviewers systematically screened
approximately 1000 individuals during the first three months of the survey, which
allowed the estimation of the prevalence rate. Subsequently, screening and recruitment
were conducted on a convenience basis. The recruited eligible consumers were

interviewed face-to-face and the more detailed PFS usage questionnaire completed.

Data preparation and statistical analysis

All data from the completed surveys were entered into the statistical package SPSS for
Windows v. 18 (IBM Corporation, Somers, NY, USA), which was also used for data

analysis.

Following review of the completed interviews by the research team in each country, a
database with botanical composition data for all PFS products reported was compiled
for each country and then merged into a single database. Potential product duplicates
between countries were not removed. Each product was coded for its botanical
ingredients in scientific, English and local names and botanicals were coded after
removing duplicates between countries. Additionally, each product was categorised as
a single- or multi-botanical product. To indicate the certainty of the matching of
products, a series of numerical codes were used, based on those used in the National
Health and Nutrition Examination Survey 2005 — 2006 (NCHS 2009). Values ranged
from 1-5, where “1” indicated an exact match, “2” a probable match, “3” a reasonable
match, “4” a default match and “5” no match. Only products with certainty values 1 to 4

have been included in the analyses.

Respondent data were recorded in a separate database. A number of variables were
created and/or recoded to facilitate reporting and analysis, including: 1) “education
level”’, defined as low, medium, and high; 2) “BMI”, which was calculated from self-
reported weight and height, and for which WHO criteria (WHO 2013) were used to
categorise individuals as underweight (BMI<18.5 kg/m?), normal weight (BMI 18.5-<25
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kg/m?), overweight (BMI 25-<30 kg/m? and obese (BMI >30 kg/m?); 3) “physical
activity”, calculated using the short version of the IPAQ questionnaire (Craig et al.

2003) and defined as low, moderate or high.

Absolute frequencies and percentages for each of the variable categories were used to
describe the qualitative nominal/ordinal and discrete quantitative survey data. In turn,
all data have been stratified by gender, age range and country - also using absolute
frequencies and percentages and 95% confidence intervals. When describing the
association between two qualitative variables (nominal or ordinal), contingency tables
were used. The continuous quantitative variables (e.g. BMI, alcohol) were recoded into

categorical variables.

It is important to note that when reporting the main results of the survey, the unit of
analysis varies depending on the variables used, i.e. for certain variables the unit is an
individual respondent, however, given the potential intake of multiple supplements by
one respondent, the unit of analysis may change to the supplement level.
Furthermore, all results presented in the tables represent the analysis of raw data as
opposed to data weighted by the population size. Data were not weighted because of
the study methodology selected, whereby all country samples were very similar in size

and included only PFS consumers.

Validation study

In order to validate the PFS usage questionnaire, a validation study was conducted in
which the data collected using the survey instrument (questionnaire) were compared
with data collected with a 30 to 180-day diary (used as the gold standard). The study
was conducted in two of the PlantLIBRA consumer survey cities: Las Palmas de Gran
Canaria (Spain) and Milan (ltaly), where 48 and 49 consumers respectively were
recruited using convenience sampling. The PFS usage questionnaire was completed
by the respondents at the beginning and at the end of the 6-month period of the
validation; during this time the consumers also completed the usage diary. Data from
the last questionnaire and the diary were compared for concordance, and results are
shown in Table 16, indicating a good agreement for product consumed, dose form and

doses per day.
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Table 16. Validation study results.

Variable Concordance® Milan Las Palmas de Gran Canaria
n % n %
Product used Yes 47 959 48 100.0
No 2 4.1 0 0.0
Dose form (pills, capsules, etc)  Yes 45 918 47 979
No 4 8.2 1 2.1
Doses per day Yes 45 918 38 79.2
No 4 8.2 10 20.8

& Concordance between both methods: the PFS usage questionnaire and the 6-month usage diary.

2.3.3 Results

Characteristics of the PFS consumer sample

A final sample of 2359 consumers (those eligible and willing to participate) was
recruited from 11783 screened individuals (Table 17). Due to different legal frameworks
(different distribution of botanicals in food supplements and medicinal products), more
individuals had to be screened in Finland in order to recruit the required 400
consumers. Table 17 also shows the sample used for the estimation of the usage
prevalence rate. The estimated weighted overall PFS usage prevalence rate was
18.8% and per-country rates were as follows: Finland 9.6%, Germany 16.9%, Italy
22.7%, Romania 17.6%, Spain 18.0% and the United Kingdom 19.1%.

Survey respondents were recruited to fixed quotas for age and gender, which were
achieved, with some differences within countries (Table 18). In Finland the proportion
of adults aged 50-59 years was significantly higher (26.2%), whilst the opposite was
true in Italy, where consumers in that age group constituted only 13.0% of adults.
Romania had a significantly higher number of consumers in the youngest age group
(30.5%), in contrast to Spain and the United Kingdom, where this age group
represented only 9.5% and 9.0% of adult consumers, respectively. A significantly
higher proportion of female consumers were recruited in Spain (56.7%) and in the
United Kingdom marginally more males were recruited (50.3%). Across all countries,
more than half of the participants (57.5%) were employed (Table 18), with the
percentages slightly lower in Finland (50.9%) and in the United Kingdom (52.4%). The

majority of participating consumers were educated to medium level (Table 18).

Respondents were asked a number of questions regarding health-related lifestyle

factors (Table 19). Less than half of the consumers had never smoked (46.6%), less
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than one quarter were ex-smokers (23.1%) and less than one third were current
smokers (30.3%). More than half of the total respondents (59.3%) had not consumed
alcohol or had consumed it less than once daily; more than a tenth (12.6%) reported

daily alcohol consumption.

The proportion of overweight and obese people in the survey was 49.8% (Table 19).
Some significant differences in levels of physical activity were noted between countries.
High levels of activity were reported by 85.5% of Romanian respondents compared to a

value of 42.9% across all countries.

Most of the respondents (65.1%) reported not being regular consumers of food
supplements other than PFS in the preceding 12 months, except for Finland (Table 19).
The proportion of non-consumers varied from 20.7% in Finland to more than 80% in
the United Kingdom and ltaly. By contrast, in Finland 76.3 % of the individuals were
regular consumers of food supplements. Over half of all respondents (59.5%) reported
not having used CAM therapies/treatments in the past year. This is particularly the
case in ltaly (74.6%), Romania (80.8%) and the United Kingdom (92.6%).

Three quarters of consumers reported their health status as very good or good
(75.5%), while 3.6% reported it as bad or very bad and 21.0 % as neither bad nor good
(Table 19).

Between countries, more consumers reported their health status as very good or good
in Romania (81.3%) and in the United Kingdom (81.1%) than in other countries; though
conversely the highest proportion reporting their health status as bad or very bad was
also in the United Kingdom (7.6%).
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Research: Chapter 3

PFS usage patterns

Overall, products are most often taken “periodically” (37.3%) with respondents also
reporting using PFS when experiencing a “flare up or worsening of a condition” (22.2%)
(Table 20). Products are also used on a more “sporadic basis” (19.8%) and on “other
non-specified occasions” (17.8%). Both men and women reported taking products on a
periodic basis (39.3%, 35.6%) and this was also true for both age groups (Table 20).
Periodic use was reported significantly more often in Finland (46.2%), Germany
(50.7%), Italy (41.3%) and Romania (41.8%), but in Spain, “another reason” was most
reported (46.0%) and in the United Kingdom, sporadic use (34.8%) was significantly

higher than any other reason as to when products were used (Table 21).
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Research: Chapter 3

PFS products used

Respondents reported a total of 1288 products across the six countries. At individual
country level, the highest numbers of different PFS were used in Italy (289) and Spain
(284); in the United Kingdom, the number of different PFS was approximately half that
of the other countries (Table 22). The number of different botanical ingredients was
491, with the maximum number of different botanicals contained in a single product
being 46 and present in a German product. The United Kingdom differed from the other
countries as the products reported contained a lower number of botanical ingredients

(maximum 8).

In terms of the number of products used, 83.7% of all consumers reported taking one
product in the preceding 12 months, with 12.3% taking two products and 4.0% using
more than two products (Table 23). Generally this pattern was similar for both men and
women and across the age groups, although those over 60 did report a significantly
higher use of two or more products than those under 60 (19.5% vs. 15.2%) (Table 23).
At country level (Table 24), some significant differences were noted: in Finland, the
percentage of consumers using two or more products was significantly higher than in

all other countries (40.2%).

Overall 51.5% of consumers used a single-botanical product and 32.3% used one
multi-botanical product (Table 23). There were no significant differences between
males and females in this usage pattern, but consumers aged over 60 used less multi-
botanical products than those aged 18-59 (27.7% and 33.8% respectively) (Table 23).
Overall, fewer consumers reported using two or more single-botanical products (4.4%)

and two or more single- and multi-botanical products (11.9%) (Table 23).

There were some significant differences across countries in the type of products
consumed (Table 24). In the six countries, the values for single-botanical products
range from 84.5% (the United Kingdom) to 20.5% (Finland). Usage of multi-botanical
products was reported in all countries, with the lowest proportion (7.1%) reported in the
United Kingdom (Table 24). The use of two or more single-botanical products was low
in all countries as was the usage of two or more single- and multi-botanical products.
Finland was an exception to the latter, with 38.2% of respondents taking multiple
products (Table 24).
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Research: Chapter 3

The most common dose forms used (Table 25) are capsules (38.3%) and
pills/tablets/lozenges (36.8%). No significant difference was observed in relation to
gender or age (Table 25). Across the six countries (Table 26), solid forms are generally
most popular, although capsules were used less frequently in Romania (17.7%). Liquid
forms were less common in the United Kingdom (8.2%) and Germany (9.9%), but more
common in Finland (26.2%) and ltaly (26.4%) (Table 26).
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Research: Chapter 3

Botanicals used

A total of 491 botanicals -used in at least one PFS- were reported across the six
participating countries. An overview of all the reported botanicals -clustered by intervals
of frequency of intake (number of consumers ranging from 194 to 5)- is shown in Table
27. Based on the survey results, the eleven most frequently used botanicals (numbers
of consumers ranging from 194 to 100) in descending order are Ginkgo biloba (ginkgo),
Oenothera biennis (evening primrose), Cynara scolymus (artichoke), Panax ginseng
(ginseng), Aloe vera (aloe), Foeniculum vulgare (fennel), Valeriana officinalis (valerian),
Glycine max (soybean), Melissa officinalis (lemon balm), Echinacea purpurea

(echinacea) and Vaccinium myrtillus (blueberry) (Table 27).

Table 28 shows the overall unweighted ranking of botanicals, 1-40, according to the
number of consumers, in decreasing order. Table 28 also shows that when unweighted
overall data are stratified by gender, only slight differences between men and women
become evident and only Glycine max (soybean) was used significantly more by

women than by men (Table 28).

When the overall top-40 botanical data are stratified by age groups, slight differences
become evident. In the group of 18-59 year-olds, the most frequently used botanicals
comply with the overall data just differing in the ranking, with Oenothera biennis
(evening primrose) being the most frequently used botanical (Table 28). In the group of
60+ year-old a stronger shift can be observed (Table 28). Although Ginkgo biloba
(ginkgo) is still the most reported botanical -as in the overall ranking- other botanicals
are frequently used by that age group. Harpagophytum procumbens (devil’s claw),
Vaccinium myrtillus (blueberry) and Allium sativum (garlic) are within the most
frequently reported botanicals, whereas Glycine max (soybean), Melissa officinalis

(lemon balm) and Echinacea purpurea (echinacea) do not appear in the top 10 ranking.

Cross-country differences emerge when considering the overall top-40 botanicals more
frequently present in PFS products in each of the individual six countries (Table 29). In
the Finnish sample, products containing Glycine max (soybean) are the most frequently
used, followed by those containing Echinacea angustifolia and purpurea (echinacea).
German consumers reported Ginkgo biloba (ginkgo), Cynara scolymus (artichoke) and
Olea europea (olive) as the most frequently used botanicals; whilst in Romania, Ginkgo
biloba (ginkgo) was also the ingredient most frequently indicated, followed by Aloe vera

(aloe) and Panax ginseng (ginseng). Amongst Italian consumers, Aloe vera (aloe) was
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Research: Chapter 3

the most frequently used botanical, followed by Foeniculum vulgare (fennel) and
Valeriana officinalis (valerian). In Spain, PFS containing Cynara scolymus (artichoke)
were the most frequently used products, followed by those containing Valeriana
officinalis (valerian) and Equisetum arvense (horsetail). In the United Kingdom,
Oenothera biennis (evening primrose) was by far the most frequently reported
botanical ingredient, followed by Panax ginseng (ginseng) and Hypericum perforatum
(St. John’s wort). In addition, there is a great variation in the ranking of consumed
botanicals among countries.
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2.3.4 Discussion

The present paper reports the findings from a European multi-country survey of PFS
consumers: the PlantLIBRA PFS consumer survey. Data on the usage of PFS at the
European level are limited, confined in the main to commercial market data (EAS 2007)
as opposed to consumer survey data, as evidenced in the recent review by Bishop and
Lewith (2010), where only 13% of population based consumption studies were in
Europe. The EFSA has recognised the lack of data in the sector and has published a
number of reports addressing related issues (EFSA 2009; EFSA 2012).

To our knowledge this is the first survey of consumers of PFS undertaken in Europe. In
total 2359 consumers of PFS were recruited in this cross-sectional retrospective
survey. Across all countries prevalence of usage is estimated at 18.8%. Vargas-Murga
and colleagues (2011) highlighted that comparable data at European level is difficult to
identify when reviewing prevalence data from a selected number of European studies,
evaluating PFS or CAM usage, with values ranging from 0.8% to 70%. All studies were
based on nationally representative samples but the definition of use of supplements
varied widely, in some cases being self-defined by the participant and not
distinguishing between PFS and HMP. The use of dietary supplements in a European
population was measured in the European Prospective Investigation into Cancer and
Nutrition (EPIC) study (Skeie et al. 2009). Usage was measured by completion of a
standardised 24-hour dietary recall and included all dietary supplements that met the
EU Directive 2002/46/EC. Results indicated significant differences in overall dietary
supplement use between countries with herbs/plant-based supplements representing

8-17% of the products used across the ten countries.

The prevalence rate reported here can be compared to rates from surveys conducted
in the United States, where data on usage of dietary supplements, including herbal
supplements, is collected more routinely. It is similar to the rate reported in the 2002
and 2007 National Health Interview Surveys (NHIS), 18.9% and 17.9% respectively
(Wu et al. 2011); higher than the rates of both the Eisenberg’s survey (Eisenberg et al.
1998) and the Slone survey (Kauffman et al. 2002), with 14% and 12.1% respectively;
and lower than the 2002 Health and Diet Survey (42%) (Timbo et al. 2006) or the 1999
Kaiser Permanent Medical Care Program of Northern California (KPMCP), with a
prevalence of 28.3% (Schaffer et al. 2003). These differences in prevalence across
studies may in part be due to the distinct selected population samples, survey

methodologies (i.e. sampling methods, data collection techniques) or definitions of
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usage, as well as possible variations in health beliefs and health behaviour of the

different populations of study (Vargas-Murga et al. 2011; Dwyer et al. 2013).

Survey respondents were recruited to set quotas for both age and gender to reflect
characteristics previously reported for dietary supplement users. Age and gender are
significant determinants of the consumption of dietary supplements in general and in
botanical products in particular. Previous studies on the use of dietary supplements or
other herbal-related use show a higher consumption among women as compared to
men (Menniti-Ippolito et al. 2002; NCHS 2009; Schaffer et al. 2003; Messerer et al.
2001; Nilson et al. 2001; Nielsen et al. 2005; Thomas et al. 2001) and a higher
consumption among older adults as compared to younger adults (Schaffer et al. 2003;
Foote et al. 2003; Radimer et al. 2004; Kelly et al. 2005; Bailey et al. 2013).

Other characteristics of dietary supplements users that have been reported previously
in the literature include having higher educational attainment and socioeconomic status
(Schaffer et al. 2003; Rock 2007; Block et al. 2007), being less likely to smoke
(Harrison et al. 2004; Bailey et al. 2013; Touvier et al. 2009), being more physically
active (Harrison et al. 2004; Foote et al. 2003; Bailey et al. 2013). Bailey et al. (2013)
also reported a moderate alcohol consumption (1 drink per day) among dietary
supplement users as compared to nonusers. In contrast, a study by Rovira et al. in a
southern European population found no differences in lifestyle factors such as physical
activity, smoking, and alcohol consumption between dietary supplement users and
non-users (Rovira et al. 2013). Our survey population consists exclusively of PFS
consumers, but their responses to a series of questions on health-related lifestyle
factors reflect some of the characteristics mentioned above. The majority of PFS
consumers perceived their health status to be “very good or good”, reflecting results
reported in a number of studies on dietary supplement users (Bailey et al. 2013) and
CAM and dietary supplement users (Schaffer et al. 2003), where the answer “very

good or excellent” has been reported for self-reported health status.

The survey results indicate that most consumers reported using one PFS product in the
preceding 12 months, with 12% using two products and 4% using more than two.
Individual country data show that Finnish consumers use more than one product and
PFS with more than one botanical component, and the opposite is observed in the
United Kingdom, where about 90% of the consumers use only one PFS and the
products contain mostly only one botanical. In the United States, recent studies have

reported that about half of the adults report using one or more dietary supplements
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(Bailey et al. 2013; Picciano et al. 2007). One of these studies also found that over half
of dietary supplement consumers used a single-botanical product and one third used
one multi-botanical product (Bailey et al. 2013). Similar results were found in our
survey across all countries i.e. smaller numbers of consumers reported using two or
more single-botanical products (4.4%) and two or more single- and multi-botanical
products (11.9%).

A wide variety of botanicals (491) is used in PFS consumed by the respondents in this
survey. Overall raw data show that the most frequently (n>100) used botanicals in
descending order are Ginkgo biloba (ginkgo), Oenothera biennis (evening primrose),
Cynara scolymus (artichoke), Panax ginseng (ginseng), Aloe vera, Foeniculum vulgare
(fennel), Valeriana officinalis (valeriana), Glycine max (soybean), Melissa officinalis
(lemon balm), Echinacea purpurea (echinacea) and Vaccinium myrtillus (blueberry).
These results reflect some commercial data which reported that ginkgo followed by
echinacea, garlic and ginseng were the four most commercially important botanicals in
the combined markets of seventeen EC Member States. In this data, echinacea and
ginkgo were part of the composition of products registered as medicines (EAS 2007,
Vargas-Murga et al. 2011), which were excluded from our survey. Similarly, the US
Food and Drug Administration 2002 Health and Diet Survey, also a 12-month
retrospective study, reported the same four herbs/botanicals/or other nonvitamin-
nonmineral dietary supplements being the most used by its adult population — although
in the following order: echinacea, garlic, ginkgo and ginseng (the latter including tea)
(Timbo et al. 2006). Schaffer et al. also reported echinacea as the most consumed
botanical in the Californian 1999 KPMCP survey, followed by ginkgo (Schaffer et al.
2003). Differences between countries are more evident; the top list of botanicals
contained in PFS for each single country complies little with the ranking of the overall
data. As mentioned earlier, data were not weighted by country population size because
of the study methodology which included very similar country-sample sizes of PFS
consumers only, therefore caution is needed when drawing conclusions from these
results at the overall 6-country level. Overall data merely describes the collected
pooled data from all 6 countries. However, if the overall ranking data were to be
weighted by the population size -for example the 1-5 ranking data-, the positions of the
botanicals would have been only slightly altered, with Oenothera biennis (evening
primrose) being the most consumed one, followed by Cynara scolymus (artichoke)
Ginkgo biloba (ginkgo), Panax ginseng (ginseng) and Aloe vera (aloe).

The results of the survey highlight clear differences between countries in terms of the

botanicals used by consumers as PFS. This may reflect the fact that the current legal
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and regulatory framework for botanicals has a major influence on the nature of the local
PFS markets. The EU Directive 2002/46/EC does not provide a clear definition of what
is encompassed by the term ‘other substance with a nutritional or physiological effect’,
although it is generally accepted that botanicals and their extracts fall into this category.
Current legislation varies across Europe, with significant differences in the botanical
species permitted in PFS. These issues were highlighted in a recent review of the
regulations applicable to PFS in the EU by Silano et al. (Silano et al. 2011). They
provide examples of the different national approaches for the use of selected

botanicals in food supplements in the EU Member States.

To illustrate the above complexity, in Germany, food supplements are regulated by the
German Regulation on Food Supplements (NemV 2004) and the German Law on Food
and Feed (LFGB 2006). Positive lists are available for minerals and vitamins. Food
supplements have to be registered with the Federal Office of Consumer Protection and
Food Safety (BVL 2010). The BVL maintains a list of plants which are either classified
as a food or a medicinal product, and which is neither considered complete nor legally
binding (BVL 2010). Data on the intake of PFS in Germany is limited and, despite food
supplement intake being recorded in recent health and nutrition surveys (Finger et al.
2013; BFR 2013; Max Rubner Institut 2008), no specific data was published on PFS
intake. The results from the PlantLIBRA consumer survey do not include Valeriana
officinalis in the German top list of botanicals used in PFS, whereas 1852 medicinal
products containing Valerian exist on the market (LFGB 2006). The absence of
Valeriana officinalis in the German list of botanicals can be explained by its dominant

presence as a HMP in the German market.

The results of this survey represent some of the first data on the usage of PFS at
European level, thus addressing the existing deficit of such data by collecting
retrospective data directly from consumers in six European countries. The benefits of
the data collection instrument used in this study included that it was relatively
straightforward to administer, did not alter habitual usage patterns and allowed the
classification of individuals into categories of usage. However, the results must be
considered in the light of their limitations. The sample population comprises exclusively
of PFS consumers, recruited to meet very specific inclusion criteria and hence no
comparisons can be made with the general population. Future studies should seek to

compare users and non-users of PFS.

Further limitations relate to the retrospective nature of the data being collected. In
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many cases respondents needed to rely on memory to report usage of products in the
preceding 12 months. Where products are available for inspection at data collection,
there is a need for careful recording of product details to ensure accurate coding. The
lack of a comprehensive product database containing reliable ingredient information
meant a bespoke database needed to be created. Future studies should seek to collect
prospective data. Prospective dietary intake surveys offer an ideal opportunity to collect
data on supplement use in conjunction with data on food and beverages. Care needs
to be taken to collect sufficiently detailed information about ingredients and amounts
consumed. For example, in the US, the Alternative Health/CAM supplement of the
National Health Interview Survey (NHIS) is part of an annual, nationally representative
survey of US adults. It contains data on adults’ use of 10 herbs most commonly taken
to treat a specific health condition in the preceding 12 months (Bardia et al. 2007); the
survey has a separate section on dietary supplements and distinguishes “natural
herbs” from vitamins and minerals. The authors would like to encourage researchers to
implement future surveys/studies which are necessary to overcome the bottlenecks in

PFS risk and benefit assessments at the European level.

155






2.4 — Chapter 4:

BMI overweight and obesity in relation to plant food supplements
usage in six European countries: results from the PlantLIBRA PFS
Consumer Survey 2011-2012







Research: Chapter 4

2.4.1 Introduction

Obesity is a global epidemic (Prentice 2006; Caballero 2007). Many individuals are
seeking strategies for reducing their body weight and fat levels. These strategies may
include surgery in severe/morbid obesity (Colquitt et al. 2014), and both lifestyle and
pharmacotherapy interventions in overweight and non-morbid obesity. The latter two
mainly include; hypocaloric and hyperproteic diets, whose mechanisms of action may
involve, among others: decreased energy intake and appetite suppression (Denke
2001); increased physical activity and thus increased energy output (Dwyer et al.
2005); weight-loss drugs such as the lipase inhibitor Orlistat (NIH MedlinePlus-Orlistat)
and the appetite suppressant Sibutramine (NIH MedlinePlus-Sibutramine); and weight-
loss food supplements, including plant food supplements (PFS), such as appetite

suppressants or those increasing resting metabolism (Dwyer et al. 2005).

An emerging problem is that the general population seems to prefer plant-based
slimming aids to conventional dietary and physical activity (Licata et al. 2013). Plant
food supplements that claim to induce weight loss are marketed worldwide and are
readily available over the Internet (De Carvalho et al. 2011; Ancuceanu et al. 2013;
Ozdemir et al. 2013). This increased usage has coincided with a resurgence of interest
in nutritional therapy and complementary and alternative medicine (CAM) therapies
(Ritchie 2007). Plant food supplements and dietary therapies for weight loss are among
the most common CAM modalities (Barnes et al. 2004). Many reasons are behind this
preference: they are promoted as requiring less effort than other behavioural changes
(i.e. diet and exercise); are heavily advertised with claims of effectiveness; are easily
available without a prescription (Pillitteri et al. 2008); are commonly marketed on the
Internet (Jordan & Haywood 2007); are believed to be “natural” and “harmless”; and
are beyond the control of drug regulatory agencies (Licata et al. 2013). Moreover,
there is no perceived need for professional assistance with these strategies and
individuals who cannot afford to visit a physician often view PFS as a more accessible
solution (Heber 2003). For many other individuals, these strategies represent
alternatives to failed attempts at losing weight using more conventional approaches;
these consumers are often discouraged by previous experiences and are likely to
combine strategies or use these supplements at doses higher than recommended
(Heber 2003; Pilliteri et al. 2008).

The fact that weight-loss PFS do not follow rigorous safety controls before entering the

market is causing a serious public health problem evidenced by the worldwide
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accumulating studies of hepatotoxicity from their use (Duque et al. 2007; Herrera &
Bruguera 2008; Chitturi & Farrell 2008; Licata et al. 2013; Navarro & Seeff 2013).
According to Navarro & Seeff, in the United States, products used for bodybuilding
and weight loss are the most commonly implicated to cause liver injury (Navarro &
Seeff 2013). Nevertheless, there is an ongoing debate about the validity of the
diagnosis of herbal hepatotoxicity or herb induced liver injury (HILI) in past studies,
because major methodological pitfalls for the evaluation of causality have been
identified, and therefore, the diagnosis of HILI currently represents a clinical and

regulatory challenge (Teschke et al. 2013).

Actions are already been taken by governments to tackle this problem in countries with
the highest consumption prevalence of weight-loss supplements, such as the United
States (US) or Japan (Euromonitor International 2014 a). For instance, in the US, the
National Institutes of Health (NIH) committed substantial funding to dietary supplement
research in the financial years 2009-2010-2011. The objective was to expand the
scientific knowledge base on the efficacy and safety of dietary supplements, with
botanicals being the dietary supplement ingredients receiving the most funding (Garcia-
Cazarin et al. 2014). In Europe, the assessment of the efficacy and safety of food
supplements including botanicals is also being addressed, also urged by the increasing
usage of these products: in 2010, the EU project PlantLIBRA (acronym of “PLANT
Food Supplements: Levels of Intake, Benefit and Risk Assessment”) was launched, a
multidisciplinary 3-year project co-financed in the context of the 7th EU Framework

Program (see section 1.2.2).

The study of weight-loss food supplements in the last decade has been very active and
the literature is extensive, focusing on different interdisciplinary aspects, such as their
sales and marketing (Sharpe et al. 2006; Nutrition Business Journal 2014; Euromonitor
International 2014 b), their effectiveness/efficacy (Egger et al. 1999; de Lira-Garcia et
al. 2008), and their safety/adverse effects (Yellapu et al. 2011). There are many
systematic reviews summarizing the available scientific evidence in the literature
(Allison et al. 2001; Saper et al. 2004; Pittler & Ernst 2004; Dwyer et al. 2005; Pilliteri et
al. 2008; Onakpoya et al. 2011; Manore 2012). Worldwide literature that focuses
particularly on weight-loss PFS and their individual ingredients is also numerous and
has increased in the last few years. Researchers have focused on summarizing in
literature systematic reviews of randomized controlled clinical trials (RCTs) the
effectiveness evidence of these products (Heber 2003; Pittler et al. 2005; Hasani-
Ranjbar et al. 2009; Park et al. 2012; Astell et al. 2013) or of individual botanical
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ingredients (such as Phaseolus vulgaris RCTs, reviewed by Onakpoya et al. (2011);
some have actually conducted RCTs for assessing individidual botanicals
effectiveness/efficacy for weight loss (e.g. Keithley et al. 2013; Hackman et al. 2006)
and adverse effects (e.g. hepatotoxicity studies mentioned above; Pittler et al. 2005);
and others have evaluated the availability of weight-loss products (including herbals) in
the local markets (Sharpe et al. 2006; Dickel et al. 2006).

Nevertheless, very few surveys have been conducted on the use of these products and
there is little information on who is using them and the botanicals included in weight-
loss PFS reported by actual users. A number of multi-country, national, regional or
local surveillance surveys have asked about use of supplements (Eisenberg et al.
1998; Kauffman et al. 2002; Radimer et al. 2004; Timbo et al. 2006; Skeie et al. 2009)
and some of them have included CAM and herbal supplements sections (NHIS 2002,
2007 and 2012 CAM sections; Nilsson et al. 2001; Thomas et al. 2001; Schaffer et al.
2003; Bardia et al. 2007; Wu et al. 2011). In spite of this, the focus of these papers in
not specifically for weight-loss herbal supplements, but rather any supplement use,
such as vitamin and mineral use, or CAM use or the use of the most commonly taken
herbs to treat a specific health condition (Bardia et al 2007). At the European level, the
recent “PlantLIBRA PFS Consumer Survey 2011-2012” is the first source of data
available that has allowed to conduct an analysis on weight-loss PFS (Garcia-Alvarez

et al. 2013) in 6 European countries.

Few recent studies on botanical use and weight-loss have been identified. The larger-
scale ones were conducted in the US. The most relevant one used data from the 2002
National Physical Activity and Weight Loss Survey (final n=9,403); it assessed
prevalence and duration of non-prescription weight-loss supplement use, associated
weight-control behaviours, discussion of use with a health care professional, and
specific ingredient use (Blanck et al. 2008). Another US study used data on CAM use
from the 2002 National Health Interview Survey (NHIS) Alternative Medicine
Supplement (n=31,044) and compared the use of CAM overall, within the previous
year, between four categories of adult BMI (Bertisch et al. 2008). The third and smaller
US study used data from a 2005-2006 nationally representative survey (n=3,500
adults), and assessed dietary supplement use for weight loss and perceptions about
safety, efficacy and regulatory oversight of these products (Pillitteri et al. 2008).
Outside the US, a 2009 survey in the Polish city of Szczecin evaluated the range of
weight-loss programmes and behaviours associated with the use of slimming

supplements (appetite inhibitors or fat burning and thermogenesis enhancers),

161



Research: Chapter 4

observed among 300 female university students (Sadowska & Szuber 2011). The last
study was a cross-sectional population-based survey conducted in 2,732 adults living
in the Brazilian city of Pelotas that aimed to determine the prevalence of weight-loss
practices and use of substances for weight-loss during the 12 months preceding the
interview (Machado et al. 2012).

Because weight-loss PFS usage data are very scarce, with almost no data on the
actual botanical ingredients consumed by BMI status, the objectives of this research
chapter are two: 1) to identify the PFS botanical ingredients consumed for “body weight
reasons” and by “dieters for overweight/obesity”; and 2) to explore the relationship
between the consumption of these botanical ingredients and the self-reported BMI of
their consumers. Data from the six-EU-country “PlantLIBRA PFS Consumer Survey
2011-2012” have been used.

2.4.2 Materials and methods

Survey sample

This study has been carried out within the PlantLIBRA project (FP7-EC funded project
n°245199). Data on PFS usage were collected in Finland, Germany, Italy, Romania,
Spain and the United Kingdom, in a cross-sectional, retrospective survey of 2359 PFS
consumers using a bespoke frequency-of-PFS-usage questionnaire (see Annex llI).
For further details about the methodology of the PlantLIBRA PFS Consumer Survey
(sampling, questionnaires, data collection, databases, etc) and the concepts and

LT

definitions used, please refer to Chapter 3’s “Material and methods” section.

Study samples

Analyses were performed on 3 subsamples of the PlantLIBRA PFS Consumer Survey:
1) PFS consumers who responded to take the products for “body weight reasons”
(n=240), i.e. who answered option 6 of the question “For what reason(s)/condition(s)
did you take this product? Mark all that apply” (of 20 possible anwers); 2) PFS
consumers who responded to be “dieting for overweight/obesity” (n=112), i.e. who
answered option 5 of the question “Please indicate the special diet that you follow.

Mark all that apply” (of 16 possible answers); and 3) PFS consumers who belonged to
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the cross-tabulation of subsamples 1 and 2 (n=67), i.e. who responded to take the

product for “body weight reasons” while “dieting for overweight/obesity”.
Variables

A number of variables were created and/or recoded to facilitate reporting and analysis,
including: 1)“body weight reason”, with two categories: “Did not respond body weight”
(i.e. PFS products not taken for the reason “body weight”’) and “Responded body
weight” (i.e. PFS products taken for the reason “body weight”); 2)“dieting”, with two
categories: “not dieting for ove/obe” (i.e. PFS consumers who were not dieting for
overweight/obesity) and “dieting for ove/obe” (i.e. PFS consumers who were dieting for
overweight/obesity); 3)‘BMI”, which was calculated from self-reported weight and
height, and for which WHO criteria (WHO 2013) were used to categorise individuals as
“underweight-and-normal  weight” (BMI<25kg/m?) and “overweight-and-obese”
(BMI>25kg/m?); 4)“education level”, defined as low, medium, and high; 5)“employment
status”, defined as “currently employed” and “other groups”; 6)‘physical activity”,
calculated using the short version of the IPAQ (Craig et al. 2003) and defined as low,
moderate or high; 7) “food frequency”, defined as grams/day of fruit, vegetables,

bakery and pastries, soft drinks and fast food.
Statistical analyses

The statistical package SPSS for Windows v. 18 (IBM Corporation, Somers, NY, USA)

was used for data analysis.

The subsamples of “body weight reasons” respondents and non-respondents was
described in terms of the above variables/characteristics, using both X2 and t tests for
categorical and mean comparisons (p<0.05 for significance). Frequencies and
percentages of the variables “responded body weight reason” and “dieting for ove/obe”
were stratified by country. Absolute frequencies, percentages and 95% confidence
intervals of the top 20 botanical ingredients contained in products taken by
“respondents and non-respondents of body weight reason” and by “overweight/obesity
dieters and non-dieters” were calculated, as well as those of the top 10 botanical
ingredients contained in products taken by consumers who “responded body weight"
and who were simultaneously "dieting for overweight/obesity", i.e. these individuals
would be the “pure weight-watchers”. The frequency of a botanical is the number of

times that a botanical was found in the composition of the total number of PFS
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consumed pooled from all consumers, regardless of the consumers who took them and
regardless of whether the botanical came from a single- or multi-ingredient product, i.e.

no “weight” was given to the particular botanical within the product.

Chi-squared test was used to test the relationship between the 5 most consumed
botanicals and self-reported BMI in subsamples 1 and 2, by comparing BMI proportions
of consumers vs. non-consumers of these botanicals (p<0.05 for significance).
Comparisons were made using a) the “body weight reasons” subsample and the
“dieters for overweight/obesity” subsample in which the top 5 consumed botanicals
were actually identified (n=240 and n=112 respectively), and b) the total survey PFS
consumer sample (N=2359), in order to increase the power of the test. Finally, absolute
frequencies of the top botanical ingredient contained in the consumed PFS were

stratified by country.

As mentioned in chapter 3, it is important to bear in mind that when reporting the
results, the unit of analysis varies depending on the variables used, i.e. for certain
variables the unit is an individual respondent, for others it may change to the PFS
product level, or to the level of the botanical ingredient contained in the product.
Furthermore, data were not weighted by the population size because of the study
methodology selected, whereby all country samples were very similar in size and
included only PFS consumers. All results presented in the tables represent the analysis

of raw data.

2.4.3 Results

Characteristics of PFS users for reasons of body weight and of PFS users for other

reasons

Table 30 shows the characteristics of the overall survey sample, and also of the
sample stratified by whether or not the consumer responded to take the PFS for “body
weight reasons”. A prevalence of 10.2% users of PFS for “body weight reasons” was
observed, whose profile showed a higher proportion of: 1) women, 2) women aged 18-
59 rather than 60+, 3) individuals from Spain, 4) individuals with a BMI>25, 5)
individuals with a medium education level, 6) currently employed individuals, 7)
individuals who are not on a diet for overweight/obesity (72.1% vs. 27.9%), 8)

individuals with a low level of physical activity, 9) never smokers -followed by current
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smokers, and of 10) individuals that consume alcohol less than once a day. The
differences are only significant in cases 1), 3), 4), 7-10). As for food frequency, those
who did not respond to take PFS for “body weight reasons” had a higher mean
consumption of pastries/cakes and soft-drinks per day as compared to respondents of

“body weight reasons”.
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Table 30. Sample characteristics, overall and by response to the question on reasons to take the

PFS product (did not respond "body weight", responded “body weight”).

Did not respond Responded
Total Body Weight Body Weight
Characteristics All categories (N=2359) (n=2119, 89.8%) (n=240, 10.2%)
X,
n % n % n % p-value
Gender Males 1141 484 1055 49.8 86 35.8 0.000
Females 1218 51.6 1064 50.2 154 64.2
Age (years) 18-59 1764 74.8 1578 74.5 186 77.5 0.306
>60 595 252 541 25.5 54 22.5
Country Finland 401 170 364 17.2 37 15.4 0.000
Germany 398 16.9 362 17.1 36 15.0
Italy 378  16.0 345 16.3 33 13.8
Romania 400 170 375 17.7 25 10.4
Spain 402 170 305 14.4 97 40.4
United Kingdom 380 161 368 17.4 12 5.0
BMI (kg/m?) <25 1185 50.2 1089 51.4 96 40.0 0.001
>25 1174 49.8 1030 48.6 144 60.0
Education Low 249 106 223 10.5 26 10.8 0.109
Medium 1549 657 1379 65.1 170 70.8
High 561 238 517 24.4 44 18.3
Employment Currently employed 1357 57.5 1210 57.1 147 61.3 0.218
Other groups 1002 425 909 429 93 38.7
Dieting Not dieting for ove/obe® 2247 952 2074  97.9 173 72.1 0.000
Dieting for ove/obe® 112 48 45 2.1 67 27.9
Physical activity Low 1214 515 1067 50.4 147 61.3 0.006
Moderate 1033 43.8 950 44.8 83 34.6
High 112 4.7 102 4.8 10 4.2
Smoking habit Never smoker 1100 46.6 1005 47.4 95 39.6 0.032
Former smoker 544 231 488 23.0 56 23.3
Current smoker 715 30.3 626 29.5 89 371
Alcohol consumption 0-<1 time/day 1398 82.5 1251 82.0 147 87.5 0.074
>1 time/day 296 17.5 275 18.0 21 12.5
t-test
Mean SD Mean SD Mean SD p-value
Food frequency
(g/day) Fruit 134 1.04 135  1.06 125  0.94 ns
Vegetable 095 091 0.94 0.91 1.01 0.93 ns
Bakery and pastries 049 0.96 0.51 0.99 0.3 0.62 0.002
Soft drinks 1.07  1.79 1.11 1.83 0.79 1.33 0.011
Fast food 0.09 0.26 0.09 0.27 0.08 0.14 ns

a. Ove/obe: overweight/obesity; *p<0.05 for significance.
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Country distribution of products taken for body weight reasons and consumers dieting

for overweight/obesity

Figure 23 shows that of the total 2874 PFS products consumed, 252 (8.8%) products
were reported to be consumed for “body weight reasons” (by 240 PFS consumers),
Spain being the country with the most PFS taken for this reason (21.5%).

