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The aims of this study were to investigate the current prevalence of abnormal glucose tolerance
(AGT), compare the risk factor profile between persons with and without AGT among 45-74
years-old Latvian men and women, and to validate the Finnish diabetes risk score (FINDRISC)
questionnaire in detecting AGT in the middle-aged Latvian population. A cross-sectional survey
among the 45-74-years old population randomly selected from the registers of general practitio-
ners in Riga, Latvia was carried out between April 2008 and March 2009. The survey consisted of
a questionnaire, measurements such as height, weight, waist circumference, and blood pressure
as well as blood oral glucose tolerance test (OGTT), cholesterol and its fractions. Prevalence of
obesity, central obesity and physical inactivity were high in the Latvian population. Women with
AGT had a worse risk factor profile for T2D and cardiovascular diseases compared to those with
normal glucose tolerance. No differences were found in the risk factor profile between men with
and without AGT. A high proportion of men and women with more than 11 FINDRISC points had
undetected AGT. The FINDRISC questionnaire can be used in clinical practice to detect persons
with AGT in the Latvian population.
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INTRODUCTION

The increasing prevalence of obesity and sedentary lifestyle
are the major underlying causes explaining why for type 2
diabetes (T2D) has become one of the fastest growing pub-
lic health problems worldwide, imposing a high financial
burden on health care costs (King et al., 1998; Wild et al.,
2004). The World Health Organisation (WHO) has esti-
mated that the number of adults with diabetes will more
than double from an estimated 143 million in 1997 to 300
million by 2025 (Kumanyika ef al., 2002).

Locally, T2D is increasing also in Latvia due to an increase
of the main risk factors of type 2 diabetes: overweight and
obesity as well as physical inactivity. The diabetes screen-
ing programme (DIA-screen) conducted among persons
with risk factors for T2D in Latvia in 2003 indicated a
prevalence of type 2 diabetes of 8.2%, impaired glucose tol-
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erance (IGT) of 5.5% and impaired fasting glucose (IFG) of
3.8% (Pirags et al., 2005). The 2006 FINBALT survey
among 15-64 year-old Latvians revealed that 32.3% of men
were overweight and 12.3% obese (Pudule et al., 2007).
The respective numbers among women were 27.5% and
18.1%. Furthermore, physical activity levels were rather
low. 38.2% men and 29.8% women had 30 minutes of
physical activity in 2-3 days during a week. Given the large
number of overweight and obese people, these figures may
reflect well the problem of glucose metabolism disorders in
the middle-aged population in Latvia.

Persons with abnormal glucose tolerance (AGT), which in-
cludes impaired glucose tolerance (IGT) and impaired fast-
ing glucose (IFG), are at high risk to develop T2D. There-
fore, it is important to identify persons with AGT in order to
effectively prevent or delay the onset of T2D. Current evi-
dence shows that the prevention of AGT and T2D is possi-
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ble through lifestyle intervention in persons with impaired
glucose tolerance (Pan et al., 1997; Tuomilehto et al., 2001;
Knowler et al., 2002). Thus, it is important to identify those
people at high risk for T2D in the population in order to
provide early lifestyle interventions aiming at decreasing
the risk of T2D and cardiovascular diseases. Measuring
blood glucose levels after a two-hour oral glucose tolerance
has been the recommended method to identify people with
AGT. However, this is an invasive procedure, and costly
and time-consuming when used on a large scale. Thus, a
simple validated questionnaire may offer a cost-effective
tool in detecting people with AGT.

Based on ten-year prospective data on the incidence of T2D
in a population-based cohort, the Finnish diabetes risk score
(FINDRISC) was developed to identify people at high risk
for the future occurrence of type 2 diabetes (Lindstrom et
al., 2003). The FINDRISC questionnaire was later validated
in a cross-sectional, population based setting showing a
high sensitivity in identifying those with undetected abnor-
mal glucose tolerance (AGT) in the popualtion (Saaristo et
al., 2005).

