Obesity . METABOLISM

High prevalence of prediabetic states in Primary Care
in Spain: the Desire study

PEDRO DE PABLOS-VELASCO, ALBERTO GODAY?, RAFAEL GABRIEL3, JUAN E Ascasos,
JOSEP FRANCHS, AND RAFAEL ORTEGAS

'Endocrinology Department, Dr Negrin Hospital, 2Endocrinology Department, Hospital del Mar, Barcelona,
SInvestigation Unit, Hospital La Paz, Madrid, ‘Endocrinology Department, Hospital Clinico-Universitario de
Valencia, SPrimary Care Centre Raval Sud, Barcelona, $Medical Department, GlaxoSmithKline S.A.

ABSTRACT. Aim: To assess the prevalence of impaired fasting glucose (IFG) and impaired glucose tolerance (IGT)
in the population older than 45 years assigned to Primary Care in Spain, and to evaluate whether the combina-
tion of both level of fasting glucose and central obesity could be useful to identify people with diabetes, IFG, IGT
and insulin resistance (IR). Methods: An observational, multicentre, cross-sectional study including 4231 sub-
jects. According to the presence of a fasting glucose equal to or higher than 90 mg/dl and waist circumference
294/80 cm (men/women) or known type 2 diabetes (T2DM), subjects were divided in two groups: study and con-
trol groups. Study group subjects and a subset of the control group were referred to hospital for classification ac-
cording to presence of T2DM, HOMA-IR, fasting plasma glucose and oral glucose tolerance test results. Results:
Prevalence of known T2DM: 11.3% [95% CI 10.5-12.1]. Prevalence of unknown T2DM, impaired glucose toler-
ance, impaired fasting glucose and insulin resistance (IR): 5.4% (4.1-7.8}, 13.5% {10.7-17.1], 3.9% [2.7-6.2] and
17.9% (14.5-22.1] respectively. The sensitivity of the screening test for any glucose metabolism alteration was
86.5%. Conclusions: We have found that in Spain the prevalence of IFG and IGT in population older than 45 years
assigned to Primary Care is high, and similar to the French population. This prevalence predicts higher rates of
diabetes prevalence than WHO's estimation. The combination of fasting glucose and waist circumference meas-
urement could be an easy to use tool to identify those subjects at risk of having diabetes, IFG, IGT and IR.
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INTRODUCTION

Type 2 diabetes (T2DM) is an important risk factor for
the development of cardiovascular disease (1, 2) (CVD),
which is still the most important cause of mortality in
Western societies. The increasing prevalence of T2DM (3),
the difficulty to maintain glucose control (4) and the
availability of interventions that have been demonstrated
to decrease the development of the disease, highlight the
importance of its early identification and prevention.

T2DM is usually preceded by a period of minor hyper-
glycemia, known as prediabetes, which is associated with
an increase in the hazard ratio for CVD (5). Depending on
whether the fasting glucose (FG) or the two-hour glucose
post-oral glucose tolerance test (2hG- OGTT) is used, two
categories of prediabetes, impaired fasting glucose (IFG)
or impaired glucose tolerance (IGT) can be identified.
Even though FG and 2hOGTT are different tests, there is a
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relationship between them, in fact, in the Hoorn study
95% of the IGT population had a fasting glucose level
equal to or more than 90 mg/dl (6).

Epidemiological studies have shown that the preva-
lence of IFG and IGT varies considerably among different
ethnic groups (7). In Spain, studies on the prevalence of
prediabetic states have been limited to specific areas (8-
14), with no data available from the Spanish population
as a whole. Furthermore, a simple method, based on a
Spanish population, would be very useful to identify per-
sons with prediabetes and insulin resistance (IR), which,
in concert with progressive p-cell failure, produces hyper-
glycemia that in turn is associated with the development
of cardiovascular complications. .

