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Abstract

Introduction

Little is known on how the domain and intensity of physical activity (PA) associates with
metabolic syndrome (MetS). The aim of this study was to examine associations between
PA domains (leisure-time, domestic, active transport, total walking and total PA), PA inten-
sities (light, moderate and vigorous) and PA levels with MetS in the general adult
population.

Methods

Cross-sectional study. Anthropometry, blood biochemistry, 79-item PA-questionnaire, life-
style and medical history were evaluated in a representative sample of Canary Island adults
(n=6,729). MetS was diagnosed using the harmonized IDF-NHLBI-AHA criteria. T-test and
multivariable logistic regression was used to analyse associations between PA domains
and intensities with MetS vs. no MetS, controlling for socio-demographic, lifestyle, family
antecedents and body mass index (BMI).

Results

For each MET-h/day spent in moderate-vigorous PA intensities, as well as in recreational
domain, active transport, total walking and total PA, the odds of MetS decreased between
3-10%. Energy expenditure exclusively in light and domestic PAs was not associated with
MetS, however it was important to achieve a total PA level of 3 MET-h/day, which reduced
the odds of MetS by 23%. This reduction was blunted in those with more than 2 h/d of TV
watching time. A PA level of 3 MET-h/d also nullified the risk of MetS in those with low PA
and high TV consumption.
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Conclusions

Some types of leisure time PAs may contribute more than others to reducing MetS. Light
and domestic PA play a complementary role in enhancing energy expenditure in the general
population. TV watching time above 2 h/d counteracted the MetS risk reduction associated
with PA level, but PA level also reduced the risk of METs presented by those with a low level
of PA and an excess TV watching time. Physical activity explains a greater amount of the
variance of MetS than any other factors of lifestyle, education, sex and family history, and
substantially mitigates the strong association of age and BMI with MetS.

Introduction

Metabolic syndrome (MetS) is a high prevalent cluster of cardio-metabolic risk factors
affecting a third or more of the adult population in many countries [1,2]. MetS has been char-
acterized as a combination of central obesity, dysglycaemia, raised blood pressure, and dyslipi-
daemia [3]. It represents an economic expense of thousands of millions of euros for many
public health systems, due to the increase in healthcare management of cardiovascular events
and type 2 diabetes [4,5], which are the immediate health risk derived from MetS [6,7]. Insulin
resistance and the inflammatory state of adipose tissue have been suggested as a central mecha-
nism in the pathophysiology of MetS [8,9]. The causes responsible for the MetS appear to be
multifactorial, including lifestyle and family history [10].

Regular, moderate and vigorous physical activity (PA) has been shown as an effective life-
style factor to prevent MetS [11,12,13]. Less is known about the relationship between light-
intensity PA and MetS. The accumulation of energy expenditure in light-intensity PAs
(typically < 45% VO, max) [14] could play a similar role in the prevention of MetS and diabe-
tes to the beneficial role played by moderate-vigorous PA. Light PA usually occupies a substan-
tial proportion of the daily energy expenditure [15] and it is probably the main source of
energy expenditure in the general population.

Also, little is known about the relationship between different PA domains in regard to
MetS, particularly domestic PA (housework, yard work, chores). Introducing light PA breaks
in sitting time blunts the negative and independent effects of prolonged sitting time on meta-
bolic and cardiovascular health [16,17]. Thus, light-intensity and domestic-domain PAs could
play a double role in the prevention of MetS, both breaking up the sedentary time and eliciting
energy expenditure in a similar way to moderate and vigorous PAs, although with less time-
efficiency. Some cross-sectional studies with accelerometers have reported a moderate associa-
tion of light PA with MetS [18], but these studies did not provide information on PA domains,
nor distinguish the activity of walking from light PA. To our knowledge, previous studies have
not undertaken a comprehensive evaluation including intensities, domains and PA levels.

Thus, the aim of the present study was to examine the associations of leisure time PA
according to specific domains (leisure-time, domestic, active transport, total walking across all
domains and total PA), intensity (light, moderate and vigorous) and PA level with MetS in the
general adult population, considering a broad set of factors (socio-demographic, lifestyle, fam-
ily history and BMI). We hypothesized a gradual and inverse relationship between the energy
expenditure in all PA domains and intensities with MetS in the general adult population. A
secondary aim was to examine the relative contribution of the selected factors on the variability
of MetS.
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Material and methods
Sample and design

The participants (18-75 years) in this cross-sectional study were drawn from the "CDC de
Canarias" cohort (Cardiovascular, Diabetes and Cancer, the name of the study in Spanish).
The methodology has been described in detail elsewhere [19]. The participants were recruited
randomly from the health card census, which includes almost all of the population living in
the archipelago. Multi-stage stratification, with the island as the first stage and the region
(north and south in each island) as the second, randomly selecting at least one municipality
per region, and finally carrying out a simple random sampling in each municipality was
applied. The recruitment strategy began with the support of the health authorities of each
island, and the Primary Care teams that attended the selected population. The study was dis-
seminated in the local media, and then a first mailing was sent to the selected subjects with
information about the objectives of the project, and asking for their participation. Fifteen days
later, a second mailing was carried out. The selected participants were invited to the health
center closest to their home in a fasted state. Upon arrival, a nurse performed a physical exami-
nation and took a blood sample. Then, a second visit was scheduled to answer the CDC ques-
tionnaire. The only exclusion criterion was the inability to respond to the interviewer and not
having a family member who could take over. Recruitment was completed in December 2005,
obtaining a final sample size of 6,729 participants, with a response rate of 70%. The study was
approved by the Bioethics Committee of Nuestra Sefiora de la Candelaria University Hospital,
and all participants provided their informed consent in writing.