Figure 23. PFS products taken for "body weight reasons" (%), by country
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Figure 24 shows that of the total 2359 PFS consumers of the survey, 112 (4.8%)
reported to be “dieting for overweight/obesity”, Spain being the country with most

dieters.

Figure 24. PFS Consumers "dieting for overweight/obesity" (%), by country
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Most consumed botanicals by respondents of “body weight reasons”, “dieters for

overweight/obesity” and “dieters for overweight/obesity responding body weight”

Tables 31 and 32 show the top 20 botanicals consumed by each of the two groups of
analysis, and Table 33 shows the top 10 botanicals consumed by a third group that
cross-tabulates both groups of analysis i.e. the “respondents of body weight reason”
who are also “dieting for overweight/obesity”. Artichoke is the most consumed botanical
by consumers of all three groups (contained in the 6.1%, the 7% and the 8.6% of the
PFS consumed by respondents of body weight reason, by dieters for
overweight/obesity and by the cross-tabulation of the two, respectively), and it is

followed by green tea in the first group and by fennel in the other two groups.
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Table 31. Top 20 botanicals contained in the PFS taken by “consumers who did not respond

‘body weight
take the product®.

and by those who “did respond ‘body weight

when asked for the reasons to

PFS taken by those who did not respond “body

PFS taken by those who responded “body

weight"® weight"®
n n

Botanicals consumed PFS % (IC 95%) Botanicals consumed PFS % (IC 95%)
Ginkgo biloba Cynara scolymus
(ginkgo) 191 3.05 (2.62-3.47) (artichoke) 72  6.08 (4.72-7.44)
Oenothera biennis Camellia sinensis
(evening primrose) 184 2.94 (2.52-3.35) (green tea) 37 3.12(2.13-4.11)
Panax ginseng Foeniculum vulgare
(ginseng) 160 2.55 (2.16-2.94) (fennel) 34  2.87(1.92-3.82)
Aloe vera Vitis vinifera
(aloe) 132 2.11 (1.75-2.46) (grapevine) 23  1.94 (1.16-2.73)
Valeriana officinalis Ananas comosus
(valerian) 123 1.96 (1.62-2.31) (pineapple) 21 1.77 (1.02-2.52)
Cynara scolymus Taraxacum officinale
(artichoke) 101 1.61 (1.30-1.92) (dandelion) 21 1.77 (1.02-2.52)
Echinacea purpurea Pimpinella anisum
(echinacea) 100 1.60 (1.29-1.91) (aniseed) 19 1.60 (0.89-2.32)
Foeniculum vulgare Rosmarinus officinalis
(fennel) 98 1.56 (1.26-1.87) (rosemary) 19 1.60 (0.89-2.32)
Melissa officinalis Linum usitatissimum
(lemon balm) 95 1.52 (1.21-1.82) (flax) 17  1.43(0.76-2.11)
Glycine max Vaccinium myrtillus
(soy bean) 91 1.45 (1.16-1.75) (bilberry) 17  1.43(0.76-2.11)
Vaccinium myrtillus Citrus limon
(bilberry) 83 1.32 (1.04-1.61) (lemon) 15 1.27 (0.63-1.90)
Echinacea angustifolia Raphanus sativus
(echinacea) 77 1.23 (0.96-1.50) (radish) 15  1.27 (0.63-1.90)
Harpagophytum p. Urtica dioica
(devil’s claw) 75 1.20 (0.93-1.47) (common nettle) 15 1.27 (0.63-1.90)
Passiflora incarnata Zingiber officinale
(passionflower) 74 1.18 (0.91-1.45) (ginger) 15 1.27 (0.63-1.90)
Zingiber officinale Matricaria chamomilla
(ginger) 74 1.18 (0.91-1.45) (Hungarian camomile) 15  1.27 (0.63-1.90)
Allium sativum Malus pumila
(garlic) 71 1.13 (0.87-1.39) (apple) 14 1.18 (0.57-1.80)
Pimpinella anisum Aloe vera
(aniseed) 70 1.12 (0.86-1.38) (aloe) 13 1.10 (0.50-1.69)
Glycyrrhiza glabra Equisetum arvense
(licorice) 67 1.07 (0.81-1.32) (horsetail) 13 1.10 (0.50-1.69)
Oenothera spec Fucus vesiculosus
(evening primrose) 65 1.04 (0.79-1.29) (kelp) 13  1.10 (0.50-1.69)
Mentha piperita Olea europaea
(peppermint) 64 1.02 (0.77-1.27) (olive tree) 13  1.10 (0.50-1.69)

® Question asked: For what reason(s)/condition(s) did you take this product? (mark all that apply) - twenty possible

options were available. ® Neither of the options chosen included "body weight

included "body weight".
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Table 32. Top 20 botanicals contained in the PFS taken by consumers who are not and

those who are "dieting for overweight/obesity

na

Did not respond "Dieting for ove/obe

ub

Responded "Dieting for ove/obe

nC

n n

Botanicals consumed PFS % (IC 95%) Botanicals consumed PFS % (IC 95%)
Oenothera biennis Cynara scolymus
(Evening primrose) 193 2.77 (2.36-3.17) (artichoke) 34 7.04 (6.41-7.67)
Ginkgo biloba Foeniculum vulgare
(ginkgo) 191 2.74 (2.34-3.14) (fennel) 17  3.52 (2.28-3.20)
Panax ginseng Taraxacum officinale
(ginseng) 166 2.38 (2.00-2.76) (dandelion) 14 2.90 (1.97-2.80)
Aloe vera Ananas comosus
(aloe) 143 2.05 (1.70-2.40) (pineapple) 13  2.69 (1.65-2.45)
Cynara scolymus Matricaria chamomilla
(artichoke) 139 1.99 (1.65-2.34) (Hungarian camomile) 11 2.28 (1.62-2.36)
Valeriana officinalis Camellia sinensis
(valerian) 120 1.72 (1.40-2.04) (green tea) 10 2.07 (1.37-2.07)
Foeniculum vulgare Rosmarinus officinalis
(fennel) 115 1.65 (1.33-1.96) (rosemary) 10 2.07 (1.30-2.00)
Echinacea purpurea Fucus vesiculosus
(echinacea) 102 1.46 (1.17-1.76) (kelp) 9 1.86(1.13-1.80)
Melissa officinalis Paullinia cupana
(lemon balm) 102 1.46 (1.17-1.76) (guarana) 9 1.86(1.13-1.80)
Glycine max Vitis vinifera
(soy bean) 98 1.41 (1.11-1.70) (grapevine) 9 1.86 (1.07-1.74)
Vaccinium myrtillus Raphanus sativus
(bilberry) 95 1.36 (1.08-1.65) (radish) 8 1.66 (1.05-1.68)
Zingiber officinale Sambucus nigra
(ginger) 87 1.25(0.97-1.52) (elder) 8 1.66 (0.93-1.56)
Pimpinella anisum Carica papaya
(aniseed) 82 1.18 (0.91-1.44) (papaya) 7 1.45(0.88-1.47)
Echinacea angustifolia Citrus limon
(Echinacea) 79 1.13(0.87-1.40) (lemon) 7 1.45(0.84-1.43)
Vitis vinifera Pimpinella anisum
(grapevine) 78 1.12(0.86-1.38) (aniseed) 7 1.45(0.82-1.41)
Camellia sinensis Silybum marianum
(green tea) 77 1.10 (0.85-1.36) (milk thistle) 7 1.45(0.81-1.40)
Linum usitatissimum Smilax officinalis
(flax) 75 1.08 (0.82-1.33) (sarsaparilla) 7 1.45(0.78-1.37)
Passiflora incarnate Asparagus officinalis
(passionflower) 75 1.08 (0.82-1.33) (asparagus) 6 1.24 (0.80-1.35)
Harpagophytum p. Equisetum spec.
(devil's claw) 74 1.06 (0.81-1.32) (horsetail & scouring rush) 6 1.24(0.79-1.34)
Allium sativum Cassia senna
(garlic) 73 1.05(0.80-1.30) (senna) 5 1.04 (0.80-1.30)

? Question asked: Are you following any special diet(s) which would cause you to avoid certain foods?
(mark all that apply) — sixteen possible options were available. ® Neither of the options chosen included

"overweight/obesity". °
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Table 33. Top 10 botanicals contained in the PFS taken by consumers who “responded

body weight" when asked for the reasons to take the product® and who were

simultaneously "dieting for overweight/obesity".

“Responded body weight" and "Dieting for ove/obe"

Botanicals consumed n PFS % (1C 95%)
Cynara scolymus

(artichoke) 27 8.57 (5.48-11.66)
Foeniculum vulgare 13 413 (1.93-6.32)
(fennel)

Ananas comosus 11 3.49 (1.46-5.52)
(pineapple)

Matr/car{a chamom{IIa 10 3.17 (1.24-5.11)
(Hungarian camomile)

Taraxacum officinale

(dandelion) 9 2.86 (1.02-4.70)
Fucus vesiculosus 8 2.54 (0.80-4.28)
(kelp)

Raphanus sativus

(radish) 8 2.54 (0.80-4.28)
Rosmarinus officinalis 8 2.54 (0.80-4.28)
(rosemary)

Camellia sinensis 7 2.22 (0.59-3.85)
(green tea)

Carica papaya 7 2.22 (0.59-3.85)

(papaya) .
® At least one of the options chosen included "body weight". ° At least one of the options
chosen included "overweight/obesity".

BMI differences between consumers and non-consumers of the 5 most used botanicals

Table 34 shows BMI differences between consumers and non-consumers of the top 5
botanicals consumed for “body weight reasons”, when using a) the respondents of
"body weight reasons” subsample or b) the entire survey sample. In case “a”, no
significant differences are observed. However in case “b”, a greater proportion of
consumers of PFS containing artichoke (58.4%) and green tea (63.2%) have a BMI>25
kg/m? as compared to non-consumers (49.1% and 49.7% respectively) (p=0.019 and

p=0.043 respectively).
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Table 34. BMI distribution differences between consumers and non-consumers of the top 5
botanicals consumed by those who responded “body weight reasons” for PFS use, when
using a) the “body weight” subsample and b) the entire survey sample.

BMI
<25 kg/m2 >25 kglm2
Top 5 consumed botanicals for Consumption XZ
"body weight" group n % n % p-value*

a) When using only the subsample of consumers responding “body weight” (N=240)

Cynara scolymus (artichoke) Consumers 24 33.3 48 66.7 0.168
Non-consumers 72 42.9 96 57.1

Foeniculum vulgare ssp. (fennel) Consumers 15 40.5 22 59.5 0.942
Non-consumers 81 39.9 122 60.1

Camellia sinensis (green tea) Consumers 17 50 17 50 0.199
Non-consumers 79 38.3 127 61.7

Vitis vinifera (grapevine) Consumers 6 26.1 17 73.9 0.152
Non-consumers 90 415 127 58.5

Ananas comosus (pineapple) Consumers 10 47.6 11 52.4 0.456
Non-consumers 86 39.3 133 60.7

b) When using the entire sample of consumers (N=2359)

Cynara scolymus (artichoke) Consumers 72 41.6 101 58.4 0.019
Non-consumers 1113 50.9 1073 491

Foeniculum vulgare ssp. (fennel) Consumers 71 53.8 61 46.2 0.401
Non-consumers 1114 50 1113 50

Camellia sinensis (green tea) Consumers 32 36.7 55 63.2 0.043
Non-consumers 1142 50.3 1130 49.7

Vitis vinifera (grapevine) Consumers 43 494 44 50.6 0.878
Non-consumers 1142 50.3 1130 49.7

Ananas comosus (pineapple) Consumers 21 60 14 40 0.244

Non-consumers 1164 50.1 1160 499

*p<0.05 for significance.

Table 35 shows BMI differences between consumers and non-consumers of the top 5
botanicals consumed by “dieters for overweight/obesity", when using a) the “dieters"
subsample or b) the entire survey sample. In case “a@”, the proportion of BMI>25 is
lower among consumers of pineapple-containing PFS (38.5%) as compared to non-
consumers (81.8%) (p=0.000). In case “b”, the proportion of BMI>25 is greater among
consumers of artichoke-containing PFS (58.4%) than among non-consumers (49.1%)
(p=0.019).
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Table 35. BMI distribution differences between consumers and non-consumers of the top 5
botanicals consumed by “dieters for overweight/obesity”, when using a) the “dieters for
overweight/obesity” subsample and b) the entire survey sample.

BMI
<25 kg/m® >25 kg/m®

2
Top 5 consumed botanicals by Consumption X

"dieters for overweight/obesity" group n % n % p-value*

a) Using only the subsample of consumers responding to be “dieting for overweight/obesity"
(N=112)

Cynara scolymus (artichoke) Consumers 9 26.5 25 73.5 0.590
Non-consumers 17 21.8 61 78.2

Foeniculum vulgare ssp. (fennel) Consumers 5 29.4 12 70.6 0.511
Non-consumers 21 221 74 77.9

Taraxacum officinale (dandelion) Consumers 3 21.4 11 78.6 0.866
Non-consumers 23 23.5 75 76.5

Ananas comosus (pineapple) Consumers 8 61.5 5 38.5 0.000
Non-consumers 18 18.2 81 81.8

Matricaria chamomilla (chamomile) Consumers 1 9.1 10 90.9 0.243

Non-consumers 25 24.8 76 75.2
b) Using the entire sample of consumers (N=2359)

Cynara scolymus (artichoke) Consumers 72 41.6 101 58.4 0.019
Non-consumers 1113 50.9 1073 491

Foeniculum vulgare ssp. (fennel) Consumers 71 53.8 61 46.2 0.401
Non-consumers 1114 50 1113 50

Taraxacum officinale (dandelion) Consumers 39 48.8 41 51.3 0.787
Non-consumers 1146 50.3 1133 49.7

Ananas comosus (pineapple) Consumers 21 60 14 40 0.244
Non-consumers 1164 50.1 1160 49.9

Matricaria chamomilla (chamomile) Consumers 32 47.8 35 52.2 0.681

Non-consumers 1153 50.3 1139 497

*p<0.05 for significance.

BMI differences among consumers and non-consumers of botanicals taken by the third
group could not be analysed due to the small size of some cells. Only BMI differences
among consumer and non-consumers of artichoke were tested and they were not
significant (p=0.826). Country comparisons could not either be performed due to size

restrictions.

Country distribution of the number of artichoke-containing PFS used for body weight

and other health reasons

Figure 25 shows the number of artichoke-containing PFS used for body weight and
other health reasons in each country. The three first reasons for taking artichoke-
containing products were “body weight”, “stomach/digestive function” and “cholesterol”.
Spain was the country with more PFS consumed for body weight reasons (47/79),
followed by Germany (with 14/79). However, the same total number of products were

used for stomach/digestive function, being most used in Germany (37/79), followed by
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Romania (17/79). Cholesterol is the third health reason reported by users of artichoke-

containing products, being most used in Germany (21/32).

Figure 25. Number of Cynara scolymus (artichoke)-containing PFS used for body
weight and other health reasons, by country.

1 1 1

Body weight

Stomach/digestive function

Cholesterol

Defense system/Immunity
Urinary tract

Hair/skin

Liver

Energy/tonics
Diuretic/Fluid retention
Detox

Heart/blood circulation
Flu/cold

Antioxidant intake

Joints and bones

Memory

Nothing specific/general health
Other

Menopause

Relaxing

Sleeping

Mood

Don’t know/Not sure
Vision or hearing

Vessels (arteries,veins,capillaries)

Muscle building

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Number of PFS

@ Finland @ Germany @ Italy @Romania @ Spain O United Kingdom

2.4.4 Discussion

The study presented in this chapter provides an overview of the botanical ingredients
contained in PFS that were used by consumers of these products in six European
countries that participated in the PlantLIBRA PFS Consumer Survey 2011. The
botanical ingredients are identified in the subsample of PFS consumers that a) use
these products for body weight reasons, b) are overweight/obesity dieters, and c) in

consumers who take PFS for body weight reasons and are also dieting. The study also
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explores the relationship between the use/non-use of the top weight-loss PFS botanical

ingredients and self-reported BMI of survey participants.

The PFS consumers who take these products for reasons of body weight are
predominantly women, living in Spain, overweigh and obese (with BMI>25), non-dieters
for overweight/obesity, with a low physical activity level, never smokers, low alcohol
consumers, and less frequent consumers of bakery, pastries and soft-drinks. This
profile suggests that individuals who use PFS for body weight reasons are health
conscious and may turn to these products under the belief that this is a safe/innocuous
and effort-free strategy to lose or maintain weight, a belief that other researchers have
confirmed (Allison et al. 2001; Pitller & Ernst 2004). Other studies have reported
dietary-supplement consumer profiles with similar gender results to those of the
present study, but with disparate results for the other factors (Harrison et al. 2004;
Pillitteri et al. 2008; Blanck et al. 2008; Machado et al. 2012).

The present study has also found that of the total 2874 PFS products consumed, 252
(8.8%) products were reported to be consumed for body weight reasons in the previous
12 months by 240 PFS consumers of 2359, i.e. a prevalence of weight-loss PFS users
of 10.2%. Harrison et al. reported higher rates in Northwest England, with the
percentage of those taking at least one herbal supplement being 12.8% (1,987/15,465),
although it referred to general use and not to weight-loss use (Harrison et al. 2004).
Blanck et al. reported an estimated lower 8.7% of past year use of “non-prescription
weight-loss supplements” (including dietary supplements and natural or herbal weight
loss aids not prescribed by a doctor); they used data from the 2002 US National
Physical Activity and Weight Loss Survey (n=9,403), an observational nationwide
cross-sectional telephone survey conducted by the University of South Carolina
Prevention Research Center. However, their percentage referred to an overall weight-
loss supplements without specifying the contribution by herbal/botanical ones (Blanck
et al. 2007). Moreover, in their study using data on CAM use from the 2002 US
National Health Interview Survey (NHIS) Alternative Medicine Supplement (n=31,044),
Bertisch et al. reported higher prevalence of “natural herbs use” (between
approximately 17% and just over 20% depending on BMI category, with normal weight
individuals showing the highest rate); but this study focused on CAM therapies use and
did not specify the format in which the natural herbs were used (Bertisch et al. 2008).
Another survey on US adults, a computer-assisted telephone interview conducted by
the Center for Survey Research and Analysis at the University of Connecticut in 2005-

2006, reported a much higher prevalence of use: of the adults who made a serious
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weight-loss attempt (n=1,444), 33.9% reported ever using a “dietary supplement for
weight loss” (including “over-the-counter appetite suppressants, herbal products, or
weight-loss supplements”, although not separating them) (Pillitteri et al. 2008). Lastly,
in their recent study (n=2,732) in the city of Pelotas, Brazil, Machado et al. reported
that the prevalence of use of “substances for weight-loss” was 12.8%; however, these
substances included teas, dietary supplements (unspecified) and medicines (Machado
et al. 2012). Therefore, comparison of results and extrapolation of conclusions among
the few publications evaluating the use of weight-loss supplements at the population
level are limited. It is hard to reconcile all their different prevalence rates, since none of
the studies really coincided in using a similar terminology (concepts and definitions
ranged between “natural herbs”, “non-prescription weight loss supplements”, or
“substances for weight-loss”), or similar objectives, study designs, sample sizes, and
data collection methodology. The present study is the first study to evaluate the use of
weight-loss supplements in already consumers of PFS in six European countries,

having used the same terminology and methods to allow straight country comparison.

Some studies have evaluated the use of weight-loss practices in populations (Kruger et
al. 2004; Weiss et al. 2006), and dieting and exercise seem to be the most effective
and safe ones (Nicklas et al. 2012). The present study has focused on dieting and has
estimated the prevalence of dieting for overweight/obesity: 4.8% of 2359 PFS
consumers of six European. Similar rates were reported in one study (Blanck et al.
2008). Its authors observed that among those currently trying to stay about the same
weight, 4.4% were users of weight-loss dietary supplements during the past year;
however, among “persons currently trying to lose weight”, 16.1% reported past-year
use of these products (around a four-fold higher rate). In addition, Pillitteri et al.
observed much higher rates, reporting that of the adults who made a serious weight-
loss attempt (n=1,444), 33.9% had ever used a dietary supplement for weight loss
(Pillitteri et al. 2008); their findings are similar to those of Machado et al., reporting a
prevalence of use of substances for weight-loss of those who tried to lose weight of
48.4% (Machado et al. 2012). Again, comparison with other results is awkward
because of the different study designs, terms and methods used to obtain the data. For
instance, Blanck et al.’s study did not separate herbal/plant food supplements from
other types of supplement, and our study did not specify if the respondents were trying
to lose or to maintain weight (only asked if currently on a diet and what type of diet); in
Machado et al. (2012), teas were the most frequently used substances for weight-loss,

which were excluded in our study.
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The present study is one of the very few studies evaluating the simultaneous use of
several weight-loss strategies, such as dieting and PFS use, because we evaluate
dieting in PFS consumers. We hypothesized that our “pure weight-watching”
consumers (those taking the products in an attempt to lose/maintain weight) would be
those responding “body weight reasons” and also responding to be “dieting for
overweight/obesity” (n=67, i.e. 27.9% of the “body weight respondents”). The literature
has recognized that on hypocaloric diets, the addition of dietary supplements may help
dieters to achieve nutrient adequacy and maintain electrolyte balance while avoiding
the risk of excessive nutrient intakes (Dwyer et al. 2005). However, a recent study
concluded that taking weight-loss supplements may create illusion of protection against
weight gain and thereby loosen subsequent dietary self-control, increasing food intake

and susceptibility to overeating (Chang & Chiou 2014).

This is the first study in a sample of PFS consumers from six EU countries that has
identified the botanicals that were contained as ingredients in more products used by
“respondents of body weight reason”, by “overweight/obesity dieters” and by the “body
weight respondents who are simultaneously on a diet for overweight/obesity”. Artichoke
was the botanical that appeared as ingredient in the greatest number of consumed
PFS in all three groups (6.1%, 7% and 8.5% respectively); green tea (3.1%) and fennel
(2.9%) were second and third in the first group; fennel (3.5%) and dandelion (2.9%)
were second and third in the second group; and fennel (4.1%) and pineapple (3.5%)
were second and third in the third group. To our knowledge, only one recent US study
has reported the actual botanicals contained in used weight-loss supplements and the
prevalence of users (Blanck et al. 2008). They reported totally different botanicals
consumed among past-year supplement users: almost three fourths (73.8%) used a
product classified as a stimulant, more than half (55.0%) took a product containing
ephedra, one in 15 used a product containing bitter orange, and one in 10 took
hydroxycitric acid (Garcinia cambogia); other active herbal ingredients, such as
conjugated linoleic acid and yerba mate, were in very few of the products reported in
the study and, therefore, did not yield stable prevalence estimates (Blanck et al. 2008).
The latest systematic review of RCTs assessing the effectiveness as appetite
suppressants of botanical ingredients in weight-loss products found that many
botanical species including crude extracts and isolated compounds from plants have
been shown to provide potentially promising therapeutic effects, becoming an
alternative strategy for obesity treatment (Astell et al. 2013). According to this review,
plant based supplements marketed as natural appetite suppressants and weight loss

aids include: Camellia sinensis, Caralluma fimbriata, Citrus aurantium, Coleus
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forskohlii, Garcinia cambogia and Phaseolus vulgaris. Out of the six, only Caralluma
fimbriata extract has received the Generally Recognized As Safe (GRASS) (Dutt et al.
2012) status for use as a nutraceutical for obesity treatment, with positive clinical trials
providing sufficient evidence that it is capable of curbing central obesity; however,
further studies are needed to determine its efficacy as an appetite suppressant (Astell
et al. 2013). The others need to be further investigated to define the magnitude of the
effects, optimal dosage, mechanisms of action, long term safety, and potential side

effects.

Out of the top three botanical ingredients contained in the PFS consumed in our survey
(in each subsample), only green tea is included for assessment of weight-loss
effectiveness in all identified recent effectiveness RCTs systematic reviews (Hursel et
al. 2009; Park et al. 2011; Onakpoya et al. 2011; Hasani-Ranjbar et al. 2013; Astell et
al. 2013), non-systematic literature reviews (Manore 2012) and in an audit of retail
outlets to assess the availability of weight-loss supplements in the city of Columbia-SC-
US (Sharpe et al. 2006). Artichoke, pineapple and fennel are not included for
effectiveness assessment in any systematic or non-systematic review of the literature.
However, they are mentioned in a publication that reviewed the literature prior to 2003
and presented Spanish data on reported products/ingredients retailed/purchased for
weight loss; this information and data were gathered by the Spanish Society of
Endocrinology and Nutrition through their Information Centre on Obesity (data on green
tea was also presented) (de Villar et al. 2003). Artichoke alone is also included in a
publication on a survey in the Brasilian city of Porto Alegre, in which 14 herbalists (herb
sellers) were interviewed about popular use of plants with weight loss purposes, aiming
to establish a correlation between popular use and biological properties (Dickel et al.
2006).

Regarding green tea, conclusions vary across publications: different authors have
reported the evidence to be “inexistent” (de Villar et al. 2003), “uncertain” (Saper et al.
2004), “only modest” (Sharpe et al. 2006), or that green tea is “efficacious for weight
reduction and maintenance because it stimulates fat oxidation and energy expenditure”
(Hursel et al. 2009; Astell et al. 2013), or that it “may complement a health lifestyle to
produce small weight losses or prevent weight gain over time” (Manore 2012), or that
“the poor methodological quality of its studies did not allow to draw definitive
conclusions” (Onakpoya et al. 2011; Park et al. 2012), or that evidence of effectiveness
was “acceptable” (Hasani-Ranjbar et al. 2013), or “not effective in promoting weight

loss through appetite suppression” (Astell et al. 2013). Therefore, scientific evidence for

178



Research: Chapter 4

weight-loss effectiveness of green tea remains inconsistent and inconclusive, and

further research is needed.

As for artichoke (the most consumed botanical in Spain, as shown in chapter 3’s
ranking of botanicals), the identified publications concluded that scientific evidence for
weight-loss effectiveness is “untested/inexistent” (de Villar et al. 2003) and “insufficient
to guarantee the efficacy and safety for treating obesity but could be useful to treat
some of its comorbidities (i.e. hyperlipidemia)”. In their review, de Villar et al. reported
the following information about artichoke (de Villar et al. 2003): “it is a substance
frequently used in slimming products; it is used in cases of biliary dyskinesia,
gallstones, cholelithiasis, anorexia, dyspepsia, and as a diuretic; other indications of
traditional use include arteriosclerosis and hyperlipidemia. Its potential effectiveness as
a slimming substance was revealed during a clinical trial with 60 hyperlipidemic
patients -after 50 days a 20% decrease in cholesterol levels and a weight loss of 5 kg
were observed (Montini et al. 1975)”. Moreover, the Spanish Centre for Phytotheray
Research (Centro de Investigacion sobre Fitoterapia - INFITO) has stated in their
publication “Plantas medicinales para el tratamiento del sobrepeso” (“Medicinal plants
for the treatment of overweight”) that “sometimes it is convenient to include in slimming
preparations plants that have an activity on the liver and gallbladder, they can generally
improve the digestive and liver functions or to help reduce some of the risk factors
associated obesity, such as hyperlipidemia. Artichoke can be used as adjuvant in the
treatment to reduce body weight” (INFITO 2009).

With regard to pineapple, we only found one publication that included it as an
ingredient of popularly consumed weight loss products, again in Spain. In this
publication, authors outlined the main therapeutic indications/recommendations of
pineapple at that time (2003), distinguishing the "true" ones (burns, skin lesions) from
the "traditional-use" ones (dyspepsia, arthralgia, arthritis, stomatitis, cellulitis, exocrine
pancreatic insufficiency and obesity; including a comment of “mild diuretic effect”), and
concluded that scientific evidence for weight-loss effectiveness is “untested/non-
existent” (de Villar et al. 2003). However, a recent publication might have relevant
findings (Dave et al. 2012), in which authors concluded that, at the cell level, the
phytotherapeutic protein stem bromelain (obtained from pineapple), together with all-
trans retinoic-acid, may be a potent modulator of obesity by repressing the PPARc-
regulated adipogenesis pathway at all stages and by augmenting TNFa-induced

lipolysis and apoptosis in mature adipocytes. Despite this publication results and the

179



Research: Chapter 4

active advertisement on the Internet, scientific evidence on weight loss effectiveness of

pineapple is currently considered non-existent.

Finally, no publication was found including fennel as an ingredient of weight loss
supplements despite the extensive and recent scientific literature describing its uses
and properties (Rahimi & Ardekani 2013; Badgujar et al. 2014). However, as for
pineapple, advertisements promoting fennel-containing products as a slimming aid on
the Internet are numerous, which might suggest an explanation to the high prevalence
of consumption by our dieters and body weight reason respondents. Another
hypothesis might involve the fact that some of the properties attributed to fennel are
“improves digestion”, “prevent bloating” and “flavor corrector” i.e. it might be
acompaning other substances in weight-loss multi-ingredient supplements to improve

digestion, neutralize intestinal gas formation and soften their flavor.

Our results are consistent with the recommendations of use of artichoke as adjuvant of
weight loss treatments at least in Spain, the country with the highest prevalence of
“body weight reason respondents” (21.5%) and “dieters” (17.4%) and where artichoke-
containing products were most used for body weight reasons (47/79 PFS). These
results are also in line with some reports in the literature, such as the “White Book of
herbal shops and medicinal plants”, a report about the situation of the Spanish herbal
shop sector (Fundacion Salud y Naturaleza 2007), in which the authors report that the
top-selling products are food supplements (29%) followed by weight control products
(28%). We explored other reasons of use of artichoke in the six survey countries, what
has allowed us to observe that there is also agreement with the recommendations of
use for stomach/digestive function and cholesterol (highest in Germany). We cannot
know at this stage the reasons behind the different use prevalence rates of the same
botanical across the six countries. They might respond to different regulatory
restrictions between the countries, market consumption trends, marketting strategies
related to traditional/cultural believes, etc. Further research involving a long-term study
design, a larger sample size, market, regulatory, and anthropological data, as well as,
stratification by gender, season of the year, among other explanatory variables -which
was not allowed in our study due to the small size of the samples, would be needed to

elucidate possible reasons behind.

Our results show significant BMI differences between consumers and non-consumers
of artichoke (first most consumed botanical of respondents of “body weight reasons”

and of “dieters for overweight/obesity”) and green tea (third most consumed botanical
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of respondents of “body weight reasons”) when the entire survey sample (n=2359) was
used to increase the power of the comparison: more consumers than non-consumers
of each botanical were overweight/obese (BMI>25 kg/m?). However, only among
dieters, very significant BMI differences were observed for pineapple, with consumers
having higher rates of normal weight (BMI<25 kg/m?) than non-consumers. We do not
know why this is happening, and we cannot infer causality from these results due to the
cross-sectional nature of the survey. Bertisch et al., who analysed the relationship
between obesity and the use of CAM (including natural herbs), reported that adults with
obesity had similar prevalence of use of natural herbs compared to normal-weight
individuals, and after adjustment by some factors they were generally less likely to use
most individual CAM modalities (Bertisch et al. 2008). Nevertheless, Bertisch et al.’s
study and our study are not comparable because they evaluated the overall use of
natural herbs as a CAM modality in the general population, instead of the use of
botanical ingredients among PFS consumers. To our knowledge, our study is the first
study that has tested BMI differences between consumers and non-consumers of

particular botanicals contained in PFS.

The present study has several limitations. The survey was not designed to assess
weight loss. All data were self-reported, allowing the possibility of misreporting -
although with regards to the products, the interviewers verified the packaging of
approximately 50% of them. In addition, the survey did not collect composition/label
data (mostly unavailable), therefore, dosages of botanicals could not be calculated for
BMIl/dosage analyses. The definition of the product “plant food supplement” is so
specific that results can really only be compared with results from other studies with
this definition. The cross-sectional nature of the survey does not allow inference of
causality. The design of the survey (only including PFS consumers and quota
sampling) does not allow either the weighting of the data, the extrapolation of results to
the general population or the comparison with general population studies. Finally, the
survey had a small sample size that allowed limited stratification and no regression
analyses for assessing the association between BMI and botanical ingredients

consumption vs. non-consumption and identifying significant predictors.

This study has some unique strengths. It is the first study that —using the same
methodology- has identified the most consumed botanicals by PFS consumers from six
European countries who responded to take these products for reasons of “body weight”
or who were “dieting for overweight/obesity”. In addition, the “PFS product” was very

clearly defined and differenciated from other herbal products, which will allow direct
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comparison with future studies on weight loss and PFS consumption that might be
conducted. Moreover, this study has corroborated the denounced fact that consumers
are using botanicals for weight loss whose effectiveness has not been proven or is
inconclusive, and yet, they are being largely marketed on the Internet (Dwyer et al.
2005; Astell et al. 2013). Finally, the study has identified some of the many possibilities
for future research to try and explain the differences in weight-loss botanical/product
use across national markets within the EU. It would be important to have data on the
exact amounts of the botanicals contained in the products consumed in order to
differentiate the “essential body-weight-control” botanical from the “complementary”

botanical within the multi-ingredient weight-loss product.

In conclusion, the literature on the use of PFS for weight loss is very scarce and at the
moment, results are not really comparable. The research community is rather active in
conducting RCTs and systematic reviews on the RCTs effectiveness of weight loss
botanicals, paying special attention to their safety and adverse effects, which is
unquestionably important and necessary. However, it is also very important to keep on
gathering data on the weight-loss botanicals that the large population is consuming,
why and how they are been consumed, and if there are any differences between
consumers and non-consumers of these botanicals in terms of their body weight
indicators (BMI, WC etc) and other factors. Although limited by a small sample size, our
study represents a first attempt (and hopefully not the last) to reach these objectives in
six EU countries. The authors would like to encourage the research community to carry
out further studies on this topic, studies that are long-term, with large sample sizes
from the general population (i.e. PFS consumers and non-consumers, ideally as part of
regional/national health/nutrition/CAM-use surveys), and that allow to collect label data
on ingredients amounts and dosages. This additional information would help elucidate
the many unknowns about the marketing, consumption and effectiveness of PFS

specifically used as a strategy for body weight control.
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3. CONCLUSIONS AND ORIGINAL CONTRIBUTIONS

The results of the research carried out in this thesis have significant implications for
public health. It has long been established that excess body weight is an increasing
public health problem, affecting more and more societies of all sorts, including affluent,
in transition and emerging ones. It is also well known that this public health problem is
influenced by many factors. Some of these factors are addressed in the four research
chapters of this thesis.

As regards chapter 1, it has evaluated the trends of general and central overweight and
obesity prevalence rates in the adult population of Catalonia, Spain, and the influence
of socio-economic variables on these prevalence trends. Ten-year trends indicated that
Catalan males were getting bigger overall (BMI) and around the waistline (WC), while
Catalan females only had bigger waistlines (WC). BMI male obesity prevalence had
overtaken that of females. WC obesity continued to be more prevalent among females
than males, especially those from lower SES groups (occupation and education levels).
In spite of the mentioned limitations, findings contribute to the evidence needed to
guide public health policy makers in the design and implementation of preventive
campaigns against the increasing trends of overweight and obesity, paying special
attention to males and low SEL and education level groups, and small population of
residence size (for male overweight and female obesity). Moreover, analyses also
revealed that WC obesity continued to be more prevalent among females than males,
especially those from lower SES groups (occupation and education levels). The
literature has shown that changes in WC accompany changes in cardiovascular risk
factors; WC also predicts morbidity and mortality and is strongly associated with
metabolic abnormalities. Therefore, chapter 1‘s findings for the Catalan adult female
population would encourage urgent weight management actions to improve this
collective’s health and to prevent abdominal adiposity co-morbidities, with special focus
on the lower SES groups. This study was published in the journal Public Health
Nutrition 2007 (impact factor (IF) in 2008: 2.123) (see Annex IVa), and presented as a
poster at the VIIIl SENC Congress, Valencia, 22-25 October 2008.

In addition, based on the fact that tobacco smoking can be used by individuals as a
weight control strategy, chapter 2 has assessed, again in the adult Catalan population
of the two ENCAT surveys, ten-year prevalence trends in observed general/central
fatness patterns among subjects of different smoking habits It has also examined the

association between smoking and both general/central fatness after adjusting for
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possible confounders. And finally, it has contributed to the understanding of how these
relationships change with temporal trends in the prevalence of both obesity and
smoking. Although causality cannot be established, results suggest a positive
association between heavy smoking and central fatness among men; the very small
number of women who reported to be heavy smokers may be limiting the ability to
examine associations between current heavy smoking and central obesity and
compare them with those observed in men. Nevertheless, no association between
former smoking and general/central fatness was observed in the latest survey, and
these findings strengthen arguments for promoting smoking cessation to reduce
morbidity and mortality associated with both smoking and obesity. This research
chapter contributes to the global pool of evidence about this topic, because this has
never been studied before in the Catalan population. The manuscript has been

submitted to a scientific journal (see Annex IVb).

It is important to mention that one of the most interesting aspects about working on
chapters 1 and 2 has been the actual analysis of the two ENCAT surveys. The fact that
these surveys are representive, identical and separated by ten years allows a dynamic
view of the evolving health and habits of the Catalan population; this should help in
health policy decision-making. Working with the ENCATs has represented the added

bonus to this thesis for making a good contribution.