The primary abjective of the presefit study is to esti-
mate the prevalence and the incidence of prediabetic
states (IFG and IGT) in the population older than 45 years



assigned to Primary Care centres in Spain, and secondly
to evaluate whether the combination of both level of fast-
ing plasma glucose equal to or higher than 90 mg/dl and
the International Diabetes Federation (IDF) definition for
central obesity could be useful to identify people with di-
abetes, [FG, IGT and IR. In this study we will show the da-
ta of the cross-sectional study.

PATIENTS AND METHODS
Design

Investigators from hospitals distributed all across
Spain participated in the study. Each hospital contacted
several Primary Care centres. The screening phase was
undertaken by the Primary Care investigator and classifi-
cation phase by the Hospital investigator. Each investiga-
tor was provided with a list of random numbers obtained
from the list of subjects 245 years assigned to his/her Pri-
mary Care centres.

Subjects were included in the study, if none of the fol-
lowing exclusion criteria was met: type 1 diabetes, preg-
nancy, subjects with only temporally assignment to the Pri-
mary Care investigator, T2DM patients being treated with
insulin, and subjects that, according to the investigator cri-
teria, were at a significant risk of not completing the study.
Subjects who have T2DM or the combination of both FG
290 mg/dl and IDF central obesity definition {waist cir-
cumference 294 cm for men and 280 cm for women) were
identified by the Primary Care investigator as a study group
and referred to the hospital. A randomly selected subgroup
of subjects without these criteria was also referred in order
to have a control group. This group was needed to estimate
the prevalence of IFG, IGT and IR because, per protocol, in-
sulinemia and OGTT were only performed in the popula-
tion referred to the Hospital investigator.

At the hospital, subjects were classified in six groups ac-
cording to the HOMA-IR, fasting plasma glucose (FPG) and
results from a standard OGTT: (a) known T2DM, when pa-
tients reported a history of diabetes diagnosed by a physi-
cian; (b) de novo T2DM, when according to WHO criteria
(15) the patients showed a FPG 2126 mg/dl or a 2-hour glu-
cose level 2200 mg/dl in the OGTT; (c) IGT, when FPG was
<126 mg/dl and the 2-hour plasma glucose level was 2140
and <200 mg/d}; (d) IFG, when FPG was >110 and <126
mg/dl; (e) isolated IR, when the HOMA-IR was above the
75% percentile of the HOMA value of the control group with
none of the above alterations being present; (f) normal glu-
cose metabolism, when no previous category could be ap-
plied. When more than one glucose metabolism alteration
was present, patients were classified in the most severe cat-
egory, using the following range from least to most severe:
IR, IFG, IGT, new T2DM, and known T2DM.

The quantification of IR was made by the HOMA-IR
method (16). It was calculated according to the following
formula: HOMA = [Insulin (uWU/ml) x Glycaemia (mmol/l)]/
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22.5. Cut-off point for IR assessed by HOMA-IR was calcu-
lated as the 75% percentile of the controt group population
(17). Hyperinsulinemia was defined as a value greater than
the 75™ percentile of the control group.

Sample size calculation

Sample size was calculated to assess the prevalence of
prediabetic states (IFG and IGT) in the population older
than 45 years assigned to Primary Care centres in Spain.
The sample size needed, for a 95% confidence interval
(CI) of £2% (for the wider interval p=0.5), was 2400 pa-
tients. Assuming 50% of patients in Primary Care centres
were without inclusion criteria, the sample was increased
to 4800 screened patients in Primary care Centres.

Ethical aspects

The study was performed according to the recommen-
dations of the Spanish Society of Epidemiology (18) and
the Council for International Organizations of Medical .
Sciences (19). The study was approved by the Research
Ethics Committee of Hospital General Universitario de
Valencia. Subjects gave their written informed consent
before entering the study.

Statistical analysis

Point prevalence estimates and their 95% CI were used
to measure disease frequency. The overall age and sex-

Table 1 - Participating patients by Spanish Autonomous Com-
munity.