The aims of this study were to investigate the current preva-
lence of abnormal glucose tolerance (AGT), to compare the
risk factor profile between people with and those without
AGT among 45-74 year-old Latvian men and women, and
to evaluate the performance of the FINDRISC questionnaire
in detecting AGT in the middle-aged Latvian population.

MATERIALS AND METHODS

A cross-sectional survey among the 45-74-years old popu-
lation of Riga, Latvia was carried out between April 2008
and March 2009. The total population size in Riga in 2008
was 719,613 (Anonims, 2008), for which the register of
general practitioners (GPs) covers approximately 97%. In
total, there are 424 GPs working in six main regions of
Riga. Each GP is responsible for the persons from a well-
defined geographical region. The study group invited all
GPs to participate in the study by written invitation fol-
lowed up by a telephone call. Sixteen GPs agreed to partici-
pate (4%). A random sample of 2001 individuals propor-
tional to the population size of each of the six main regions
of Riga and stratified by gender and ten-year age-groups
was selected from the participating GPs’ registers. The
study participants were invited by the GP for a health inter-
view and medical examination. Finally, 85 men and 171
women agreed to participate (n = 256; response rate 22%).

The survey consisted of a questionnaire, measurements of
height, weight, waist circumference, and blood pressure as
well as estimated blood oral glucose tolerance, cholesterol
and its fractions.

Consent was obtained from each participant before the inter-
view and examinations. The questionnaire was computer and
interviewer based and consisted of questions related to the
medical history of a participant as well as various health-re-
lated risk factors including glucose metabolism disorders.
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Nurses specially trained for the survey procedures measured
height, weight, waist circumference and blood pressure.
Height was measured to the nearest centimetre. Weight was
measured in light clothing. Body mass index (BMI) was
calculated as weight (kg) divided by height2 (mz). Central
obesity was defined by WHO criteria (Anonymous, 2000):
waist circumference > 102 cm and > 88 cm in men and
women, respectively. In addition, central obesity according
to the International Diabetes Federation (IDF) definition of
metabolic syndrome was also used: > 94 cm in men and
> 80 cm in women (Anonymous, 2005). Blood pressure was
measured on right arm of subjects, seated for five minutes
before the measurement. The fifth phase of the Korotkoff’s
sound was recorded as the diastolic pressure. Blood pres-
sure was measured twice and the mean of these two mea-
surements was used in the analyses.

The survey examination also included an oral glucose toler-
ance test (OGTT), carried out according to the World
Health Organization (WHO) recommendations (Anony-
mous, 1999b). A 300 ml test solution contained 75 g anhy-
drous glucose and 1.6 g citric acid. After 12 hours fasting, a
blood sample was obtained 120 minutes after ingestion of
the solution. Samples after fasting and after two-hour inges-
tion were drawn into fluoridated tubes and centrifuged
within 30 minutes. Plasma glucose was determined by
hexokinase method and by enzymatic GOD-PAP method.
Total cholesterol, HDL cholesterol, LDL cholesterol, and
triglycerides were determined by an enzymatic method. All
samples were analysed in the same E. Gulbis Central Labo-
ratory.

Glucose tolerance was classified according to the WHO
1999 criteria (Anonymous, 1999b). Individuals who re-
ported that they had diabetes were not included in the
OGTT. Individuals who reported that they had type 1 dia-
betes (n = 2) were not included in the type 2 diabetes preva-
lence calculations as persons with disease.

Individuals who were on type 2 diabetes medication or had
fasting plasma glucose level > 7.0 mmol/l or 2h plasma glu-
cose > 11.1 mmol/l were classified as type 2 diabetes
(T2D). Those with 2h plasma glucose > 7.8 and < 11.1
mmol/l, and fasting plasma glucose < 7.0 mmol/l were clas-
sified as having IGT. IFG was defined as fasting plasma
glucose > 6.1 but < 7.0 mmol/l, and 2 h plasma glucose
< 7.8 mmol/l. Participants with T2D, IGT or IFG were clas-
sified as having abnormal glucose tolerance.