Chapters 3 and 4 respectively explore the consumption of PFS in six EU countries and
the relationship between their consumption and the reported BMI of their consumers.
The motivation of the research in chapter 4 is that a wide range of PFS is popularly
used for body weight control/loss. The two studies presented in these two chapters
were carried out using data from the PlantLIBRA EU project’'s PFS Consumer Survey

2011-2012, which is the first survey of PFS consumers conducted at European level.

In particular, Chapter 3 encloses the first results on the consumption of PFS in relation
to (among many other collected variables) the type of product consumed, the
frequency of its consumption, and the botanical ingredients most frequently contained
in these consumed products. Obtaining and handling all this information was a rather
complex task, and conducting the survey in 6 EU countries simultaneously added in
even more challenges. The survey is one of the main outcomes of the PlantLIBRA EU
project and has represented a contribution to scientific research in this sector at the
European level. Thanks to this project and survey, nowadays there are available data

directly obtained from consumers in six EU countries that can be used in the future to
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carry out various types of research. In addition, a new methodology has been proposed
and tested, which can be used and improved by future researchers of the topic for
generating additional data. Thus, for example, incorporating measures of the intake of
botanicals in national dietary surveys would provide much-needed data for
comprehensive risk and benefit assessments at the European level towards the EC
policy-making and regulation of the sector. The first results of the survey were
disseminated through numerous presentations before the project ended and through a
publication in the journal PLoS One 2014 (IF in 2013/2014: 3.53) (see Annex IVc).

Finally, the PLantLIBRA PFS Consumer Survey data gave the opportunity to further
exploit data to try and address the topic “excess body weight in relation to the
consumption of PFS”. Chapter 4 provides an overview of the PFS botanical ingredients
consumed for “body weight reasons” and by “overweight/obesity dieters” in six
European countries; it also explores the relationship between the consumption of these
botanical ingredients and the self-reported BMI of their consumers. Although limited by
a small sample size and a lack of “composition data” (actual amounts of the botanical
ingredients), our study represents a first attempt (and hopefully not the last) to explore
the relationship “BMI-PFS consumption” in six EU countries. Findings should
encourage the research community to carry out further studies on this topic. Future
studies should as much as possible be long-term, with large sample sizes from the
general population (i.e. PFS consumers and non-consumers, ideally as part of
regional/national health/nutrition/CAM-use surveys), and that allow collecting label data
on ingredients amounts and dosages. This additional information would help elucidate
the many unknowns about the marketing, consumption and effectiveness of PFS
specifically used as a strategy for body weight control (in some countries like Spain
rather prevalently). It is important to keep on gathering data on the weight-loss
botanicals that populations are consuming, why and how they are being consumed,
and if there are any differences between consumers and non-consumers of these
botanicals in terms of their body weight indicators (BMI, WC etc) and other aspects of
health. This research was presented as a poster at the /Il World Congress of Public
Health Nutrition, Las Palmas de Gran Canaria, 9-12 November 2014 (see Annex IVd).
The article is pending submission to one of the following journals (IF in 2013-2014): 1)
Phytomedicine (2.877) or 2) Plant Foods For Human Nutrition (2.416) or 3)
Phytotherapy Research (2.397) or 4) Planta Medica (2.339).
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Annex |

WHO 2008 Expert Consultation on waist circumference and waist-hip ratio.
Recommendations (WHO 2008, page 24)

Ideally, the characteristics associated with the most useful analyses for one or more
uses of waist circumference or waist-hip ratio would be that:

» the data are representative of all population groups (with respect to age, sex,
social class and concurrent diseases) in countries from all regions;

 data collected include anthropometric measures (of both central adiposity and
BMI) and at least three risk factors (e.g. blood pressure, blood glucose and
cholesterol);

+ standardized methods were used for measurement of waist circumference and
other anthropometric indicators;

» measured weight and height were available and were not self-reported data;

+ the dataset include information on characteristics such as age, sex and
demographics;

« sufficient longitudinal data from appropriate populations be available, with high
quality follow-up of disease status along the time course, to permit confirmation of
key conclusions about cut-off points derived using cross-sectional data.

Given the data available, the consultation felt that the steps presented below (which
are not in any specific order) could be taken to arrive at appropriate WHO
recommendations in this critical area:

» Determine whether multiple sets of cut-off points will be needed (e.g. by sex, body
size or health-status characteristics of the population). This could be accomplished
by evaluating similarities or differences in the associations of waist circumference or
waist—hip ratio with various health outcomes, across populations or population
subgroups. The approach would compare populations that differ in distributions of
waist circumference and waist-hip ratio, or in disease profiles. Type 2 diabetes
should be considered as a major health risk factor or outcome in evaluating
associations with waist circumference and waist—hip ratio. In populations throughout
the world, diabetes apparently increases with overall and abdominal fat gain and
obesity development. Comparisons based on diabetes would allow identification of
the potential variations in the predictive potential of various cut-off points.

* For any set of cut-off points to be developed, choose the most sound and policy
relevant statistical approach to determine cut-off points for waist circumference and
waist—hip ratio, and specify the resulting decision rules.

* Develop a schema with different levels of risk and three sets of cut-off points. This
could be achieved by linking datasets to diabetes prevalence for countries, and
examining whether the recommended cut-off points are appropriate for the reliable
identification of disease risk. In addition, it would be helpful to analyse populations
with high risk, to ensure that the cut-off points developed are a sensitive measure of
risk.

* Alternatively, choose a set of three indicative risk factors (e.g. high blood pressure,
elevated cholesterol and elevated blood glucose), whereby a population or group
could be identified by waist circumference cut-off points as having one of three
levels of risk:

— Level I: Minimal risk — At this cut-off point, less than 10% of people would have
any one of the three indicative risk factors; hence, this would be the lowest level of
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risk. The objective is to identify a value that national governments could use for
surveillance and to determine the need for public health interventions.

— Level Il: Moderate risk — At this cut-off point, there would be a high probability that
80% of people have at least one of the three indicative risk factors, in which case,
giving health advice or other appropriate action would be deemed essential. The
suggestion was to examine combined datasets (bearing in mind global variation), to
judge whether it was possible to arrive at a universal cut-off point to indicate this
level of population risk. Issues to consider would be the effects of using 80% as the
basis for Level Il classification, and whether this value would have the same utility
across population groups. Critical analysis of the data should ultimately enable
WHO to create a scheme to derive cut-off points tailored for different purposes.

— Level lll: Substantial or high risk — At this cut-off point, everyone in the population
group would be almost certain to have at least one of the three indicative risk
factors. This determination would be based on national or regional datasets that
suggest that the individuals in this group will have a doubling of risk compared to
low-risk groups. High-risk groups may include subgroups or populations defined by
obesity or diabetes prevalence.

* The question of how to cope with transitions in disease risk also needs to be
addressed.

Associations of waist circumference or waist—hip ratio with risk factors and diseases
may change over time in populations in which incidence of obesity-related diseases
is increasing in association with social and economic transitions.

To facilitate the implementation of the proposed next step and carry this process
forward, the consultation formed a working group of experts in this area to work closely
with WHO.1

The working group comprises academic researchers, clinicians who have expertise in
this field, statisticians and data analysts. The working group will also consider gaps in
the available global data and items appropriate for future research.

The consultation recommended that the working group be asked to develop and
suggest the appropriate methods and criteria for a process for open and transparent
analysis and clarification of the relationships between abdominal fat distribution and its
measures, and disease risk and health outcomes.

It was agreed that the working group needs access to a wide range of databases
worldwide, including the STEPS data within WHO. The consultation recommended that
the working group be assisted to gain access to the available datasets.

The consultation urged WHO to view this matter as being of utmost urgency, and to
enable completion of the task within a 2-year period. The ultimate recommendations
from WHO will depend on whether WHO can obtain representative datasets to permit
systematic analysis of all the issues raised in the consultation. Ultimate
recommendations from WHO need to take into consideration:
« the various waist circumference and waist—hip ratio criteria that are already in use
by national governments, and by national and international medical organizations;
* the potential policy and practical implications associated with any attempts to align
diverse cut-offs.

On the other hand, timely and authoritative guidance is needed to ensure that
measures that can guide appropriate public health and clinical actions on the problems
related to NCDs are brought into full use as quickly as possible. NCDs are rapidly
increasing worldwide, particularly in low- and middle-income countries.
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The recommended follow-up work to be carried out by the working group that was
formed by the consultation has been overtaken by the new guideline development
process implemented by WHO as of 1 January 2009. During 2011-2012, the WHO
Nutrition Guidance Expert Advisory Group (NUGAG) will take forward the follow-up
action recommended by the expert consultation, through its subgroup on Diet and
Health.

229






ANNEX Il. PlantLIBRA PFS Consumer Survey’s screening
questionnaire
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| ES

Ch- B

PFS CONSUMER SCREENING QUESTIONNAIRE
WP1: Intake Estimation of Plant Food Supplements

Interviewer’s details:

Name: ID: Time of the interview:

Date: / /20 City: Location:
day month

Respondent’s Age: years Gender: 1.|:| Male Z.D Female ID Code:

Q1. Have you taken any kind of plant/botanical/herbal supplements, any Plant Food Supplement (in
Pills/tablets, Gel capsules, ... ) in the last 12 months?

1. L] No - STOP THE INTERVIEW-MAKE SURE YOU KEEP THE SCREENING DATA

2. D Cannot recall taking any Plant Food Supplement -> STOP THE INTERVIEW-MAKE SURE
YOU KEEP THE SCREENING DATA

3. D Yes (go to Q2 on next page)

INTERVIEWER: Please use the grid in the next page to record the answers of Q2, Q3, Q4 and Q5
e Ifrespondent is unsure please ask him to show you his/her product(s) to answer the questions
e Please use the decision tree and your briefing instructions to ensure that the product
mentioned by respondent is a Plant Food Supplement
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Q2. Could you give me the plant name, product name, or the brand of each plant food supplement that
you have taken in the last 12 months?

(INTERVIEWER = MULTIPLE ANSWER — PROBE FOR THE NAME OF EACH PLANT FOOD SUPPLEMENT

TAKEN IN THE LAST 12 MONTHS —SPECIFCY PLANT NAME(S), PRODUCT NAME AND / OR BRAND)

(Refer to table of Plant Food Supplement to help recall the names)

Q3. In what form do you take (ASK SEPARATELY FOR EACH NAME MENTIONNED IN Q2), for example
pills, capsules, sachets, drops, etc.? (SINGLE ANSWER PER PRODUCT — READ LIST)

Q4. In the last 12 months, what is the total period of time that you have taken (ASK SEPARATELY FOR
EACH NAME MENTIONED IN Q2): less than 3 weeks, at least 3 weeks or more? (SINGLE ANSWER
PER PRODUCT — READ LIST))

Q5. During the periods when you have consumed this supplement (ASK SEPARATELY FOR EACH NAME
MENTIONED IN Q2), how frequently would you usually take it: less than 1 dose per week or 1 or
more doses per week? (SINGLE ANSWER PER PRODUCT — READ LIST)

Q2 - PRODUCT NAME

Q3 -TAKEN FORM

Q4 - TAKEN TIME
PERIOD

Q5. TAKEN
FREQUENCY

1.Pills/tablets/lozenges
2.Softgel
capsules/pearls

3.Hard capsules
4.liquid
(extract/syrup/drops)
5.Sachets/packets
6.Ampoules

7.0ther

(specify: )

1. Less than 3 weeks
(TERMINATE)

2. 3 consecutive weeks
or more (ASK Q5)

3. Can’t recall

(TERMINATE)

1. Less than 1 dose per
week (TERMINATE)

2. 1 or more doses per
week (ASK Q6)

3. Can't recall
(TERMINATE)

1. Pills/tablets/lozenges
2.Softgel
capsules/pearls

3.Hard capsules
4.liquid
(extract/syrup/drops)
5.Sachets/packets

1. Less than 3 weeks
(TERMINATE)

2. 3 weeks or more (ASK
Q5)

1. Less than 1 dose per
week (TERMINATE)

2. 1 or more doses per
week (ASK Q6)

3. Can't recall

6.Ampoules 3. Can’t recall | (TERMINATE)

7.0ther (TERMINATE)

(specify : )

1. Pills/tablets/lozenges

2.Softgel 1. Less than 3 weeks | 1. Less than 1 dose per

capsules/pearls
3.Hard capsules
4.liquid
(extract/syrup/drops)
5.Sachets/packets

(TERMINATE)

2. 3 weeks or more (ASK
Q5)

week (TERMINATE)

2. 1 or more doses per
week (ASK Q6)

3. Can't recall
6.Ampoules 3. Can’t recall | (TERMINATE)
7.0ther (TERMINATE)
(specify : )
1.Pills/tablets/lozenges
2.Softgel 1. Less than 3 weeks | 1. Less than 1 dose per

capsules/pearls
3.Hard capsules

(TERMINATE)

week (TERMINATE)

2. 1 or more doses per
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4 Liquid
(extract/syrup/drops)
5.Sachets/packets

2. 3 weeks or more (ASK
Q5)

week (ASK Q6)

3. Can't recall
(TERMINATE)

6.Ampoules 3. Can’t recall

7.0ther (TERMINATE)

(specify : )

1.Pills/tablets/lozenges

2.Softgel 1. Less than 3 weeks | 1. Less than 1 dose per

capsules/pearls
3.Hard capsules
4.liquid
(extract/syrup/drops)
5.Sachets/packets
6.Ampoules

7.0ther

(specify : )

(TERMINATE)

2. 3 weeks or more (ASK
Q5)

3. Can’t
(TERMINATE)

recall

week (TERMINATE)

2. 1 or more doses per
week (ASK Q6)

3. Can't recall
(TERMINATE)

INTERVIEWER: Before asking Q6, please check that for at least one product answered in Q2,Q3,Q4,Q5:

Q2 = Is a valid name of Product Food Supplement (double check using the decision tree if needed)
Q3 =The form corresponds to the definition of Plant Food Supplement (no infusion, no teas/tisanes)

Q4 = at least 3 weeks

Q5 =1 or more doses per week

NOTE: About Q4 - if NO single plant food supplement is taken for 3 (consecutive) weeks or more, BUT the following

two situations occur:

- 1 single plant food supplement, with the right form (Q3), consumed in the dose of 1 or more per
week (Q5), is taken for at least 4 non-consecutive weeks,

or

- 2 or more plant food supplements, with the right form (Q3), and the SUM of the consumption
period of the 2 or more products is EQUAL to 3 or 4 (?) weeks or more,

....... then the respondent also qualifies as an eligible respondent.

1 I:I YES — ELIGIBLE RESPONDENT (ASK Q6)

2 I:I NO — NON-ELIGIBLE RESPONDENT = STOP THE INTERVIEW-MAKE SURE YOU KEEP
THE SCREENING DATA

Q6. We would like to invite you to participate in a survey about your usage of Plant Food Supplement.
Would you be interested in participating in this study and completing our questionnaire?

1 I:I Yes (Fill in the Participant Contact Information sheet.)
2 I:l No (Thank you for your participation.) STOP THE INTERVIEW-MAKE SURE YOU KEEP THE

SCREENING DATA
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(SHOW CARD TO BE PRINTED SEPARATELY FOR INTERVIEWER TO SHOW DURING SCREENER IF

NECESSARY)

Table of top PFS plants and brands

Common Plant Name

Scientific Name

Brand Names commonly sold
(adapted to each country): could
be mono- or multi-ingredient

Aloe Aloe sp.

Anise Pimpinella anisum

Artichoke Cynara scolymus

Bilberry Vaccinium sp.

Black cohosh Actaea racemosa

Boldo Peumus boldus

Buckthorne Rhamnus purshianus

Cat’s claw Uncaria guianensis

Chaste tree berry Vitex agnus-castus

Chia seed Salvia hispanica/Salvia columbariae
Comfrey Symphytum officinalis

Desert Indianwheat Plantago ovata

Devil’s claw Harpagophytum procumbens
Dong quai Angelica sinensis

Evening primrose oil

Oenothera sp.

Fennel

Foeniculum vulgare

Flaxseed Linum usitatissimum
German Chamomile Matricaria recutita
Ginkgo Ginkgo biloba
Ginseng Panax ginseng

Grapes and grapeseed

Vitis vinifera

Guarana

Paullinia cupana

Caffeine pills by SciFit

Horny Goat Weed

Herba epidemii

Horsetail herb

Equisetum arvense

Indian Frankincsense

Boswellia serrata

Kava / Kava-Kava

Piper methysticum

Lavender Lavandula angustifolia

Lemon Balm Melissa officinalis

Marigold Calendula officinalis

Milk thistle Sylibum marianum

Nettle Urtica dioica

Olive Olea europea

Orange Citrus sinensis and Citrus aurantium

Pale cornflower

Echinacea pallida Britton

Passion flower

Passiflora incarnata

Pycnogenol

French Maritime Pine Extract

Redclover

Trifolium pratense

Rhubarb - including extract

Rheum raponticum

Rosehip Rosa canina
Seaweed Sargassum homer
Sena Cassia angustifolia/Cassia senna

Soy / Soy Isoflavones

Glicine max

St John's Wort

Hypericum perforatum

Tea Camellia sinensis Caffeine pills by SciFit
Turmeric Curcuma longa

Valerian Valeriana officinalis

Willow bark extract Salix sp.

Other (specify)

Other (specify)
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PLANT FOOD SUPPLEMENT CONSUMPTION QUESTIONNAIRE

WP1: Intake Estimation of Plant Food Supplements

Interviewer name: ID: Time of the interview: hrs

Date: City: day
month year

Location:

Interviewee ID:

Gender: 1.0 Male
2.0 Female
Date of birth: /
day month year

Read card: Thank you for your willingness to participate in this survey on the use of PLANT
FOOD SUPPLEMENT in European countries. Your contribution will be of great importance to all
the consumers in the European community especially when it comes to ensuring that
information about these products is available and clearly presented for consumers like yourself.

As mentioned before, this survey is focused on PLANT FOOD SUPPLEMENTS. We want to know
only about plant food supplements that you would eat (not used as topical creams or products
for external application). We consider PLANT FOOD SUPPLEMENTS any pre-packaged products
that come from plants, herbs or botanicals. On the packaging of these supplements normally
you will find the plant ingredient(s) that were used to make these supplements and often, but
not always, the word “supplement” is also included on the label. Some examples of PLANT
FOOD SUPPLEMENTS are ginseng capsules, ginkgo tablets, echinacea drops, valeriana pills or
artichoke pearls. Infusions, dried foods, herbs and spices are not PLANT FOOD SUPPLEMENT.

We will ask you detailed questions about PLANT FOOD SUPPLEMENTS. We will also ask other
related information important for the complete evaluation of these supplements. All the
information you share with us will be kept strictly confidential and only a number will be used
to identify you. Please remember to ask any questions about anything that seems unclear to
you.

Questions start on the next page
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PLANT FOOD SUPPLEMENT CONSUMPTION PATTERNS

Q1. Could you tell me or show me what PLANT FOOD SUPPLEMENT you currently take or have
taken in the last 12 months (Consult the top PLANT FOOD SUPPLEMENT plant and brand list
below if the respondent cannot recall any names. Complete Q2 to Q20 for each PLANT FOOD
SUPPLEMENT identified by the respondent)

Common Name

Scientific Name

Brand Names commonly sold
(adapted to each country): could
be mono- or multi-ingredient

Aloe Aloe sp.

Anise Pimpinella anisum

Artichoke Cynara scolymus

Bilberry Vaccinium sp.

Black cohosh Actaea racemosa

Boldo Peumus boldus

Buckthorne Rhamnus purshianus

Cat’s claw Uncaria guianensis

Chaste tree berry Vitex agnus-castus

Chia seed Salvia hispanica/Salvia columbariae
Comfrey Symphytum officinalis

Desert Indianwheat Plantago ovata

Devil’s claw Harpagophytum procumbens
Dong quai Angelica sinensis

Evening primrose oil

Oenothera sp.

Fennel

Foeniculum vulgare

Flaxseed Linum usitatissimum
German Chamomile Matricaria recutita
Ginkgo Ginkgo biloba
Ginseng Panax ginseng

Grapes and grapeseed

Vitis vinifera

Guarana

Paullinia cupana

example: Caffeine pills by SciFit

Horny Goat Weed

Herba epidemii

Horsetail herb

Equisetum arvense

Indian Frankincsense

Boswellia serrata

Kava / Kava-Kava

Piper methysticum

Lavender Lavandula angustifolia

Lemon Balm Melissa officinalis

Marigold Calendula officinalis

Milk thistle Sylibum marianum

Nettle Urtica dioica

Olive Olea europea

Orange Citrus sinensis and Citrus aurantium

Pale cornflower

Echinacea pallida Britton

Passion flower

Passiflora incarnata

Pycnogenol

French Maritime Pine Extract

Redclover

Trifolium pratense

Rhubarb - including extract

Rheum raponticum

Rosehip Rosa canina
Seaweed Sargassum homer
Sena Cassia angustifolia/Cassia senna

Soy / Soy Isoflavones

Glicine max

St John's Wort

Hypericum perforatum

Tea Camellia sinensis example: Caffeine pills by SciFit
Turmeric Curcuma longa
Valerian Valeriana officinalis

Willow bark extract

Salix sp.

Other (specify)

Other (specify)
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FIRST PRODUCT - Please ask Q2-1 to Q20-1 for the first product

Q2-1. Plant name and Product name:

Q3-1. Brand(s) or manufacturer/distributor name:

Q4-1.Product packaging was seen: 1[1Yes 2[INo

Q5-1. For what reason(s)/condition(s) did you take this product?
Please also specify the desired outcome by taking the PLANT FOOD SUPPLEMENT. (mark all
that apply)

[ Defense system/immunity
[ISleeping
[ Cholesterol
LI Memory
[ Relaxing
[1Body weight
L] Antioxidant intake
LI Menopause
[ Hair /skin
. L Flu/cold
. [ stomach/digestive function
. L1 Energy/tonics
. [ Vision or hearing
. [ Urinary tract
. 1 Mood
. [1Joints and bones
. O Heart/blood circulation
. L1 Other (specify)
. I Nothing specific/general health
. O Don’t know/Not sure

LooNOULRWN R

b
= O

O )
0N U DA WN

N =
o

Q6a-1. At each sitting, how much of the supplement do you usually take? (write the number
given)

Number/amount usually taken: | | |

Q6b-1. And in which form do you usually take it? (mark the applicable form)

1. [ Pills/tablets/lozenges
2. [ softgel capsules/pearls

241



Annex IlI_PlantLIBRA PFS consumer questionnaire

3. Hard capsules

4. Liquid (extract/syrup/drops)
5. [ Sachets/packets

6.1 Ampoules

7. Other (specify)

8.1 Not sure

Q7-1. How many times per day, week or month do you take this number/amount (reported in
Q6)? (write the number given per day, per month or per week — SINGLE ANSWER)

1.|__|__ | perday
2.1__ | | perweek
3.1_|__| per month
4. Not sure

Q8-1. Thinking about the last 12 months only, for how long of a PERIOD would you take this
product at this frequency before you stopped taking it? (write the number given in days,
months or weeks — SINGLE ANSWER)

1.|__|__ | days

2. |__ | weeks

3.|_|___| months

4. Not sure

Q9-1. During the last 12 months, in what months have you taken this supplement? (mark all
that apply)

[Jan 7. Ouly 13. L] All year round
LIFeb 8. [JAug
LI Mar 9. [sep
L Apr 10. LJ Oct
L1 May 11. LI Nov
[1June 12. [ Dec

ok wnNE

Q10-1. Why did you decide to take this supplement in the months stated? (one answer only)

1. L1 took it whenever/sporadically

2. L1 take it periodically, during those times only
3. LJWhen I had a flare up/worsening of condition
4 [ 0Other reason

5. LI Not sure

Q11-1. Could you tell me for how long in total have you been using this product in your
lifetime? (write the number given in days, months or weeks — SINGLE ANSWER)

1.|_|___ | days
2.|___|__| weeks
3.|_|___| months
4. |___|__| years
5

. Not sure
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Q12-1. When was the last time you took this product? (one answer only)

1. less than 24 hrs ago

2.0 24 hrs to less than 72 hrs
3.0 72 hrs to less than 7 days
4.[17 days to less than 1 month
5. more than 1 month ago

Q13-1. Who recommended it to you? (one answer only)

1 Nobody/myself

1 Pharmacist

I Nurse

1 Homeopath

[ Nutritionist/dietitian

Ol Friend/relative

[1 Herbal shop assistant

L1 Doctor/General Physician
. L TV/radio

10.L Internet/social group
11.L] Magazine/newspaper
12.L1 Other (specify)
13.LJ Not sure

LONOULRWNE

Q14-1. Where did you get it from? (mark all that apply)

. [dPharmacy

. [1Health/herbal shop

. [J Supermarket/grocery store
. OlInternet

L Gym

. L Network marketing

. L Other (specify)
. L Not sure

ONOUAWN R

Q15-1. What guidelines or instructions do you follow regarding the dosage when you take this
supplement? (mark all that apply)

1. Instructions on the packaging

2.1 decide myself how to use the product

3. Instructions received from the place of purchase

4. Instructions received from the person that recommended me (mentioned in Q13-1)
5. Instructions received from friends/family

6.1 Instructions received from internet

7.0 Other (specify)
8. LI Not sure
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Q16-1. Do you think the product helps you? (one answer only)

1. [ Not at all
2. [ Rarely

3. [ Sometimes
4. 1 Always

5. [ Not sure

Q17a-1. Have you experienced any adverse effects while taking this product?

1. O No -> ASK Q18-1
2. O Yes -> ASK Q17b-1

Q17b-1. If yes, which one? (please mark all that apply)

01. [ Constipation

02. [ Diarrhea

03. L] Dizziness

04. LI Blurry vision

05. L] Stomach upset

06. LI Problems sleeping

07. O Drowsiness/Sleepiness
08. 1 Nausea

09. L1 Other (specify)

10. 1 Not sure

Q18-1. When you started using this product, did you inform your ... ?

YES NO NOT SURE
a. General physician 1 2 3
b. Pharmacist 1 2 3

Q19-1. In your opinion, did you receive enough information about this product regarding its....?

YES NO NOT SURE
a. Safety/adverse effects 1 2 3
b. Intended 1 2 3
use/indications
c. Recommended dose 1 2 3

Q20-1. Which sources provided you with information about this PLANT FOOD SUPPLEMENT?
(mark all that apply)

01 [ Television/radio

02.[J Magazines/newspaper

03. Internet

04. [ Specialised/scientific journals

05 L1 Complementary & Alternative Medicine (CAM) therapist
06. L1 Doctor/General Physician (GP)

07. 0 Nutritionist/dietitian
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08. [ Pharmacist

09. 1 Brochures from the health department
10. ] Brochures from the industry

11. [ Books

12. [ Friends/relatives

13. [ Other (specify)
14.[] No source consulted

INTERVIEWER =IF NO OTHER PLANT FOOD SUPPLEMENT TAKEN BY RESPONDENT THEN GO TO
Q21, OTHERWISE GO TO NEXT PAGE TO ASK ABOUT THE NEXT PRODUCT

Note of the author of this thesis: In the original questionnaire,
Questions 2-20 were repeated up to 5 times, in order to capture
details about the consumption of up to 5 products per consumer;
however, for the purpose of restricting the length of Annex IlI,
those pages of the questionnaire have not been included.
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GENERAL PLANT FOOD SUPPLEMENT QUESTIONS

Q21. You personally, how informed do you feel about plant food supplements in general? (one
answer only)

1. Very well informed

2. Fairly well informed

3. Not very well informed
4. Not at all informed

5. Not sure

Q22. How much in total do you spend on all PLANT FOOD SUPPLEMENS per month? (adapt
currency to country)

1. Less than 10 Euros
2.10-49 Euros

3. 50-99 Euros

4. 100 Euros or more
5. Not sure
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Q23. For each of the sources of
information that | will name to you
now, please tell me how frequently
you use them when looking for
information on PLANT FOOD

Q24. How reliable do you find these
sources when providing you with
information on PLANT FOOD
SUPPLEMENTS?

SUPPLEMENTS?

1. Not at all 1. Not at all reliable

2. Rarely 2. Not very reliable

3. Sometimes 3. Fairly reliable

4. Often 4. Very reliable

5. Always 5. Not sure

6. Not Sure 6. Does not apply

Not Som Not Not at Not Fairly Very No Does
Sources of information atall | Rarely e. Ofte | Alway | Sure aII. VEIty reliabl | reliabl | t not
time | n s reliabl reliabl | e e sur | apply
S e e e

1. Television/ radio 1 2 3 4 5 6 1 2 3 4 5 |6
2. Magazines/ 1 2 3 4 5 6 1 2 3 4 5 |6
newspaper
3. Internet 1 2 3 4 5 6 1 2 3 4 5 |6
4. Specialised/scientific | 1 2 3 4 5 6 1 2 3 4 5 |6
journals
5. Complementary & 1 2 3 4 5 6 1 2 3 4 5 1|6
Alternative Medicine
(CAM) therapist
6. Doctor/General 1 2 3 4 5 6 1 2 3 4 5 6
Practitioner (GP)
7. Nutritionist/ dietitian | 1 2 3 4 5 6 1 2 3 4 5 |6
8. Pharmacist 1 2 3 4 5 6 1 2 3 4 5 |6
9. Brochures from 1 2 3 4 5 6 1 2 3 4 5 |6
health department (e.g.
available at your
pharmacy)
10. Brochures fromthe | 1 2 3 4 5 6 1 2 3 4 5 |6
industry
11. Books 1 2 3 4 5 6 1 2 3 4 5 |6
12. Friends/relatives 1 2 3 4 5 6 1 2 3 4 5 1|6
13. Other 1 2 3 4 5 6 1 2 3 4 5 |6
specify :
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SOCIODEMOGRAPHIC INFORMATION

Q25. Including yourself, how many people live in your household? (write the number given)

|___|__| ->IFANSWERIS 1 GO TO Q27 OTHERWISE GO TO Q26

Q26. Not including yourself, could you tell me how many people live in your household who
are...

Number of people

1.Children younger than 18 years

2.Adults 18 years or older

Q27. Which best describes your current civil status?

1. Single

2. In a relationship and living with my partner
3. Married

4. Divorced

5. Widowed

6. Refusal to answering

Q28. You personally, were you born in COUNTRY or in another country?

1. In COUNTRY (go to Q31)
2. Other (specify)
3. Refusal to answering

Q29. In what year did you first arrive in COUNTRY?

| Year

Q30. Do you feel that your daily diet is similar to the diet in (COUNTRY)? (one answer only)

1. Yes
2. Sometimes
3. No, my diet is similar to that of another country -> Specify the other country :

4. No, but my diet is not specific to any particular country
. Not sure
6. Not applicable

wn

Q31. What is the highest level of education you completed? (one answer only) (adapted to each
country)
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. No studies

. Primary school or less

. Secondary school

. College degree (2-3 years)
. University degree (1* cycle/undergraduate)
. University degree - postgraduate

Annex Ill_PlantLIBRA PFS consumer questionnaire

Q32. What is your current employment status? (one answer only)

O o0 NOOULLS WN B

. Never worked
. Unemployed

. Employed

. Self-employed/freelance
. House work

. Student

. Retired

. Disabled

. Other (specify)

Q33. In which sector do you work/have you last worked? (one answer only)

OO0 NOOTULLESE WN -

. Construction

. Mining and electricity, gas, water

. Fisheries & Agriculture

. Education

. Transport and communications

. Banking and financial intermediation
. Hotels and restaurants

. Public administration

. Wholesale and retail

10. Health and social work
11. Other community and personal assistance
12. Real estate and business activities

13. Other (specify)

In FINLAND, skip next question and go to Q35.

Q34. What type of medical/healthcare insurance/coverage do you have access to? (one

answer only)

vk wnN e

None
Public/National
Private

Both

Not sure
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CURRENT HEALTH STATUS

Skip Q35.1 (Current weight) if respondent is pregnant and go to Q35.2 (Height)
Q35. What is your......?

1. Current weight: | | |

|, |___| kg (without clothes on)

2. Height: | __| | | cm (without shoes on)

Q36. How is your health in general? (one answer only)

1. Very good

2. Good

3. Neither good nor bad
4. Bad

5. Very bad

6. Not sure

Q37. Have you had any of the following health problems? (adapted to each country’s most
frequent morbidity conditions) (mark all that apply)

01. L1 Hight cholesterol

02. L1 Asthma

03. [ Diabetes

04. L1 Heart disease

05. [1 High blood pressure

06. [ Liver disease

07. L Chronic bronchitis, emphysema

08. [ Long-standing troubles with your muscles, bones and joints (rheumatism, arthritis)
09. [ cataract

10. [ Migraine or frequent headaches

11. [ Osteoporosis

12. L1 An allergy (specify)
13. [ Stroke, cerebral haemorrhage
14. [ Peptic ulcer (gastric or duodenal)
15. O Gallbladder inflammation/stones
16. [ Cancer

17. [ Chronic anxiety or depression
18. [ Other (specify)
19. LI No, none

20. LI Not sure
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Q38. Have you taken any medications on a REGULAR basis during the last 12 months?

1. Yes
2. No

Q39. If “Yes”, record the name and average frequency of use during the last 12 months.

MEDICATION 1 - Name:

Frequency:
1.|__ | __ | perday
2.|___|___| perweek
3.|_|___| per month
4. Not sure

MEDICATION 2 - Name:

Frequency:
1.|___|___| perday
2.1__ | | perweek
3.1_|__| per month
4. Not sure

MEDICATION 3 - Name:

Frequency:
1.|__|__ | perday
2.|___|__| per week
3.|_|__| per month
4. Not sure

MEDICATION 4 - Name:

Frequency:
1.|__|__ | perday
2.|___|___| perweek
3.1_|__| per month
4. Not sure

MEDICATION 5 - Name:

Frequency:
1.|___|___| perday

2.1 ___|___ | perweek
3.1_|__| per month
4. Not sure
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AWARENESS OF FOOD SUPPLEMENT USE

Q40. Other than PLANT FOOD SUPPLEMENT, have you taken any of the following supplements
on a regular basis in the last 12 months? (mark all that apply)

[ vitamins (A, B, D, E, etc.)

1 Minerals (eg. potassium, calcium)

L1 Amino acids

L1 Enzymes (eg. lactase)

L1 Prebiotics (eg. oligosaccharides, fibre)
[l Probiotics (eg. bifidobacteria, yeasts)
L] Fatty acids (eg. fish oil)

L1 Other

. No (go to Q42)

10. LI Not sure (go to Q42)

LooNoOULRWN PR

Q41. Record the name of the product and the average frequency of use in the last 12 months
of each product.

SUPPLEMENT 1 - Name:

Frequency:
1.]__|___| perday
2.|__|__| per week
3.|_|___| per month
4. Not sure

SUPPLEMENT 2 - Name :

Frequency :
1.]__|__ | perday

2.1 __|__| per week
3.|_|___| per month
4. Not sure

SUPPLEMENT 3 - Name :

Frequency :

1.1 |_ | perday
2.|_|__| per week
3.1_|___| per month
4. Not sure

SUPPLEMENT 4 - Name :

Frequency :
1.|___|___| perday
2.|_|__| per week
3.|_|___| per month
4. Not sure

SUPPLEMENT 5 - Name :

Frequency :

1.|___|___| perday
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2.|___|___| perweek
3.]_|___| per month
4. Not sure

USE OF ALTERNATIVE OR COMPLIMENTARY HEALTHCARE

Q42. In the past year, have you seen any of the following practitioners? (If yes, mark how
many times was the practitioner visited in the last 12 months)

. 3 or more
No visit ;g?yze\a”rsns visits per
year
1. Acupuncturist 1 2 3
2. Chiropractor 1 2 3
3. Homeopath 1 2 3
4. Herbalist 1 2 3
5. Massage therapist 1 2 3
6. Traditional/faith healer | 1 2 3
7. Reflexologist 1 2 3
8. Other
Specify : 1 2 3
FOOD HABITS

Q43. Do you follow any special diet(s) at the moment which would cause you to avoid certain
foods?

1. No (go to Q47)
2. Yes

Q44. Please, indicate the special diet that you follow ? (mark all that apply).

1. Type 1 diabetes
2. Type 2 diabetes

3. [ Gestational diabetes
4. [ High blood pressure
5.1 Overweight

6.1 Cholesterol

7.0 Celiac disease

8. Lactose intolerance
9. Food allergy
10.C1 Food allergy
11.L] Food allergy
12 Food allergy
13.L1 Food allergy
14 Vegetarian, including
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a) U dairy

b) [ eggs

c) L fish

d) L1 none of these
15.L1 Other
16.L1 Other

Q45. When did you start the diet?
<1 year ago

1-3 years ago

4-5 years ago

6-10 years ago

>10 years ago

ukhwn e

Q46. Who prescribed/recommended this diet to you?
1. Myself/friend/relative

2. General practitioner/specialist

3. Nutritionist/dietician

4. Nurse

5. Other

Q47. In the last 12 months, how often have you consumed these foods?

FOOD TYPE FREQUENCY

.|___|___| perday
|| per week
|___|___| per month
. Not sure

01. Red meat/sausages/cold meat

|___|___| perday
| |__| per week

| | | per month
. Not sure

02. White/lean meat

|___|___| perday
|___|__| per week
|__|___| per month
. Not sure

03. Fish and seafood

|___|___| perday
| |__| per week

|___|_| per month
. Not sure

04. Eggs

|___|___| perday
|___|___| per week

05. Dairy (milk, yogurt, cheese) oer month

. Not sure

|___|___| perday
| |__| per week

|___|_| per month
. Not sure

06. Bread or cereals (rice, pasta...)

|___|___| perday
|___|___| per week
|___|___| per month
. Not sure

07. Fruits

.|___|___| perday
|| per week

NEPWNEIRONERONERONERWONERWONER®ON R

08. Vegetables
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.|_|___| per month
. Not sure

09

.Fruit/vegetable juices, concentrates

|___|___| per day
|___|__| per week

|__|___| per month

. Not sure

10.

Legumes/pulses

|___|___| perday
| |__| per week

|___|__| per month

. Not sure

11.

Fats

|___|___| per day
|___|__| per week

per month

. Not sure

12.

Vegetable oils (olive, canola, etc.)

|___|___| perday
| |__| per week

|___|_| per month

. Not sure

13.

Nuts and seeds

PONBIRONERWONERWONERWON RS W

|___|___| perday
|___|__| per week

per month

. Not sure

14.

Fast food

|___|___| perday
| |__| per week

| |___ | per month

. Not sure

15.