Autonomous Community Patients
If/'\:r;ahalusia 406
Aragon ; 178
Asturias y Cantabria . 130
Balearic Islands 24
Canary Islands 135
Castilla & Ledn 161
Castilla La Mancha 390
Catalonia _ ‘ 282
Valencia 718
Extremadura : . 210
Galicia 274
Madrid ) 488
Murcia i 161
Navarra y 87
Basque Country / . i 567
Total (number) ‘ 4231
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Table 2 - Characteristics of the study, control group and total population.

e ———

— R T e T

Study
group
Demography n=2354
Age (years) 62+9.8
Males (%) 44.6%
Caucasians (%) 99.4%
Smokers (%) 17%
Medical history
Previous coronary 7.7%
Previous stroke 3.3%
Previous PVD 5.6%
Familiar history of T2DM 36.9%
Hypercholesterolemia 34.9%
Hypertrygliceridemia 11.2%
Hypertension 44.5%
Biochemical parameters
Glucose (mg/di) 128+34
Physical examination
dBP {mmHg) 81.2£10.2
sBP (mmHg) 137.5+17.9
Waist circumference (cm) 99.9+10.6
Hip circumference (cm) 106.7£9.7
Weight (kg) 78.2+13
160.7+9.1

Height (cm)

- T, T g

Control
Group p Total population
n=1877 n=4231
60.3+11 <0.0001 61.2+10.4
44% ns 44.4%
99.6% ns 99.5%
22.5% <0.0001 19.3%
4% <0.0001 6.1% -
2.1% 0.020 2.7%
4.6% ns 5.2%
21.9% ) <0.0001 30.2%
24.9% <0.0001 " 30.6% -
4.1% <0.0001 8.1%
27.1% <0.0001 38.5%
96+14 <0.0001 114432
78+9.8 <0.0001 79.75+£10.1
130.7x17.9 <0.0001 134.4+18.2
87.1+£10.7 <0.0001 94.2+12.4
100+9.8 <0.0001 102.7+10.6
67.8+12 <0.0001 73.6+£13.6
160.6+8.7 ns 160.7£8.9

Values are means + SD or proportions (%); ns= non significant.

dBP= diastolic blood pressure; sBP= systolic biood pressure; PVD= peripheral vascular disease.

specific prevalences were calculated for current IR, IFG,
IGT and DM, as well as the prevalence according to co-
variates of interest. The Jevel of significance used in all the
analyses was p<0.05. Data were analyzed with the SAS
V3.1 software.

RESUILTS
Selection phase and demography

Investigators from 60 hospitals and 220 Primary Care
centres distributed throughout Spain participated in the
study (Table 1).

Demographics and data from subjects included in the
study are shown in Table 2. The flow-chart of the study is
shown in Figure 1. People that refused to participate
(n=972) were significantly older (64.2£12.7 years vs
61.2+10.4 years, p<0.0001), had a higher proportion of
coronary heart disease (11.8% vs 6.1%, p<0.0001) and
cerebrovascular disease (6.9% vs 2.7%, p<0.0001), a lower
proportion of familial antecedents of T2DM (16.8% vs
30.2%, p<0.0001), known T2DM (0.7% vs 13.7%, p<0.0001)
and dyslipidaemia (30.2% vs 34%, p<0.04). Proportion of
males was also higher in the population that refused to
participate in the study. Fasting glucose was significantly
lower in this population, though the difference was not
clinically relevant (102.6 vs 97.2 mg/dl, p<0.0001).

Finally, 4231 subjects (enough for the primary objec-
tive since more than 50% of the patients fulfilled criteria
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for the study group) agreed to take part in the study. The
subjects of the study group and a control subgroup of 211
people (randomly selected from the control group) were
finally referred to the hospital. The baseline characteris-
tics of this control group, except for its younger age
(58.249.5 years vs 60.5x11.1 years, p=0.004), were well
matched with those of the rest of the control group.