Measures. Each participant underwent a physical examination during which anthropo-
metric indices were recorded. For the current analysis, we used the parameters of waist cir-
cumference (in cm), and body mass index (BMI, in kg/mz). Heart rate and blood pressure
(mmHg) were also measured following standardized protocols. A sample of venous blood was
drawn in the morning after an overnight fast of at least 10 hours. Lipid levels were measured
with a Hitachi 917 autoanalyzer, and the results were recorded as the serum concentration in
mg/dL. When the serum concentration of triglycerides was < 300 mg/dL, the level of low-den-
sity lipoprotein cholesterol (LDL-C) was calculated using the Friedewald formula. The level of
non-high-density lipoprotein (Non-HDL-C = total cholesterol minus HDL-C) was calculated
to compensate for the inaccuracy of the Friedewald equation in calculating LDL-C when tri-
glycerides are elevated [20].

The participants were also interviewed by nurses about any relevant health-related family
history, lifestyle, socio-demographics, dietary habits and PA (the instrument is available at
http://www.cdcdecanarias.org). The interviewers received specific training to avoid influenc-
ing the responses and minimise a potential bias of social desirability that could cause an over-
estimation of PA.

Metabolic syndrome. Diagnosis of MetS was based on the harmonized definition of
IDE-NHLBI-AHA, which classifies the participants as having MetS if they have at least 3 of the
following 5 risk factors: 1) waist circumference (WC) >102 cm (men) or >88 cm (women);
2) triglycerides (TG) >150 mg/dL or taking medication to lower TG; 3) HDL-C <40 mg/dL
(men) or <50 mg/dL (women), or taking medication to improve HDL-C; 4) systolic blood
pressure >130 mm-Hg or diastolic blood pressure >85 mm-Hg or taking antihypertensive
medication; or 5) fasting glucose >100 mg/dL or taking medication to lower blood glucose
[3].

Participants with evidence of diabetes and vascular accidents in addition to MetS were
excluded from the study (n = 652, 10.1%). We followed the recommendations from the WHO
consultation expert considering MetS as a premorbid condition [21]. By excluding patients
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with diabetes and CVD, potential sources of confusion due to the associations of diabetes and
cardiovascular events with PA can be controlled [22,23]. A continuous metabolic risk index
was also calculated by adding the number of positive MetS components accumulated in each
participant to generate an ordinal variable with a scale from 0 to 5 positive components of
MetS.

Physical activity. Data on PA was recorded with the Minnesota Leisure Time Physical
Activity Questionnaire (MLTPAQ), which has been validated specifically in the Spanish popula-
tion against cardio-respiratory fitness, showing acceptable values for the estimation of energy
expenditure in PAs during the previous year (r = 0.57 in men and 0.39 in women) [24]. MLTPA
asked for specific PAs in leisure-time, active transport and domestic environments, excluding
work-related PAs. During the first phase of the study we expanded the 67 original items of the
MLTPAQ to 78 items. New PAs belonging to the domestic-domain and of light -intensity (< 3
MET), such as taking care of people and animals, fishing shellfish, and other miscellaneous
activities [25] were added to the MLTPAQ. Moderate-intensity (> 3 MET), domestic PAs such
as, wood loading, milking, masonry and farming (see S1 Table) were also included in the
MLTPAQ. Globally, the added light and moderate PAs represented 0.9 and 1.7% of the total
PAs recorded. The contribution of new PAs to the light-intensity energy expenditure was less
than 1% and had a negligible impact on total energy expenditure, making it unnecessary to
undertake a new validation of the MLTPAQ. The new questions expanded the ability of the
questionnaire to detect PAs specific to our population.

Each PA reported by the participants was assigned a metabolic equivalent task (MET) score
which expresses its intensity based on the ratio between the metabolic rate during activity and
the basal metabolic rate. One MET reflects an individual’s energy consumption at rest, equiva-
lent to approximately 1 kcal (4.184 kJ) per kg body weight per hour [25].

All PAs reported were classified according to its domain as leisure (sports, exercise and rec-
reational activities), domestic (housework, yard work, chores) and active transport (walking or
bicycling for the purposes of going somewhere), and its intensity, as light (< 3.0 MET), moder-
ate (> 3.0 and < 6 MET) and vigorous (> 6 MET). The energy expenditure of light, moderate
and vigorous PAs was calculated separately, as well as in leisure, domestic, active transport,
total walking and total PA (8 PA items), following the formula energy expenditure = intensity
(MET) x weekly frequency x duration (average time spent in each session in hours and min-
utes). Energy expenditure was expressed in MET-hours/day (MET-h/day). Participants were
also classified as achieving the PA guidelines (intensity > 3.5 MET, frequency > 5 days/week
and duration > 30 min/day). Depending on their total PA, participants were also divided
into < 3 MET-h/day and > 3 MET-h/day categories.

Lifestyle. Lifestyle variables included information about: 1) night-time sleep (categorized
as < 6 h/day and > 6 h/day), 2) daytime napping sleep (yes or no), 3) television viewing (5
groups categorized as < 1h/d, > 1to <2h/d, >2to <3h/d, >3to <4h/dand > 4h/d), 4)
alcohol consumption (low [<40 g/day for men and <24 g/day for women] and high [>40 g/
day for men, >24 g/day for women], 5) current smoking (yes or no), and 6) adherence to Med-
iterranean diet (continuous scale from 0-10) described below.

Mediaterranean diet were evaluated using a frequency questionnaire validated for our
study population [26], previously adapted from the scale proposed by Trichopoulou et al. [27].
Briefly, we considered the following food groups: cereals, fruits and nuts, vegetables, potatoes
and legumes, olive oil, fish, dairy products, meat, sugar and sweets and alcoholic beverages. A
value of 0 or 1 was assigned to each of the 10 indicated components using the sex-specific
median as the cut-off value, assigning a value of 0 or 1 for the beneficial components below
and above the median, respectively. The opposite approach was used for detrimental compo-
nents of the diet, i.e. when the score was below the median a value of 1 was assigned and vice
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versa. Therefore, the total adapted score ranged from 0 (minimal adherence to the traditional
Mediterranean diet) to 10 (maximal adherence).