Pastries/sweets

|___|___| perday
|___|__| per week
|___|___| per month

. Not sure

16.

Soft drinks (still/sparkling)

|___|___| perday
| |__| per week

| | | per month

. Not sure

17.

Alcoholic drinks

|___|___| perday
| |__| per week
per month

. Not sure

18.

Coffee

|___|___| perday
|___|___| per week
per month

. Not sure

19.

Tea & fruit teas

|___|___| perday
| |__| per week
per month

. Not sure

20.

Herbal tea

|___|___| per day
|___|___| per week
per month

. Not sure

21.

Other - Specificy :

PUONERONERONERONERONERONRRONRRONR

|___|___| perday
| |__| per week

|___|_| per month

. Not sure
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Q48. How often do you consume organic foods? (one answer only)

1. Always

2. Most of the time when possible
3. Sometimes

4. Rarely

5. Never

SMOKING HABITS

Q49. From the following situations, which describes you with respect to smoking? Please
include cigarettes, cigars and pipes when thinking about your answer. (one answer only)

1. Currently | don’t smoke (go to Q50)
2. Currently | smoke occasionally (less than 1/day) )
3. Currently | smoke every day (1 or more/day) (go to Q51)

Q50. Have you ever smoked in the past? (one answer only)

1. No, I've never smoked (go to Q51)

2. Yes, | smoked less than 1/day for less than 6 months

3. Yes, | smoked less than 1/day during 6 or more months
4. Yes, | smoked more than 1/day for less than 6 months
5. Yes, | smoked more than 1/day for 6 or more months

Q51. How long ago did you stop smoking? (one answer only)

1. Less than 6 months ago
2. 6to 12 months ago
3. More than 1 year ago
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IPAQ-PHYSICAL ACTIVITY QUESTIONNAIRE

The questions will ask you about the time you spent being physically active in the last 7 days.
Please answer each question even if you do not consider yourself to be an active person.
Please think about the activities you do at work, as part of your house and outside work, to get
from place to place, and in your spare time for recreation, exercise or sport.

Think about all the vigorous activities that you did in the last 7 days. Vigorous physical
activities refer to activities that take hard physical effort and make you breathe much harder
than normal. Think only about those physical activities that you did for at least 10 minutes at a
time.

Q52. During the last 7 days, on how many days did you do vigorous physical activities like
heavy lifting, digging, aerobics, or fast bicycling?

days
9. No vigorous physical activities (go to Q54)

Q53. How much time did you usually spend doing vigorous physical activities on one of those
days?

| |___| hours per day
|___|__ | minutes per day
99. Don’t know/Not sure

Think about all the moderate activities that you did in the last 7 days. Moderate activities
refer to activities that take moderate physical effort and make you breathe somewhat harder
than normal. Think only about those physical activities that you did for at least 10 minutes at a
time.

Q54. During the last 7 days, on how many days did you do moderate physical activities like
carrying light loads, bicycling at a regular pace, or doubles tennis? Do not include walking.

days
9 . No moderate physical activities (go to Q56)

Q55. How much time did you usually spend doing moderate physical activities on one of those
days?

|___|___| hours per day
|___|___| minutes per day
99. Don’t know/Not sure

Think about the time you spent walking in the last 7 days. This includes at work and at home,
walking to travel from place to place, and any other walking that you might do solely for
recreation, sport, exercise, or leisure.

Q56. During the last 7 days, on how many days did you walk for at least 10 minutes at a time?

days
9. No walking (go to Q58)
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Q57. How much time did you usually spend walking on one of those days?
| |___ | hours per day

|___|___| minutes per day

99. Don’t know/Not sure

The last question is about the time you spent sitting on weekdays during the last 7 days. Include
time spent at work, at home, while doing course work and during leisure time. This may include
time spent sitting at a desk, visiting friends, reading, or sitting or lying down to watch television.

Q58. During the last 7 days, how much time did you spend sitting on a week day?

| __|___| hours per week day
|___|___| minutes per week day
99. Don’t know/Not sure

(End of the questionnaire. Thank the interviewer for her/his participation)
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Abstract

Objective: To evaluate the trends of overweight and obesity prevalences in
the population of Catalonia, Spain, aged 18-75years, and the influence of
socio-economic determinants on these prevalence trends.

Design: Analysis based on data from two representative population-based
cross-sectional surveys.

Setting: Data from the two Evaluations of Nutritional Status in Catalonia (ENCAT
1992-93 and ENCAT 2002-03), Spain. Weights and heights were obtained by
direct measurement in standardised conditions by trained interviewers. Over-
weight and obesity were defined using body mass index (BMD and waist
circumference (WC), categorised according to WHO criteria.

Subjects: In total, 1015 men and 1233 women from ENCAT 1992-93, and 791 men
and 924 women from ENCAT 2002-03.

Results: Mean BMI and mean WC were higher in males in 2002-03 as compared to
1992-93, while for females mean BMI was lower except for the youngest group,
and mean WC was higher. In men, overall BMI overweight prevalence remained
stable (from 44.1% to 43.7%), while obesity increased (from 9.9% to 16.6%); total
WC overweight remained stable (from 21.7 to 23.8%), while WC obesity increased
(from 13.1% to 24.4%). In women, overall BMI overweight increased (from 29.1%
to 30.1%), whereas BMI obesity remained stable (from 15.0% to 15.2%); total WC
overweight decreased (from 21.8% to 17.7%), while WC obesity increased (from
24.5% to 31.1%). The socio-economic and education variables had an influence
on BMI and WC overweight and obesity rates mainly on females in both surveys
and on the youngest men only in the 1992-93 survey.

Conclusions: Ten-year trends indicate that Catalan males are getting bigger overall
(BMD and around the waistline (WC), while Catalan females only have bigger
waistlines (WC). BMI male obesity prevalence has overtaken that of females. WC
obesity continues to be more prevalent among females than males.

risk factors’

Keywords

Obesity

Overweight

Prevalence

Adulis

Socio-economic determinants
Cross-sectional survey
Trends

. Overweight and obesity also have an

problems worldwide and as major causes of prevent-
able ill health'. Total obesity is the sixth most important
risk factor contributing to the overall burden of disease
worldwide, being a major risk factor for chronic non-
communicable diseases such as hypertension, coronary
heart disease, type 2 diabetes, dyslipidaemia, as well as to
some hormone-dependent cancers®. Abdominal obesity
is a strong predictor of coronary heart disease and related

*Corresponding author: Email Iserra@dcc.ulpge.es

important health cost associated with them?.

The World Health Organisation (WHO) recently
reported 1.1 billion overweight individuals and 300
million obese individuals', 10% of which are overweight
or obese children®. Overweight and obesity prevalence
rates are increasing in both developed and developing
societies'. The WHO reported that, since 1980, obesity
prevalence rates have increased threefold in Northern

© The Authors 2007



Obesity and overweight trends in Spain (1992-2003)

America (in the United States over 65% of adults are now
overweight or obese”), the United Kingdom, Central and
Eastern Europe, Pacific Islands, Australia and China®.

In Spain, adult, adolescent and child obesity pre-
valence has also increased in the last decade®’. The
group of children aged between 6 and 13 years and the
group of women aged over-45 years are the groups with
the highest risk of obesity; obesity prevalence is higher
among males during years of growth and development®”,
while in the over 45-year group it is significantly higher
in females®®. In a recent study in Southern Spain, the
authors found that a larger proportion of men were
overweight compared to women, but the opposite was
found for obesity®. In 2004, the results from the DORICA
Study'® showed that the obesity prevalence of the North-
Eastern region of Spain (which includes Catalonia) was
8.5% for men and 13.8% for women, which were the
lowest out of the eight regions included in the study®.

Numerous studies have shown that obesity is more
frequent in the less socially advantaged population
groups, regardless of the variable used to classify socio-
economic status (SES); these differences in the prevalence
of obesity by SES have been observed in both men
and women, but are stronger and more consistent in
women'!. The WHO’s MONICA Study showed that the
prevalence of obesity is higher among adults and children
of low SES'. In Spain, in 1987, a group of researchers
found a higher prevalence of obesity among the popu-
lation of a lower educational level®; in the period
1987-97, the same researchers found a higher obesity
prevalence in individuals with elementary education, and
that the obesity prevalence proportion associated with
elementary education increased in women and decreased
in men'?. Moreover, the SEEDO97 Study in Spain showed
higher obesity rates in men and women with low
educational level, and also that older women with low
educational level and low income seemed to be the
most susceptible group to weight gain®. Adding to this
evidence, a significant inverse relationship between SES
and overweight and obesity was found by the AVENA
(Alimentacion y Valoracion del Estado Nutricional de los
Adolescentes Espanoles) Study'®, although only in male
adolescents.

Overweight and obesity also have a sociodemographic
component. In this respect, the SEEDO’97 Study in
Spain also showed differences in the distribution of the
obesity prevalence by area of residence and geographical
zones".

Other well-known factors that influence the devel-
opment of obesity are physical inactivity'®'”, over-
consumption of energy-dense diets (which has been
shown to be associated with low SES)'® and genetic
factors (although some authors do not agree to this)>.

The objective of the present paper is to evaluate the
trends (1992-2003) of overweight and obesity pre-
valences in the 18-75-year-old population of Catalonia,
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Spain, and the influence of socio-economic and socio-
demographic determinants on these prevalence trends.

Material and Methods

Sample and subjects

The data analysed in this paper belong to the 1992-93
and the 2002-03 cross-sectional Evaluations of the
Nutritional Status of the Catalan Population (ENCAT
1992-93 and ENCAT 2002-03)'>'°. ENCAT is a regional
survey carried out periodically by the Department of
Health of the Catalan Government and co-ordinated by
the Centre for Research on Community Nutrition of the
University of Barcelona. The theoretical random sample
population and sample size have been described else-
where'>'?, comprising the population source of residents
in the official census. The samples were stratified
according to household and randomised into sub-
groupings with municipalities being the primary sample
units, and individuals within these municipalities com-
prising the final sample units. The valid response rate for
the first survey was 69% and for the second 65%.

Adults from each representative sample within the
age of 18-75years were included in the analysis of this
study (7 in ENCAT 1992-93 = 2248 and #n in ENCAT
2002-03 = 1715).

Data collection procedures and variables

of the study

In both surveys, dietitians were trained on standardisation
of criteria and methodology before data collection, in
order to reduce inter-observer measurement variability.
The data were collected from 1992 to 1993 and from
2002 to 2003 through questionnaires and anthropometric
measurements during a home interview.

In order to analyse the influence of the socio-economic
determinants on the prevalence of overweight and
obesity, the following variables were used and rearranged
according to the following categories:

1. Socio-economic level (SEL) (occupation of the subject):
(a) low: the non-classifiable, army, agricultural sector,
service sector and non-qualified labourers; (b) medium:
qualified labourers, foremen, rest of administrative,
commercial and technical staff and medium-level
technicians; (¢) high: high-level technicians, directors/
managers, self-employed professionals, business own-
ers or self-employed individuals without staff, business
owners or self-employed individuals with staff.

2. Education level of the subject and of the family’s
head member (ELS and ELH): () low: primary school
incomplete or illiterate (<6 years at school); (b) medium:
primary school completed, secondary school or further
education (6-12years of education); (¢) high: high
school, college or university degree (>12 years of
education).
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The sociodemographic determinants included (1)
gender, (2) age group (18-24, 25-44, 45-64 and 65-75
years) and (3) population of residence size (<10,000
inhabitants, 10,000-100,000 inhabitants and >100,000
inhabitants).

Antbropometric measurements

Body mass index

Weight and height were measured with a portable spring
scale and a metric tape (Kawe@ model). The individuals
were measured in standardised conditions, wearing
underwear and no shoes. Weight was measured in kilo-
grams, scale measurement error =100 g. Height was mea-
sured standing and head in the Frankfurt horizontal
position, expressed in centimetres, instrumental measure-
ment error £0.1 cm. Body mass index (BMI) was calculated
using weight and height and categorised according to
WHO criteria®® so that overweight was defined as BMI
=25.0 to BMI <30.0 kg m™ 2 and obesity as BMI =30kgm 2.

Waist circumference

Waist circumference (WC) was measured with a non-
elastic metric tape halfway between the lower border
of the ribs and the iliac crest on a horizontal plane.
Measurements were recorded to the nearest 0.1 cm and
categorised according to WHO criteria, so that men with a
WC 94.0-101.9cm and women with a WC 80.0-87.9cm
were classified as overweight, and men with a WC=
102.0 cm and women with a WC = 88.0 cm were classified

as obese?’.

Statistical analysis

All analyses were performed with SPSS 12.0. Proportions
of overweight and obesity were estimated for each sam-
ple separately and stratified by gender and age (to control
for its potential confounding effects). The age distribution
of the whole Catalan population in 1992-93 was used as a
reference. The proportions from the two surveys were
compared using the y* statistic test and the means were
compared using the #test, considering P-values <0.05 for
significance.

Results

The sample characteristics of the two surveys are pre-
sented in Table 1: the total number of subjects by gender,
age group and each socio-economic/sociodemographic
variable category.

Table 2 shows the mean, standard deviations and
5th-95th percentiles of BMI and WC by gender and age
group. In 2002-03, male mean BMI was higher than in
1992-93, although the observed difference was significant
only for individuals aged 25-44 years (from 25.2 to 25.9)
and 45-64 years (from 26.7 to 27.4), and male mean WC

A Garcia-Alvarez et al.

was significantly higher in all age groups; for females the
observed decreasing trends in mean BMI in most age
groups (except for the youngest) were not significant,
while mean WC was significantly higher only in the
youngest (from 70.3 to 72.7) and eldest (from 92.2 to
95.3) individuals. These results are shown in Figs 1 and 2,
which also show how mean BMI and WC increase as age
progresses in both genders. Percentiles 50, 75 and 95 of
BMI showed increases in males from all age groups and
decreases in females (except for the youngest group). As
for WC, percentiles 50, 75 and 95 showed increases in
males and females of all age groups.

Table 3 shows overall by-gender and by-survey BMI
and WC overweight and obesity prevalences; it can be
observed that the overall prevalence of BMI obesity
increased significantly only in males (6.7 percentage
points, from 9.9% to 16.6%) in the 10-year period, while
that of WC obesity increased in both sexes (11.3 per-
centage points for males — from 13.1% to 24.4%, and 6.6
for females — from 24.5% to 31.1%). Table 3 also shows
BMI and WC overweight and obesity prevalences when
age, SEL, education level and population of residence size
are considered.

When considering the variable ‘age’, Table 3 shows that
in ENCAT 1992-93, the highest prevalence of BMI over-
weight was found in both males and females aged 45-64
years, which was also the case for female but not for
male WC overweight; while in ENCAT 2002-03, only an
increase in female BMI overweight and male WC over-
weight were observed with progressing age. Regarding
obesity, both surveys showed an increase in the pre-
valence of BMI and WC obesity with progressing age in
both sexes (note the high prevalence of WC obesity
among the eldest men and women in 2002-03, 49.6% and
70.9% respectively). The between-survey comparison
showed significant changes only in male BMI overweight
and male WC obesity rates, demonstrating alarming
increases in the latter rates (i.e. from 1.3% to 6.0% in the
18-24-year-old group).

Regarding the variable ‘socio-economic level’ (SEL), the
differences observed in BMI and WC overweight and
obesity prevalences of the different SEL groups were
significant only in females of both surveys, WC obesity
being highest in the low SEL group (Table 3). In ENCAT
1992-93, SEL was inversely related to the prevalence of
BMI obesity, but only significantly in females; this inverse
relationship was not observed among SEL groups in
ENCAT 2002-03. WC obesity was only inversely related
with SEL in females of both surveys and the differences
among SEL groups were significant (Table 3). The
between-survey comparison showed significant increases
in male BMI and WC obesity (from 8.3% to 16.5% and
from 13.3% to 26.3%) and female WC obesity (from 15.3%
to 19.3%).

With regard to the variable ‘education level of the
subjects’ (ELS), in ENCAT 2002-03, Table 3 shows an
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Table 1 Sample characteristics of the two ENCAT surveys
ENCAT 1992-93 ENCAT 2002-03

Variables n % n %
Gender

Males 1015 45.2 791 46.1

Females 1233 54.8 924 53.9
Age group (years)

18-24 526 23.4 276 16.1

25-44 801 35.6 654 38.1

45-64 668 29.7 557 32.5

65-75 253 11.3 228 13.3
BMI* (kgm™2)

<18.5 (underweight) 37 1.6 33 1.9

18.5 to <25.0 (normal) 1119 49.8 787 45.9

25.0 to <30.0 (overweight) 807 35.9 624 36.4

=30.0 (obese) 285 12.7 271 15.8
WCt (cm)

Normal 1312 59.4 878 52.2

Overweight 484 21.5 349 20.0

Obese 430 19.1 477 27.8
Socio-economic level (SEL — occupation)

Low 666 30.5 258 15.2

Medium 964 441 627 36.9

High 557 25.5 812 47.8
Education level subject (ELS)

Low 486 21.6 233 13.6

Medium 1154 51.3 861 50.3

High 608 27.0 618 36.1
Education level head of family (ELH)

Low 654 29.1 264 15.5

Medium 1145 50.9 925 54.3

High 449 20.0 513 30.1
Population size (inhabitants)

<10,000 294 13.1 379 22.1
10,000-100,000 604 26.9 541 31.5

>100,000 1350 60.1 795 46.4
Total (n) 2248 100.0 1715 100.0

*Body mass index — according to WHO classification (1998).

tWaist circumference — according to WHO classification (1998): normal: <94 cm for males and <80 cm for females; overweight: =94 to <102cm for males
and =80 to <88cm for females; obese: =102 cm for males and =88cm for females.

ENCAT - Evaluation of Nutritional Status in Catalonia.

inverse relationship with BMI overweight and obesity
prevalence, but with differences among ELS groups only
significant in females (note a female BMI obesity pre-
valence of 36.6% in the lowest ELS group); this inverse
relationship was observed between ELS and male and
female WC obesity but not WC overweight (note the high
male and female WC obesity rates in the lowest ELS
group, 34.3% and 69.5% respectively). The between-
survey comparison revealed significant differences in
both BMI and WC overweight and obesity for both
genders. It is worth noticing that while male and female
WC overweight seem to have increased among the
highest ELS group (from 15.5% to 23.9% and from 11.8%
to 14.9% respectively), female WC obesity prevalence in
the lowest ELS group increased by 20 percentage points
(from 49.3% to 69.5%).

The variable ‘education level of the family head
member’ (ELH) showed in ENCAT 2002-03 a significant
inverse relationship with BMI overweight, BMI obesity
and WC obesity in females (Table 3). Females whose

family head member had a medium education level pre-
sented the highest WC overweight prevalence compared
to females whose family head member had a low or
high ELH (23.9% in 1992-93 and 19.0% in 2002-03). The
between-survey comparison revealed significant dif-
ferences in both BMI and WC overweight and obesity for
both genders. Male and female BMI overweight, male and
female BMI obesity, male WC overweight and male
and female WC obesity rates increased in the low and
high ELH groups, while in the medium ELH group the
increase was only observed in male BMI overweight
(from 9.6% to 17.5%) and male and female WC obesity
(from 12.9% to 24.9% and from 23.3% to 30.2% respec-
tively). The difference of 27 percentage points in female
WC obesity prevalence in the low ELH group is worth
noticing (from 35.1 in ENCAT 1992-93 to 61.9% in ENCAT
2002-03).

Regarding ‘population of residence size’, only ENCAT
2002-03 differences observed in female WC overweight
and obesity were significant (‘within-survey comparison’,



A Garcia-Alvarez et al.

1372

BlUOJEIED Ul SNJEIS [eUORINN JO uolenieAd — | YONT ‘ejnuadiad = 4 ‘uopelnsp plepuels = s
‘'sueaw DM pue [Ag Jo uosuedwod Aeans-usamiaq 1o} pasn 1sa] 4+
'(S0°0> enjen-4) aoualayip ueoyubis — s, ‘@ouaiayip juedyiubis-uou — su,

oviE
SO0LH
0°00}
0'/8

vicl
SLLE
L0LE
jepelo]!

€9¢
€'6e
c'le
8’/
9'€e
cee
0ee
G'ce

SHLE
6'G0}
9'G6
0'v8
9'LLE
O'LLE
L'¥0L
126

1’88
09¢
c'le
9'9¢
L'€g
6°'lE
L'1e
,L'8¢

6101
§'S6
0'S8
¢/l
O'FLLE
€0l
9'/6
G'06

goe
8'6¢
L'9¢
€ve
¥°0€
L'6¢
L'8¢
L'Se

2’66
0'v6
0€8
(7
c¢'eol
0°col
'v6
G'98

v'Ie
AV
l'9¢
9'€e
8'6¢
9'8¢
L'le
¢'Se

066
0/8
0'9L
0'LL
0col
1’26
0'l6
0€e8

98¢
€9¢
0€e
S'le
9'/¢c
€'/¢
v'se
(A%

8'l6
§'q8
§'sL
069
§'/6
056
€88
018

'8¢
¢'le
g'ee
g'le
¢'9¢
§'9¢
0'Se
6'cc

088
0/L
80
0'29
0'96
0'¢c6
6'€8
6'9L

8'Ge
9'€e
6°0c
66}
8'v¢e
§'6e
cgee
v'le

S'v8
008
0'HL
099
9'l6
€88
0¢c8
09

¢'se
L've
S'le
L'0¢
8'v¢
9've
[
%4

ovL
189
0's9
0¢9
9'€8
€18
0'vL
00

€6}
661
681
g8l
9'ce
0¢ce
€0¢c
961

§'9L
169
0¥9
9'09
18
9'6.
6'v.L
00

G'0c
g'le
€6l
g8l
L'le
v'ie
¥'0C
¢6l

9L
8¢l
gLl

80l
601
LHLE
ocl

€66
6'98
8'8L
L'¢L

8'c0}

1’16
g'l6
9'v8

€8¢
6'9¢
6°'€c
(44
L'/e
v'Le
6'Ge
0ve

c'c6
(WA°]
V'L
€0L
0',6
c'96
7'88
8’18

6'8¢
L'l
a've
0'ce
6'9¢
1'9¢
¢'se
144

493
10€
125
091
9L
0S¢
60¢€
9Ll

chl
108
14
091
9Ll
0S¢
60¢€
9l

oL
96¢e
(4474
68¢
A
cle
65€
1€¢

ol
9g¢e
(447
68¢
/01
cle
65€
8¢

G/-599
¥9-G¥
yv—Ge
yc—8l
S/-59
¥9-G¥
-G
vc-81 sole
(wo) @oudIajWINDIID 1SIBA
§/-99
¥9-G¥
G2
yc—8l
S§/-599
¥9-G¥
-G
81 sole
(;_w Bx) xepur ssew Apog

selewa

selewa

€0-2002 €6-266} €£0-200¢ £6-266} £0-2002 £0-266} £0-2002 £6-266}+ £0-2002 £6-266+ £0—2002 £6-¢661 +S9L14 £0—2002 £6-¢661 £0—2002 €6-2661 (Sieak) oby

S6d

G/d

0Sd

Ged

Sd

as

Japusn)

ues|\

u

(£0—2002 LVYDON3 pue £6—2661 1W¥ON3) Aenins pue abe ‘Jepusab Ag ‘@oualajwnolio isiem pue xapul ssew Apoq Jo sa|iuadiad pue uoleinep plepuels ‘Ues|\ g dlqel



Obesity and overweight trends in Spain (1992-2003)

1373

|=®=1992-93

2002-03

30

29

28

27 ﬁ
26

25

Mean BMI (kg/m?)

24 —/

23

22

21

20 T T T

18-24  25-44  45-64
Males

65-75

18-24  25-44  45-64  65-75

Females

Age group (years)

Fig. 1 Mean BMI by gender, age and survey year (ENCAT 1992-93 and 2002—-03) (BMI — body mass index; ENCAT — Evaluation

of Nutritional Status in Catalonia)
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Fig. 2 Mean WC by gender, age and survey year (ENCAT 1992-93 and 2002-03) (WC — waist circumference; ENCAT —

Evaluation of Nutritional Status in Catalonia)

Table 3). The between-survey comparison showed sig-
nificant differences in all prevalences except for males BMI
and WC obesity; it is worth mentioning that, in the <10,000
inhabitants group, while female BMI and WC overweight
rates decreased (from 32.5 to 27.8% and from 22.5 to
12.9%, respectively), female BMI and WC obesity rates

increased (from 15.6 to 18.0 and from 31.1 to 38.6%,
respectively).

Table 4 shows how the ENCAT 2002-03 BMI and
WC overweight and obesity prevalences change when
adjusting by the ENCAT 1992-93 SEL, ELS, ELH and
population of residence size distributions. It is apparent



1374

A Garcia-Alvarez et al.

'90UBIBJWINDIID ISIBM — DA\ Xapul ssew Apoq — ||\ ‘eluojered Ul shieis [euonuinN Jo uoleneAs — 1 YONI
‘saousjenald pajsnipe Jo}  9|qe 89S
'Sojewsa} 10} WO g8= pue S|JBW IO} WO 20t = DM
'S8[ews) 10} WO 88> 0] 08 PUE S8jewW 10} WO g0L> 01 ¥6 DOMS

f,_wbyo0e= NGt
{,_wby0o0e= 01 0°Ge INg+

"ouBlByIp Jueoylubis-uou — 1se} X :su,, (G0°0 =d) @ouslayip Jueoyiubis —1sey X s,

Su S S S Su S S Eom.thEOO \.\m\—gbw.:mm\shmm
S Su Su Su S Su Su Su Su Su Su Su Su Su Su Su tom.tm.QEOU \Am\izm.-ES.S\_
892 122 1'€2 92l v'8l 0'ce L€ L'ce gel 8yl FLL 9'8 8'82 6'82 8Ly 0'Sp 000°001<
128 s v'Se zve Lzl 00¢ 6°0¢ 0'ge 60c 'Sk A1 LSl 9Ll 9'ee 082 vy zey 000°001L-000°0L
98¢ 1L 292 LGl 6cl g'ee bee vie 08l 96l L9l 12l 8.2 Gz 99v ey 000°01>
(swuengeyur) azis uoleindod
s s s s s s S s uosledwoo Aeains-usamieq
s s su s S S su S s s su s s s su s uosuedwod Aerins-uiylip)
gLl 0kl v02 Lot 09t v'sl 8'5c 861 26 A gyl 'S 822 '8l 8 oLy ubIH
AN o4 672 62k 0’6t 6'€e +'ce 8'€c v'el gel gLL 96 gie LLe 6°cy L9y wnipay
6'19 1'GE G'62 Zsth g9l b'ee ¢'9e §'¢e 8'ee 6'€2 A g€l LoV 128 6'St L'ey Mo
(H13)
Awey Jo peay [aAs| uoeonp3
S S S S S S S S QOm..thEOD \ﬁm\izw.tmm\shmm
s S S s s S S s s s su s s s su s uosledwoo Aeains-ulyim
9Lt 6'G 064 1'6 67k gLt 6'€2 GGl LG 62 g€l vy 502 ezt 9Ly £ov ubiH
Lve 81z 152 zze L61L v've 122 gIe LGl 9zl 9Ll 96 G2e ¥'1e 6'ch 62y wnipey
5'69 €61 eve 8’12 9L 192 €82 61€ 9'9¢ 92e Ze L6l G'Gh 6'lY G'0S L'€S Mo
(S713) 108lans |ans| uoleonpl
S S S S Su S S S Qom.thEOQ \ﬁm\_\\zw.tmm\shmm
s S su su s s su su s s su su s s su su uosledwod Aeains-uiyim
€6l €6l €92 gel LLL 8Ll 612 98l AN 8'G g9l €8 AT 1’62 9y oey ubiH
092 622 g1z A4 g9l L'eg 1'se zee AN eel vol zol 282 108 oSt 8y wnipey
068 0ce 8'G2 an 06k £€2 Gee G'eg 66k v'ee g9l oLt £'€e 9'82 R2% R4 Mo
(uonednooo — 139)
|2A8] JIWOU0I8-0100S
su s su su su su su s uosledwoo Aeains-usamieg
60 €69 961 082 002 9'€2 oee G'Ge g1e 9'Ge 0'1e g1z L6Y 81y 6.8 G'6Y 6/-G9
v'ey 268 Ze 8've v'ze 8'e ze 6°0€ 8'€z 8/2 vl Lyl 5'/8 R4 009 ¥'95 ¥9-Gi
102 ovk €9l 29 GGl €6l €02 88l 18 99 eel 02 622 192 L'y zey vv-G2
SZ L1 09 el 611 €L 8L 22 el L1 69 Sz L8l gL 861 0.2 v2-81
(s1eah) aby
S s S S su s «xSU +S uosledwoo Aeains-usamieg
L1e Sve v've LEl L) 8’12 8'€2 1’12 zstH 0'GH 991 66 10g 1’62 LEY Ly ll(epnio) sousleAsid |e1eAQ
% % % % % % % % % % % % % % % % sa|qeUBA
£0-2002 £6-266} £0-2002 £6-2661 £0-2002 £6-266) £0-2002 £6-266} £0—2002 £6-266l £0-2002 £6-266} £0-2002 £6-2661 £0-2002 £6-266
sojewa sale sojewa sale\ sajewa sole\ sojewa sale
bAusago om SiyBremiang OM tAuseqo |INg Hybremiano |Ng

solsualoeieyd olydelBowspoldos pue dlWouod8-0190s (£0—2002 LYONT PuUe £6—2661 1V¥ON3) Jeahk Aanins ‘Jepuab Ag (DM pue |INg) @ousfenalsd Ausago pue ybiemianQ € ajgel



Obesity and overweight trends in Spain (1992-2003) 1375

8| o & © o that male and female BMI obesity increased to its highest
@ § e 58 8 9 9 when standardised by the ENCAT 1992-93 ELS and
RN population size (from 16.6% to 17.8% and from 15.2% to
fse] . . .
2T w0 0 ©w v 19.6%, respectively), while male and female WC obesity
QR . o .
z 2|33 3§ ¥ F increased to its highest when standardised by the ENCAT
2 - 1992-93 ELS (from 24.4% to 26.7% and from 31.1%
K
(é) de |33 5 & 2 to 39.2%, respectively). Male and female BMI and WC
o
@ § aq oA obesity decreased when adjusted by the ENCAT 1992-93
s 9 SEL distribution.
& P ol = = = =
=] NS | o0 o o o
T > -—_ = = ¥
a (o2}
a§ 2
& 3 Discussion
= To|lNw @ o <
< @ |8 | R & =
S 3| The WHO recognises that the main limiting factors when
w . ) . . .
o | s 5§13 comparing epidemiological studies on the prevalence of
ClE|L | T o] RN @ @ x© . . . .
© |2 S|y & 8 & overweight and obesity are the following: the different
[se) o . . o Lo .
@ § - criteria to define the cut-offs, the variation in age groups
@ . . . . c
% 3 9 om ~ o+ I~ considered, the time interval for collection of data and
o :
-8 SR8 3§ ¥ 8 study comparisons based on reported weight and height®°.
E|=2| el Y P P g 8
3 S| o This study is based on the 1992-93 and 2002-03 ENCAT
& =2 NNOONNN surveys, which were carried out on representative random
u AR [ er = = = yS, p
5 b S samples of the Catalan population. Both surveys used the
g =2 ) p pop Y
> - £} same anthropometric measurement procedures (weight,
> o o . .
o el © © © z height and WC were measured instead of reported) and
= 08| 2 © 2 |¢ & ’ P
a 9| S T S socio-economic factors, and allow for comparison of the
g | N ] p
;% 5lg 2 same age groups (18-75 years).
@\ .
5|5 “lde|Es 8 8 e 8- The WHO has recommended BMI as a good index of
Blgl |8 |77 T T 7 |38 1 ight and obesity®’, although it gi
|3 = o8 . total overweight and obesity™, although it gives no
210 3 = e information about body fat distribution, while WC reflects
Al o Q2 @ ™~ @ o2 3 . . o
—~|@ AR |88 ~ S~ o8 kS abdominal visceral fat distribution. Nevertheless, the two
o = .
g (;'w; «q 53 % measures are highly correlated®'. It has been shown that
o =8 8o S changes in WC accompany changes in cardiovascular risk
= lo|l@2 oo o o S 5 g pany g
g § Sloo o o o 2 g factors especially in the elderly?”. Research has also
) . 1 .
o - = I shown that WC can also predict morbidity and mortality,
= ] £2 o p y y
a < -t <+ o < 2o E considering it a better measure of obesity than BMI, since
@ o e 8 Yy
Q AR | oy & = o 55 5 . . I 23 :
5 218 od © o o TS 8 it is a simple and easy measurement™’; WC is even more
=2 T | N g . . . -
g £ » o s < strongly associated with metabolic abnormalities and
| | @ ® - )
s|§|uw Eo\o pri el e vV 8 é healthcare costs than BMI*'. A single WC measurement
= o ®© . . . P
Z|e g |ds & @ SE 3z has been suggested to be used to identify individuals who
f= 0 o .
% 2 o o5 < should seek and be offered weight management®!. We
o - =
o | = die|® 5 2 3 SE S have used both BMI and WC measures to define total and
Blz|, [8%|9% ¢ ¥ ¢ |sf 3
s@o|g|g g% < central overweight and obesity in order to have a more
< © c i
2 R 5T 56 complete overall picture of the problem in the Catalan
2 lo|los - =© = <5 &= .
g §0\ I ¥ ¥ ¢ £ 2 ES population. o
3 - Sw Ec This study has shown that in Catalonia, in 2002-03,
° - & o Y
3 Z & w35 |Vs §3 BMI in males was higher than in 1992-93, and that
@ & T @3 5 32 mean in males was higher than in , and tha
? D HDSL | 2% £ 8
3 L33l c | 2 E 8x>h of females was lower (except for the youngest group); on
° LsagoSas |29 9€Es .
CECELCELCS =} [ )
s PSES8533 gv_ 3 S5 the other hand, overall prevalence of BMI overweight
g 0228222270 R (AJ‘ 3 £8 E and obesity were 43.7% and 16.6%; respectively in males
ShSoSnS.2 us s - . .
S % R AR R ° N - 2% and 30.1% and 15.2% respectively in females. When
3 = o= £TCT . .
5 % ga g & %5 %g \gg géi 35 comparing these figures with those of the 2002 IOTF
® cgPglglsd|2Y 83256T report for Spain (1998-2000), we observe that overweight
° >R >M>mM>09 8E<D'E‘a~—
> c292202902 | V508888 was lower in Catalonia in both genders (in Spain 48% for
o SSquSasSasy oxggggm N > ) X
<« 322833388l |6 ° gool males and 40% for females), while obesity was higher for
) SIBITITITI® | SN 1 k= . . . . 0 0
5 .g 9%5% 5%3% ® ==z Egﬁg Catalan mal? and females (in Spain 12% anFi 15%,
[ /68 8§ & & PRROFELGE respectively)”’. Therefore, in terms of gender, this study



1376

shows that overweight and obesity are more prevalent in
men (obesity was more prevalent in women 13 years ago,
but male obesity has caught up and overcome the female
prevalence). These findings are in agreement with other
literature available from developed countries, which
suggests that women hold a more negative attitude
towards obesity than men and they are also more heavily
influenced by the public negative view towards obesity,
thus spending more time, effort and money on the ideal
thinner shape®.

Regarding WC overweight and obesity prevalences,
this study has shown that in ENCAT 2002-03, mean WC
was higher in males and females as compared to ENCAT
1992-93 (except for the female group aged 45-64 years).
In men, overall WC overweight increased (from 21.7% in
1992-93 to 23.8% in 2002-03) as well as overall WC
obesity (from 13.1% to 24.4%) increased. In women,
overall WC overweight decreased (from 21.8% to 17.7%),
while overall WC obesity increased (from 24.5% to
31.1%). In other words, our results on BMI and WC
overweight and obesity suggest that Catalan men are
getting bigger overall and also specifically around the
waist, while Catalan women are getting thinner overall
but with bigger waistlines. They also show that WC
obesity is increasing more rapidly than BMI obesity and,
while BMI obesity is more prevalent among men, WC
obesity is more prevalent among women. These findings
agree with those of several recent studies carried out in
Northern Europe®"?’.

There are few studies that examine the possible rela-
tionship of SES and overweight and obesity prevalence,
and even fewer for the actual distribution of its pre-
valence into the SES groupsn‘%’zs. Although comparisons
are not directly possible, there are three studies that show
that obesity rates have been increasing for decades and
are in line with our findings in that the prevalence of
obesity is higher for the lower SES groups (two of these
studies use education®?® and one uses income®) and
for men. Data from the ENCAT 2002-03 survey showed
an increasing trend in the prevalence of BMI obesity in
all male SEL (using occupation) groups as compared to
ENCAT 1992-93, whereas female BMI obesity prevalence
only increased in the high SEL group (although not
significantly). The analysis showed that SEL had no
influence on male BMI overweight or obesity prevalence,
and that it only had an influence on BMI overweight and
obesity prevalence among the oldest females (45-64 years
and 65-75-year-olds), showing an inverse relationship
(this further stratification by age group is not shown in the
results). Referring to WC, in the 10-year period, only
female WC overweight and obesity changed due to SEL,
overweight decreased (being highest in the lowest SEL
but no inverse relationship was observed) and obesity
increased (highest in the lowest SEL, showing an inverse
relationship). These findings are in agreement with
numerous studies carried out in developed countries

A Garcia-Alvarez et al.

by which, overall, the prevalence of obesity is higher
in lower SEL groups>*"*'. In developing countries the
problem has been shown to be more prevalent among
the highest SEL groups, some showing the inverse rela-
tionship between overweight/obesity and household
amenities in both genders and occupational level in
men??,

Studies within the Spanish population have shown that
the prevalence of obesity is higher among women and
increases with age, particularly in the least educated
female subgroups®®, results that agree with the findings
of the present study. The further stratification of each
education level by age group (not shown in the results)
revealed different prevalences from the overall male and
female BMI obesity prevalences probably because the
least educated people were mostly the older age groups
with a higher obesity prevalence, which agrees with
findings from the SEEDO'97 Study”. Regarding WC, we
have shown that overweight basically increased in the
male and female highest ELS groups, while obesity
increased in all ELS groups, being highest in the lowest
ELS one (inverse relationship) and most prevalent
among the females of this group (reaching an alarming
prevalence of 69.5%), and affecting more prominently
the 45-64-year-olds (again probably because the least
educated people were mostly the older age groups with a
higher WC obesity prevalence — analysis not shown).
These results coincide with those obtained in recent
122733 'in particular, a study carried out in Spain,
which showed an even higher prevalence of WC obesity
in non-educated elderly females (80.9%)>.