The study protocol was approved by the Central Medical
Ethics Committee of Latvia. All the participants gave their
written informed consent prior participation to the study.

Statistical analyses were performed with SPSS for Mac ver-
sion 16.1. Significant differences in continuous variables
were calculated using independent samples t-tests and chi-
square tests for categorical variables. Analyses were strati-
fied by gender and adjusted for age. The performance of the
FINDRISC questionnaire with respect to AGT was assessed
by calculating receiver operating characteristics (ROC)
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curves, sensitivity and specificity. The areas under the curve
(AUC) with the respective 95% confidence intervals (CI)
were used for determination of the optimal cut-off level.

The level of statistical significance was set to 0.05.

RESULTS

The baseline characteristics of the study population are pre-
sented in Table 1. The prevalence of overweight and obesity
was 72% in men and 71% in women. Only 38% of men and
20% of women had a normal waist circumference. Whereas
a majority of men (79%) and women (80%) consumed fruits
or vegetables daily, the prevalence of daily 30 minutes
physical activity was very low with approximately only one
out of 16 men and one out of 12 women complying with the
recent recommendations. Smoking prevalence was higher in
men (30%) than in women (17%). In respect to plasma lip-
ids, women had higher mean levels of total cholesterol,
HDL and LDL cholesterol levels than men whereas men
had higher mean triglyceride levels compared to women
(1.77 mmol/l versus 1.48 mmol/l).

Women with AGT had a statistically significantly higher
prevalence of overweight and obesity as well as central obe-
sity (P values < 0.001) compared to women with normal

Table 1

SAMPLE SIZE CHARACTERISTICS OF STUDY PARTICIPANTS AC-
CORDING TO GENDER

Parameters Men Women

n 85 171
Age

45-54 years 26% 32%

55-64 years 31% 31%

> 65 years 43% 37%
Body mass index (BMI)

<25 kg/m® 28% 29%

25-30 kg/m? 49% 42%

> 30 kg/m> 23% 29%
Waist circumference

< 80 cm (women); < 94 cm (men) 38% 20%

80—-88 cm (women); 94—-102 cm (men) 27% 27%

> 88 cm (women); > 102 cm (men) 35% 53%
Daily fruit consumption 79% 80%
30 min physical activity daily 6% 8%
Hypertensive drug treatment 42% 60%
Systolic blood pressure (mmHg) 137 (20)1 134 (18)
Diastolic blood pressure (mmHg) 85 (11) 85 (11)
Total cholesterol (mmol/l) 5.6 (1.2) 6.1 (1.4)
HDL cholesterol (mml/l) 1.28 (0.35) 1.62 (0.43)
LDL cholesterol (mmol/l) 3.51 (1.04) 3.72 (1.12)
Triglycerides (mmol/l) 1.77 (1.02) 1.48 (0.73)
Plasma glucose, Oh, mmol/l 6.50 (5.61) 5.41 (1.05)
Plasma glucose, 2h, mmol/l 6.11 (1.88) 6.13 (2.13)
Smoking (%) 30% 17%

'mean (standard deviation)
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glucose tolerance (Table 2). Even though there was a
tendency to have higher prevalence of obesity and central
obesity in men, the difference was not statistically signifi-
cant (P-value for obesity 0.11 and 0.347 for central obesity,
respectively). There was no difference in the prevalence of
daily fruit/ vegetable intake or daily 30 minutes physical ac-
tivity between persons without and those with AGT, neither
in men nor in women. Women with AGT had higher levels
of systolic blood pressure (P < 0.001), diastolic blood pres-
sure (P < 0.01) and serum triglycerides (P = 0.02). No sta-
tistically significant difference was found in risk factors of
T2D and cardiovascular diseases in men.

Table 3 presents the prevalence of AGT and T2D by gender
according to different categories of FINDRISC points. The
prevalence of AGT in men with 11-14 FINDRISC points
was 33% and for those with 15-19 points — 77%. The cor-
responding prevalences in women were 8% (11-14 points)
and 39% (15-19 points). In both genders all persons with
20 points or more had AGT.