Socio-demographic variables. The socio-demographic variables included were: 1) age
(18-30, 31-45, 46-60 and 60-75), 2) sex (men and women), 3) education (primary or lower,
secondary and university), 4) marital status (single, married/couple and separated/widow), 5)
occupational activity (worker, student, unemployed, house keeper, retired and others), 6)
Socio-economic status (continuous variable with a scale from 4-24 points as the result of com-
bining family income, education and over-crowded home conditions) [28] and 7) ancestry
when both parents and grandparents were born in the Canary Islands (yes or no). This variable
was included to control the survival of an aboriginal genetic load among 23-38% of the Canary
Islands population [29].

Family history. Family medical history regarding diabetes, arterial hypertension and car-
diovascular diseases was recorded. In order to maintain the parsimony of the multivariate
analysis, the six variables of family morbidity were categorized as a single variable with four
categories: none, at least one morbidity from the father, the mother and both parents. This
new variable explained a similar proportion of the variance of MetS as the six binary variables
(R* = 0.018 vs. 0.027), with a better goodness-of-fit.

Data analysis

Physical activity variables were tested for normality due to a skewed distribution and trans-
formed into z scores to test mean differences between participants with MetS vs. no MetS. We
used a chi-square test and t-test to compare proportions and means between both groups of
participants to detect uncorrelated variables with MetS. A Bonferroni post-hoc test was used to
test for differences between three or more categories. Pearson and Rho Spearman correlations
were applied to detect potential associations between PA domains, intensities and covariables,
as appropriate. We found moderate to high correlations (0.57 to 0.76, p < 0.001) between
energy expenditure in several PA domains and intensities (see S2 Table). Thus, five PA submo-
dels were delineated for subsequent and separated multivariate analyses: 1) domains (leisure,
domestic and transport), 2) intensities (light, moderate and vigorous), 3) total PA, 4) total
walking across all domains, and 5) PA levels (meeting PA guidelines and > 3 MET-h/day in
total PA).

The associations of MetS with selected PAs was analysed with binomial logistic regression.
Odds ratios (OR) and 95% confidence intervals (95% CI) for having MetS vs. no MetS were
calculated separately for all PA variables (introduced as continuous variables in MET-h/day)
and indicated covariates (introduced as described in their correspondent sections). The alpha
error was set as P < 0.05 (two-sided tests). The Generalized Inflation Variance Factor (GVIF)
was calculated to detect collinearity between covariates as has been previously described [30].
Some variables associated with MetS in bivariate analyses were excluded from the final model.
This was the case for socio-economic status, which was derived from education, increasing
GVIF and introducing inconsistency in ORs if analysed conjointly with education. The occu-
pational activity and marital status variables increased GVIF due to association with sex and
age, and their exclusion had no impact on the goodness-of-fit and predictive power in multi-
variate analyses. One occupational group (housekeepers vs. the rest) was consistent in the anal-
yses (P < 0.05) and remained in the final model. The adherence to the Mediterranean diet was
not associated in bivariate and multivariate analyses with MetS and excluded from the final
model.

Since sitting time and light-intensity energy expenditure are inversely correlated (r = -0.88
to -0.96) [15,31,32], creating a problem of collinearity when trying to adjust light energy
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expenditure for sitting time [31,32]. Thus, in our study we used total TV time as a surrogate
measure of sedentary time, which was weakly correlated with light-intensity energy expendi-
ture and has been associated with MetS and higher cardio-metabolic risk [33,34]. We also eval-
uated the potential combined effects of TV watching time and PA level, adding their respective
regression coefficients obtained in each step of the multivariate adjustments. Given the poten-
tial interaction between TV watching time and PA level, we introduced interaction terms in
the analysis. In our study, TV watching time and PA level had a null interaction (all “p” values
for interaction terms between 0.14 and 0.93). Consequently, the effects of combining both var-
iables were only additive on the log-odds scale.

We also tested some potential interactions between sex with light and domestic energy
expenditure and house-keeper, but they were not included in the final model due to lack of sig-
nificance (P > 0.05). Thus, the final model included: 1) one of the PA submodels, 2) socio-
demographic (age, sex, education, ancestry, house-keeper), 3) lifestyle (TV watching, night-
sleep, nap, smoking, alcohol intake), 4) family history, and 5) BMI. The goodness-of-fit of the
multivariate model was tested with the Hosmer and Lemeshow chi-square test, showing a cor-
rect fit of the model (from 0.141 to 0.481) [35]. A Pearson goodness-of-fit test (P = 0.968) and
total percentage of correctly predicted cases (74.9%) were additionally performed to corrobo-
rate the goodness-of-fit of the final model [36]. A step-by-step multivariate logistic regression
was followed to assess the relative contribution of the examined cluster variables on MetS. The
percentage of change in the coefficient of determination, pseudo-R* Nagelkerke (R*y), was
determined to quantify the relative contribution of the covariates on the variance of MetS. The
R®y satisfied the six criteria used for measures based on R* to inform about the explained vari-
ance when the same sample and predictors were used [37]. Descriptive statistic and logistic
regression analyses were performed with SPSS software v.19 and GVIF analyses for multicolli-
nearity were tested with R software.

Results
Sample characteristics and differences between MetS groups

Table 1 shows the characteristics of the participants and the differences between MetS group
vs. no MetS. Overall, 26.7% of women and 30% of men had MetS. The average age of the par-
ticipants was 41.8 years (Table 2), with a higher representation of women (57%) and primary
or lower level of education (55.8%). The recommended level of PA was met by 44% of the par-
ticipants. All socio-demographic, lifestyle and family history characteristics were consistently
associated with MetS, showing age and BMI the greatest differences between their categories.
The most prevalent MetS component was low HDL-C (48.4%), elevated blood pressure
(41.1%) and elevated WC (35.1%). The metabolic risk index also showed consistent differences
across socio-demographic, lifestyle and family history characteristics.