With regard to the influence of the area of residence
(population size) on excess body weight, in the 10-year
period, significant differences were found for BMI over-
weight in both sexes and for female BMI obesity; the
differences were also significant for WC male and female
overweight and female WC obesity. Females living in the
smallest communities showed a decrease in BMI and WC
overweight. However, this decrease was probably at the
expense of an increase in female WC obesity. Studies
carried out on the Spanish population®** disagree with
our BMI findings by not showing significant differences
on overweight and obesity when stratifying by popula-
tion size, but no comparable results are available for WC

studies

prevalences.

Finally, SES has been found to be associated with
dietary patterns and physical activity?*313>3_ For example,
showing more disadvantaged population groups generally
have a poorer-quality diet (e.g. higher fat intake and
lower vegetable consumption) than higher SES groups,
which may partly explain the inverse association between
SES and obesity demonstrated in some studies®. Other
studies have evaluated how money expenditure on food
can assist in the achievement of a healthy diet?®”. The
inverse relationship between energy density and energy
cost suggests that ‘obesity-promoting’ foods are simply
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those that offer the most dietary energy at the lowest cost.
The relative cost has also been taken into account in the
literature which increases even further the cost of the
healthy diet for the low-income families?*. The present
study has not considered diet, physical activity, income
(at least not directly), expenditure on food or food costs
in its analysis (which was merely descriptive and far from
suggesting causality due to the cross-sectional nature of
the data); therefore, the authors recognise the need for a
further and more robust analysis that involves all these
lifestyle variables known to affect the relationship
between prevalence of excess body weight and SES. In
addition, self-reported occupation and education level
may be over or under estimated. However, this probably
has not significantly modified the classification of the
participants into the three SES groups. Moreover, this
study has not adjusted WC for BMI, which should be
done due to the influence a high BMI can have on a high
WC?!. In spite of the mentioned limitations, we believe
that our findings contribute to the evidence needed to
guide public health policy makers in the design and
implementation of preventive campaigns against the
increasing trends of overweight and obesity, paying
special attention to males and low SEL and education-
level groups, and small population of residence size (for
male overweight and female obesity).
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Abstract

Trends in the relationship between smoking history and both general and central fatness in adults from a Mediterranean
setting are shown. The ENCAT 1992-1993 and 2002-2003 surveys were used; 482 men and 589 women from 1992-
1993 and 515 men and 613 women from 2002-2003, aged 25-60years. Measured anthropometry and self-reported data
on smoking habits, diet, lifestyle and SES were collected. Sex-adjusted percentages were used to describe prevalence of
overweight, obesity, Increased-Risk-for-metabolic-disease Waist Circumference (IR WC) and Substantially-Increased-
Risk WC (SIR WC), (WHO criteria) among never-, former-, and current-smokers. Multivariate-adjusted associations
were estimated using simple logistic regression. By 2002-2003, male prevalence of both joint overweight/obesity and
IR/SIR WC had increased; former-smokers had the highest overweight (57.2%) and SIR WC (28.2%), but never-
smokers had the highest obesity (19.3%) and current-smokers the highest IR WC (30.7%). Disparities in female rates
across smoking groups were substantially diminished due to increased joint rates in former -and current-smokers, and
lower joint rates in never-smokers; highest overweight (32.2%) and IR WC (21%) in former-smokers and highest
obesity (16.5%) and SIR WC (33.2%) in never-smokers. After ten years, most associations had been strongly
attenuated: only male current-heavy-smoking remained associated with IR/SIR WC (three-fold) and female current-
moderate-smokers were 0.57 times less likely to have an IR/SIR WC (p<0.10). Although causality cannot be
established, results suggest a positive association between heavy smoking and central fatness among men, but no
association between former smoking and general/central fatness; findings strengthen arguments for promoting smoking

cessation to reduce smoking- and obesity-associated morbidity and mortality.

Keywords: BMI; Cross-sectional; Obesity; Spain; Tobacco smoking; Waist circumference
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Introduction

In developed countries, the most important modifiable factors recognised as responsible for excess mortality and
morbidity at the population level are tobacco smoking and obesity [1-3]. Smoking cessation has been associated with
increased risk of weight gain [4,5]. In addition, it has been suggested that current smoking — particularly of high
intensity — may increase insulin resistance and may thus be associated with central fat accumulation [6], which could
increase the risk of diabetes and metabolic syndrome and, hence, the risk of cardiovascular disease [7,8]. Thus in
addition to more direct pathways, smoking may also contribute to morbidity and mortality indirectly through an
influence on obesity, particularly as numerous studies suggest that central fatness is a more important determinant of
disease risk than is generalized obesity [9-11]. Individuals with elevated waist circumference (WC), a marker of
abdominal fat accumulation, appear to have higher risks of developing diabetes [12], hypertension [13] and CVD [14]
than those with elevated BMI alone.

Although the relationship between overweight/obesity and smoking is receiving increasing attention [7,15-17], a
greater pool of evidence is needed, especially on the relationships between central fatness and smoking. In particular, it
is crucial to explore both the emerging evidence that central fatness and current heavy smoking may co-occur, and
attenuation of the relationships between weight status and smoking cessation over the longer term. Moreover, given that
the studies where there was not an increased risk of overweight or obesity associated with smoking were conducted
fairly recently [5,6,18], it is important to assess whether and how the rising prevalence of obesity in the general
population may influence relationships observed between smoking and body weight.

The aim of this paper is to contribute to the understanding of these issues by examining the relationships between
past and current tobacco use and both BMI and WC in a Mediterranean area with high smoking [19] and obesity rates
[20,21]. Our objectives are: 1) to examine 10-year prevalence trends in observed general/central fatness patterns among
subjects of different smoking habits; 2) to examine the association between smoking and both general/central fatness
after adjusting for possible confounders; and 3) to understand how these relationships change with temporal trends in

the prevalence of both obesity and smoking.

Materials and methods

Conduction of the surveys
The Evaluation of the Nutritional Status of the Catalan Population (ENCAT) is a regional survey carried out every ten
years by the Department of Health of the Catalan Government and co-ordinated by the FIN (formerly the CRENC). So
far, two surveys have been conducted: the ENCAT 1992-1993 and the ENCAT 2002-2003. ENCAT’s random sample
population consisted of civilian non-institutionalized individuals aged 6 to 75, living in 82 Catalan municipalities of
different sizes (ENCAT 1992-1993 with an N=2,757 and ENCAT 2002-2003 with an N=2,160). The sample was
weighted to reflect the population distribution in the official census. The response rate for the first survey was 68.9%
and for the second 66.0%. Further details on sampling have been described elsewhere [22-24].

Recruitment of each of the selected sample populations was carried out using the IDESCAT census [25]. Selected
individuals who were going to be interviewed received an information letter from the Department of Health announcing

the study and asking for their collaboration. When fieldwork started, the interviewer visited the home of the person
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selected and requested his/her participation; if the person could not be contacted (at least three attempts at different

times in the day), the person was replaced with a substitute of the same age group and sex.

Study sample population

Data used in the current paper consisted of 1,242 individuals from the ENCAT 1992-1993 and of 1,223 individuals
from the ENCAT 2002-2003 - all aged 25-60 years. However, analysis included all subjects aged 25-60 years with
available data on anthropometric measures and smoking history, i.e. from ENCAT 1992-1993, a total of 1,071 subjects,
482 men (45.0% of the sample) and 589 women (55.0%),,and from ENCAT 2002-2003, a total of 1,128 subjects, 515
men (45.7%) and 613 women (54.3%). Mean age, the gender distribution, and level of education did not differ between

the analysis sample and the full sample aged 25-60 years (p>0.05 for all three variables) in either of the surveys.

Data collection
All data were collected by trained dietician-interviewers using standardized questionnaires and anthropometric
measurements (weight, height and waist circumference) during a home interview. Weight and height were measured
with a portable spring scale and a metric tape (Kawer model). The individuals were measured in standardised
conditions, wearing underwear and no shoes. Weight was measured in kilograms, scale measurement error 6100 g.
Height was measured standing and head in the Frankfurt horizontal position, expressed in centimetres, instrumental
measurement error 60.1 cm. Waist circumference (WC) was measured with a non-elastic metric tape halfway between
the lower border of the ribs and the iliac crest on a horizontal plane; measurements were recorded to the nearest 0.1 cm.
In ENCAT 1992-1993, a first 24-hour dietary recall was conducted in a warm season — May/July - and a second one
in a cold season - November/December. In 2002-2003, the 24-hour dietary recalls were conducted throughout the entire
year; in both surveys the dietary recalls were conducted on different days of the week including weekend days. Food
data was coded into groups and quantified by the interviewers and supervised by two dieticians. The food composition

tables used were the Spanish Food Composition Tables of CESNID [24].

Variables

BMI (weight (kg)/height® (metres)) was used as an indicator of general excess in total body fat independent of height.
WHO's standard cut-off points were used to define general overweight (BMI 25-<30 kg/m?) and obesity (BMI >30
kg/m?) [26]. Underweight (BMI<18.5 kg/m?) individuals (0.2% of men and 1.9% of women in 1992-1993 and 0.4% of
men and 2.3% of women in 2002-2003) were combined with normal weight (BMI 18.5-<25 kg/m?) individuals, since
separating these two groups had no meaningful effect on results (not shown).

WC provided an index of abdominal fatness, which has more recently been included in efforts to classify obesity, as
the distribution of body fat has been found to be important and carrying it around the abdomen has been found to be
especially unhealthy [27]. The recommended sex-specific cut-off points for risk of metabolic complications were used:
WC >94 cm (men) and WC >80 cm (women) for increased-risk (hereafter “IR WC”), and 102 cm (men) and 88 cm
(women) for substantially-increased-risk (hereafter “SIR WC”) [28].

Multivariate-adjusted associations between smoking history are reported for overweight and obesity combined
(hereafter "overweight/obesity", as findings were generally similar for overweight and obesity when examined

separately using multinomial logistic models, and the sample size for exploring obesity separately was limited given
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that very few smokers were obese (data not shown). Similarly, IR and SIR WC were combined in the multivariate
models (hereafter IR/SIR WC), as findings were similar when these variables were examined separately (not shown).

Information on tobacco smoking was collected by self-report. Smoking history was defined as "never smoker",
"former smoker" (had quit at the time of the interview but had smoked in the past for at least 6 months or longer) and
“current smoker” (includes both daily and occasional smokers consuming <1 cigarette/day). Smoking intensity was
defined as "light" (1-10 cig/d), "moderate" (11-20 cig/d) and "heavy" (>20 cig/d). Individuals smoking >20
cigarettes/day were considered as heavy smokers because this corresponds to the quantity of cigarettes contained in a
standard pack in Western countries and other studies have also used this cut-off [29,30].

The covariates considered were: sex; age, defined as "20-40 years" and "41-60 years" (i.e. using the median age);
physical activity (PA) at work —which was provided by questions adapted from the WHO physical activity
“Countrywide Integrated Non-communicable Diseases Intervention” questionnaire [31] used in the ENCAT 1992-93
and ENCAT 2002-03 surveys- was defined as "sedentary", "light and moderate activity" and "active and very active"
based on each subject's current employment, where sedentary occupations included those where most time is seated,
light and moderate included standing occupations, and active or very active included manual occupations; occupation
social class —for which the definition of Garcia-Alvarez et al. (2007)[20] was used, although slightly modified- was
defined based on the subject's occupation as: "low" (including farm labourer and fishermen, manual unskilled and
skilled workers, craftsmen/skilled industry workers, amenities and machinery guards), "medium" (including foremen,
rest of administrative staff, commercial and technical staff, service sector, army, medium-level technicians, business
owners without employees, agriculture skilled professional, support technician, administrative staff, writers and artists),
"high" (including high-level technicians, self-employed professionals — dentists, lawyers etc, business owners with
employees, directors/managers), and "other" (including the unemployed, housewives and the non-classifiable);
education level of the subject and of the family’s head member (ELS and ELH) as defined in Garcia-Alvarez et al.
(2007)[20]; ethanol consumption, classified as "level 1" (0-9.99 g/day — men and women), "level 2" (men: 10.00-29.99
g/day, women: 10.00-19.99 g/day), "level 3" (men: >30.00 g/day, women: >20.00 g/day) (1 standard unit of alcoholic
beverage in Spain is equivalent to 10 g of ethanol [32]; energy intake, defined as "tertiles of intake (kcal/day)", fruit
and vegetable consumption, defined according to recommendations [33-35] as "low" (<170g/day), "moderate" (170-
400g/day)", "high" (>400g/day). Energy intake and fruit and vegetable consumption were obtained from the 24-hour

recalls.

Statistical analysis

All analyses were performed with Intercooled Stata 8.0 for Windows (STATA Corporation, 98/95/NT. Texas, USA;
2002). In descriptive analyses, percentages were used to describe the prevalence of overweight, obesity, IR WC and SIR
WC among men and women overall, and across smoking history strata; percentages were also used to describe the
prevalence of smoking history by gender and age group. Weighted means with standard errors (SE) and proportions
were used to describe the distribution of other variables across smoking history groups.

Multivariate-adjusted associations between smoking history variables and each obesity outcome (both for BMI and
WC) were estimated using simple logistic regression. Separate models were fit for each survey, and for men and
women; age-adjusted and multivariate adjusted results are presented. Models analyzed odds of "overweight/obesity",
and "IR/SIR WC" among stratified current (light:<10/day), moderate:11-20/day) and heavy:>20/day) and former

smokers vs. never smokers (the referent group). No data on smoking intensity was available for former smokers.
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Variables included as confounders in the final multivariate models were: age, education level, occupation level, PA
level at work, alcohol (ethanol) consumption, energy intake and fruit and vegetable consumption. Confounder selected
included all variables that changed odds ratios of interest by >10% in at least some models. Within the analysis sample,
sensitivity analyses were also carried out to assess whether missing values for covariates were influential, confirming
that excluding subjects with missing values did not influence the main associations of interest (not shown). Final
models excluded subjects with missing values for all covariates included. Results are presented as odds ratios (ORs) and
95% confidence intervals (Cls). Mantel-Haenzel test for trend was used to determine whether there was a dose-
dependent relationship between smoking history/intensity and BMI and between smoking history/intensity and WC
(p<0.05 as significance level). All prevalence estimates and ORs were weighted using the Catalan census population of

1991 and 2001 [36] respectively, accounting for the population gender and age group distribution.

Results

Prevalence and trends in general and central obesity

Levels of overweight/obesity were substantial, and consistently higher in men than in women (55.3% vs. 44.4% in 1993
and 64.7% vs. 42.2% in 2003, p<0.05); levels of IR/SIR WC, also substantial, were initially higher in women than in
men (35.9% in men vs. 48.6% in women p<0.05) but very similar in the second survey (men 50.9% vs. women 49.1%,
p<0.05) (Table 1).

Over time, there was a substantial increase in the prevalence of obesity (7%) as well as in SIR WC (11%) in men,
though levels of overweight and IR WC were fairly stable. Among women, there was a substantial increase in the
prevalence of SIR WC (7%), though overweight and obesity levels remained fairly stable and IR WC declined. Thus
overall, among men, there were increases in overweight/obesity (55.3% and 64.7% in 1992-1993 and 2002-2003
respectively) and IR/SIR WC (35.9% and 50.9%), while among women levels of overweight/obesity (44.5% and
42.2%) and IR/SIR WC (48.6% and 49.1%) remained fairly stable, albeit with an increase in the prevalence of SIR WC
(Table 1).

Prevalence and characteristics of never, former and current smokers

In 1992-1993, 53.6% of men and 30.8% of women reported being current smokers. Over time, as shown in Table 2, the
prevalence of current smoking decreased substantially in men (by 13%), though only slightly in women (2%), while the
percent of former smokers increased (by almost 4% in men and by 9% in women). The prevalence of heavy smoking
(>20/day) declined from 10.9% to 8.2% in men, and from 3.2% to 2.1% in women (not shown). Table 2 also shows
that, among males, both mean BMI and WC increased in all smoking history groups, with larger increases among never
than former or current smokers (4.8 cm vs. 3.0 cm for WC). Among female never smokers, however, mean BMI and
WC decreased over time, while both measures of obesity increased among former and current smokers. Moreover,
among men in both surveys, current smokers had the highest percentages of low occupational social class, low levels of
education, sedentary physical activity at work, low fruit and vegetable consumption and high ethanol consumption.

However, among females, these percentages were highest in never smokers.

Shifts in the prevalence of general and central obesity by smoking history group
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Figures 1 and 2 show prevalence rates of general and central obesity by smoking history. In 1992-1993, among men,
former smokers had the highest prevalence of overweight, obesity, and both IR and SIR WC. By 2002-2003, however,
substantial increases among never and current smokers led to levels of general and central obesity similar to those in
former smokers. More specifically, in 2002-2003, while former smokers had the highest prevalence of overweight
(57.2%) and SIR WC (28.2%), never smokers had the highest rates of obesity (19.3%) and current smokers had the
highest level of IR WC (30.7%).

Fig. 1 Prevalence of BMI categories in male (top) and female (bottom) never smokers, former smokers and current
smokers, by Survey. ENCAT 1992-1993 and 2002-2003

Fig. 2 Prevalence of WC categories in male (top) and female (bottom) never smokers, former smokers and current
smokers, by Survey. ENCAT 1992-1993 and 2002-2003

In contrast to men, among women, in 1992-1993 the prevalence of overweight, obesity, IR WC and SIR WC was
highest among never smokers. As among men, however, in 2002-2003 disparities in prevalence rates across smoking
groups were substantially diminished as a consequence of increased levels in both former and current smokers, as well

as lower levels in never smokers.

Associations between smoking history and general and central obesity: 1992-1993

Age- and multivariate-adjusted associations between smoking history and overweight/obesity and IR/SIR WC are
presented in Table 3. In 1992-1993, the multivariate-adjusted analysis showed that male moderate and heavy smokers
were 0.40 and 0.63 times less likely to be overweight/obese than never smokers, although the association was only
significant (p<0.05) for moderate smokers. Neither former smoking nor current-light smoking was associated with
general obesity among men. For central fatness, however, both male former and current-heavy smoking were associated
with a more than two-fold increased odds of IR/SIR WC compared to never smoking (p<0.05).

In contrast to the null association among men, women who were current-light smokers were significantly less likely
to be overweight/obese than never smokers (OR 0.42, CI 0.22-0.81). For central fatness, both former and current-light
smokers had lesser odds of an IR/SIR WC than never smokers, with associations significant at the 10 and 5% level
respectively, again contrary to the positive association between central fatness and former smoking observed in men.

Results of the Mantel-Haenszel test for trend (Table 3) show a significant trend (p=0.007) only in male BMI
overweight/obesity-smoking OR; in females however, OR for both BMI overweight/obesity-smoking and IR/SIR WC-
smoking show a significant trend (p=0.000 and p=0.006 respectively).

Associations between smoking history and general and central obesity: 2002-2003
In 2002-2003, when the prevalence rates of general and central obesity were notably higher, particularly in men, a
rather different situation emerged, with most associations strongly attenuated compared to those observed in 1992-1993.
Thus among men, current moderate and heavy smoking were no longer associated with general overweight/obesity, and
former smoking was no longer associated with IR/SIR WC. However, current heavy smoking remained associated with
IR/SIR WC, although the magnitude of the association was nearly two-fold rather than three-fold.

Associations were similarly attenuated towards the null among women in 2002-2003. Current light smoking was no

longer associated with reduced odds of overweight/obesity or with reduced odds of IR/SIR WC, and former smoking



247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286

was no longer associated with reduced odds of IR/SIR WC. However, current moderate smokers were 0.57 times less
likely to have an IR/SIR WC as compared to never smokers, although the association was very weak (p<0.10).
Results of the Mantel-Haenszel test (Table 3) show a significant trend in female BMI overweight/obesity-smoking

OR and IR/SIR WC-smoking OR (P=0.046 and P=0.025 respectively), but not in any of the male OR.

Discussion

The analysis of these two samples of adults from the region of Catalonia yielded very different results and may illustrate
the trends in tobacco use and its body weight implications in a Mediterranean setting.

The 1992-1993 general overweight, obesity and excess central fatness prevalence rates were higher in male former
smokers and female never smokers. Similar results showing lower BMI in current smokers have been reported by other
studies [17, 37-42]. However, findings by John et al. (2005)[18] only agree with our female results, as they found lower
overweight or obesity in female heavy smokers as compared to never smokers; nevertheless, our results from heavy
smoking in women could not be properly analyzed because the sample size was too small. For males, they found higher
proportions of overweight or obesity among moderate smokers as compared to never smokers.

Between 1992-1993 and 2002-2003, current smoking prevalence, initially more than 50%, declined substantially in
men, though it remained fairly stable among women (30.8 and 28.8%). Other authors that studied the period 1982-1998
in the region also found decreasing smoking prevalence trends among Catalan men, but increasing trends among
Catalan women and young adults of both sexes, concluding that tobacco smoking rates were stable [19]. Using data
from 2005, the WHO reported similar percentages of tobacco use among Spanish adults, which ranged between 28.6-
36.5% [43].

In addition, levels of overweight, obesity, IR and SIR WC were substantial in 1992-1993, but there were nonetheless
substantial increases over time, particularly in obesity and SIR WC. According to the ENRICA study [44], in Catalonia,
by 2010, male general obesity prevalence had reached a 23.7% (an increase of 8 percentage points if compared to
ENCAT 2002-2003) and that of female a 21.2% (an increase of 7 percentage points when compared to ENCAT 2002-
2003). The increases in obesity and SIR WC observed in ENCAT were highest among male never smokers, but were
also substantial among current female smokers, with smaller increases in former smokers.

Moreover, associations between current smoking intensity and general obesity, adjusted for confounders such as
subject's age, energy intake, physical activity at work, education level and occupation, were initially strongly negative
in men for moderate and heavy smoking, and in women for light smoking. By 2002-2003, null associations were
observed, indicating that current smokers were no longer leaner than never smokers.

With some exceptions indicating no association [6], the majority of studies on this topic have found negative
associations between current smoking—especially moderate and heavy smoking—and general obesity [3,5,18,40,42].
No previous studies have looked at changes in associations coinciding with shifts in the prevalence of obesity and
smoking over time. These shifts in results suggest that the increased overweight and obesity among current smokers
diminish disparities in prevalence vs. never smokers.

Mechanisms for a possible causal relationship between current smoking and a lower BMI may include the increased
metabolic rate induced by nicotine [6,7,45], the decreased metabolic efficiency or the decreased caloric absorption

(reduction of appetite) [7,46,47] or the lower consumption of desserts —choosing to smoke after lunch instead- that some
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authors have observed among men (but not in women) [46]; an increased total energy expenditure involving the
stimulation of the sympathetic nervous system [45], although weaker among obese subjects [48] and also depending on
physical activity and fitness degree [49,50].

In contrast, despite negative associations between smoking and general overweight/obesity, there were strong
positive associations between current heavy smoking—but not moderate or light smoking—and central obesity in men.
These associations were only slightly attenuated in 2002-2003: this was the most persistent association observed.
Among women, moderate smokers and the small number of heavy smokers had similar levels of IR/SIR WC as did
never smokers, although current light smoking was initially associated with reduced odds of IR/SIR WC; by 2002-2003,
however, after multivariate adjustment, female light smokers had similar levels of IR/SIR WC to those of never
smokers, and moderate smokers, unexpectedly, had lower levels (p<0.10).

Our finding of a positive association for heavy smoking in men is again in line with results reported by Travier et al.
(2009)[42] and Clair et al. (2011)[6], who found heavy smoking to be positively associated with elevated WC, though
in those studies this was observed in both sexes. Clair et al. however, did observe a positive association between
moderate smoking and elevated WC in men. On the other hand, the negative association between moderate smoking
and central obesity in women is in line with Travier et al.'s (2009)[42] findings, which observed a lower elevated WC in
female current smokers of the average number of cigarettes, but did not observe this in men. Again, changes in
associations at different points in time have not been reported previously, but results in men suggest that disparities
between current smokers and never smokers are diminished as levels of central obesity rise among the never smokers.

A possible mechanism for a greater WC among smokers is, for instance, the higher fasting plasma cortisol
concentrations seen in smokers as compared to non-smokers, which are strongly associated with visceral adipose tissue
(VAT) [51,52], in turn strongly associated with WC [53]; higher cortisol concentrations could be a consequence of the
stimulation of sympathetic nervous system activity that is induced by smoking [15,54]. In addition, sex hormones may
be involved. In women, low concentrations of estrogens and an excess of androgens such as testosterone - typically seen
after menopause [55] - has been associated with VAT accumulation [55-57]. In men, VAT increases when testosterone
concentration decreases [58], and testosterone administration in middle-aged men reduces VAT by increasing lipolysis
[59]; in addition, smoking may reduce testosterone concentrations [58-60]. However, in the case of heavy smokers, the
mentioned increase in metabolism induced by nicotine might be outweighed by the metabolic effects of nicotine that
favour abdominal fat accumulation and the smokers propensity for unhealthy lifestyle habits, thus causing an direct
relationship for heavy smokers and WC as compared to light smokers [6,7].

In 1992-1993, age-adjusted associations between former smoking and general overweight/obesity were weakly
positive in men but strongly negative in women as compared to never smokers; after multivariate adjustment for
confounders such as subject's age, energy intake, physical activity at work, education level and occupation, both the
positive and negative associations seen in men and women respectively were attenuated. However, it is important to
note that associations with former smoking were strongly diminished over time, as the prevalence of obesity increased
more among never and current smokers. Our results are in line with those by John et al. (2005)[18], who found that
former smokers did not reveal more overweight or obesity than never smokers, suggesting that a short-term increase in
body weight after smoking cessation does not become critical in public health terms when never smokers are taken as
the reference group. Other authors, however, have reported different results for male former smokers indicating that
they weigh more than never smokers [17,38,42]. Mechanisms for weight gain among male former smokers might

include higher energy intake, decreased resting metabolic rate and physical activity and possibly changes in adipose
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tissue metabolism [61,62]. Moreover, it has been suggested that more female than male quitters might develop decisions
or psychological strategies that are strong enough to curb weight gain [18,63].

Associations between former smoking and central obesity: in 1992-1993 were strongly positive in men as compared
to never smokers, persisting even more strongly positive after multivariate adjustment for age, energy intake, subject's
education level and fruit and vegetable consumption; these results have been found previously in men [5]. In women,
however, age-adjusted associations were strongly negative, persisting at a lower significance level (10%) after
multivariate adjustment. These results for both men and women are in line with those of Travier et al.'s (2009)[42],
although they analysed the association in former smokers of the average time since quitting. In contrast, Pisinger and
Jorgensen (2007)[17] observed that female quitters had a higher increase in WC than men. Nevertheless, our results
show that by 2002-2003, when levels of central obesity had increased especially in the never and current smokers, no
association between former smoking and central obesity was observed.

Moreover, it is important that results have been derived from multivariate-adjusted analyses with the intention to
eliminate as much as possible the effect of confounders such as physical activity, energy intake or alcohol consumption
on the relationship between smoking and general/central fatness. In this sense, Chiolero et al. (2008)[7] suggested that,
heavy smokers tend to have greater body weight than light smokers or non-smokers because heavy smokers are more
likely to adopt behaviours favouring weight gain (e.g. low physical activity, sedentary life style, unhealthy diet, and
high alcohol intake) than are light smokers or non-smokers. It is noteworthy that we found very little disparity in age-
adjusted vs. multivariate-adjusted results, and the list of variables included in the adjustment did not explain persistent
positive associations between current heavy smoking and central obesity (in men).

The reasons for the observed gender disparities are unclear. Previous studies reporting gender disparities are also
found in the literature [6,40-42,64]. However, other studies that have considered the effects of confounding factors such
as alcohol and food intake, physical activity, and education still showed similar findings between sexes [3,65,66]. It has
been argued that the sex difference could be explained by a stronger antiestrogenic effect of nicotine in women
as compared to men [67]. Heterogeneity in the results could be caused by differences in sample sizes, because smaller
studies are less likely to detect modest effects, variation in reporting smoking variables and other important
confounders, and age structure of the population [41]. In our study, the very small number of women who reported
themselves to be heavy smokers may be limiting the ability to examine associations between current heavy smoking and
central obesity and compare them with those observed in men.

We recognise the following study limitations: the cross-sectional nature of the surveys, which does not allow us to
establish any definitive temporal association between smoking and general/central adiposity; relying on self-reported
measures of smoking habits; using surrogate markers for fat distribution; the missing data on anthropometry (outcomes)
and smoking history (exposure) variables, although, no significant differences in terms of age, education and socio-
economic status (occupation) were observed when the sample of individuals with missing data on outcome and
exposure variables was compared with the sample that had all data.

Regarding confounders, some important factors observed in other studies to have had a large/meaningful impact on
the smoking-general/central fatness relationship and, which were available for our analyses, include age, energy intake,
physical activity/exercise, alcohol consumption, education level [5,18,42] and socioeconomic status [5,68,69], although
they had a minimal impact on our results and in other studies [6]. Failing to adjust for potential confounders described

in other studies such as residence [5], weight cycling [37], location of work/urbanization [70,71], menopausal status
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[28,42], parity — associated with increases in WC [28], marital status [70], is unlikely to have had a large impact; but we
cannot totally rule out the effect of confounding caused by factors that we have not considered.

The major strengths of the present study include: that it uses measured anthropometry; that it is based on two
general population samples of relatively large total size, which provide a rather good number of explanatory factors
(potential confounders) and detailed information on current smoking intensity; but most importantly, it is based on two
methodologically very similar samples that are 10-years apart, which allows for comparison and trends identification.

We conclude that although causality cannot be established, results suggest a positive association between heavy
smoking and central fatness among men, but no association between former smoking and general/central fatness;
findings strengthen arguments for promoting smoking cessation to reduce morbidity and mortality associated with both

smoking and obesity.
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Table 1. Prevalence of overweight’, obesity”, IR WC* and SIR WC*, by gender and survey.

Men Women
ENCAT 1992-93 ENCAT 2002-03 ENCAT 1992-93 ENCAT 2002-03
(n=502) (n=595) (n=602) (n=590)
Overweight/obesity® 55.3% 64.7% 44.5% 42.2%
Overweight 46.8% 49.2% 31.0% 28.4%
Obesity 8.5% 15.5% 13.5% 13.8%
IR/SIR WC' 35.9% 50.9% 48.6% 49.1%
IR WC 24.0% 28.1% 24.8% 18.4%
SIR WC 11.9% 22.8% 23.8% 30.7%

*Overweight= BMI 25-<30 kg/m’; bObesit); BMI >30 kg/m?; IR WC= Increased-risk of metabolic complications (i.e. WC >94 cm

for men and WC >80 cm for women); SIR W= Substantially-increased-risk of metabolic complications (i.e. WC=>102 cm for

men, and WC>88 cm for women); “Overweight/obesity = overweight plus obese subjects; R/SIRWC = subjects with IR WC plus

subjects with SIR WC.
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Abstract

Background: The popularity of botanical products is on the rise in Europe, with consumers using them to complement their
diets or to maintain health, and products are taken in many different forms (e.g. teas, juices, herbal medicinal products,
plant food supplements (PFS)). However there is a scarcity of data on the usage of such products at European level.

Objective: To provide an overview of the characteristics and usage patterns of PFS consumers in six European countries.

Design: Data on PFS usage were collected in a cross-sectional, retrospective survey of PFS consumers using a bespoke
frequency of PFS usage questionnaire.

Subjects/setting: A total sample of 2359 adult PFS consumers from Finland, Germany, Italy, Romania, Spain and the United
Kingdom.

Data analyses: Descriptive analyses were conducted, with all data stratified by gender, age, and country. Absolute
frequencies, percentages and 95% confidence intervals are reported.

Results: Overall, an estimated 18.8% of screened survey respondents used at least one PFS. Characteristics of PFS consumers
included being older, well-educated, never having smoked and self-reporting health status as “good or very good”. Across
countries, 491 different botanicals were identified in the PFS products used, with Ginkgo biloba (Ginkgo), Oenothera biennis
(Evening primrose) and Cynara scolymus (Artichoke) being most frequently reported; the most popular dose forms were
capsules and pills/tablets. Most consumers used one product and half of all users took single-botanical products. Some
results varied across countries.

Conclusions: The PlantLIBRA consumer survey is unique in reporting on usage patterns of PFS consumers in six European
countries. The survey highlights the complexity of measuring the intake of such products, particularly at pan-European level.
Incorporating measures of the intake of botanicals in national dietary surveys would provide much-needed data for
comprehensive risk and benefit assessments at the European level.
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Introduction

Botanicals and their derivatives/preparations are used through-
out Europe for health purposes, with increased usage in the
general population as well as among specific subgroups encom-
passing children and pregnant women or those suffering from
diseases such as cancer among others [1-4]. Botanicals are used in
many different types of products, including foods, (teas and juices),
food supplements such as plant food supplements (PFS), herbal
medicinal products (HMP), homeopathic products, cosmetics,
biocides etc [5]. These different product categories are regulated
by specific legislation, depending on the intended use of the
product.

The European Union (EU) Directive on Food Supplements
(2002/46/EC) defines dietary supplements (which include PFS) as
[6]:

“...foodstuffs the purpose of which is to supplement the normal
diet and which are concentrated sources of nutrients or other
substances with a nutritional or physiological effect, alone or in
combination, marketed in dose form, namely forms such as
capsules, pastilles, tablets, pills and other similar forms, sachets of
powder, ampoules of liquids, drop dispensing bottles and other
similar forms of liquids and powders designed to be taken in
measured small quantities”.

The marketing of a product as a PFS however, depends on
national legislation, which differs widely across Member States.
Countries vary in the extent to which products are regulated, as
well as in the process of regulatory control. Some countries have
regulated the use of botanicals in detail (including negative and
positive lists), some apply specific conditions of use, (including

Table 1. Validation study results.

maximum usage levels or warnings for the consumer), and in
others less specific requirements exist. An added complexity lies in
the application of the basic European “principle of mutual
recognition”, whereby any product that is lawfully marketed in
one Member State can be sold in all 27 Member States [5].

Moreover, the same botanical may be used as a food
supplement and as a medicinal product, depending on the
intended use of the product and both food supplements and
medicinal products often share the same form of presentation
(powders, pills or tablets). Hence the legal status of products differs
from one country to another, resulting in a complex market
environment. This so-called borderline issue between PFS and
HMP is a major obstacle to the marketing of PFS in the European
Union [5].

Plant food supplement usage data at EU level are scarce with
reports providing PFS market data as opposed to data reported
directly by the consumer [7]. Surveys on the intake of botanicals
have been conducted primarily in the context of the intake of
dietary supplements in general [8] or as part of surveys of
complementary and alternative medicine (CAM) therapies [9],
and issues such as the legal distinction between HMP and PFS
have not been taken into account. A recent systematic review
evaluating the demographic characteristics and health status
factors associated with CAM use reported that the majority of
population based consumption studies had been conducted in the
USA (64% of the 110 identified studies), and of these, 13% were in
Europe, with the majority carried out in Scandinavia (7%) and the
United Kingdom (5%) [4]. Studies have been limited by the
heterogeneity of definitions used, study designs and objectives
making it difficult to compare results and to extrapolate

Variable Concordance® Milan Las Palmas de Gran Canaria
n % n %
Product used Yes 47 95.9 48 100.0
No 2 4.1 0 0.0
Dose form (pills, capsules, etc) Yes 45 91.8 47 97.9
No 4 8.2 1 2.1
Doses per day Yes 45 91.8 38 79.2
No 4 8.2 10 20.8

doi:10.1371/journal.pone.0092265.t001
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Table 2. Distribution of screened individuals, PFS consumers interviewed and prevalence sample by country and gender.

Total contacts (n)

2996

454

551

502

486 564 439

Males

Individuals screened

Prevalence sample: systematically selected sample

1st three months of the Fieldwork (n)

3349
437

563
65

648
55

501
95

547
99

571
90

m

519
33
71

Females

Males

PFS consumers among Individuals screened

739

133

124

156

Females

18.8

19.1

18.0

17.6

16.9 227

9.6

PFS consumption prevalence (weighted) (%)

doi:10.1371/journal.pone.0092265.t002
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conclusions. The ambiguity of categories such as ‘“natural
medicine”, “herbal remedies” or “herbal medicine” and what
constitutes “dietary supplements” makes it nearly impossible to
attain reliable estimates of the prevalence of PFS usage in Europe,
with only limited data available at national levels [9-11] but not at
the European level.

A study by the European Advisory Services (EAS) on “The use
of substances with nutritional or physiological effect other than
vitamins and minerals in food supplements” [7], provided
information on European market and regulation data, and
highlighted the need for obtaining PFS usage data in order to
plan, monitor and evaluate national and European policies, as in
other regions of the world. One such example is the United States
of America, where the Alternative Health/CAM supplement of
the National Health Interview Survey (NHIS) has been collecting
data on botanical dietary supplements for some years now [12—
14].

The European Food Safety Authority (EFSA) has recognised the
lack of data in the sector and has published a number of reports
addressing related issues, namely the recommendations for
reporting the use of supplements and medicines by adults in any
pan-European dietary survey or project [15], and the “Compen-
dium of botanicals reported to contain naturally occurring
substances of possible concern for human health”, aimed to help
with the safety assessment of botanicals and botanical preparations
intended for use as food supplements [16].

The purpose of this paper is to describe the type and frequency
of PFS usage reported in a retrospective survey of consumers in six
European countries; in addition we present the most frequently
used botanical ingredients in these products. We also highlight the
issues associated with measuring usage of PFS in European
populations and make recommendations for future research.

Materials and Methods

Ethics statement

Before initiating the fieldwork, approval for the conduct of the
survey was obtained from four ethics committees: the Bioethics
Commission of the University of Barcelona, Spain; the Ethics
Committee of the University of Milano, Italy; the Ethical
Committee of the Faculty of Medicine - Transilvania University
of Brasov, Romania; and the Coordinating Ethics Committee,
Hospital District of Helsinki and Uusimaa, Finland. Approval of
the survey by these four ethics committees required submitting all
survey material to their members for evaluation. No ethical
approval for the survey was needed in Germany and the United
Kingdom.