Cut-off point for IR as assessed by HOMA-IR was
3.29. Corresponding figures for hyperinsulinemia were
13.05 uU/mL for men and 14.5 wU/mL for women [95%
Cl10.5-12.1).

Prevalence of [FG, IGT and IR for the whole population
were 13.3% (95% CI 10.6-16.9); 14.1% (11.3-17.7) and
13.9% (10.8-17.8) respectively using the new criteria from
American Diabetes Association (20) for IFG. Prevalence of
known and unknown T2DM were 11.3% (95% CI 10.5-
12.1), 5.4% (4.1-7.8). The sensitivity, specificity, PPV, Neg-
ative Predictive Value (NPV) and diagnostic success of
waist circumference and glucose leve! for the presence of
any glucose metabolism alterations are shown in Table 3.
The PPV, NPV, sensitivity and specificity of the study
group for the presence of IR were 62.7%, 75%, 89.1% and
38.2% respectively.

The prevalence of new T2DM, [FG, IGT and IR (exclud-
ing already known T2DM) in study group vs control group
(with IFG defined as FG 2110 mg/dl) is shown in Table 4.
If the new ADA definition for IFG had been used (20),



Random sample
n=5414

R

Inclusion criteria
245 years
No DM1
No T2DM with insulin
Not pregnancy

NO

¥ YES
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Fig. 1 - Flow-chart of the study.
DM1= diabetes mellitus type 1;
T2DM= diabetes mellitus type 2;
DM= diabetes mellitus; FG= fasting
glucose; IGT= impaired glucose toler-
ance; IFG= impaired fasting glucose;
IR= isolated insulin resistance.

Excluded n=211

Agreed to participate

Unwilling to participate n=972
fliness 34%
Job reasons 26%
Not interested in study 18%
Others 22%

n=4231
Non-obese or W
FG<90 mg/dl Study group
n=1877 n=2354

|

Randomly selected
as control group

Y

Referral n=2130

__>| Hospital n=2341 l

—L

Refused referral
n=224

prevalence of IFG would be 16.9% and 11.9% in study
group vs control group respectively. Prevalence of IR
would change to 10.8% in the study group and to 16.4% in
the control group. When we analyzed the prevalence of IR

n=211 +
IFG 4
_ year
K%T v Follow-up

as a whole (including patients with other glucose metab-
olism abnormalities that also had IR) the figure was 56.6%
(including known T2DM) and 49.5% (excluding known
T2DM) in the study group, and 25% in the control group.

Table 3 - Sensitivity, specificity, positive and negative predictive values.

Sensitivity Specificity PPV NPV Diagnostic
(%) (%) (%) (%) success (%)
Men - 84‘.3 43.6 80.5 50.2 73.5 -
Women 88.6 49.6 74.9 71.6 62.9
Al 86.5 47.4 77.4 628 73.9

e

PPV= positive predictive value; NPV= negative predictive value.

Table 4 - Prevalence of glucose metabolism alterations in Study and Control Group.

Study Group

Control Group

% Cl 95% % Cl 95%
Novo T2DM 5.9 7.9-10.5 2.5 1.1-57
IGT 15.9 14.4-17.6 11.6 7.8-16.7
IFG 5.7 4.8-6.8 25 § 11587
F
IR 16.5 15-18.2 19.1 7 142251

DM= diabetes mellitus;

Cl= confidence Interval; IGT= impaired glucose tolerance; IFG= impaired fasting glucose; IR= isolated insulin resistance.
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DISCUSSION:

The present study shows that the prevalence of I[FG
and IGT in the adult population in Spain assigned to Pri-
mary Care centres, where more patients are present and
managed, is high. As much as 27.4% of the Spanish aduit
population is in a prediabetic state; furthermore we have
demonstrated that using two simple markers, like waist
circumference and fasting glucose, both capable of being
measured in Primary Care, can help to identify glucose
metabolism abnormalities and/or IR people. In fact
55.3% of the study group has hyperglycemia and/or IR
whereas 64.3% of the control group shows normal glucose
metabolism and/or no IR. In addition we find a preva-
lence of T2DM of 16.7% in this population. If we had con-
sidered subjects with T2DM treated with insulin, exclud-
ed by protocol in the present study, this percentage would
significantly have increased.