Table 2 shows the differences for continuous variables, including PA and some socio-demo-
graphic and lifestyle factors. In regard to PA domains, the participants with MetS had lower
energy expenditure than those without MetS (all P < 0.05) in recreational PA (-0.9 MET-h/
day), active transport (-0.1 MET-h/day), total walking (0.1 MET-h/day) and total PA (-0.3
MET-h/day), while in the domestic-domain PA they had higher energy expenditure (+0.6
MET-h/day). In relation to PA intensities, participants with MetS showed lower energy expen-
diture in moderate PA (-0.5 MET-h/day) and vigorous PA (—0.5 MET-h/day) and higher
energy expenditure in light PA (+0.6 MET-h/day). Also, those with MetS spent 0.2 h/day more
watching TV, consumed 2.3 gr/day more alcohol and slept 0.3 h/day less than those without
MetS (all P < 0.05). Compared to the no-MetS group, the MetS group was 10.1 years older and
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Table 1. Distribution of the participants according to socio-demographic characteristic, lifestyle, metabolic syndrome components, BMI and family history of

morbidity.
Overall No MetS (n = 4355) MetS (n =1702) P No of components
n % % +95% CI % +95% CI x Mean * 95% CI
Overall 6057 100 71.9 £ 1.1 28.1+1.1 1.7 £ 0.03
Sex Women 3452 57.0 733+15 26.7 + 1.5 0.004 1.6 +0.05 ?
Men 2605 43.0 70.0 + 1.8 30.0+ 1.8 1.8 + 0.05 b
Age 18-30 years-old 1240 20.5 922+ 1.5 7.8+1.5 0.000 0.9 +0.06 ?
31-45 years-old 2524 41.7 783+1.6 21.7+1.6 1.5+ 0.05 b
46-60 years-old 1778 29.4 57.3+23 42.7+2.3 2.3+ 0.06 N
> 60 years-old 515 8.5 419 +4.3 58.1+4.3 2.7+ 0.11 d
Education University 922 15.2 86.0 £2.2 14.0 £2.2 0.000 1.1 £0.08 ?
Secondary 1753 28.9 81.4+1.8 18.6 + 1.8 1.4 + 0.06 b
Primary or lesser 3382 55.8 63.1+1.6 369+ 1.6 2.0+0.05 ¢
Marital status Single 1508 24.9 86.4 + 1.7 13.6 +1.7 0.000 1.1 +0.06 ?
Married, couple 4084 67.4 67.0+ 1.4 33.0+14 1.9 +0.04 b
Separated, widow 462 7.6 68.2+4.2 31.8+4.2 1.9 +0.12 b
Occup. activity Worker 3709 61.2 76.1+ 1.4 239+ 1.4 0.000 1.6 +0.04 ?
Student 274 4.5 91.6 +3.3 84+33 0.8 +0.12 b
Retired, disabled 414 6.8 56.2 +6.7 47.3+6.7 2.3+0.16 N
Unemployed 457 7.5 76.1+3.9 23.9+3.9 1.5+0.12 ?
House keeper 1146 18.9 57.4+2.9 42.6 +2.9 2.2+0.08 N
Ancestry No 1067 17.6 754+ 2.6 24.6 2.6 0.005 1.6 £ 0.08 ?
Yes 4969 | 82.0 712+ 13 288+1.3 1.7 + 0.04 b
TV watching < 1h/d 2067 34.1 739+ 1.7 26.1+1.7 0.000 1.64 + 0.06 ?
1-<2h/d 2014 33.3 74.6 £ 1.7 254+1.7 1.62 = 0.06 ?
2-< 3 h/d 1481 24.5 70.2+1.9 29.8 +1.9 1.75 + 0.07 b
3-<4h/d 369 6.1 59.9 +4.6 40.1 + 4.6 2.04 +0.15 N
>4h/d 126 2.1 50.0+7.2 50.0+7.2 2.36 +0.24 d
Smoker No 4437 73.3 69.9+1.3 30.1+1.3 0.000 1.8 +0.04 ?
Yes 1613 26.6 77.6 £2.0 224+2.0 1.5 + 0.06 b
Alcohol intake Low 5700 94.8 724 +1.2 27.6+1.2 0.001 1.7 + 0.04 ?
High 349 5.2 65.0 £ 5.6 350+ 5.6 2.1+0.15 b
Nap No 4443 73.4 740+ 1.3 260+ 1.3 0.000 1.6 £ 0.04 a
Yes 1614 26.6 66.2 +2.3 33.8+2.3 1.9 £ 0.07 b
Meet PA guidelines No 3375 55.7 69.9+1.3 30.1+1.3 0.000 1.8 £ 0.04 ?
Yes 2682 44.3 77.6 £2.0 22.4+2.0 1.6 + 0.07 b
Body mass index Normal 2229 36.8 95.2+0.9 4.8+09 0.000 0.8 £0.04 ?
Overweight 2344 38.7 704+ 1.8 29.6 + 1.8 1.8 +0.05 b
Obese 1479 24.4 39.3+25 60.7 + 2.5 2.9+ 0.06 N
Family morbidity § Neither 1751 28.9 78.0 + 1.9 22.0+1.9 0.000 1.5 + 0.06 ?
Father 1260 20.8 74.6 +2.4 254+2.4 1.6 +0.07 b
Mather 1485 24.5 69.6 +2.3 30.4+23 1.8 + 0.07 N
Both parents 1561 | 258 65.2 +2.4 348+2.4 1.9+ 0.07 d
Low HDL-C No 3085 50.9 92.3+0.9 7.7+0.9 0.000 0.9 +0.03 ?
Yes 2929 48.4 50.7 + 1.8 493+1.8 2.5+ 0.04 b
Elevated blood pressure No 3510 57.9 92.3+0.9 7.7+0.9 0.000 1.0 + 0.03 ?
Yes 2489 41.1 43.6 1.9 56.4+19 2.7 £0.05 b
(Continued)
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Table 1. (Continued)

Overall No MetS (n = 4355) MetS (n = 1702) P No of components
n % % + 95% CI % + 95% CI x Mean * 95% CI
Elevated Waist circumference No 3872 63.9 90.1 +0.9 9.9 +0.9 2 0.000 1.1 +£0.03 2
Yes 2124 351 404 +2.1 59.6 + 2.1 b 2.8 +0.05 b
Elevated Fasting Glucosa No 4812 79.4 80.7 1.1 193+1.1 ? 0.000 1.4 +0.03 ?
Yes 1183 | 19.5 383 +2.8 61.7+2.8 ° 3.0 +0.07 ®
Elevated TG No 4559 | 753 85.7 + 1.0 14.3 1.0 2 0.000 1.2+0.03 a
Yes 1483 | 245 30.1+2.3 69.9+2.3 ® 3.1+0.06 ®

95% CI = 95% interval confidence;
abe represent p < 0.05 for differences among row categories. Same superscript letter implies no differences between concerned categories. Different letters imply
significant differences between them. Metabolic risk index is the population mean of the number of MetS components accumulated in each participant in a scale from 0
to 5.