To ensure harmonisation and standardisation of the fieldwork
and data collection across countries, a market research organiza-
tion, FEuropean Fieldwork Group (EFG) was subcontracted to
implement the survey. The survey was conducted by EFG in
strict accordance with the ICC/ESOMAR Code on Market and
Social Research. In all countries, informed consent was obtained
verbally from all respondents after reading the survey information
sheet. All data were recorded manually ie. pen-and-paper.
Recruitment of survey participants occurred in the selected cities
in each country. Approximately the first 1000 individuals per
country were systematically selected for screening i.e. intercepting
1 in every 5 individuals passing by to ask him/her the initial
screening questions; subsequent screening selection was performed
on a convenience basis i.e. intercepting individuals in places where
consumers were likely to be found, such as herbal shops,
pharmacies etc. Eligible respondents who agreed to participate
were given an appointment at their home/workplace to complete
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187 25.2 (22.1-28.3)

1

21.2 (19.4-22.9)
16.6 (15.0-18.1)
3.0 (2.2-3.7)

451
353
63

23.8 (21.6-25.9)

360
288

20.5 (18.3-22.6)

278
224

22.2 (20.7-23.7)

638

| took it when | had a flare up/worsening of condition

21.4 (18.5-24.4)
2.8 (1.6-4.0)

59

19.0 (17.0-21.0)
2.7 (1.9-3.5)

16.5 (14.5-18.5)
3.2 (2.2-4.1)

17.8 (16.4-19.2)
2.9 (2.3-3.5)

512
84

Other reason

43

Not sure

Questions asked. During the last 12 months, in what months have you taken this supplement? (mark all that apply). Possible responses: Jan, Feb, Mar, Apr, May, June, July, Aug, Sep, Oct, Nov, Dec, All year round; Why did you

decide to take this supplement in the months stated? (one answer only). Possible responses: | took it whenever/sporadically; | take it periodically, during those times only; When | had a flare up/worsening of condition; Other

reason; Not sure.
doi:10.1371/journal.pone.0092265.t005
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the main survey. The appointments of those willing to participate
were later reconfirmed by phone.

The data were made anonymous when recorded electronically
i.e. the respondents’ contact details were not entered into the
survey database. Instead, the market research organization
assigned ID numbers to each respondent and provided PlantLI-
BRA partners only the database with the assigned ID numbers.

Definition of plant food supplements in the PlantLIBRA
PFS consumer survey

Although there is a legal definition of Food Supplements (EU
Directive (2002/46/EC) [6] under which PFS reside, for the
purposes of this research it was necessary to develop a specific
definition of PFS whose main characteristic is that they contain
botanical preparations as ingredients for food supplementation.

Botanical preparations are obtained by subjecting botanicals
(plants, algae, fungi or lichens) to treatments such as comminution,
extraction, distillation, squeezing, fractionation, purification,
concentration or fermentation. These include extracts, essential
oils, expressed juices, powders, etc.

Botanical preparations can be considered as nutrients or other
substances. Thus, the definition of PFS for the survey was as follows:
PFS are "foodstuffs the purpose of which is to supplement the
normal diet and which are concentrated sources of botanical
preparations that have nutritional or physiological effect, alone or
in combination with vitamins, minerals and other substances
which are not plant-based. PFS are marketed in dose form, such as
capsules, pastilles, tablets, pills and other similar forms, sachets of
powder, ampoules of liquids, drop dispensing bottles, and other
similar forms of liquids and powders designed to be taken in
measured small unit quantities”.

Products that did not meet this definition, such as herbal
remedies and other medicinal products based on botanicals, and
those that did not meet the PFS definition in terms of dosage, such
as herbal teas or juices, were excluded.

Sample population and PFS consumer definition

A cross-sectional, 12-month retrospective survey was conducted
in 24 cities in six European countries -Finland, Germany, Italy,
Romania, Spain and the United Kingdom. An estimated sample
size of 2000 screened individuals per country was calculated in
order to obtain a final sample of approximately 400 consumers per
country (total N =2400 approximately). Per country, gender and
age group quotas were set as follows: 300 adults (18 to 59 years)
and 100 older adults (60-and-over years), with 30-50% male and
50-70% female. All individuals were screened by means of a brief
questionnaire which recorded PFS usage in the preceding 12
months. Individuals were considered eligible for inclusion if they
were over 18 years old and met either of the following specified
criteria, intended to capture the different usage patterns of PFS
consumers:

1) They had taken at least 1 PFS in the last 12 months, in an
appropriate dose form at a minimum frequency of either:

a) 1 daily dose for at least 2 consecutive or non-consecutive
weeks, or

b) 1 or more doses per week for at least 3 consecutive weeks
or

c) 1 or more doses per week for at least 4 consecutive or
non-consecutive weeks

2) They had taken 2 or more different PFS, in an appropriate
dose form, at a minimum frequency of 1 or more doses per

March 2014 | Volume 9 | Issue 3 | €92265
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11.8 (8.7-14.9)
3.6 (1.8-5.4)

49

214 46.0 (41.5-50.6)

7.7 (5.1-10.2) 51 11.0 (8.1-13.8)
2.9 (1.3-4.5)

32

5.8 (3.7-8.0)
0.7 (0.0-1.4)

26

21.1 (18.0-24.2)
1.4 (0.5-2.2)

140

Other reason

15

0.7 (0.0-1.4)

42 9.1 (64-11.7) 3

12

3

Not sure

Questions asked. During the last 12 months, in what months have you taken this supplement? (mark all that apply) Possible responses: Jan, Feb, Mar, Apr, May, June, July, Aug, Sep, Oct, Nov, Dec, All year round; Why did you

decide to take this supplement in the months stated? (one answer only) Possible responses: | took it whenever/sporadically; | take it periodically, during those times only; When | had a flare up/worsening of condition; Other

reason; Not sure.

doi:10.1371/journal.pone.0092265.t006
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week, with the sum of the usage period of the 2 or more
products being equal to at least 4 weeks.

Instruments and variables

A short screening questionnaire was used to identify consumers
who met the survey inclusion criteria; it consisted of six questions
which allowed interviewers to identify eligible consumers, based on
the product(s) used, the frequency and duration of use and the
dose form. Eligible consumers subsequently completed a more
detailed questionnaire on their PFS usage in the preceding 12
months, providing details of product/plant names, dosage forms,
frequency of use, reasons for use, adverse effects, places and
patterns of purchase and information sources on products. These
questions were asked for each of up to a maximum of 5 different
PES used. In addition, respondents were asked to provide socio-
demographic data including age, gender, level of education and
employment status, as well as self-reported height and weight and
further health-related lifestyle information.

Survey administration and data collection

Fieldwork and data collection for the cross-sectional survey were
conducted by the international market research company EFG,
from May 2011 to September 2012. The duration of the fieldwork
ensured that any seasonal variability in usage of products was
captured. The survey protocols and instruments -training material,
information sheet, informed consent, screening and usage
questionnaires-, were initially developed in English by consensus
amongst the research team, and subsequently translated into the
respective languages in each of the survey countries. Pilot
interviews were conducted in each participating country to assess
the comprehension of the questions and to determine the time
required to complete the survey.

In each participating country, trained interviewers systemati-
cally screened approximately 1000 individuals during the first
three months of the survey, which allowed the estimation of the
prevalence rate. Subsequently, screening and recruitment were
conducted on a convenience basis. The recruited eligible
consumers were interviewed face-to-face and the more detailed
PFS usage questionnaire completed.

Data preparation and statistical analysis

All data from the completed surveys were entered into the
statistical package SPSS for Windows v. 18 (IBM Corporation,
Somers, NY, USA), which was also used for data analysis.

Following review of the completed interviews by the research
team in each country, a database with botanical composition data
for all PFS products reported was compiled for each country and
then merged into a single database. Potential product duplicates
between countries were not removed. Each product was coded for
its botanical ingredients in scientific, English and local names and
botanicals were coded after removing duplicates between coun-
tries. Additionally, each product was categorised as a single- or
multi-botanical product. To indicate the certainty of the matching
of products, a series of numerical codes were used, based on those
used in the National Health and Nutrition Examination Survey
2005-2006 [17]. Values ranged from 1-5, where “1” indicated an
exact match, “2” a probable match, “3” a reasonable match, “4”
a default match and “5” no match. Only products with certainty
values 1 to 4 have been included in the analyses.

Respondent data were recorded in a separate database. A number
of variables were created and/or recoded to facilitate reporting and
analysis, including: 1) “education level”, defined as low, medium,
and high; 2) “BMI”, which was calculated from self-reported weight
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Table 7. PlantLIBRA’s PFS consumer survey — Characteristics of PFS reported by respondents.

Total  Finland Germany Italy Romania Spain  United Kingdom
Number of products 1288 213 190 289 196 284 116
Number of botanicals 491 196 191 222 219 218 47
Number of manufacturers 449 69 99 106 61 97 17
Maximum number of ingredients per product 46 23 46 20 39 30 8

doi:10.1371/journal.pone.0092265.t007

and height, and for which WHO criteria [18] were used to categorise
individuals as underweight (BMI<18.5 kg/m?), normal weight
(BMI 18.5-<25 kg/m?), overweight (BMI 25-<30 kg/m? and
obese (BMI =30 kg/ m?); 3) “physical activity”, calculated using
the short version of the IPAQ [19] and defined as low, moderate or
high.

Absolute frequencies and percentages for each of the variable
categories were used to describe the qualitative nominal/ordinal
and discrete quantitative survey data. In turn, all data have been
stratified by gender, age range and country - also using absolute
frequencies and percentages and 95% confidence intervals. When
describing the association between two qualitative variables
(nominal or ordinal), contingency tables were used. The contin-
uous quantitative variables (e.g. BMI, alcohol) were recoded into
categorical variables.

It is important to note that when reporting the main results of
the survey, the unit of analysis varies depending on the variables
used, i.e. for certain variables the unit is an individual respondent,
however, given the potential intake of multiple supplements by one
respondent, the unit of analysis may change to the supplement
level. Furthermore, all results presented in the tables represent the
analysis of raw data as opposed to data weighted by the population
size. Data were not weighted because of the study methodology
selected, whereby all country samples were very similar in size and
included only PFS consumers.

Validation study

In order to validate the PFS usage questionnaire, a validation
study was conducted in which the data collected using the survey
instrument were compared with a 30 to 180-day diary (used as the
gold standard). The study was conducted in two of the
PlantLIBRA consumer survey cities: Las Palmas de Gran Canaria
(Spain) and Milan (Italy), where 48 and 49 consumers respectively
were recruited using convenience sampling. The PFS usage
questionnaire was completed by the respondents at the beginning
and at the end of the 6-month period of the validation; during this
time the consumers also completed the usage diary. Data from the
last questionnaire and the diary were compared for concordance,
and results are shown in Table 1, indicating a good agreement for
product consumed, dose form and doses per day.

Results

Characteristics of the PFS consumer sample

A final sample of 2359 consumers (those eligible and willing to
participate) was recruited from 11783 screened individuals
(Table 2). Due to different legal frameworks (different distribution
of botanicals in food supplements and medicinal products), more
individuals had to be screened in Finland in order to recruit the
required 400 consumers. Table 2 also shows the sample used for
the estimation of the usage prevalence rate. The estimated
weighted overall PFS usage prevalence rate was 18.8% and per-
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country rates were as follows: Finland 9.6%, Germany 16.9%,
Italy 22.7%, Romania 17.6%, Spain 18.0% and the United
Kingdom 19.1%.

Survey respondents were recruited to fixed quotas for age and
gender, which were achieved, with some differences within
countries (Table 3). In Finland the proportion of adults aged
50-59 years was significantly higher (26.2%), whilst the opposite
was true in Italy, where consumers in that age group constituted
only 13.0% of adults. Romania had a significantly higher number
of consumers in the youngest age group (30.5%), in contrast to
Spain and the United Kingdom, where this age group represented
only 9.5% and 9.0% of adult consumers, respectively. A
significantly higher proportion of female consumers were recruited
in Spain (56.7%) and in the United Kingdom marginally more
males were recruited (50.3%). Across all countries, more than half
of the participants (57.5%) were employed (Table 3), with the
percentages slightly lower in Finland (50.9%) and in the United
Kingdom (52.4%). The majority of participating consumers were
educated to medium level (Table 3).

Respondents were asked a number of questions regarding
health-related lifestyle factors (Table 4). Less than half of the
consumers had never smoked (46.6%), less than one quarter were
ex-smokers (23.1%) and less than one third were current smokers
(30.3%).

More than half of the total respondents (59.3%) had not
consumed alcohol or had consumed it less than once daily; more
than a tenth (12.6%) reported daily alcohol consumption.

The proportion of overweight and obese people in the survey
was 49.8% (Table 4). Some significant differences in levels of
physical activity were noted between countries. High levels of
activity were reported by 85.5% of Romanian respondents
compared to a value of 42.9% across all countries.

Most of the respondents (65.1%) reported not being regular
consumers of food supplements other than PFS in the preceding
12 months, except for Finland (Table 4). The proportion of non-
consumers varied from 20.7% in Finland to more than 80% in the
United Kingdom and Italy. By contrast, in Finland 76.3% of the
individuals were regular consumers of food supplements.

Over half of all respondents (59.5%) reported not having used
CAM therapies/treatments in the past year. This is particularly
the case in Italy (74.6%), Romania (80.8%) and the United
Kingdom (92.6%).

Three quarters of consumers reported their health status as very
good or good (75.5%), while 3.6% reported it as bad or very bad
and 21.0% as neither bad nor good (Table 4).

Between countries, more consumers reported their health status
as very good or good in Romania (81.3%) and in the United
Kingdom (81.1%) than in other countries; though conversely the
highest proportion reporting their health status as bad or very bad
was also in the United Kingdom (7.6%).
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166
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123
38
606
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4.0 (3.2-4.8)

289
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52.8 (48.8-56.8)

314
165
32
84

51.0 (48.7-53.4)

900
596
72

49.9 (47.1-52.7)

608
387
59

53.1 (50.2-56.0)

51.5 (49.5-53.5)

1214
761

1 single-botanical

Product type

27.7 (24.1-313)
54 (3.6-7.2)

33.8 (31.6-36.0)
4.1 (3.2-5.0)

31.8 (29.2-34.4)
4.8 (3.6-6.1)

32.8 (30.1-35.5)
3.9 (2.8-5.1)
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45

32.3 (30.4-34.2)
4.4 (3.6-5.2)

1 multi -botanical
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280

2 or more single-botanical

14.1 (11.3-16.9)

11.1 (9.6-12.6)
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13.5 (11.6-15.4)

164

10.2 (8.4-11.9)

116
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2 or more single- and multi-botanical

doi:10.1371/journal.pone.0092265.t008
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PFS usage patterns

Opverall, products are most often taken “periodically” (37.3%)
with respondents also reporting using PFS when experiencing a
“flare up or worsening of a condition” (22.2%) (Table 5). Products
are also used on a more “sporadic basis” (19.8%) and on “other
non-specified occasions” (17.8%). Both men and women reported
taking products on a periodic basis (39.3%, 35.6%) and this was
also true for both age groups (Table 5). Periodic use was reported
significantly more often in Finland (46.2%), Germany (50.7%),
Italy (41.3%) and Romania (41.8%), but in Spain, “another
reason’ was most reported (46.0%) and in the United Kingdom,
sporadic use (34.8%) was significantly higher than any other
reason as to when products were used (Table 6).

PFS products used

Respondents reported a total of 1288 products across the six
countries. At individual country level, the highest numbers of
different PFS were used in Italy (289) and Spain (284); in the
United Kingdom, the number of different PFS was approximately
half that of the other countries (Table 7). The number of different
botanical ingredients was 491, with the maximum number of
different botanicals contained in a single product being 46 and
present in a German product. The United Kingdom differed from
the other countries as the products reported contained a lower
number of botanical ingredients (maximum 8).

In terms of the number of products used, 83.7% of all
consumers reported taking one product in the preceding 12
months, with 12.3% taking two products and 4.0% using more
than two products (Table 8). Generally this pattern was similar for
both men and women and across the age groups, although those
over 60 did report a significantly higher use of two or more
products than those under 60 (19.5% vs. 15.2%) (Table 8). At
country level (Table 9), some significant differences were noted: in
Finland, the percentage of consumers using two or more products
was significantly higher than in all other countries (40.2%).

Overall 51.5% of consumers used a single-botanical product
and 32.3% used one multi-botanical product (Table 8). There
were no significant differences between males and females in this
usage pattern, but consumers aged over 60 used less multi-
botanical products than those aged 18-59 (27.7% and 33.8%
respectively) (Table 8). Overall, fewer consumers reported using
two or more single-botanical products (4.4%) and two or more
single- and multi-botanical products (11.9%) (Table 8).

There were some significant differences across countries in the
type of products consumed (Table 9). In the six countries, the
values for single-botanical products range from 84.5% (the United
Kingdom) to 20.5% (Finland). Usage of multi-botanical products
was reported in all countries, with the lowest proportion (7.1%)
reported in the United Kingdom (Table 9). The use of two or
more single-botanical products was low in all countries as was the
usage of two or more single- and multi-botanical products. Finland
was an exception to the latter, with 38.2% of respondents taking
multiple products (Table 9).

The most common dose forms used (Table 10) are capsules
(38.3%) and pills/tablets/lozenges (36.8%). No significant differ-
ence was observed in relation to gender or age (Table 10). Across
the six countries (Table 11), solid forms are generally most
popular, although capsules were used less frequently in Romania
(17.7%). Liquid forms were less common in the United Kingdom
(8.2%) and Germany (9.9%), but more common in Finland

(26.2%) and Ttaly (26.4%) (Table 11).
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1
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doi:10.1371/journal.pone.0092265.t009
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Botanicals used

A total of 491 botanicals -used in at least one PFS- were
reported across the six participating countries. An overview of all
the reported botanicals -clustered by intervals of frequency of
intake (number of consumers ranging from 194 to 5)- is shown in
Table 12. Based on the survey results, the eleven most frequently
used botanicals (numbers of consumers ranging from 194 to 100)
in descending order are Ginkgo biloba (ginkgo), Oenothera biennis
(evening primrose), Cynara scolymus (artichoke), Panax ginseng
(ginseng), Aloe vera (aloe), Foeniculum vulgare (fennel), Valeriana
officinalis (valerian), Glycine max (soybean), Melissa officinalis (lemon
balm), Echinacea purpurea (echinacea) and Vaccinium myrtillus
(blueberry) (Table 12).

Table 13 shows the overall unweighted ranking of botanicals, 1
40, according to the number of consumers, in decreasing order.
Table 13 also shows that when unweighted overall data are
stratified by gender, only slight differences between men and
women become evident and only Glycine max (soybean) was used
significantly more by women than by men (Table 13).

When the overall top-40 botanical data are stratified by age
groups, slight differences become evident. In the group of 18-59
year-olds, the most frequently used botanicals comply with the
overall data just differing in the ranking, with Oenothera biennis
(evening primrose) being the most frequently used botanical
(Table 13). In the group of 60+ year-old a stronger shift can be
observed (Table 13). Although Ginkgo biloba (ginkgo) is still the most
reported botanical -as in the overall ranking- other botanicals are
frequently used by that age group. Harpagophytum procumbens (devil’s
claw), Vaccinium myrtillus (blueberry) and Allium sativum (garlic) are
within the most frequently reported botanicals, whereas Glycine max
(soybean), Melissa officinalis (lemon balm) and Echinacea purpurea
(echinacea) do not appear in the top 10 ranking.

Cross-country differences emerge when considering the overall
top-40 botanicals more frequently present in PFS products in each
of the individual six countries (Table 14). In the Finnish sample,
products containing Glycine max (soybean) are the most frequently
used, followed by those containing Echinacea angustifolia and purpurea
(echinacea). German consumers reported Ginkgo biloba (ginkgo),
Cynara scolymus (artichoke) and Olea europea (olive) as the most
frequently used botanicals; whilst in Romania, Ginkgo biloba
(ginkgo) was also the ingredient most frequently indicated,
followed by Aloe vera (aloe) and Panax ginseng (ginseng). Amongst
Italian consumers, Aloe vera (aloe) was the most frequently used
botanical, followed by Foeniculum vulgare (fennel) and Valeriana
officinalis (valerian). In Spain, PFS containing Cynara scolymus
(artichoke) were the most frequently used products, followed by
those containing Valeriana officinalis (valerian) and Equisetum arvense
(horsetail). In the United Kingdom, Oenothera bienmis (evening
primrose) was by far the most frequently reported botanical
ingredient, followed by Panax ginseng (ginseng) and Hypericum
perforatum (St. John’s wort). In addition, there is a great variation in
the ranking of consumed botanicals among countries.

Discussion

The present paper reports the findings from a European multi-
country survey of PF'S consumers: the PlantLIBRA PFS consumer
survey. Data on the usage of PFS at the European level are
limited, confined in the main to commercial market data [7] as
opposed to consumer survey data, as evidenced in the recent
review by Bishop and Lewith (2010)[4], where only 13% of
population based consumption studies were in Europe. The
European Food Safety Authority (EFSA) has recognised the lack of
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Table 10. PlantLIBRA’s PFS consumer survey — PFS dose forms used, per product used by a respondent, overall and by gender and

age group.
Dose forms Total Gender Age group

(n=2874) Male (n=1358) Female (n=1516) 18-59 years (n=2131) =60 years (n=743)

n % (95% CI) n % (95% ClI) n % (95% Cl) n % (95% Cl) n % (95% Cl)
Capsules® 1101 38.3 (36.5-40.1) 522 384 (35.9-41.0) 579 38.2 (35.8-40.6) 844 396 (37.5-41.7) 257 34.6 (31.2-38.0)
Pills/tablets/lozenges 1057  36.8 (35.0-38.5) 498 36.7 (34.1-39.2) 559  36.9 (34.4-39.3) 765 35.9 (33.8-37.9) 292 39.3 (35.8-42.8)
Liquid® 513 17.9 (16.5-19.3) 238  17.5 (15.5-19.6) 275 18.1 (16.2-20.1) 374 17.6 (15.9-19.2) 139 187 (15.9-21.5)
Ampoules 104 3.6 (2.9-4.3) 53 3.9 (2.9-4.9) 51 34 (2.5-43) 75 3.5 (2.7-43) 29 3.9 (2.5-5.3)
Other® 99 34 (2.8-4.1) 47 35 (2.5-44) 52 34(25-44) 73 34(7-42) 26 3.5 (22-48)

“Capsules: s°ftgels/pearls/hard capsules.

PLiquid: extract/syrups/dr°ps.

“Other: P°wders, Sachets/Packets, Bars and “Not sure”.
doi:10.1371/journal.pone.0092265.t010

data in the sector and has published a number of reports
addressing related issues [15-16].

To our knowledge this is the first survey of consumers of PFS
undertaken in Europe. In total 2359 consumers of PFS were
recruited in this cross-sectional retrospective survey. Across all
countries prevalence of usage is estimated at 18.8%. Vargas-
Murga and colleagues (2011)[9] highlighted that comparable data
at European level is difficult to identify when reviewing prevalence
data from a selected number of European studies, evaluating PFS
or CAM usage, with values ranging from 0.8% to 70%. All studies
were based on nationally representative samples but the definition
of use of supplements varied widely, in some cases being self-
defined by the participant and not distinguishing between PFS and
HMP. The use of dietary supplements in a European population
was measured in the European Prospective Investigation into
Cancer and Nutrition (EPIC) study [8]. Usage was measured by
completion of a standardised 24-hour dictary recall and included
all dietary supplements that met the EU Directive 2002/46/EC.
Results indicated significant differences in overall dietary supple-
ment use between countries with herbs/plant-based supplements
representing 8-17% of the products used across the ten countries.

The prevalence rate reported here can be compared to rates
from surveys conducted in the United States, where data on usage

Table 11. PlantLIBRA’s PFS consumer survey — PFS dose forms, per product used by a

Question asked. And in which form do you usually take it? (mark the applicable form). Possible responses: Pills/tablets/lozenges; Softgel capsules/pearls; Hard capsules;
Liquid (extract/syrup/drops); Sachets/packets; Ampoules; Other (specify); Not sure.

of dietary supplements, including herbal supplements, is collected
more routinely. It is similar to the rate reported in the 2002 and
2007 National Health Interview Surveys (NHIS), 18.9% and
17.9% respectively [20]; higher than the rates of both the
Eisenberg’s survey [21] and the Slone survey [22], with 14%
and 12.1% respectively; and lower than the 2002 Health and Diet
Survey (42%) [23] or the 1999 Kaiser Permanent Medical Care
Program of Northern California (KPMCP), with a prevalence of
28.3% [24]. These differences in prevalence across studies may in
part be due to the distinct selected population samples, survey
methodologies (i.e. sampling methods, data collection techniques)
or definitions of usage, as well as possible variations in health
beliefs and health behaviour of the different populations of study
[9], [24].

Survey respondents were recruited to set quotas for both age
and gender to reflect characteristics previously reported for dietary
supplement users. Age and gender are significant determinants of
the consumption of dietary supplements in general and in
botanical products in particular. Previous studies on the use of
dietary supplements or other herbal-related use show a higher
consumption among women as compared to men [1], [17], [24—
28] and a higher consumption among older adults as compared to

younger adults [24], [29-32].

respondent, by country.

United Kingdom

Dose forms Finland (n=665) Germany (n=446) Italy (n=417) Romania (n=464) Spain (n=465) (n=417)

n % (95% CI) n % (95% CI) n % (95% CI) n % (95% CI) n % (95% CI) n % (95% Cl)
Capsules® 206 31.0 (27.5-34.5) 225 50.5 (45.8-55.1) 144 345 (30.0-39.1) 82 17.7 (142-21.2) 250 53.8 (49.2-583) 194 46.5 (41.7-51.3)
Pills/tablets/lozenges 261 39.3 (35.5-43.0) 154 34.5 (30.1-39.0) 126 30.2 (25.8-34.6) 234 50.4 (45.9-55.0) 98 21.1 (17.4-24.8) 184 44.1 (39.4-48.9)
Liquidb 174 26.2 (22.8-29.5) 44 9.9 (7.1-12.6) 110 26.4 (22.1-30.6) 82 17.7 (14.2-21.2) 69 14.8(11.6-18.1) 34 8.2 (5.5-10.8)
Ampoules 0 - 0 - 13 3.1 (1.5-4.8) 47 10.1 (7.4-12.9) 44 9.5 (6.8-12.1) 0 =
Other® 24 3.6 (2.2-5.0) 23 52 (3.1-7.2) 24 5.8 (3.5-8.0) 19 4.1 (2.3-5.9) 4 09(0.1-1.7) 5 1.2 (0.2-2.2)
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Question asked. And in which form do you usually take it? (mark the applicable form). Possible responses: Pills/tablets/lozenges; Softgel capsules/pearls; Hard capsules;
Liquid (extract/syrup/drops); Sachets/packets; Ampoules; Other (specify); Not sure.
?Capsules: softgels/pearls/hard capsules.
bLiquid: extract/syrups/drops.

“Other: Powders, Sachets/Packets, Bars and “Not sure”.
doi:10.1371/journal.pone.0092265.t011
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20 Algae; Avena sativa; Betula spec.; Fiilipendula

42 Sambucus nigra

Harpagophytum

75

ulmaria; Humulus lupulus

procumbens; Olea

europaea

doi:10.1371/journal.pone.0092265.t012
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Other characteristics of dietary supplements users that have
been reported previously in the literature include having higher
educational attainment and socioeconomic status [24], [33-34],
being less likely to smoke [10], [32], [35], being more physically
active [10], [29], [32]. Bailey et al. also reported a moderate
alcohol consumption (1 drink per day) among dietary supplement
users as compared to nonusers. In contrast, a study by Rovira et al.
in a southern European population found no differences in lifestyle
factors such as physical activity, smoking, and alcohol consump-
tion between dietary supplement users and non-users [36]. Our
survey population consists exclusively of PFS consumers, but their
responses to a series of questions on health-related lifestyle factors
reflect some of the characteristics mentioned above. The majority
of PFS consumers perceived their health status to be “very good or
good”, reflecting results reported in a number of studies on dietary
supplement users [32] and CAM and dietary supplement users
[24], where the answer ““very good or excellent” has been reported
for self-reported health status.

The survey results indicate that most consumers reported using
one PFS product in the preceding 12 months, with 12% using two
products and 4% using more than two. Individual country data
show that Finnish consumers use more than one product and PFS
with more than one botanical component, and the opposite is
observed in the United Kingdom, where about 90% of the
consumers use only one PFS and the products contain mostly only
one botanical. In the United States, recent studies have reported
that about half of the adults report using one or more dietary
supplements [32], [37]. One of these studies also found that over
half of dietary supplement consumers used a single-botanical
product and one third used one multi-botanical product [32].
Similar results were found in our survey across all countries i.e.
smaller numbers of consumers reported using two or more single-
botanical products (4.4%) and two or more single- and multi-
botanical products (11.9%).

A wide variety of botanicals (491) is used in PFS consumed by
the respondents in this survey. Overall raw data show that the
most frequently (n>100) used botanicals in descending order are
Ginkgo biloba (ginkgo), Oenothera biennis (evening primrose), Cynara
scolymus (artichoke), Panax ginseng (ginseng), Aloe vera, Foeniculum
vulgare (fennel), Valeriana officinalis (valeriana), Glycine max (soybean),
Melissa officinalis (lemon balm), Echinacea purpurea (echinacea) and
Vaccinium myrtillus (blueberry). These results reflect some commer-
cial data which reported that ginkgo followed by echinacea, garlic
and ginseng were the four most commercially important botanicals
in the combined markets of seventeen EC Member States. In this
data, echinacea and ginkgo were part of the composition of
products registered as medicines [7], [9], which were excluded
from our survey. Similarly, the US Food and Drug Administration
2002 Health and Diet Survey, also a 12-month retrospective study,
reported the same four herbs/botanicals/or other nonvitamin-
nonmineral dietary supplements being the most used by its adult
population — although in the following order: echinacea, garlic,
ginkgo and ginseng (the latter including tea) [23]. Schaffer et al.
also reported echinacea as the most consumed botanical in the
Californian 1999 KPMCP survey, followed by ginkgo [24].
Differences between countries are more evident; the top list of
botanicals contained in PFS for each single country complies little
with the ranking of the overall data. As mentioned earlier, data
were not weighted by country population size because of the study
methodology which included very similar country-sample sizes of
PFS consumers only, therefore caution is needed when drawing
conclusions from these results at the overall 6-country level.
Overall data merely describes the collected pooled data from all 6
countries. However, if the overall ranking data were to be
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Table 13. PlantLIBRA’s PFS consumer survey - distribution of the overall top-40 botanicals’ reported consumption and the ranking
of these botanicals when stratified by gender and age group.

All consumers Gender Age group
Botanicals Male Female 18-59 years =60 years

Rank® n % (95% Cl)Rank® n % (95% Cl)Rank® n % (95% CI)Rank® n % (95% CI)Rank® n % (95% CI)
Ginkgo biloba 1 194 8.2 (7.1-9.3) 1 107 9.4 (7.7-11.0)3 87 1 (5.7-8.6) 2 135 7.7 (6.4-8.9) 1 59 9 (7.5-12.3)
Oenothera biennis 2 194 8.2 (7.1-9.3) 3 85 5 (5.9-8.9) 1 109 9.0 (7.4-10.5)1 145 8.2 (6.9-9.5) 2 49 2 (6.0-10.4)
Cynara scolymus 3 173 7.3 (6.3-84) 5 73 4 (5.0-7.8) 2 100 8.2 (6.7-9.7) 4 128 7.3 (6.1-84) 4 45 6 (5.4-9.6)
Panax ginseng 4 167 7.1 (6.0-8.1) 2 94 2 (6.6-9.8) 5 73 0 (4.7-7.3) 3 133 7.5 (6.3-8.7) 6 34 7 (3.9-7.5)
Aloe vera 5 145 6.2 (5.2-7.1) 4 80 0 (5.5-8.5) 7 65 3 (4.1-6.6) 5 99 6 (4.5-6.7) 3 46 7 (5.6-9.8)
Foeniculum vulgare ssp. 6 132 5.6 (4.7-6.5) 7 59 2 (3.9-64) 4 73 0 (4.7-73) 6 99 6 (4.5-6.7) 7 33 5.6 (3.7-7.3)
Valeriana officinalis 7 125 5.3 (44-6.2) 6 62 4 (4.1-6.7) 8 63 2 (3.9-6.4) 7 97 5 (4.4-6.5) 9 28 7 (3.0-6.4
Glycine max 8 103 4.4 (3.5-5.2) 24 34 0 (2.0-39) 6 69 7 (44-6.9) 10 81 6 (3.6-5.5) 14 22 7 (2.2-5.2)
Melissa officinalis 9 103 4.4 (3.5-5.2) 8 53 7 (3.4-5.8) 10 50 1(3.0-5.2) 9 82 7 (3.7-5.6) 17 21 5 (2.1-5.0)
Echinacea purpurea 10 102 4.3 (3.5-5.1) 12 43 8 (2.7-4.8) 9 59 8 (3.6-6.0) 8 83 7 (3.7-5.7) 21 19 2 (1.8-4.6)
Vaccinium myrtillus 11 100 4.2 (3.4-5.1) 9 53 7 (3.4-5.8) 13 47 9 (2.8-4.9) 12 71 0 (3.1-4.9) 8 29 9 (3.1-6.6)
Pimpinella anisum 12 89 8 (3.0-4.5) 11 47 1(3.0-5.2) 21 42 5 (24-4.4) 16 65 7 (2.8-4.5) 1 24 40 (2.5-5.6)
Zingiber officinale 13 89 8 (3.0-4.5) 10 53 7 (3.4-5.8) 29 36 0 (2.0-3.9) 15 66 7 (2.9-4.6) 13 23 9 (2.3-5.4)
Camellia sinensis 14 87 7 (2.9-4.5) 17 39 4 (24-44) 11 48 9 (2.9-5.0) 11 72 1(3.2-5.0) 33 15 5(1.3-3.7)
Vitis vinifera 15 87 7 (2.9-4.5) 16 41 6 (2.5-4.6) 15 46 8 (2.7-4.8) 13 71 0 (3.1-4.9) 32 16 7 (1.4-4.0)
Taraxacum officinale 16 80 34 (27-47) 21 36 3.2 (2.1-41) 17 44 3.6 (2.6-4.6) 17 65 3.7 (2.8-4.5) 34 15 5(1.3-3.7)
Echinacea angustifolia 17 79 4 (2.6-4.1) 23 34 0 (2.0-3.9) 16 45 7 (2.6-4.7) 20 60 4 (2.6-4.2) 20 19 2 (1.8-4.6)
Fassiflora incarnata 18 78 3 (2.6-4.0) 30 30 6 (1.7-3.5) 12 48 9 (2.9-5.0) 19 61 5 (2.6-4.3) 30 17 9 (1.5-4.2)
Linum usitatissimum 19 77 3 (2.6-4.0) 13 43 8 (2.7-4.8) 33 34 8 (1.9-3.7) 22 56 2 (2.4-4.0) 16 21 3.5 (2.1-5.0)
Equisetum arvense 20 76 2 (2.5-3.9) 19 37 2 (22-4.2) 23 39 2 (2.2-4.2) 23 55 1(23-39) 15 21 35(2.1-5.0)
Allium sativum 21 75 2 (2.5-3.9) 28 32 8 (1.9-3.7) 18 43 5 (2.5-4.5) 29 50 8 (2.1-3.6) 10 25 4.2 (2.6-5.8)
Harpagophytum procumbens 22 75 2 (2.5-3.9) 18 39 4 (2.4-4.4) 26 36 0 (2.0-3.9) 40 40 23 (1.6-29) 5 35 5.9 (4.0-7.7)
Olea europaea 23 75 2 (2.5-3.9) 27 33 9 (1.9-3.8) 20 42 5(24-4.4) 24 55 1(23-39) 19 20 3.4 (1.9-4.8)
Glycyrrhiza glabra 24 74 1(2.4-3.8) 26 33 9 (1.9-3.8) 22 41 4 (24-4.4) 25 54 3.1(23-3.8) 18 20 3.4 (1.9-4.8)
Mentha piperita 25 72 1(24-3.8) 20 36 2 (2.1-4.1) 27 36 0 (2.0-3.9) 27 53 3.0 (2.2-3.8) 22 19 2 (1.8-4.6)
Paullinia cupana 26 72 1(2.4-3.8) 14 43 3.8 (2.7-4.8) 38 29 4 (1.5-3.2) 14 66 3.7 (29-4.6) 74 6 0 (0.2-1.8)
Malpighia glabra 27 71 0 (2.3-3.7) 15 41 6 (2.5-4.6) 37 30 5(1.6-3.3) 18 61 3.5(2.6-4.3) 51 10 7 (0.7-2.7)
Oenothera spec 28 70 3.0(23-37) 41 23 0 (1.2-2.8) 14 47 3.9 (2.8-4.9) 21 59 33 (25-4.2) 47 11 9 (0.8-2.9)
Silybum marianum 29 69 9 (2.2-3.6) 25 34 0 (2.0-3.9) 30 35 9 (1.9-3.8) 32 46 6 (1.9-3.3) 12 23 9 (2.3-5.4)
Matricaria chamomilla 30 67 8 (2.2-35) 34 29 5 (1.6-3.4) 25 38 1(2.1-4.1) 26 54 1(2.3-3.8) 38 13 2.2(1.0-3.3)
Citrus limon 31 66 8 (2.1-3.5) 37 24 (1.3-2.9) 19 42 5 (2.4-4.4) 30 48 7 (2.0-3.5) 25 18 0 (1.7-4.4)
Urtica dioica 32 64 7 (21-34) 31 30 6 (1.7-3.5) 34 34 8 (1.9-3.7) 28 51 9 (2.1-3.7) 37 13 2 (1.0-3.3)
Thymus vulgaris 33 63 7 (2.0-3.3) 36 28 5 (1.6-3.3) 31 35 9 (1.9-3.8) 33 44 5(1.8-3.2) 24 19 2 (1.8-4.6)
Salvia officinalis 34 61 6 (2.0-3.2) 32 22 9 (1.1-2.7) 35 39 2 (2.2-4.2) 34 43 4 (1.7-3.1) 29 18 0 (1.7-4.4)
Cassia senna 35 60 5(1.9-3.2) 43 29 5 (1.6-3.4) 24 31 6 (1.7-3.4) 37 43 4 (1.7-3.1) 28 17 9 (1.5-4.2)
Rosmarinus officinalis 36 60 5(1.9-3.2) 38 24 (1.3-2.9) 28 36 0 (2.0-3.9) 39 41 3(1.6-3.0) 23 19 2 (1.8-4.6)
Carum carvi 37 59 5(1.9-3.1) 22 35 1(2.1-4.0) 43 24 0 (1.2-2.7) 31 46 6 (1.9-3.3) 36 13 2 (1.0-3.3)
Hypericum perforatum 38 59 2.5 (1.9-3.1) 29 31 2.7 (1.8-3.6) 39 28 2.3(1.5-3.1) 35 43 24 (1.7-3.1) 31 16 2.7 (1.4-4.0)
Lavandula angustifolia 39 57 4 (1.8-3.0) 40 23 0 (1.2-2.8) 32 34 8 (1.9-3.7) 36 43 4 (1.7-3.1) 35 14 4 (1.1-3.5)
Ribes nigrum 40 53 3(1.7-2.8) 42 22 9 (1.1-2.7) 36 31 6 (1.7-3.4) 38 41 3 (1.6-3.0) 41 12 0 (0.9-3.1)
#Products ordered according to the consumer distribution of the overall top-40 used botanicals (unweighted ranking).
PRanks show the shifts of the botanicals in the position of the overall 1-40 unweighted ranking when stratified by gender and age group.
doi:10.1371/journal.pone.0092265.t013

weighted by the population size -for example the 1-5 ranking consumed one, followed by Cynara scolymus (artichoke) Ginkgo biloba
data-, the positions of the botanicals would have been only slightly (ginkgo), Panax ginseng (ginseng) and Aloe vera (aloe).
altered, with Oenothera biennis (evening primrose) being the most The results of the survey highlight clear differences between

countries in terms of the botanicals used by consumers as PFS.
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This may reflect the fact that the current legal and regulatory
framework for botanicals has a major influence on the nature of
the local PFS markets. The EU Directive 2002/46/EC does not
provide a clear definition of what is encompassed by the term
‘other substance with a nutritional or physiological effect’,
although it is generally accepted that botanicals and their extracts
fall into this category. Current legislation varies across Europe,
with significant differences in the botanical species permitted in
PFS. These issues were highlighted in a recent review of the
regulations applicable to PFS in the European Union by Silano et
al. [38]. They provide examples of the different national
approaches for the use of selected botanicals in food supplements
in the EU Member States.