This is the first study to analyze the prevalence of IGT
and IFG for a large population managed in Primary Care
centres throughout Spain. The level of participation in all
the regions of Spain was similar, thereby indicating that
there was no bias in the sample. However, the observed dif-
ferences between the characteristics of the subjects that
agreed to participate when compared to those who refused
to cooperate, are a potential weakness of the present study.
There were more non-participants among males, older
people, patients with cardiovascular disease, family history
of T2DM, known T2DM and dyslipidaemia. These differ-
ences could potentially limit extrapolation of the results to
the Spanish population older than 45 years assigned to Pri-
mary Care centres. Nevertheless, the groups were fairly
comparable for characteristics such as weight, height and
bloed pressure, and even in characteristics such as capil-
lary glycaemia the differences were not clinically relevant.

Our results are consistent with those observed in the
Spanish regional studies (8-14), in which IGT prevalence
was between 7.2 and 17.1%; however our sample was rep-
resentative of the entire Spanish population older than 45
years. In France, an observational study done in Primary
Care and using fasting glucose as a diagnostic test, found
a prevalence of IFG of 22%, which is quite similar to our
result in which the prevalence of IFG plus IGT was 27.4%
(21). However, in the French study the prevalence of un-
diagnosed diabetes, 0.67%, was lower than in our study,
meaning that diabetes screening in Primary Care in
France may be better implemented than in Spain. In con-
trast with these studies, a study based on Irish population
also done in Primary Care encountered a prevalence rate
for IFG and/or [GT of just 3.9% (22).

Although there is no consensus about the rate of pro-
gression to diabetes of both IFG and IGT, it is reasonable
to assume that a majority of these subjects, especially
those who are older, overweight, and have other diabetes
risk factors, will develop diabetes over the next 10 years
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(23). If this hypothesis is confirmed, and the mortality
rate is still the same, we could assume that the Spanish di-
abetes prevalence rate would result in a higher rate com-

- pared to the WHO's prediction, which is 39% in the global

rate from 2000 to 2030.

This potential increase has been mainly attributed to a
rise in new cases of T2DM, which in turn is driven by in-
creasing obesity rates (24, 25) and ageing of the popula-
tion (26). The increased migration of susceptible popula-
tion, accompanied by shifts in lifestyle, has also added to
increased prevalence of diabetes. In Spain, 8.5% of the
population are immigrants, and most of them are rela-
tively new to the country (27). Additionally, improved sur-
vival in people with diabetes might contribute to the in-
creasing prevalence of the disease.

Another important aspect is that people with IFG and
IGT have modestly increased CVD risk, and this becomes
progressively greater with diabetes. Although there is a
controversy about whether prediabetic states are per se in-
dependent risk factors (28-30) or their risk is due to their
association with other cardiovascular risk factors (e.g., low
HDL cholesterol, hypertension, and elevated triglycerides),
early identification and treatment of these risk factors
could prevent clinical vascular events in this population.

Late diagnosis of T2DM is still an unsolved problem in
Primary Care, and diabetes remains frequently undiag-
nosed until complications appear (31), in fact, in our
study 5.4% of the sample had undiagnosed diabetes. We
have shown that two simple markers, both easy to use by
Primary Care physicians, can help to identify subjects
who have diabetes, [GT, [FG or IR.

In summary, we have found that in Spain the preva-
lence of [FG and IGT in the population older than 45 years
assigned to Primary Care centres is high, and similar to
the French population. This high prevalence predicts
higher rates of diabetes prevalence than WHO’s estima-
tion. The combination of fasting glucose and waist cir-
cumference measurement could be an effective and easy
to use tool to identify those subjects at risk of having any
glucose metabolism alterations.
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