$ At least one precedent of diabetes mellitus, cardiovascular disease or arterial hypertension from mother, father or both parents. HDL-C = High Density Lipoprotein

Cholesterol; TG = Triglycerides; MetS = Metabolic Syndrome.

https://doi.org/10.1371/journal.pone.0219798.t001

had a higher BMI (30.8 + 0.21 kg/m? vs. 25.5 + 0.12 kg/m?, mean + 95% CI, respectively).
Socioeconomic status also showed a slight difference between both MetS groups.

Contribution of physical activity and factors analysed in MetS

Cumulative and single R®y, and the relative percentage of contribution of the factors analysed
in the variability of MetS are shown in Table 3. Total R?\ for the selected model was 0.399, cor-
responding to the greatest relative contribution to BMI (45.1%), followed by socio-demo-
graphic cluster variables (age, sex, education, and housekeeper with 40.9%), physical activity
domains (10%), lifestyle (TV watching, night-sleep, nap, smoking and alcohol intake with 3%)
and family history (1.5%). Goodness-of-fit results were acceptable in each step of the multivar-
iate analyses.

Associations of physical activity and factors analysed with MetS

Fig 1 shows crude and multivariate adjusted results of logistic regression with the final selected
model. After the adjustments, all PA domains, except the domestic, showed an inverse rela-
tionship with MetS. For each MET-h/day in recreational PAs, active transports, total walking
and total PA, the odds of MetS decreased between 3% (OR = 0.97, P < 0.01) and 10%
(OR =0.90, P < 0.01). Domestic PA showed a positive bivariate relationship with MetS
(OR = 1.09, P < 0.001), but after adjusting for the socio-demographic variables, domestic PA
did not show a consistent association (see S3 Table). The types of PA intensities showed similar
behaviour as PA domains: light PA lost its positive association with MetS, and moderate and
vigorous PA maintained their inverse association after adjustments.

Age showed a strong bivariate association with MetS (OR between 3.26 and 16.3,
p < 0.001), which was mitigated after adjusting for PA (OR between 2.57 and 9.6, p < 0.001,
see S3 Table). Adding adjustment for lifestyle and BMI factors further reduced the strong
bivariate association of age with MetS (OR between 2.17 and 6.63, P < 0.001, Fig 1). Those
with primary education (vs. university) showed 38% higher odds of MetS (P < 0.05). Likewise,
men (vs. women) and housekeepers (vs. the rest) showed higher odds of MetS (OR = 1.42 and
OR = 1.59 respectively, all P < 0.001).

Table 4 reports the odds ratio by combining TV watching with PA level. The analyses with
the combined variable (PA level & TV watching) indicate that in participants with No PA
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Table 2. Distribution of energy expenditure in physical activities, socio-demographic, lifestyle and metabolic syndrome components.

Physical activity
Recreational EE (MET-h/day)
Domestic EE (MET-h/day)
Active transport EE (MET-h/day)
Total walking EE (MET-h/day)
Total EE (MET-h/day)
Light EE (MET-h/day)
Moderate EE (MET-h/day)
Vigorous EE (MET-h/day)
Socio-demographic and lifestyle
Age (years)
SEE score °
BMI (kg/m?)
TV watching (hours/day)
Alcohol intake (gr/day)
Mediterranean diet score *°
Night-sleep (hours/day)
MetS components
Metabolic risk index
Fasting glucose (mg/dl)
Waist circumference (cm)
TG (mg/dl)
LDL-cholesterol (mg/dl)
HDL-cholesterol (mg/dl)
Total cholesterol (mg/dl)
Systolic BP (mmHg)
Diastolic BP (mmHg)

95% CI = 95% interval confidence;

No MetS
(n =4,355)

Mean + 95% CI

2.9+0.10
2.4 +0.08
0.8 +0.03
1.9 + 0.06
6.0+0.12
2.8 £0.08
1.9 £ 0.08
1.3 £ 0.07

38.9+0.35
13.9+0.11
25.5+0.12
1.8 +0.25
7.6 +£0.52
4.7 +0.05
7.0+ 0.04

1.0 £ 0.02
89.6 +0.43
85.4 + 0.34

94.1+1.5

120.8 + 1.01
54.1 +£0.39
193.7 +1.13
116.6 + 0.47
74.2 £ 0.30

* p < 0.05 for differences between MetS and no MetS.

(n=1,702)
Mean + 95% CI

2.0+0.13
3.0+0.14
0.7 £ 0.05
1.8 £ 0.09
57+0.18
3.4+0.13
1.4 +0.10
0.8 +0.07

49.0 +0.53
12.6 + 0.15
30.8 £0.21
2.0+0.53
93+1.0
4.8 +0.08
6.7 £0.07

3.5+0.03
97.4 £ 0.53
100.4 + 0.50
172.0 + 4.64
141.9 +1.82
45.3 +0.58
222.3 £2.02
134.6 + 0.85
85.1 +0.49

Overall
(n =6,057)

Mean + 95% CI

2.7 £0.08
2.6 +0.07
0.7 £ 0.03
1.9 £ 0.05
59+0.10
3.0+ 0.07
1.8 £0.07
1.2 £0.05

41.8 £0.32
13.5 + 0.09
27.0 +0.12
1.9 +0.24
8.1 +0.47
4.7 +0.04
6.9 +£0.03

1.7 £ 0.03
91.8 + 0.36
89.5+0.33

115.6 + 1.90
126.6 + 0.92
51.7 £0.34
201.6 + 1.04
121.5 + 0.46
77.2£0.29

EE = energy expenditure. Metabolic risk index is the mean of the number of positive MetS components accumulated in each participant, in a scale from 0 to 5.