To illustrate the above complexity, in Germany, food supple-
ments are regulated by the German Regulation on Food
Supplements [39] and the German Law on Food and Feed [40].
Positive lists are available for minerals and vitamins. Food
supplements have to be registered with the Federal Office of
Consumer Protection and Food Safety [41]. The BVL maintains a
list of plants which are either classified as a food or a medicinal
product, and which is neither considered complete nor legally
binding [41]. Data on the intake of PFS in Germany is limited
and, despite food supplement intake being recorded in recent
health and nutrition surveys [42-44], no specific data was
published on PFS intake. The results from the PlantLIBRA
consumer survey do not include Valeriana officinalis in the German
top list of botanicals used in PFS, whereas 1852 medicinal
products containing Valerian exist on the market [40]. The
absence of Valeriana officinalis in the German list of botanicals can
be explained by its dominant presence as a HMP in the German
market.

The results of this survey represent some of the first data on the
usage of PFS at European level, thus addressing the existing deficit
of such data by collecting retrospective data directly from
consumers in six European countries. The benefits of the data
collection instrument used in this study included that it was
relatively straightforward to administer, did not alter habitual
usage patterns and allowed the classification of individuals into
categories of usage. However, the results must be considered in the
light of their limitations. The sample population comprises
exclusively of PFS consumers, recruited to meet very specific
inclusion criteria and hence no comparisons can be made with the
general population. Future studies should seek to compare users
and non-users of PFS.

Further limitations relate to the retrospective nature of the data
being collected. In many cases respondents needed to rely on
memory to report usage of products in the preceding 12 months.
Where products are available for inspection at data collection,
there is a need for careful recording of product details to ensure
accurate coding. The lack of a comprehensive product database
containing reliable ingredient information meant a bespoke
database needed to be created. Future studies should seek to
collect prospective data. Prospective dietary intake surveys offer an
ideal opportunity to collect data on supplement use in conjunction
with data on food and beverages. Care needs to be taken to collect
sufficiently detailed information about ingredients and amounts
consumed. For example, in the US, the Alternative Health/CAM
supplement of the National Health Interview Survey (NHIS) is
part of an annual, nationally representative survey of US adults. It
contains data on adults’ use of 10 herbs most commonly taken to
treat a specific health condition in the preceding 12 months [13];
the survey has a separate section on dietary supplements and
distinguishes “natural herbs” from vitamins and minerals. The
authors would like to encourage researchers to implement future
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surveys/studies which are necessary to overcome the bottlenecks
in PFS risk and benefit assessments at the European level.
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Objectives

To provide an overview of the PFS botanical ingredients consumed for “body weight reasons” and by “dieters for overweight/obesity” in six European
countries, and to explore the relationship between the consumption of these botanical ingredients and the self-reported BMI of their consumers.

This study has been carried out within the PlantLIBRA project (FP7-EC funded project n°245199). Data on PFS usage were collected inj
Finland, Germany, Italy, Romania, Spain and the United Kingdom, in a cross-sectional, retrospective survey of 2359 PFS consumers using a bespoke frequency-|
of-PFS-usage questionnaire. Analyses were performed in two subsamples of 1) respondents taking the products for “body weight reasons”, and 2)
“overweight/obesity dieters”. Subsamples’ country proportions are presented; consumed PFS botanicals by respondents of “body weight reasons”, b
“overweight/obesity dieters” and by the “crosstab of the two” are identified. The relationship between the 5 most consumed botanicals and self-reported BMI in|
group 1 and 2 is explored by comparing BMI proportions of consumers vs. non-consumers (using Chi-squared test, p<0.05 for significance). Comparisons are|
made using a) the “body weight reason” sample (n=240) and “overweight/obesity dieters” sample (n=112), in which the top 5 consumed botanicals have actually|

been identified, and b) the total survey sample (N=2359) in order to increase the power of the test.

Figure 1: Of the total 2874 PFS products consumed in the survey, 252 (8.8%)
products were reported to be consumed for “body weight reasons” (reported by
240 PFS consumers), Spain being the country with the most PFS taken for this
reason (21.5%).
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Eigures 3-5 show the top 5 botanicals consumed by each of the two groups of analysis (Figure 3 and 4), and by a third group that crosstabs both of
them, i.e. the respondents of “body weight reason” who are also “overweight/obesity dieters” (Figure 5). Artichoke is the most consumed botanical by
consumers of all three groups, and it is followed by green tea in the first group and by fennel in the other two groups.

Figure 3. Top 5 botanicals consumed for “body weight
reasons” (%) (N=240)

& Cynaro scolyms (artichoke)

& Comella sinensis (green tea)

& Foeniculum vulgare ssp. (fennel)

= Vit vinifera (grapevine)

4 Anonas comosus (pineapple)

Table 1 shows BMI differences between consumers and non-consumers of
the top 5 botanicals consumed for “body weight reasons”, when using a) the
respondents of "body weight reasons” sample or b) the entire survey sample.
In case “a”, no significant differences are observed. However in case “b”, a
greater proportion of consumers of PFS containing artichoke and green tea
have a BMI>25 kg/m? as compared to non-consumers (p=0.019 and p=0.043
respectively).

Figure 4. Top 5 botanicals consumed by
“overweight/obesity dieters” (%) (N=112) “bod,

Figure 2: Of the total 2359 PFS consumers of the survey, 112 (4.8%)
reported to be “dieting for overweight/obesity”, Spain being the country with
most dieters.

Figure 2. Consumers dieting for overweight/obesity (%), by country
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Table 2 shows BMI differences between consumers and non-consumers of
the top 5 botanicals consumed by “overweight/obesity dieters", when using
a) the “dieters” sample or b) the entire survey sample. In case “a’, the
proportion of BMI>25 is lower among consumers of pineapple-containing
PFS as compared to non-consumers (p=0.000). In case “b”, the proportion of
BMI>25 is greater among consumers of artichoke-containing PFS than
among non-consumers (p=0.019).

Table 1. BMI di: between and of the top Table 2. BMI di between and of the top
5 i by those who “body weight reasons” for PFS use. 5 i by i ity dieters”.
' consumed botanicls by
. etersfor overwelght/obesity”
oy weigh (1 Z

Cynarascolymus arichoe)  Consumers 53 ] %7 0168 Cynarascolymus frtichoke)  Consumers o 25 % 75 0550
Nonconsumers 72 a9 % s Nonconsumers 17 218 6 752

Foeniculum valgaresp.(fennel)  Consumers 15 s 2 s 052 Foeniculumvulgaresp. fennel)  Consumers s 24 2 s s
Nonconsumers 81 .9 ey a1 Nonconsumers 21 21 " 73
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Nonconsumers 79 83 2 67 Nonconsumers 23 2s s 753

Vitis viifer grapevine)  Consumers 3 1 17 73 0152 nans comosus pineapple) - Consumers ) s s a5 000
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BMI di among and non- s of taken by the third group could not be analysed due to the small size of some cells. For the same

reason country comparisons could not either be performed.

This is the first study that has identified the most consumed botanicals for “body weight reasons” in PFS consumers from 6 EU countries; moreover, it has|
identified the most consumed botanicals by “overweight/obesity dieters” and, finally, by the “body weight respondents” who are simultaneously “on a diet forf
overweight/obesity” (and who could ultimately be considered the “weight-loss PFS consumers” of the PlantLIBRA PFS Consumer Survey). Spain is the country|
where consuming botanicals for “body weight” and “dieting” are most prevalent. Artichoke is in all three groups the most consumed botanical, followed by fennel
in two groups. Using the smaller “dieters” sample, pineapple consumers seem to be significantly less overweight/obese. When using the larger comparison|
sample, in respondents of “body weight reasons”, consumers of artichoke- and green tea-containing PFS are significantly more overweight/obese as compared to
non-consumers; this is also observed for artichoke consumers when using the “dieters” larger sample. We do not know why this is happening, and we cannot
infer causality from these results due to the cross-sectional nature of the survey. The actual botanicals consumed are meant to have “body weight control/loss”
properties, although the literature/evidence for most of them is inconclusive. It would be important to have data on the exact amounts of the botanicals contained|
in the products consumed in order to differentiate the “essential body-weight-control” botanical from the “complementary” botanical within the multi-ingredient
weight-loss product. The authors would like to encourage the research community to carry out further studies on this topic, with larger sample sizes from the]
general population (PFS consumers and non-consumers - ideally as part of regional/national health/nutrition surveys), collecting label data on ingredients]
amounts. This additional information would help elucidate the many unknowns about the effectiveness of PFS used as a strategy for body weight control.
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I. MOTIVACION, OBJETIVO PRINCIPAL Y OBJETIVOS ESPECIFICOS

Motivacion

Las tasas de prevalencia del sobrepeso y la obesidad han aumentado en todo el
mundo en las ultimas décadas. Este es también el caso de la poblacién adulta de
Cataluna, Espafa.

El sobrepeso y la obesidad son enfermedades cronicas multifactoriales.

Son multiples las estrategias utilizadas por las personas para el control/pérdida
del peso corporal. Aunque las dietas de todo tipo y la actividad fisica son los
métodos mas populares, también son relevantes el consumo de tabaco (por
ejemplo, los fumadores son reacios a dejar de fumar porque creen que ello les
llevara a aumentar de peso) y el uso de complementos alimenticios a base de
plantas (CAP).

Esta tesis doctoral ha sido motivada por las siguientes preguntas:

1. ¢(Cuales son las tasas de prevalencia de sobrepeso y obesidad en la
poblacién adulta catalana en dos periodos diferentes en el tiempo (1992-1993 y
2002-2003)?

2. iExiste alguna relacion entre las tasas de prevalencia y factores
socioeconémicos (ocupacion y educacion) y socio-demograficos (sexo, edad y
tamafio de la poblacion de residencia)?

3. ¢Existe alguna relacion entre las tasas de prevalencia y las estrategias de
control de peso utilizadas popularmente como el consumo de tabaco (en

Cataluna) y el consumo de CAP (en seis paises de la UE)?
Objetivo principal
Esta tesis doctoral pretende dar respuesta a las preguntas formuladas en la

motivacion, con la intencion de identificar los grupos vulnerables dentro de la

poblacién Catalana adulta que -segun su estado socio-econémico o su habito
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tabaquico- puedan verse mas afectados por el sobrepeso y la obesidad.
Ademas, se pretende comprobar si fumar o consumir CAP para controlar o
perder peso esta relacionado con el sobrepeso o la obesidad. Por ultimo, se
pretende contribuir a la literatura cientifica relacionada con el sobrepeso y la

obesidad.

Objetivos especificos

Los objetivos del capitulo 1 son dos: a) evaluar las tendencias (1992-2003) de
las tasas de prevalencia de sobrepeso y obesidad en la poblacion adulta de
Cataluna, Espafia, y b) explorar la influencia de algunas variables
socioecondémicas (ocupacion y educacion) y socio-demograficas (sexo, edad y

tamano de la poblacion de residencia) en estas tendencias de prevalencia.

El capitulo 2 examina las tendencias en la relacion entre el historial tabaquico y
el sobrepeso/obesidad, y entre el historial tabaquico y la adiposidad central en

una poblacion de adultos catalanes.

El capitulo 3 tiene como objetivo ofrecer una vision general de las caracteristicas
y los patrones de uso de los consumidores de CAP en seis paises europeos.
Este capitulo también contextualiza el trabajo llevado a cabo en el capitulo 4 de

la tesis.

Por ultimo, los objetivos del capitulo 4 son dos: a) proporcionar una vision
general de los ingredientes botanicos de los CAP consumidos por "razones de
peso corporal" y por "personas que hacen dieta contra el sobrepeso/obesidad"
en seis paises europeos, y b) explorar la relacion entre el consumo de estos
ingredientes botanicos y el indice de Masa Corporal (IMC) auto-informado de sus

consumidores.

10
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Il. PLANTEAMIENTO Y METODOLOGIA

1. Antecedentes

En esta seccion se introducen los principales objetivos de investigaciéon
desarrollados en la tesis doctoral. La seccion 1.1 muestra la importancia de los
problemas de obesidad y sobrepeso (exceso ponderal y adiposidad) en la sociedad
actual. Se definen la obesidad y el sobrepeso, se explican las técnicas de medicion
del peso y la grasa corporales, y se describen los indicadores de peso general y
grasa abdominal utilizados en el analisis empirico (indice de Masa Corporal —IMC- y
Perimetro de la Cintura -PC). También se muestran las tasas de prevalencia y
tendencias actuales de sobrepeso y obesidad a nivel mundial, europeo y espaiol;
los factores determinantes del sobrepeso y la obesidad; y los efectos que el
sobrepeso y la obesidad ejercen sobre la salud. Todos estos aspectos han sido
ampliamente descritos en numerosos articulos y por ello unicamente presentamos
un resumen de las principales aportaciones con el fin de contextualizar las
contribuciones que se realizan en los capitulos de investigacion 1, 2 y 4 de la tesis.
En estos capitulos se analiza la relacion que existe entre la obesidad y el sobrepeso
y las caracteristicas socio-econémicas y socio-demograficas de la poblacion

(capitulo 1), el historial tabaquico (capitulo 2), y el consumo de CAP (capitulo 4).

Los capitulos 1 y 2 de la tesis utilizan muestras de poblacién y bases de datos
obtenidas a partir de las Encuestas Catalanas de Nutricion (ENCAT 1992-1993 vy
2002-2003). Las caracteristicas de estas encuestas no aparecen detalladas en esta
seccion introductoria, puesto que se han descrito ampliamente en numerosos
articulos cientificos publicados en revistas internacionales. Las publicaciones mas
relevantes sobre ENCAT se han citado en las secciones metodologicas de los

capitulos 1y 2.
Por otro lado, en esta seccion se dedica una atencién especial a describir la

Encuesta PlantLIBRA de Consumidores de CAP 2011-2012. Esta encuesta fue

realizada en el marco del Proyecto europeo PlantLIBRA, en el que participd la

11
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Fundacion para la Investigacion Nutricional-FIN. La encuesta fue dirigida por el
Profesor Lluis Serra Majem y coordinada por la doctoranda. Los datos obtenidos
han sido utilizados en esta tesis para analizar el consumo de complementos
alimenticios a base de plantas (CAP) en 6 paises de la Unién Europea (capitulo 3) y
para analizar la relacion entre el IMC y el uso de CAP (capitulo 4). El principal motivo
para incluir una descripcion detallada de la encuesta es que su elaboracion es muy
reciente y existen pocos articulos publicados que la hayan utilizado. También es
importante sefalar que hasta la fecha existe muy poca literatura que analice el
consumo de CAP, su comercializacion y el perfil de las personas que consumen este
tipo de productos. Finalmente, se considera que la elaboracion de la encuesta y la
creacion de esta base de datos constituyen una contribucion metodoldgica

importante de esta tesis.

Teniendo esto en cuenta, la seccion 2.2 introduce diversos conceptos y definiciones
utilizados en la preparacion del material de la encuesta, describe la metodologia
empleada y explica las principales caracteristicas de la base de datos. Por otro lado,
también se describen los elementos relevantes del mercado de CAP, su regulacion,
la evolucién que ha tenido la industria del control del peso corporal en los ultimos
afos y la clasificacion de los productos botanicos utilizados en el control/pérdida de

peso.

1.1 Obesidad: exceso ponderal y adiposidad — una visiéon general

El sobrepeso y la obesidad se producen cuando el exceso de grasa se acumula en
el cuerpo humano, lo que representa un riesgo para la salud. La obesidad es una
enfermedad cronica multifactorial cuyos origenes incluyen factores ambientales y
genéticos (Serra-Majem & Bautista 2013; Varela-Moreira et al. 2013). Muchos de los
casos de obesidad muestran un claro componente ambiental relacionado con el
estilo de vida sedentario y habitos dietéticos inadecuados que provocan un balance
energético positivo y, como consecuencia, la acumulacion gradual de tejido graso.
Desde la perspectiva de la genética, se sabe actualmente que la obesidad es una

enfermedad poligénica. Ademas, hay una comprension incompleta de su

12
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fisiopatologia, para lo cual es dificil discernir el papel de los diferentes polimorfismos
y su interaccion con factores ambientales (Serra-Majem & Bautista 2013).

La International Obesity Task Force (IOTF) y la Organizacion Mundial de la Salud
(OMS) han declarado la obesidad como la epidemia del siglo XXI debido a las
dimensiones adquiridas en las ultimas décadas, su impacto en la morbi-mortalidad,
la calidad de vida y los costes sanitarios relacionados. La OMS destaca el impacto
que la obesidad tiene en el desarrollo de las enfermedades crénicas mas
prevalentes en nuestra sociedad: la diabetes tipo 2, las enfermedades
cardiovasculares, las patologias musculo-esqueléticas y un numero creciente de
ciertos tipos de cancer. El aumento del peso corporal también conduce a la aparicion
de depresion, alteracion de la funcidon cognitiva (Varela-Moreira et al. 2013) y
trastornos relacionados con la imagen corporal, la autoestima, etc, resultando en
interacciones sociales deterioradas (Serra-Majem & Bautista 2013). Por otra parte,
genera importantes costes econdémicos directos e indirectos, asi como aumentos
significativos en los servicios sociales y de salud (visitas médicas, ausentismo,
pérdida de autonomia, necesidades especiales, etc) (Serra-Majem & Bautista 2013;
Varela-Moreira et al. 2013).

La prevencidn del exceso de peso corporal y de adiposidad es esencial, ya que una
vez que un individuo alcanza el nivel de la obesidad, este se asocia a un alto grado
de fracasos terapéuticos y a la tendencia a la recaida (Serra-Majem & Bautista
2013).

1.1.1 Medicion del peso y la grasa corporales

Existen métodos directos e indirectos para medir el peso y la grasa corporales:

- Las medidas directas de la composicidn corporal proporcionan una
estimacion de la masa total de grasa corporal y varios componentes de la masa libre
de grasa. Tales técnicas incluyen el peso bajo el agua, la resonancia magnética
(MRI), la tomografia axial computarizada (TC o TAC) y la absorciometria dual de
rayos X (DEXA). Los métodos se utilizan principalmente en investigacién y en los

centros de atencion terciaria, pero se pueden utilizar como "métodos de referencia"
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(“gold standard”) para validar las medidas antropométricas de la grasa corporal
(Goran 1998).

- Las medidas indirectas se refieren a las medidas antropométricas de
adiposidad relativa e incluyen, entre otras, medidas de la cintura, la cadera y otras
medidas perimetrales, los pliegues cutaneos y los indices derivados de la altura y el
peso medido como el indice de Quetelet (IMC o W H-2), el indice ponderal (W H-3)
y férmulas similares. Todas las mediciones antropométricas dependen en cierta
medida de la habilidad de la persona que toma la medida, y su precision debe ser
validada en relacion a una “medida de referencia" de la adiposidad (Lobstein, Raur &
Uauy 2004).

1.1.2 Medidas de peso y grasa corporales utilizadas en esta tesis: Indice de Masa
Corporal y Perimetro de la Cintura

Actualmente las definiciones de sobrepeso y obesidad se basan en el IMC y en el
perimetro de la cintura (PC) (ICO 2010). Estas son las medidas que se han utilizado
en la presente tesis. El IMC se define como el "peso en kilogramos dividido por el
cuadrado de la altura en metros (kg/m?). En esta investigacion se ha seguido la
clasificacion internacional del bajo peso, del sobrepeso y de la obesidad en adultos
segun el IMC propuesta por la OMS (WHO 1998; WHO 2014: BMI). En cuanto al PC,
los puntos de corte de la OMS de 1998 se han usado en el capitulo 1 y los de la
OMS de 2008 y el riesgo de complicaciones metabdlicas se han usado en el
Capitulo 2 (WHO 2008).

1.1.3 Tasas y tendencias de la prevalencia de sobrepeso y obesidad en el ambito

mundial, Europeo y Espariol

e Datos mundiales

Las tasas de prevalencia del sobrepeso y la obesidad han aumentado en todo el
mundo en las ultimas 3 décadas. La OMS ha mostrado que las tasas mundiales de
obesidad se han duplicado entre 1980 y 2003, llegando a mas de 300 millones de
personas obesas en 2003 (WHO 2003). Mas recientemente, en su Observatorio
Global de Salud (sus siglas en inglés son GHO, de “Global Health Observatory”), la

OMS inform6 de que en 2008 en el mundo existian mas de 500 millones de obesos
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adultos mayores de 20 afos, es decir el 11% (WHO 2009). Estas cifras de la OMS
concuerdan con las de la IASO/IOTF que se refiere a la obesidad como "la epidemia
mundial", y cuyo reciente analisis (datos de 2010) estima que aproximadamente 475
millones de individuos son obesos. La IASO/IOTF anade que cuando se tienen en
cuenta los puntos de corte especificos para asiaticos de la definicion de obesidad
(IMC>28 kg/m?), el nimero de adultos considerados obesos a nivel mundial es de
mas de 600 millones (IASO/IOTF 2012).

Ademas, el GHO explica que la prevalencia de un indice de masa corporal elevado
aumenta con el nivel de ingresos de los paises; esto se produce hasta llegar a los
paises con los niveles de ingresos medios-altos (WHO 2009). En 2008, la
prevalencia de la obesidad se triplicd, pasando del 7% de obesidad en ambos sexos
en los paises de ingresos medio-bajos hasta el 24% en los paises de ingresos
medios-altos. La obesidad entre las mujeres fue significativamente mayor que entre
los hombres, a excepcidén de en los paises de ingresos altos en los que fue similar.
En los paises de ingresos bajos y de ingresos medios-bajos la obesidad de las
mujeres fue aproximadamente el doble que la de los hombres (WHO 2009). La
obesidad, las dietas poco saludables y la poca actividad fisica a menudo estan
vinculadas entre si y también a una serie de factores de riesgo son mucho mas

comunes entre las personas con ingresos bajos (WHO 2007).

Y el futuro no augura mejores expectativas. Segun la OMS, en el ano 2011, mas de
40 millones de nifos menores de cinco anos tenian sobrepeso. El sobrepeso y la
obesidad, que en el pasado fueron considerados un problema de los paises de
ingresos altos, van ahora en aumento en los paises de ingresos bajos y medianos,
especialmente en los entornos urbanos. Mas de 30 millones de nifilos con sobrepeso
viven en paises en desarrollo y 10 millones en paises desarrollados (WHO 2013). En
2018, se proyecta que mas de 3 de cada 4 personas mayores de 15 anos tendran
sobrepeso u obesidad en Kuwait, Venezuela y México, asi como también en los
EE.UU. (Euromonitor International 2014a).
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e Datos Europeos

La OMS informé de una tasa de obesidad de aproximadamente el 22% de los
adultos en el afio 2008 en la Regién Europea de la OMS (WHO 2009). La OMS ha
publicado recientemente nueva informacién sobre las tasas de prevalencia de
obesidad en adultos en 34 paises europeos (OMS 2014): existen seis paises con
una tasa de prevalencia en el rango de 20 a 30%, con la Antigua Republica
Yugoslava de Macedonia a la cabeza (aunque los datos no son directamente

comparables).

Segun la IASO/IOTF, en los 27 Estados Miembros de la UE, aproximadamente el
60% de los adultos y mas del 20% de los nifios en edad escolar tienen sobrepeso o
son obesos. Esto equivale a alrededor de 260 millones de adultos y mas de 12
millones de nifios que son obesos o que tienen sobrepeso (IASO/IOTF 2014).

Utilizando los datos del Eurobarémetro 59.0 (Comision Europea 2003), de Saint Pol
(2009) publicé la media de IMC masculina y femenina en 15 paises europeos, asi
como la distribucion de la poblacién por categorias de IMC en cada pais (de Saint
Pol de 2009). El Reino Unido tuvo la media de IMC femenina mas alta, mientras que
Grecia tuvo la media de IMC masculina mas alta. De nuevo, Grecia y el Reino Unido

tuvieron la mayor proporcion de obesidad y sobrepeso.

e Datos Espafoles

En Espafia, varios estudios coinciden en sefalar que la prevalencia de obesidad en
adultos, adolescentes y nifios ha aumentado en las ultimas décadas (Serra-Majem et
al. 2003; Aranceta-Bartrina et al. 2005). Las investigaciones publicadas muestran
que el grupo de nifios de edades comprendidas entre 6 y 13 afnos y el grupo de
mujeres mayores de 45 afos son los que tienen un mayor riesgo de obesidad; por
otra parte, la prevalencia de obesidad es mayor en los hombres durante los afios de
crecimiento y desarrollo (Serra-Majem et al. 2003; Aranceta-Bartrina et al. 2005),
mientras que en el grupo de mayores de 45 afos es significativamente mayor en las
mujeres (Gutiérrez-Fisac et al. 1994; Aranceta-Bartrina et al. 2005). En un estudio
realizado en el sur de Espafa, se encontré6 que la poblacion masculina tenia una

mayor proporcion de sobrepeso que la femenina, aunque en el caso de la obesidad
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el resultado encontrado fue el opuesto (Mataix et al. 2005). En 2004, los resultados
del Estudio DORICA (Aranceta et al. 2004) mostraron que la prevalencia de
obesidad de la regién noreste de Espafia (que incluye Catalufia) era del 8,5% para
los hombres y del 13,8% para las mujeres. Estas cifras de prevalencia eran las mas
bajas encontradas en las ocho regiones incluidas en el estudio (Aranceta-Bartrina et
al. 2005).

Mas recientemente, Gutiérrez-Fisac et al. (2011), utilizando datos del estudio
ENRICA (Gutiérrez-Fisac et al. 2012), por primera vez presentd las tasas de
prevalencia de obesidad general y abdominal del adulto espanol basadas en
medidas del peso, la altura y el PC (utilizando criterios de la OMS 2008). Estos
autores encontraron que la prevalencia de obesidad general era del 22,9% (24,4%
en hombres y 21,4% en mujeres), y que alrededor del 36% de los adultos tenian
obesidad abdominal (32% de los hombres y el 39% de las mujeres). Por otra parte,
encontraron que la frecuencia de la obesidad general y abdominal aumentaba con la
edad y afectaba al 35% y el 62% de las personas mayores de 65 afios de edad,
respectivamente. También sefalaron que estas cifras disminuian al aumentar el
nivel educativo (por ejemplo, el 29% de las mujeres con educacién primaria 0 menos
tenia obesidad frente a sélo el 11% de los que tenian estudios universitarios). En
cuanto a la variacion regional, observaron que la prevalencia de obesidad (ajustada
por edad) era muy alta en las Islas Canarias y en el sur de Espafa. En Cataluia, la
prevalencia de obesidad general era ligeramente mas alta en los hombres en
comparacién con las mujeres (21,8-24,8% frente a 20,1-23,4%), mientras que la tasa
de obesidad abdominal era mucho mas alta en las mujeres en comparacién con los
hombres (<25,5 frente a 34,8-8,9%) (Gutiérrez-Fisac et al. 2012).

1.1.4 Determinantes medioambientales del sobrepeso y la obesidad

Los factores medioambientales que determinan la obesidad se resumen en: factores
socio-demograficos y socio-econdmicos (por ejemplo edad, sexo, nivel cultural, nivel
socioeconémico y distribucién geografica), y factores relacionados con el estilo de

vida (por ejemplo sedentarismo, dieta, dejar de fumar y de paridad).

1.1.5 Efectos sobre la salud del sobrepeso y la obesidad

17



Resumen

De todas las consecuencias en la salud que tienen el sobrepeso y la obesidad (de
acuerdo con informes de la OMS, entre otros), cabe destacar su impacto en los
siguientes aspectos de la salud: las tasas de mortalidad, las enfermedades no
transmisibles, la "doble carga" de la enfermedad, los costes de la asistencia sanitaria

y la atencién social, y la salud mental y la cultura.

1.2. Complementos alimenticios a base de plantas (CAP) — aspectos relevantes

La popularidad de los productos botanicos va en aumento en Europa, y existe un
gran numero de personas que los utilizan para complementar sus dietas o para
mantener la salud, por ejemplo, para el control del peso corporal. Estos productos se
toman en muchos formatos diferentes, por ejemplo, como tés, zumos, productos
medicinales a base de hierbas y CAP. Sin embargo, hay muy poca informacién a
nivel europeo sobre como se estan consumiendo estos productos, y este es el vacio
que ha pretendido llenar la Encuesta PlantLIBRA de Consumidores de CAP 2011-
2012.

1.2.1 Conceptos y definiciones relevantes en la recogida de datos sobre el consumo
de CAP

Al recoger datos sobre el consumo de CAP en una encuesta, es esencial tener todos
los conceptos y definiciones pertinentes armonizados. Con el fin de proporcionar una
idea general sobre la procedencia de los CAP, la Figura 1 muestra la ruta que las

especies botanicas siguen hasta llegar al formato de dosificacion de los CAP.
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Figura 1. Desde la especie botanica hasta el CAP dosificado.

4 N\
Sustancias CAP: Formato
botanicas de dosificacion
Raices Capsulas (durasy
Rizomas Extractos blandas)
Planta Tubérculos Aceites esenciales Liquidos (gotas,
Alga Tallos/Corteza Zumos jarabes, viales)
Hongo Hojas Exudados Polvo
Liquen Flores Aceites prensados Comprimidos/
Frutos Blagt
S Granulos (sobres)
S )

Las sustancias botanicas y los preparados botanicos se incluyen en diferentes
productos, generalmente disefiados como productos a base de plantas para el
consumo humano. Mas tarde estos productos son clasificados como alimentos,

medicamentos o productos homeopaticos (véase la Figura 2).

Figura 2. Clasificacion de los productos a base de plantas.

-
Productos a base de plantas
para consumo humano
S
Alimentos Medicina Homeo-
patia
I

Aunque existe una definicién legal para los Complementos Alimenticios (Directiva de
la UE (2002/46/CE) (European Parliament & Council 2002) en la que se incluyen los

CAP, a efectos de esta investigacion fue necesario desarrollar una definicion
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especifica de los CAP para este tipo de productos. Se considera que la principal
caracteristica de los CAP es que como es que como ingredientes contienen
preparados botanicos que sirven para complementar los alimentos. En particular, la
definicion de CAP utilizada en la encuesta de los capitulos 3 y 4 fue la siguiente: “los
CAP son productos alimenticios cuyo fin es complementar la dieta normal; son
fuentes concentradas de preparados botanicos que tienen un efecto nutricional o
fisiologico, solos o en combinacion con vitaminas, minerales y otras sustancias. Los
CAP son comercializados en formatos dosificados, tales como capsulas, pastillas,
tabletas, pildoras y otros formatos similares, sobrecitos de polvos, ampollas, botellas
con cuentagotas y otros formatos similares de liquidos y polvos. Todos estos
formatos estan disefiados para tomar los productos en pequehas cantidades

unitarias".

Los CAP son productos muy especificos y no es facil identificarlos en un mercado
donde se comercializan muchos otros productos elaborados a base de plantas.
Teniendo esto en cuenta, para capacitar a los entrevistadores durante el proceso de
reclutamiento de los participantes de la encuesta se diseio y utilizoé el siguiente arbol

de decisioén (véase la Figura 3).
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Figura 3. Arbol de decision para identificar un complemento alimenticio a base de plantas.

¢ Contiene el producto una o mas
sustancias vegetales
(planta, alga, hongo, liquen)?
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empleado para cocinar o
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Si

No
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No Si
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No
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preparado vegetal diluido?

Infusiones / tisanas

No .
¢ El producto presenta S
indicacion terapéutica o Productos

autorizacion de
comercializacion?

No

LCompIemento alimenticio
base de plantas

homeopaticos

Si
Medicamentos a base
de plantas

1.2.2 El projecto PlantLIBRA y la Encuesta PlantLIBRA de Consumidores de CAP

2011-2012

PlantLIBRA (acronimo de “PLANT Food Supplements: Levels of Intake, Benefit and
Risk Assessment” - CONTRATO N° 245199 de la CE) (www.plantlibra.eu/web) es un

proyecto de investigacion de cuatro afios (2011-2014), cofinanciado por la CE en el

contexto del Séptimo Programa Marco de la UE, que tuvo como objetivo fomentar el
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uso seguro de los complementos alimenticios que contienen plantas o preparados
botanicos, mediante el aumento de la toma de decisiones basada en la evidencia por
parte de los reguladores y los operadores de la cadena alimentaria. PlantLIBRA se
llevé a cabo a través de un consorcio internacional de 25 socios y se organizé en 11
paquetes de trabajo (WP). El primer WP fue liderado por la FIN en Barcelona, y su
actividad principal consistié en la realizacion de una encuesta para evaluar el
consumo de CAP: la Encuesta PlantLIBRA de Consumidores de CAP 2011-2012,

que fue liderada por el director de esta tesis y coordinada por la doctoranda.

La Encuesta PlantLIBRA de Consumidores de CAP 2011-2012 es un estudio
transversal realizado por 6 centros miembros de PlantLIBRA en cuyos paises se
llevé a cabo el trabajo de campo y la recogida de datos: Finlandia, Alemania, Italia,
Rumania, Espafa y el Reino Unido. El trabajo de campo duré6 mas de 15 meses,
desde mayo de 2011 hasta agosto de 2012. Los datos recogidos provenian de 2359
consumidores de CAP que residian en 24 ciudades europeas (4 por pais) (véase la
Figura 4). El trabajo de campo y recoleccion de datos fueron realizados por la

empresa internacional de estudios de mercado EFG.
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Figura 4. Paises y ciudades que participan en la Encuesta PlantLIBRA de Consumidores de
CAP 2011-2012.

MR 4 f

“Las Palmas de Gran Canaria

Se calculé una muestra estimada de cribado 2.000 personas por pais con el fin de
obtener una muestra final de aproximadamente 400 consumidores por pais (N
total=2.400 aproximadamente). Por pais, las cuotas de género y grupo de edad se
establecieron de la siguiente manera: 300 adultos (18 a 59 afios) y 100 adultos
mayores (a partir de 60 afios), con un 30-50% de hombres y un 50-70% de mujeres.
Todos los individuos fueron seleccionados por medio de un cuestionario de cribado
de 5 minutos que registré el uso de CAP en los 12 meses anteriores a la entrevista

(véase el Anexo Il de esta tesis).

Aquellos individuos considerados "consumidores elegibles" (véase la Tabla 1) que
también estaban dispuestos a participar en el estudio completaron durante una
entrevista un cuestionario de 30 minutos sobre su uso de CAP. Este cuestionario

constaba de 58 preguntas, 20 de las cuales preguntaban sobre aspectos del uso de
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CAP y 38 sobre aspectos socio-demograficos, de salud y de estilo de vida (véase el
Anexo lll de esta tesis).

Tabla 1. Definicion del consumidor “elegible” de CAP.

Los individuos eran consideraron elegibles para su inclusion en la encuesta si eran mayores
de 18 afos de edad y si cumplian alguno de los siguientes criterios especificos, destinados
a captar los diferentes patrones de uso de los consumidores de CAP:

1) Habian tomado al menos 1 CAP en los ultimos 12 meses, en un formato de dosis
apropiado, con una frecuencia minima de cualquiera de estas opciones:

a) 1 dosis diaria durante al menos 2 semanas consecutivas o no consecutivas, o

b) 1 0 mas dosis por semana durante un minimo de 3 semanas consecutivas, 0

c) 1 o mas dosis por semana durante al menos 4 semanas consecutivas o0 no consecutivas
2) Habian tomado 2 o mas CAP diferentes, en un formato de dosificacion adecuado, con
una frecuencia minima de 1 o0 mas dosis por semana, y siendo la suma de la duracién de

uso de los 2 0 mas productos igual a por lo menos 4 semanas.

Los resultados del estudio han proporcionado datos para evaluar el perfil socio-
demografico de los usuarios de CAP, los patrones de uso de estos productos, los

productos reales consumidos y sus ingredientes botanicos.

Los datos se organizaron en 3 bases de datos para su andlisis: 1) la base de datos
de "productos-ingredientes botanicos", 2) la base de datos del "consumidor”, y 3) la
base de datos resultante de la fusion de la de "consumidores y productos". Esto
permitid la evaluacién del consumo de CAP en la poblacién seleccionada a tres

niveles: a nivel ingrediente botanico, a nivel producto y a nivel consumidor.