$ Socioeconomic status from a validated scale, combining family income, education and family overcrowding (4-24 points, Cabrera de Leon et al. 2009).
%% Mediterranean diet score from a validated scale (0-10 points, Trichopoulou A, et al., 1995).

LDL = Low Density Lipoprotein; HDL = High Density Lipoprotein Cholesterol; TG = Triglycerides; BP = Blood Pressure; MetS = Metabolic Syndrome.

https://doi.org/10.1371/journal.pone.0219798.t002

level, the ORs of MetS increases with the number of TV watching per day. Interestingly, our

results also indicate that increasing the level of PA counteracts the negative effects of TV

watching (Table 4).

Discussion

This study was designed to examine associations of PA domains and intensities with MetS and

evaluate the relative contribution of PA in MetS. The main findings confirm the hypothesis

about a gradual and inverse relationship of energy expenditure in any leisure time domain or
of any intensity with MetS, with the exception of light-intensity and domestic-domain PAs.
Moderate and vigorous PA intensities, as well as PA in recreational domains, active transport,
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Table 3. Statistic of predictive power and goodness-of-fit test in step-by-step regression analysis.

Determination coefficient (R%y) Goodness-of-fit
Order in analysis Cumulat. Single % relative H-L test % cases Pearson
Physical activity 0.040 0.040 10.0 0.353 46.4 0.030
Socio-demographic 0.203 0.163 40.9 0.149 66.7 0.479
Age 0.177 0.137 34.3 0.429 54.0 -
Sex 0.182 0.005 1.3 0.065 68.2 -
Education 0.195 0.013 33 0.061 68.0 -
Housekeeper 0.203 0.008 2.0 0.149 66.7 -
Lifestyle 0.215 0.012 3.0 0.481 68.0 0.615
TV watching 0.208 0.005 1.3 0.356 67.4 -
Sleep 0.211 0.003 0.8 0.284 67.5 -
Nap 0.211 0.000 0.0 0.211 67.7 -
Smoker 0.215 0.003 0.8 0.391 68.0 -
Alcohol 0.215 0.000 0.0 0.481 68.0 -
Family history 0.221 0.006 1.5 0.167 67.9 0.530
BMI 0.399 0.178 45.1 0.141 74.9 0.968
Total 0.399 0.399 100 0.141 74.9 0.968

R®y = Nagelkerke pseudo R% H-L test = p-value of Hosmer and Lemeshow test; % cases = percentage of correctly predicted cases; Pearson = p-value of Pearson y test.

https://doi.org/10.1371/journal.pone.0219798.t003

© Adiusted OR Ref Crude J Adjusted
1 1 efenence 1 1 1 1 1
PA Domain ———r— ; i ; ; ; ; OR__(95%CD) OR__(95%CI)
Recreational (MET-h/day) : ' : g ' : ' : 1091 (0.89;0.92) *** 0.95 (0.93;0.97) ***
> Domestic (MET-h/day) ; v v ; ; v v ' 1.09  (1.07; 1.11) ** 1.01  (0.99;1.04)
2 Active transport (MET-h/day) H ; D —e—i 4 H , . i 090 (0.84;0.95) **x 0.90 (0.84; 0.96) **
8 Total walking (MET-h/day) ; : i | —e : ; ! : 0.99  (0.96; 102) 0.94  (0.90; 0.98) **
3 Total PA (Met-h/day) i i i Y i i i i i 098 (0.96;0.99) *** 0.95 (0.92;0.97) ***
3 PA Intensity i i i i i i i i
£ Light (MET-h/day) i i i i i i i i i 1.08  (1.06; 1.11) % 102 (0.99;1.05)
Moderate (MET-h/day) i i i | o i i i i 0.93  (0.91;0.95) *** 0.95 (0.92;0.97) ***
Vigorous (MET-h/day) i i i —o— i i i i i 083 (0.80;0.87) % 0.94  (0.90; 0.98) **
PA level (> 3 vs. < 3 MET-h/d) P ——— i i g i 0.83 (0.73;0.94) ** 0.77 (066 0.91) ***
05 06 07 08 09 10 11 12 13 14 15 )
Reference ) ) i 5 ; . Crude @  Adjusted
Age e W’; i i i OR__(95%CD) OR __ (95%CI)
o 31-45 years-old (vs. 18-30) ! 1= 1 1 : I | ! ! L0326 (26.4.1) % 217 (1.68;2.79) ***
£ 46-60 years-old (vs. 18-30) ! L s 1 : 878 (7.0, 11.0) *** 381 (2.94;4.95) %k
[ > 60 years-old (vs. 18-30) | ! ! ! - ! ! I B : L163  (12.4;21.4) ¥** 6.63 (4.82;9.12) ***
é’ Sex (men vs. women) | o | o0 0 s ] i : i E 1.18  (1.05; 1.32) ** 142 (120, 1.67)%**
S | Education \ H H H H \ : : R i i i
2 Secondaty (velUmiverstyy  He—H T 1[40 (113 1.75) #** 120 (0.93;1.56)
§ Primary (vs. University) i o ' ' 1359 (2.94;4.38) *¥¢ 138 (1.09; 1.76) ***
Ancestry (yes vs. no) i o ! ! ! ! ! ' ! b T T 05 (1075 1LAS) < 1.06 (0.88;1.27)
_¥3use—tkehe.per(yesvs,no) ! —o—i! - : ! i I ] E : : i 226 (1.98;2.59) *** 1.59. (1.31:1.93)***
watching | H H 1 H H i H Vo 1 i 1
1-<21/d (vs. <1 h/d)! [ N T T S i i 1097 (0.84;1.12) 0.93  (0.79; 1.10)
2-<3h/d (vs. < 1 Wd)! Rl T B | : : | 122 (1.05;1.41)** 1.09  (0.91;1.30)
%. 3-<41/d (vs. <1 h/d)! =T T i i T1.92  (1.52;2.42) = 135 (1.03;1.78) *
2 >4 W/d (vs. < 1 b/d), e {0 O O N, | ; ; I 287 (1.99;4.13)** 1.64 (1.06;2.54)*
= | Sleep (<6 vs.> 6 hours/day) \ -o— H H \ H 1 H P ' ' 1163 (1.45;1.83)%** 124 (1.03;1.49)*
Smoker (yes vs. 10) i i i i i i i i P ' : 10,67 (0.59;0.77) *** 0.97 (0.82;1.14)
Alcohol (high vs. low) 5 T S R T R R ' ' 1140 (1.12;1.76) *** 1.09 (0.81;1.47)
| Nap (yes vs. no) { I J : X ’ : J ) ) t . 1 145 (1.28;1.64) *** 108 (012 1.37)~
s, | Family history of morbidity ! ! ! ! ! ! ! ! 1 4 ! H 1
T Paternal (vs. neither) | —0—i ! X X ! ! i P 1 : 2 (Lo iA) 127 (o8 1.55)~
5 Maternal (vs. neither) ! —o— ! ! [ ! ! 1] i i 1155 (1.32;1.81)%** 140  (1.16; 1.69) ***
Both parents (vs. neither) ! e T e i : | 189 (1.62;221)%*x 158 (1.31;1.90) **x
2 | BMI | [ I i i i
2 Overweight ( vs. normal) | T w : : |84 (68:10.4) %= 59  (4.7,7.3)%*
o Obese (vs. normal)i 4 ' L —e—b 1309 (24.8,38.6)%** 211 (16.8;26.6) ***
05 10 15 20 25 30 35 40 45 Is 15 25 35
Odds ratio

Fig 1. Associations of physical activity, socio-demographic, lifestyle, family history and obesity with metabolic syndrome. Note: OR = Odds ratio
for having metabolic syndrome; 95% CI = 95% confidence interval for odds-ratio; * p < 0.05, ** p < 0.01, *** p < 0.001. The OR for physical activity
expresses the change for each increment of 1 MET-h per day.

https://doi.org/10.1371/journal.pone.0219798.g001
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Table 4. Odds ratio to have Metabolic Syndrome considering combined effects of physical activity level and TV
watching.

Crude Adjusted
OR 95% CI OR 95% CI
No PA level
No PA level & < 1 h/d TV 1.00
No PAlevel & > 1 < 2h/d TV 0.97 (0.84; 1.12) 0.93 (0.79; 1.10)
No PA level & >2 < 3h/d TV 123 (1.06; 1.43) ** 1.09 (0.91; 1.30)
No PA level & >3 < 4h/d TV 1.93 (1.53; 2.44) *** 1.35 (1.03; 1.78) *
No PA level & > 4 h/d TV 2.90 (2.01; 4.16) *** 1.64 (1.06; 2.54) *
PA level
PA level & < 1 h/day TV 0.74 (0.60; 0.92) ** 0.66 (0.52; 0.84) ***
PAlevel & >1<2h/d TV 0.79 (0.65; 0.96) * 0.70 (0.56; 0.86) **
PAlevel & >2 <3h/d TV 1.01 (0.82;1.23) 0.80 (0.64; 1.00)
PA level & > 3 h/day TV 1.58 (1.21;2.07) *** 1.12 (0.83; 1.50)
PA level & > 4 h/day TV 2.37 (1.61; 3.49) *** 1.27 (0.83; 1.95)

No PA level: < 3 Met-h/d; PA level: > 3 Met-h/d in total energy expenditure.

https://doi.org/10.1371/journal.pone.0219798.t1004

total walking and total PA were associated with an independent and gradual reduction in the
odds of MetS. For each MET-h/day spent in the aforementioned PAs, equivalent to between
15-20 min/day of moderate-intensity PA and between 7-10 min/day of vigorous-intensity PA,
the odds of MetS decreased between 3-10%. Likewise, the level of 3 MET-h/day in total PA
showed an independent and inverse relationship with MetS, reducing its odds by 23% com-
pared to those below 3 MET-h/day.

Our results regarding moderate and vigorous PA are in line with previous research.
Increasing aerobic PA (40-80% VOymax 150-170 min/week, for 20 weeks to 3.2 years) has
been shown to reduce MetS prevalence by 23-47% in inactive middle-age and older adults
without chronic diseases [11,12], or with impaired glucose tolerance [38]. Likewise, reductions
in the risk of MetS have been reported for resistance training [39] and the combination of
aerobic PA with resistance exercises [12]. In our study sample, resistance exercise had a low
prevalence (n = 67, 1%, S1 Table). Thus, a strategic effort in creating opportunities for and pro-
moting PA including resistance exercises in the Canary population will likely be beneficial in
reducing the prevalence of MetS.

Although no fitness data were collected in this study, our results support the existence of a
minimal intensity threshold which is likely necessary to increase the VO, max and elicit physi-
ological adaptations [14]. Moderate and higher intensities activate molecular mechanisms
which are important for oxidation of fatty acids and muscle glucose uptake [40,41]. In the case
of MetS patients, this may be even more relevant in light of studies showing reduced respon-
siveness of AMP-activated protein kinase (AMPK) to exercise in obese and diabetic patients.
[42,43]. Given the interaction between physical activity and fitness, and the fact that physical
activity may improve MetS diagnostic factors independently of VO,max [44], longitudinal
intervention studies would be needed to isolate the independent contribution of fitness and
physical activity to MetS.