Con el fin de validar el cuestionario de uso de CAP, se llevd a cabo un estudio de
validacién en el que los datos recogidos a través de la encuesta (cuestionario) se
compararon con los datos recogidos con un diario de 30 a 180 dias (utilizado como
el “método de referencia”). El estudio se realiz6 en dos de las ciudades de la
Encuesta de consumo PlantLIBRA: Las Palmas de Gran Canaria (Espafia) y Milan
(Italia), donde 48 y 49 consumidores respectivamente fueron reclutados mediante
muestreo de conveniencia. El cuestionario de uso de CAP fue completado por los

encuestados al principio y al final del periodo de 6 meses de la validacion. Durante
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este tiempo los consumidores también completaron el diario de uso. Los datos de la
ultima encuesta y el diario se compararon para evaluar la concordancia. Los
resultados obtenidos mostraron una buena concordancia en cuanto al producto

consumido, el formato de la dosis y las dosis por dia.

1.2.3 Aspectos regulatorios de los CAP

Los complementos alimenticios (CA) estan regulados por la Directiva 2002/46/CE,
conocida como la Directiva sobre Complementos Alimenticios, que establece los
requisitos que deben satisfacer este tipo de productos para su comercializacion en la
Comunidad (European Parliament & Council 2002). El objetivo de la Directiva era
armonizar la legislacion comunitaria en los Estados Miembros. Sin embargo, no tuvo
en cuenta las sustancias distintas de las vitaminas y minerales, tales como
aminoacidos y acidos grasos, fibras, plantas y extractos de plantas, que se utilizan
en la produccién de los CA. Estas sustancias siguen siendo reguladas a través de
diversos decretos nacionales que determinan su comercializacion. Un problema de
las legislaciones nacionales es que difieren ampliamente entre ellas. Algunos
Estados Miembros han regulado el uso de productos botanicos en detalle, sobre la
base de listas negativas de plantas no permitidas y/o listas positivas de las plantas
permitidas. Algunos aplican condiciones especificas de uso (por ejemplo, niveles
maximos, declaraciones de advertencia, etc) (Larranaga—Guetaria 2012). Pero en la
mayoria de los Estados Miembros, el fabricante o el distribuidor del producto tiene la
obligacion de notificar su actividad a las autoridades competentes mediante el envio
de un modelo de la etiqueta utilizada. Este proceso es gratuito en algunos paises
europeos (Vargas-Murga et al. 2011). En algun caso, dicha informacién debe incluir
los datos técnicos especificos sobre la composicion y naturaleza del producto. Dicha
informacion puede ser evaluada por los 6rganos nacionales especificos para

consultas cientificas (Larrafniaga—Guetaria 2012).

A pesar de la multitud de normas nacionales, en la UE se aplica el principio basico
Europeo “de reconocimiento mutuo”, por el que cualquier producto que se
comercializa legalmente en un Estado Miembro puede ser comercializado en los 27
Estados Miembros. En la practica, no obstante, este principio de reconocimiento

mutuo no siempre se acepta y un Estado Miembro puede restringir las ventas de un
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producto de otro pais en caso de considerar que existe un posible riesgo para la
salud del consumidor. Cuando esto sucede, el Estado Miembro que no acepta el
producto debe demostrar con pruebas el riesgo que supone el producto para la
seguridad del consumidor. Desde 2008, el Reglamento 764/2008 establece
procedimientos fijos a seguir en estos casos. Si un Estado Miembro se negase
sistematicamente a aplicar el reconocimiento mutuo, la CE podria iniciar
procedimientos de infraccion contra dicho Estado Miembro (Larranaga—Guetaria
2012).

1.2.4 El mercado de los CAP

e Datos de mercado de los CAP en los Estados Miembros de la CE

Un estudio elaborado por European Advisory Services (EAS) proporciona datos
detallados sobre los cuatro Estados Miembros de la CE que lideran las ventas de
CAP: a la cabeza esta ltalia, seguida de cerca por Alemania, Reino Unido y Francia
(EAS 2007). Segun este estudio, el tamafio total estimado del mercado de los CA en
la UE en 2005 era de unos 5 billones de euros (precios de venta al por menor). Los
CA pueden dividirse entre aquellos que contienen vitaminas y minerales, que tenian
una cuota de mercado del 50%, y los que contienen otras sustancias, que tienen una
cuota de mercado del 43%, equivalente a 2,15 billones de euros. La mayor parte de
las ventas de productos que contienen otras sustancias se realizaron en Alemania,
Italia, Francia y el Reino Unido. El estudio mencionado también publicé que entre
1997 y 2005, el crecimiento del mercado de los CA que contienen otras sustancias
oscilé entre el 20% en el Reino Unido y un 219% en Polonia (EAS 2007; CE 2008).

Las proyecciones de crecimiento para los CA muestran una desaceleracion para los
proximos anos. Esta situacion podria responder a la modificacién de algunos
factores econdmicos, como por ejemplo la saturacion del mercado. Otros factores
que podrian afectar la comercializaciéon de los CA que contienen otras sustancias
son la notificacidon/autorizacion de los requerimientos y las restricciones nacionales a
los canales de distribucion, asi como el grado en que las autoridades nacionales

apliquen el reconocimiento mutuo (Vargas-Murga ef al. 2011).
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e Tendencias del mercado de los CAP

Una tendencia importante observada en el mercado es el paso del mercado de un
solo ingrediente al mercado de multiples ingredientes en tratamientos para una
afeccidon particular. También hay una mayor demanda de productos a base de
plantas e ingredientes botanicos en formulas multiples y en formato de paquetes
combinados, asi como de capsulas masticables y tabletas. Los productos multi-
hierbas/plantas constituyen el segmento mas grande, capturando una parte
significativa de los complementos a base de hierbas/plantas y del mercado mundial
de remedios curativos. Se prevé que el crecimiento de este segmento de productos
multi-hierbas/plantas superara el de otros mercados, ya que tuvo la tasa mas rapida
de crecimiento compuesto del 9,0% durante el periodo de analisis (2000-2006).
También se espera que la soja y las hierbas/plantas especializadas muestren un
fuerte potencial de crecimiento en el futuro (GIA 2011).

e Canales de distribuciéon de los CAP

Las ventas directas por un lado y los canales de venta al consumidor o a los
comerciantes minoristas por otro son las dos técnicas de marketing utilizadas por los
fabricantes, distribuidores e importadores de CAP. Las ventas directas incluyen
pedidos por correo, e-commerce, marketing multinivel y profesionales sanitarios
médicos y de otras disciplinas alternativas. Las ventas a consumidores se
concentran en las farmacias, tiendas naturistas de  alimentacion,
herbolarios/herboristerias,  para-farmacias, = supermercados/hipermercados vy
locales/centros especializados (como gimnasios, peluquerias, centros de salud y

belleza, tiendas de articulos deportivos) (Vargas-Murga et al. 2011).

Los canales de distribucidon al por menor mas habituales en los Estados Miembros
de UE son las farmacias, las tiendas naturistas, los herbolarios y los supermercados.
La mayoria de los consumidores prefieren comprar CAP en herbolarios y farmacias
donde pueden recibir asesoramiento sobre los beneficios del producto y la dosis
(Vargas-Murga et al. 2011).
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1.2.5 La industria del control del peso corporal: pasado, presente y futuro

El informe de la IOTF "Obesity in Europe 2002" mencioné que a finales de los afios
noventa en Europa hubo una enorme demanda de ayuda por parte de la poblacion
para perder peso. Se evidencid que la profesion médica no pudo o no supo
responder a esta demanda. El resultado de esta situacion fue el desarrollo de
sistemas paralelos de ayuda, que incluyeron: a) grupos médicos no ortodoxos o
privados que hacen afirmaciones sin fundamento de éxito, b) los clubes y grupos de
adelgazamiento comerciales que cobran por las sesiones presenciales, c) empresas
alimentarias y de otra indole que comercializan una amplia gama de "alimentos
adelgazantes" o complementos dietéticos y coadyuvantes a la pérdida de peso
selectiva, y d) un notable numero de revistas que en muchas ocasiones ofrecen

consejos contradictorios (IOTF 2002).

El informe de la IOTF también estimé que en 1995 el gasto total en la industria de
adelgazamiento en la UE fue de al menos 15 billones de euros al afo (y de
alrededor de 1 billén de libras en el Reino Unido) (IOTF 2002). En Espafia, el estudio
prospectivo Delphi informé en 1999 de que un 80% de los espafioles que querian
perder peso gastdé en promedio 60 euros al mes en todo tipo de tratamientos. El
gasto total en productos de adelgazamiento ascendié a 2,05 billones de euros

(Estudio prospectivo Delphi 1999).

Se ha calculado que en Estados Unidos en 2005 las ventas de complementos para
perder peso ascendieron a mas de 1,6 billones de délares (Pillitteri et al. 2008; NBJ
2006); también se observo que entre 2011 y 2012 el mercado de los complementos
alimenticios aument6é en un 7,5%, llegando a 32,5 billones de dolares en ventas

(Euromonitor International 2014a).

Datos de Euromonitor International sobre el mercado global del control del peso en
2013 mostraron fuertes crecimientos anuales del 5%, alcanzando las ventas al por
menor el valor de 14 billones de doélares. Euromonitor International afirmé que "si
bien se preveia que el crecimiento continuaria hasta el 2018, con una “tasa
compuesta de crecimiento anual” del 3%, los resultados variarian por region vy tipo

de producto" (Euromonitor 2014b).
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1.2.6 Clasificacion de los productos botanicos utilizados en la pérdida de peso

Los complementos para el control o la pérdida de peso normalmente se clasifican en
las siguientes 4 categorias, en funcion de su mecanismo de accion hipotético para
reducir el peso o cambiar la composicion corporal (Manore 2012):

1) Los productos que bloquean la absorcién de las grasas o de los hidratos de
carbono, disminuyendo asi la cantidad de energia absorbida de los alimentos (por
ejemplo, el frijol comun (Phaseolus vulgaris).

2) Los estimulantes que aumentan el metabolismo (por ejemplo, el té verde
(Camellia sinensis).

3) Los productos que hipotéticamente alteran la particion de nutrientes, cambiando
asi la composicion corporal al disminuir la grasa corporal y aumentar el tejido magro
(por ejemplo, el tamarindo malabar (Garcinia cambogia).

4) Los productos que suprimen el apetito o aumentan la saciedad, resultando en
una menor ingesta energética (por ejemplo, las fibras solubles tales como el

glucomanano).
Muchos complementos que se usan en el control o la pérdida peso combinan varios

ingredientes de estas categorias en un solo producto. Esto dificulta los tests de

eficaciay seguridad (Manore 2012).
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2. Investigacion

Mi investigacidn se ha centrado en analizar el sobrepeso y la obesidad en adultos en
relacion a varios factores medioambientales. En particular, he analizado la
importancia de los factores socioeconémicos (ocupacion, educacion), socio-
demograficos (edad, sexo y tamafo de la poblacion de residencia), y de estilo de
vida (tabaquismo y consumo de CAP). He estudiado la relacion entre el
sobrepeso/obesidad y la ocupacién, la educacién, la edad, el género, el tamafio de
la poblacién de residencia y el historial tabaquico en la poblaciéon catalana adulta,
utilizando los datos de las dos Encuestas Catalanas de Nutricion (ENCATs 1992-93
y 2002-03), que son dos encuestas transversales metodolégicamente idénticas.
Ademas, he estudiado la relacion entre el sobrepeso/obesidad y el consumo de CAP
en la poblaciéon adulta de 6 paises de la UE donde se realiz6 la Encuesta
PlantLIBRA de Consumidores de CAP 2011-2012. Cada uno de los cuatro capitulos
de investigacion de esta tesis contiene su propia seccion de Introduccion,
Metodologia, Resultados y Discusién. A continuacion se presenta un resumen de los
objetivos, la metodologia y los resultados de cada capitulo. Las conclusiones y las
aportaciones originales de cada capitulo se explican posteriormente en la seccion de

Conclusiones de la tesis.

2.1 Capitulo 1: Tendencias de la obesidad y el sobrepeso en Cataluiha, Espana

(1992-2003), en relacion al género y algunas variables socio-econémicas?

2.1.1 Objetivos

Este estudio evalua las tendencias de las tasas de prevalencia de obesidad y
sobrepeso en la poblacién adulta de Cataluia, Espana, en el periodo 1992-2003.
También se evalua la influencia que han tenido diversos factores socio-econémicos

en la evolucién de estas tendencias.

2.1.2 Metodologia

2 Este trabajo de investigacion fue publicado en la revista Public Health Nutrition (véase el Anexo IVa
de esta tesis): Garcia-Alvarez A, Serra-Majem L, Ribas-Barba L, Castell C, Foz M, Uauy R, Plasencia
A, Salleras L. Obesity and overweight trends in Catalonia, Spain (1992-2003): gender and socio-
economic determinants. Public Health Nutr. 2007 Nov;10(11A):1368-78.
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Se analizaron datos de las dos Evaluaciones del Estado Nutricional en Cataluia
(ENCAT 1992-1993 y ENCAT 2002-03), que son dos encuestas poblacionales
representativas transversales. Los datos de peso y altura se obtuvieron mediante
medicion directa en condiciones estandarizadas por dietistas entrenados. El
sobrepeso y la obesidad se definieron mediante el IMC y el PC, categorizados de
acuerdo a criterios de la OMS de 1998. Las muestras globales consistieron en 1015
hombres y 1233 mujeres de ENCAT 1992-1993, y en 791 hombres y 924 mujeres de
ENCAT 2002-03, todos de edades comprendidas entre 18 y 75 anos.

2.1.3 Resultados

Para la elaboracién de este resumen se han seleccionado solo algunos de los

resultados mas representativos del analisis.

En 2002-03 la media de IMC y la media de PC en hombres fueron mas altas que en
1992-1993, mientras que para las mujeres la media de IMC fue mas baja (excepto
para el grupo de poblacién mas joven), y la media de PC fue mas alta. La Tabla 2
muestra que en los hombres, la prevalencia del IMC de sobrepeso se mantuvo
estable (paso del 44,1% en 1992-1993 al 43,7% en 2002-2003), mientras que la del
IMC de obesidad aumenté (pas6 del 9,9% al 16,6%); por otro lado, el PC de
sobrepeso total se mantuvo estable (de 21,7 a 23,8%), mientras que el de obesidad
aumento (de 13,1% a 24,4%). En las mujeres, el IMC de sobrepeso y el IMC de
obesidad se mantuvieron estables (del 29,1% al 30,1% y del 15,0% al 15,2%,
respectivamente); el PC de sobrepeso disminuyd (de 21,8% a 17,7%), mientras que
el de obesidad aument6é (de 24,5% a 31,1%). Los factores socio-econdémicos y
educativos tuvieron una influencia sobre las tasas de IMC y PC de sobrepeso y
obesidad principalmente en mujeres en ambas encuestas y en los hombres mas

jévenes en la encuesta de 1992-1993.
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Resumen

Capitulo 2: Tendencias en la asociacion entre el historial tabaquico y la

obesidad general/central en Cataluiia (1992-2003), Espaia®

2.2.1 Objetivos

Este estudio muestra las tendencias en la relacion entre el historial tabaquico y el
sobrepeso/obesidad general, y entre historial tabaquico y la adiposidad central,

en adultos de la regién mediterranea de Catalufia, Espafa.

2.2.2 Metodologia

Se utilizaron las dos encuestas ENCAT 1992-93 y 2002-03 ENCAT.. La muestra
de ENCAT 1992-1993 consistio en 482 hombres y 589 mujeres y la de ENCAT
2002-03 en 515 hombres y 613 mujeres, todos de edades comprendidas entre
25 y 60 afos. Dietistas entrenados tomaron las medidas antropométricas (peso,
altura) y recogieron datos auto-informados sobre el habito tabaquico, la dieta, el
estilo de vida y el SES. Se utilizé el indicador de la OMS de 2008 de
sobrepeso/obesidad general (IMC>=25) entre “nunca fumadores”, exfumadores y
fumadores actuales; se utilizé el indicador de la OMS de 2008 para estimar la
adiposidad central entre personas que nunca habian fumado, exfumadores y
fumadores actuales, incluyendo: el “riesgo aumentado de enfermedad
metabdlica por PC” (RA PC - con un PC de 94 a <102 cm en hombres y de 80 a
<88 cm en mujeres) y el “riesgo aumentado substancialmente de enfermedad
metabdlica por PC” (RAS PC - con un PC >=102 cm en hombres y >=88 cm en
mujeres). Las asociaciones multivariantes ajustadas se estimaron mediante

regresion logistica simple.

2.2.3 Resultados

Para la elaboracidon de este resumen se han seleccionado algunos de los

resultados mas representativos del analisis.

La prevalencia de sobrepeso/obesidad y de RA/RAS PC en hombres aumenté

en 2002-2003 respecto de la encuesta anterior. Los exfumadores tenian la tasa

® Este trabajo de investigacion ha sido enviado a una revista cientifica (véase el Anexo IVb de
esta tesis).
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Resumen

de sobrepeso mas alta (57,2%) y también el RAS PC (28,2%), pero los nunca-
fumadores tenian la prevalencia de obesidad mas alta (19,3%) y los fumadores-
actuales la tasa mas alta de RA PC (30,7%). En mujeres, después de 10 ainos,
las diferencias observadas entre las tasas de prevalencia de los diferentes
grupos de habito tabaquico disminuyeron sustancialmente debido al aumento de
las tasas combinadas en exfumadores y fumadores actuales, y a la disminucion
de las tasas combinadas en nunca-fumadores; las tasas de sobrepeso y RA PC
mas altas (32,2% y 21% respectivamente) se observaron en exfumadores, y las
mas altas de obesidad y RAS PC (16,5% y 33,2% respectivamente) en nunca-
fumadores. Después de diez afios, la mayoria de las asociaciones entre el
historial tabaquico y la obesidad general y la central se vieron considerablemente
atenuadas: unicamente el tabaquismo excesivo en hombres se mantuvo
asociado con el RA/RAS PC (aunque la probabilidad pasé de ser tres veces mas
alta a ser dos veces mas alta) y las fumadoras moderadas tenian 0,57 veces
menos probabilidades de tener un RA/RAS PC (p<0,10) que las nunca

fumadoras (véase la Tabla 3).
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Resumen

2.3 Capitulo 3: Uso de complementos alimenticios a base de plantas en
seis paises europeos: resultados de la Encuesta PlantLIBRA de
Consumidores de CAP 2011-2012*

2.3.1 Objetivos

Este estudio pretende proporcionar una visidén general de las caracteristicas y los
patrones de uso de las personas que consumen complementos alimenticios a

base de plantas (CAP) en seis paises europeos.

2.3.2 Metodologia

Este estudio se llevd a cabo dentro del proyecto PlantLIBRA (FP7- proyecto
financiado por la CE n°245199). Se recogieron datos sobre el uso de CAP en
una encuesta transversal retrospectiva de consumidores de estos productos,
utilizando un cuestionario de frecuencia de consumo/uso. Se seleccioné una
muestra total de 2359 adultos (a partir de 18 afos) consumidores de CAP
residentes en Finlandia, Alemania, Italia, Rumania, Espafa y el Reino Unido
(n=400 por pais aproximadamente). Se realizaron analisis descriptivos, con
todos los datos estratificados por sexo, edad y pais. Se presentaron frecuencias

absolutas, porcentajes e intervalos de confianza del 95%.

2.3.3 Resultados

Para la elaboracion de este resumen se han seleccionado solo algunas de las
tablas de resultados mas representativos. En general, se estima que el 18,8% de
los encuestados seleccionados utiliza al menos un CAP (véase la Tabla 4). Las
distintas caracteristicas de los consumidores de CAP incluyeron: ser adulto
mayor, tener un buen nivel de educacién, no haber fumado nunca y tener una
percepcion de la propia salud “buena o muy buena" (véanse Tablas 5y 6). En el
conjunto de todos los paises, se identificaron 491 botanicos diferentes en los

productos CAP consumidos (véase la Tabla 7). Los formatos de dosis mas

* Este trabajo de investigacion ha sido publicado en la revista PLoS One (véase el Anexo IVc de
esta tesis): Garcia-Alvarez A, Egan B, de Klein S, Dima L, Maggi FM, et al. (2014) Usage of Plant
Food Supplements across Six European Countries: Findings from the PlantLIBRA Consumer
Survey. PLoS ONE 9(3): €92265. doi: 10.1371/journal.pone.0092265
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populares fueron las capsulas y las pildoras/tabletas (véase la Tabla 8). La
mayoria de los consumidores utilizaron un solo producto y la mitad de todos los
consumidores tomaron productos de un solo ingrediente botanico (no se
muestran estos resultados). Los ingredientes botanicos consumidos con mas
frecuencia fueron Ginkgo biloba (ginkgo), Oenothera biennis (onagra) y Cynara
scolymus (alcachofa) (véase la Tabla 9). Algunos resultados variaron entre

paises.
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Resumen

2.4 Capitulo 4: IMC de sobrepeso y obesidad en relacion al uso de
complementos alimenticios a base de plantas en seis paises europeos:
resultados de la Encuesta PlantLIBRA de Consumidores de CAP 2011-2012

2.4.1 Objetivos

Este estudio pretende identificar los ingredientes botanicos de los CAP
consumidos por "razones de peso corporal" y por "personas que hacen dieta
para reducir el sobrepeso/obesidad" en seis paises europeos. Por otro lado,
pretende analizar la relacion entre el consumo de estos ingredientes botanicos

identificados y el IMC auto-informado de sus consumidores.

2.4.2 Metodologia

Los datos utilizados provienen de la Encuesta PlantLIBRA de Consumidores de
CAP 2011-2012, una encuesta transversal retrospectiva de 2359 consumidores
de CAP que utiliza un cuestionario de frecuencia de consumo de CAP. Los
analisis se realizaron en dos submuestras de consumidores que 1) consumen los
productos por "razones de peso corporal" y 2) que hacen “dieta contra el
sobrepeso/obesidad"; en cada submuestra se presentaron las proporciones por
pais. Se identificaron los ingredientes botanicos de los CAP consumidos por los
encuestados que responden "por razones de peso corporal”, los consumidos por
personas que hacen “dieta de sobrepeso/obesidad" y los consumidos por los que
pertenecen a la "tabulacion cruzada de los dos grupos". La relacidén entre los 5
botanicos mas consumidos y el IMC auto-informado en el grupo 1y 2 se exploré
mediante la comparacion de proporciones del IMC de los consumidores frente a
los no consumidores (utilizando la prueba xz, y p<0,05 para la significacion). Las
comparaciones se realizaron usando a) la muestra de consumidores por "razén
de peso corporal" (n=240) y la muestra de consumidores que estan "a dieta de
sobrepeso/obesidad" (n=112), en la que los 5 primeros ingredientes botanicos
consumidos habian sido identificados, y b) el total de muestra (N=2359), para

aumentar la potencia de la prueba.

2.4.3 Resultados
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Para elaborar este resumen se han seleccionado solo algunos de los resultados
mas relevantes. Del total de 2874 productos CAP consumidos, 252 (8,8%) fueron
consumidos por "razones de peso corporal" (por 240 consumidores). Del total de
2359 consumidores de CAP, 112 (4,8%) estaban "a dieta de
sobrepeso/obesidad". Espafa es el pais donde mas encuestados respondieron
consumir  CAP "por razones de peso corporal" y estar "a dieta de
sobrepeso/obesidad" (véanse Figuras 5 y 6). La alcachofa fue el ingrediente
botanico mas consumido a) por "razones de peso corporal”, b) por "personas que
hacen dieta de sobrepeso/obesidad" y c) por la tabulaciéon cruzada de los dos
grupos. Considerando los 5 ingredientes botanicos mas utilizados por "razéon de
peso", se observé una proporcion significativamente mas alta de IMC>25 entre
los consumidores de CAP que contenian alcachofa (Cynara scolymus) y té verde
(Camellia sinensis), que en los consumidores que no tomaban estos dos
ingredientes (en el caso de la alcachofa: 58,4% frente a 49,1% y en el caso del
té verde: 63,2% frente a 49,7%); este resultado aparece al considerar toda la
muestra (véase la Tabla 10). Considerando los 5 ingredientes botanicos mas
utilizados por personas que estaban “a dieta de sobrepeso/obesidad", se
observd una proporcion significativamente menor de IMC>25 entre los
consumidores de productos que contenian pifia (Ananas comosus), que en los
no consumidores (38,5% frente a 81,5%); este resultado aparece cuando se
utiliza la submuestra de personas que estaban “a dieta de sobrepeso/obesidad”.
Sin embargo, cuando se utiliza toda la muestra, solo se observa una mayor
proporcion de IMC>25 entre los consumidores de CAP que contenian como
ingrediente alcachofa (Cynara scolymus) respecto a los no consumidores (58,4%
frente a 49,1% respectivamente) (véase la Tabla 11). Por otro lado, las tres
primeras razones para tomar productos que contienen alcachofa (Cynara
scolymus) fueron "peso corporal" (en 79 productos, de los cuales 47 fueron
consumidos en Espana), "estomago/funcidn digestiva" (79 productos, 37
consumidos en Alemania) y "colesterol" (32 productos, 21 consumidos en

Alemania) (véase la Figura 7).
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Figura 5. CAP consumidos por "razones de peso corporal” (%), por pais
%
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Table 10. Diferencias en la distribucion del IMC entre consumidores y no consumidores de
los 5 ingredientes botanicos mas consumidos usados por quienes respondieron "razones de
peso corporal” al usar CAP, cuando se utiliza a) la submuestra "razones de peso corporal” y
b) la totalidad de la muestra de la encuesta.

IMC
<25 kglm2 >25 kglm2
5 ingredientes botanicos mas Grupo de X2

consumidos por "peso corporal” consumo n % n % Valor p

a) Al utilizar sélo la submuestra de consumidores que respondieron "peso corporal” (N=240)

Cynara scolymus (alcachofa) Consumidores 24 33,3 48 66,7 0,168
No consumidores 72 42,9 96 57,1

Foeniculum vulgare ssp. (hinojo) Consumidores 15 40,5 22 59,5 0,942
No consumidores 81 39,9 122 60,1

Camellia sinensis (te verde) Consumidores 17 50 17 50 0,199
No consumidores 79 38,3 127 61,7

Vitis vinifera (vid) Consumidores 6 26,1 17 73,9 0,152
No consumidores 90 41,5 127 58,5

Ananas comosus (pifia) Consumidores 10 47,6 11 52,4 0,456
No consumidores 86 39,3 133 60,7

b) Cuando se utiliza la totalidad de la muestra de consumidores (N=2359)

Cynara scolymus (alcachofa) Consumidores 72 41,6 101 58,4 0,019
No consumidores 1113 50,9 1073 49,1

Foeniculum vulgare ssp. (hinojo) Consumidores 71 53,8 61 46,2 0,401
No consumidores 1114 50 1113 50

Camellia sinensis (te verde) Consumidores 32 36,7 55 63,2 0,043
No consumidores 1142 50,3 1130 49,7

Vitis vinifera (vid) Consumidores 43 49,4 44 50,6 0,878
No consumidores 1142 50,3 1130 49,7

Ananas comosus (pifia) Consumidores 21 60 14 40 0,244

No consumidores 1164 50,1 1160 49,9
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Table 11. Diferencias en la distribucion del IMC entre consumidores y no consumidores de
los 5 ingredientes botanicos mas consumidos por personas que estan “a dieta de
sobrepeso/obesidad”, cuando se utiliza a) la submuestra de los que estan “a dieta de
sobrepeso/obesidad” y b) el total de la muestra de la encuesta.

IMC
<25 kg/m? >25 kg/m?
5 ingredientes botanicos mas 2
consumidos por X
personas "a dieta de Grupo de
sobrepeso/obesidad" consumo n % n % Valor-p

a)Usando sélo la submuestra de consumidores que estan "a dieta de sobrepeso/obesidad" (N=112)

Cynara scolymus (alcachofa) Consumidores 9 26,5 25 73,5 0,590
No consumidores 17 21,8 61 78,2

Foeniculum vulgare ssp. (hinojo) Consumidores 5 29,4 12 70,6 0,511
No consumidores 21 22,1 74 77,9

Taraxacum officinale (diente de ledn) Consumidores 3 21,4 11 78,6 0,866
No consumidores 23 23,5 75 76,5

Ananas comosus (pifa) Consumidores 8 61,5 5 38,5 0,000
No consumidores 18 18,2 81 81,8

Matricaria chamomilla (manzanilla) Consumidores 1 9,1 10 90,9 0,243
No consumidores 25 24,8 76 75,2

b) Usando el total de la muestra de consumidores (N=2359)

Cynara scolymus (alcachofa) Consumidores 72 41,6 101 58,4 0,019
No consumidores 1113 50,9 1073 49,1

Foeniculum vulgare ssp. (hinojo) Consumidores 71 53,8 61 46,2 0,401
No consumidores 1114 50 1113 50

Taraxacum officinale (diente de leén) Consumidores 39 48,8 41 51,3 0,787
No consumidores 1146 50,3 1133 49,7

Ananas comosus (pifa) Consumidores 21 60 14 40 0,244
No consumidores 1164 50,1 1160 49,9

Matricaria chamomilla (manzanilla) Consumidores 32 47,8 35 52,2 0,681

No consumidores 1153 50,3 1139 49,7
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Figura 7. Razones de salud para las que se usan CAP que contienen Cynara scolymus
(alcachofa), por pais.
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lll. CONCLUSIONES Y APORTACIONES ORIGINALES

Los resultados de la investigacion desarrollada en esta tesis tienen importantes
implicaciones para la salud publica. Desde hace afios se sabe que el exceso de
peso corporal general y central es un problema de salud publica creciente, que
afecta a cada vez mas sociedades, tanto las afluentes, como las que estan en
transicion y las emergentes. También es conocido que este problema de salud
publica esta influenciado por muchos factores, y que los individuos afectados
buscan todo tipo de estrategias de control/pérdida de peso. Algunos de estos
factores y estrategias de control de peso se han analizado en esta tesis.

Por lo que respecta al capitulo 1, se han evaluado las tendencias de las tasas
de prevalencia generales y centrales de sobrepeso y obesidad en la poblacién
adulta de Catalufa, Espana, en el periodo 1992-2003. También se ha
estudiado la influencia de factores socio-econémicos y socio-demograficos en
estas tendencias. Las tendencias durante los diez anos estudiados indican que
los hombres catalanes cada vez pesaban mas en general (IMC) y también
alrededor de la cintura (PC), mientras que las mujeres catalanas tenian cinturas
mas anchas (PC). La prevalencia del IMC de obesidad masculina supero a la
de las mujeres. ElI PC de obesidad siguié siendo mas frecuente en las mujeres
que en los hombres, especialmente en el caso de los grupos de poblacién con
niveles socio-econoémicos inferiores (niveles de ocupaciéon y de educacion mas
bajos). A pesar de las limitaciones del estudio, los resultados obtenidos se
suman a las evidencias encontradas en otros articulos de que el fendbmeno de
la obesidad y el sobrepeso tiende a empeorar en Catalufia. Las conclusiones
de la investigacion deberian ayudar a orientar las politicas de salud publica y a
disefar campanas de prevencion contra las tendencias crecientes de
sobrepeso y obesidad. Estas intervenciones deberian poner especial atencion
en los hombres, en personas con un nivel socio-econdmico y de educacién
bajo, y en las poblaciones de menor tamafo. Por otra parte, los analisis
también revelaron que el PC de obesidad continu6 siendo mas prevalente en
las mujeres que en los hombres, especialmente las de los grupos socio-
econdmicos inferiores (niveles de ocupacion y educacion bajos). La literatura

ha demostrado que los cambios en el PC acompafian a cambios en los factores
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de riesgo cardiovascular; el PC también predice la morbilidad y la mortalidad y
esta fuertemente asociado con anomalias metabdlicas. Por lo tanto, las
conclusiones obtenidas en el capitulo 1 sobre las tendencias en la poblacion
femenina adulta catalana alentarian la toma urgente de medidas en relacién al
control de peso para mejorar la salud de este colectivo y prevenir las co-
morbilidades de la adiposidad abdominal. En este sentido, deberia ponerse

especial atencion en los grupos de menos recursos.

El estudio elaborado en este capitulo fue publicado en la revista Public Health
Nutrition 2007 (factor de impacto (FI) en 2008: 2.123) (véase el Anexo IVa de
esta tesis). Ademas, fue presentado en forma de pdster en el Congreso de la
SENC VIII, Valencia, 22-25 de octubre de 2008.

El capitulo 2 de la tesis ha examinado el posible uso del tabaco como
estrategia de control de peso. De nuevo, la investigacion se centra en la
poblacion de adultos catalanes de las dos encuestas ENCAT en el periodo
1992-2003. Se han evaluado las tendencias de prevalencia en los patrones
observados de exceso ponderal general/de adiposidad central entre sujetos
con diferentes habitos tabaquicos. También ha examinado la asociacion entre
el tabaquismo y el exceso de peso general/central después de ajustar por
posibles factores de confusion. Finalmente, la investigacion muestra coémo
estas relaciones cambian con las tendencias temporales (1992-2003) en la
prevalencia de la obesidad y el tabaquismo. Aunque la causalidad no puede ser
establecida, los resultados sugieren una asociacion positiva entre fumar en
exceso (>20 cigarrillos/dia) y la adiposidad central en los hombres; el reducido
namero de mujeres que declararon ser fumadoras en exceso limitd la
capacidad de examinar las asociaciones entre el tabaquismo excesivo y la
obesidad central y la posibilidad de comparar los resultados en mujeres y
hombres. Sin embargo, no se observé una asociacién entre el ex-tabaquismo y

el exceso ponderal general/de adiposidad central en la ultima encuesta.

En términos generales, estos hallazgos fortalecen los argumentos que
promueven el abandono del tabaco para reducir la morbilidad y la mortalidad

asociadas tanto con fumar como con la obesidad. Este capitulo contribuye a la
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evidencia global que ha analizado la relacion entre obesidad y tabaquismo.
Hasta ahora no se habia estudiado esta relacién para el caso de la poblacién
catalana. El manuscrito ha sido enviado a una revista cientifica (véase el Anexo

IVb de esta tesis).

Finalmente, es importante destacar que uno de los aspectos mas interesantes
de los capitulos 1 y 2 es haber podido analizar las dos encuestas ENCAT,
representativas, idénticas y separadas por diez afios. Este hecho permite
obtener una visién dinamica de como evoluciona la salud y los habitos de la
poblacion catalana, y deberia ayudar en la toma de decisiones en politica de
salud. Para esta tesis es el plus que permite poder hacer una buena

contribucion.

Los capitulos 3 y 4 exploran el consumo de CAP en seis paises de la UE y la
relacion entre el consumo de CAP y el IMC auto-informado de sus
consumidores. La motivacion de esta investigacién es que una amplia gama de
CAP se utiliza popularmente para el control/pérdida del peso corporal. Los
estudios presentados en estos capitulos se llevaron a cabo utilizando datos de
la Encuesta PlantLIBRA de Consumidores de CAP 2011-2012 -del proyecto
PlantLIBRA de la UE. Esta es la primera encuesta de consumidores de CAP

realizada a nivel europeo.

El capitulo 3 presenta los resultados de la encuesta sobre el consumo de CAP.
Se describen el tipo de producto consumido, la frecuencia de su consumo, y los
ingredientes botanicos que se encuentran con mayor frecuencia en los
productos consumidos. La obtencion y manipulacion de toda esta informacién
es bastante compleja, y mas teniendo en cuenta que el estudio considera 6
paises de la UE. La encuesta es uno de los principales resultados del proyecto
europeo PlantLIBRA y supone una contribucién a la investigacién en este
sector a nivel europeo. Gracias a este proyecto y su encuesta, actualmente hay
datos disponibles obtenidos directamente de los consumidores de seis paises
europeos que pueden ser utilizados en el futuro para realizar diversos tipos de
investigaciones. Ademas, una nueva metodologia ha sido propuesta y probada,

que puede ser utilizada y mejorada por los futuros investigadores en este
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campo para generar mas datos. Asi por ejemplo, la incorporacion de medidas
de la ingesta de productos botanicos en las encuestas dietéticas nacionales
proporcionaria datos muy necesarios para la evaluacién exhaustiva de los
riesgos y beneficios de estos productos a nivel europeo, y para la formulacién
de politicas por parte de la CE y las autoridades nacionales. Los primeros
resultados de la encuesta se difundieron a través de numerosas
presentaciones antes del fin del proyecto y mediante una publicacion en la
revista PLoS One 2014 (FI en 2013/2014: 3.53) (véase el Anexo IVc de esta

tesis).

Por ultimo, los datos de la Encuesta PlantLIBRA de Consumidores de CAP
permitieron analizar la posible relacién entre el consumo de CAP y el "exceso
de peso corporal”’. El capitulo 4 proporciona una vision general de los
ingredientes botanicos de los CAP consumidos por "razones de peso corporal”
y por personas que estan “a dieta de sobrepeso/obesidad"; también explora la
relacion entre el consumo de estos ingredientes botanicos y el IMC auto-
informado de sus consumidores. Aunque nuestro analisis esta limitado por el
pequefio tamafno de la muestra y por la falta de "datos de composicion"
(cantidades reales de los ingredientes botanicos ingeridos), este estudio
representa un primer intento (y espero que no el ultimo) en la exploracién de la
relacion entre el consumo de CAP y la obesidad. En este sentido, este estudio
ha mostrado que en algunos paises europeos como Espafa el consumo de
CAP especificos para el control/pérdida del peso corporal es bastante
prevalente. Los resultados obtenidos deberian alentar a la comunidad
investigadora a profundizar en el analisis del consumo de estos productos. Los
estudios futuros deben en lo posible ser a largo plazo, con muestras de gran
tamano de la poblacion general (es decir, consumidores de CAP y no
consumidores, idealmente como parte de las encuestas regionales/nacionales
de salud/nutricién/terapias alternativas y complementarias de uso de la salud),
y que permitieran recoger los datos incluidos en la etiqueta de los productos,
como los ingredientes, cantidades y dosis. Esta informacién adicional ayudaria
a entender muchos aspectos relacionados con la comercializacién, el consumo
y la eficacia de los CAP. Es importante seguir recopilando datos sobre los

productos botanicos utilizados por una parte de la poblacién en la pérdida de
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peso, para entender por qué y como se consumen estos productos vy

determinar sus efectos en la salud (IMC, PC, y muchos otros indicadores).

La investigacion de este capitulo fue presentada en forma de podster en el |l
Congreso Mundial de Nutricion y Salud Publica, Las Palmas de Gran Canaria,
9-12 de noviembre de 2014 (véase el Anexo IVd de esta tesis). El articulo esta
pendiente de envio a una de las siguientes revistas (FI en 2013-2014): 1)
Phytomedicine (2.877) o 2) Plant Foods For Human Nutrition (2.416) o 3)
Phytotherapy  Research  (2.397) o 4) Planta Medica (2.339).
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