Whether the intensity of PAs or total amount of energy expended in these is more impor-
tant remains controversial. There is sufficient evidence supporting that both provide beneficial
effects in different health outcomes. For MetS, some prospective studies have reported greater
efficiency of brisk walking compared to walking amount in reducing the progression to MetS
(AHA-criteria) [45] and CVD [46]. Keeping the PA volume constant, it has been shown that
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interval exercise (70% VO, p.y) is better than continuous exercise (50% VO, ,,y) in enhancing
endothelial function and insulin signalling in fat and skeletal muscle, and reducing blood glu-
cose and lipogenesis in adipose tissue of MetS patients (ATPIII criteria) [13]. Thus, it has been
suggested that there is a greater relative importance of intensity over amount of energy expen-
diture for lipid control when the total amount of PA is constant or equivalent in energy expen-
diture [47]. In our study, both the intensity and the total amount of energy expended in PA
were associated with reduced prevalence of MetS. Interestingly, our data also indicates that
light-intensity PAs are not associated with lower prevalence of MetS after adjusting for moder-
ate and vigorous PA, socio-demographic and lifestyle factors.

Contrary to our expectations, the reccommended PA level in our study was not associated
with the prevalence of MetS. However, those participants who supplemented some moderate-
vigorous PA with light PA, until reaching a level of 3 MET-h/day in total PA, had lower odds
of MetS. This PA level was equivalent to 50 minutes of moderate PA or a combination of 25-
30 min/day of moderate PA plus 50-60 min/day of light PA. Even though light-intensity did
not reach significance as individually related to MetS, it is likely that light-intensity PA plays a
complementary role in achieving a sufficient amount of total PA to prevent MetS in the gen-
eral population. For a greater benefit, a large amount of light-intensity PA should be accompa-
nied by some time exercising at moderate or vigorous intensity. Short breaks with light PAs
between prolonged sitting may contribute to reduce MetS with beneficial changes in lipid pro-
file, blood pressure and insulin resistance [16,17].

Some cross-sectional studies with accelerometer-derived measures point towards a protec-
tive role of high levels of light PA to reduce the prevalence of MetS [31,32,48] in healthy mid-
dle-aged adults. A recent review has suggested that light PA appears to be associated with
triglyceride levels and insulin, but nor with BMI, HDL-C, blood pressure and glucose levels
[18]. In pre-diabetic adults, 90 min/day of light-intensity walking (2-3 km/h) produced slight
beneficial effects in insulin resistance, lipid profile and visceral fat in three months [49]. Simi-
lar results have been reported in older adults who improved insulin sensitivity, triglycerides
and MetS score by adding walking at low intensity compared with inactive controls [50,51]. In
contrast, light-intensity PA was not related with a lower risk of developing MetS in some longi-
tudinal studies with middle-aged and older adults [45,52]. In agreement with previous studies
[53,54], domestic PA was not associated with MetS. Most of the domestic-domain PA activities
in this study were of light-intensity (r = 0.74, p <0.05), including activities as standing and per-
forming some steps and movements of arms as in cleaning, sweeping or dusting, all of them
requiring low levels of oxygen consumption [14,25].

The results from the analysis combining a PA level > 3 MET-h/d and TV watching revealed
that a TV watching time greater than 2 h/d counteracted the benefits for MetS associated with
PA level. Above 3 h/d such benefit was lost, and the OR for a MetS changed to positive
although non-statistically significant. Interestingly, meeting the PA level also reduced the indi-
vidual risk of TV watching for MetS, even in the participants with more than 4 h/d of TV
watching in comparison with the participants with a low PA Level (Table 4).

As noted in Table 3, two characteristics that explained the most variance in the prevalence
of MetS were BMI and age at 45.1% and 34.3%, respectively. PA explained 10% of the variance
in the prevalence of MetS. As noted in other studies, regular PA, along with diet, have the
potential to modify BMI and is important in modifying the risk for developing MetS [55].

Limitations and strengths

One of the strengths of the present investigation was the stability of the weather in the Canary
Islands (18-24°C year round temperatures, 65-70% ambient humidity and 21 days of rain per
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year) reducing the potential variability due to seasonal changes in walking, which is one of the
most prevalent PAs in the general population. Likewise, the comparisons between domains
and intensities of PA are based on measurements with the same group of participants and the
same methodology.

Physical activity was assessed by questionnaire, which is less precise than other objective
methods (e.g. accelerometers). Nevertheless, questionnaires are the most cost-effective meth-
ods for the assessment of PA in large populations, enabling the estimation of patterns and
trends with moderate validity and good reliability [56]. In the present study, the use of a ques-
tionnaire was necessary to identify PA domains. Although sex may be a factor influencing
the effects of PA on MetS, several studies indicate that the role played by sex is likely small
[57,58,59]. Thus, we deliberately excluded sex a segmentation variable, to avoid excessively
large confidence intervals, which would have complicated the interpretation of our results.
The latter implies that our results cannot distinguish between men and women. Given the
cross-sectional design, the present study does not allow the establishment of cause-and-effect
relationships. We also limited the focus of our study to the previous stage of the morbid condi-
tion of MetS, excluding participants with diabetes and CVD, to enhance the specificity of the
findings for primary prevention.

Conclusions

Energy expenditure in PAs that entail walking and those of moderate and vigorous intensity,
of a recreational nature and in active transport were associated with a progressive reduction of
MetS for each increment of 1 MET-h/day. Energy expenditure exclusively in light and domes-
tic PAs was not associated with MetS after adjusting for moderate and vigorous PA, TV watch-
ing and other socio-demographic characteristics, lifestyle, family history and BMI. Light PA
was important to achieve a PA level of 3 MET-h/day, which was associated with 23% lower
prevalence of MetS, suggesting a complementary role in enhancing energy expenditure. TV
Watching time above 2 h/d counteracted the MetS risk reduction associated with PA level, but
PA level also reduced the risk of MetS presented by the participants with a low level of PA and
an excess of TV watching time. Physical activity explained a greater fraction of the variance for
MetS prevalence compared to other lifestyle factors, education, sex and family history, and
substantially mitigated the strong association of age and BMI with MetS.
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