Figures 1 and 2 show the ROC information for men and
women. The area under curve for AGT was 0.76 (95% CI
0.63—-0.88) in men and 0.82 (95% CI 0.74-0.90) in women.
Using the risk score cut-off value of 11 to identify undiag-
nosed AGT resulted in a sensitivity of 80% in men and 90%
in women. The corresponding false-positive rates were 52%
in men and 56% in women.
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Fig. 1. Receiver operating characteristics (ROC) curves for the prevalence
of abnormal glucose tolerance by FINDRISC in men.
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Fig. 2. Receiver operating characteristics (ROC) curves for the prevalence
of abnormal glucose tolerance by FINDRISC in women.
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Table 2

DIFFERENCES IN RISK FACTORS OF GLUCOSE METABOLISM DISORDERS AND CARDIOVASCULAR DISEASES ACCORDING TO NOR-
MAL (NGT) AND ABNORMAL GLUCOSE TOLERANCE (AGT) IN THE MIDDLE-AGED LATVIAN POPULATION BY GENDER

Men P ‘Women P
NGT AGT NGT AGT

n 44 25 113 40
Age

45-54 years 32% 20% 0.36 40% 15% 0.003

55-64 years 25% 40% 30% 28%

> 65 years 43% 40% 30% 57%
BMI

<25 kg/m2 34% 12% 0.11 35% 15% <0.001

25-30 kg/m2 48% 56% 45% 33%

> 30 kg/m2 18% 32% 20% 52%
Waist circumference

< 80 cm (men); < 94 cm (women) 46% 32% 0.347 24% 13% <0.001

80-88 cm (men); 94-102 cm (women) 27% 24% 33% 8%

> 88 cm (men); > 102 cm (women) 27% 44% 43% 80%
Daily fruit consumption 82% 72% 0.38 80% 75% 0.66
30 min physical activity daily 7% 4% 0.63 8% 8% 0.93
Hypertensive drug treatment 36% 52% 0.21 50% 85% <0.001
Smoking (%) 23% 32% 0.43 17% 13% 0.52
Systolic blood pressure (mmHg) 137 (2)I 139 (2) 0.70 130 (2) 145 (2) < 0.001
Diastolic blood pressure (mmHg) 85 (1) 86 (2) 0.62 83 (1) 89 (2) 0.01
Total cholesterol (mmol/l) 5.7(0.2) 5.3(0.3) 0.14 6.1 (0.1) 6.1(0.2) 0.85
HDL cholesterol (mml/I) 1.27 (0.05) 1.21 (0.06) 0.48 1.66 (0.04) 1.52 (0.07) 0.09
LDL cholesterol (mmol/l) 3.58(0.16) 3.22(0.21) 0.18 3.69 (0.10) 3.66 (0.18) 0.87
Triglycerides (mmol/l) 1.82(0.16) 1.78 (0.21) 0.90 1.40 (0.07) 1.73 (0.12) 0.02
Plasma glucose, Oh, mmol/l 5.33(0.88) 8.78 (1.19) 0.02 5.05 (0.08) 6.27 (0.15) <0.001
Plasma glucose, 2h, mmol/l 5.02 (0.34) 9.40 (0.58) .001 5.34(0.13) 9.18 (0.28) <0.001
lagc adjusted mean (standard error)

Table 3 pISCUSSION

PREVALENCE OF TYPE 2 DIABETES MELLITUS (T2D) AND AB-
NORMAL GLUCOSE TOLERANCE (AGT) IN 45-74 YEARS-OLD
MEN AND WOMEN IN RIGA, LATVIA ACCORDING TO FINDRISC
POINTS BY GENDER

FINDRISC points T2D AGT
% (n) % (n)
Men
0-3 0% (0) 0% (0)
4-6 7% (1) 13% (2)
7-10 20% (3) 36% (5)
11-14 11% (3) 25% (6)
15-19 46% (6) 75% (9)
20-26 100% (3) 100% (3)
Women
0-3 0% (0) 0% (0)
4-6 5% (1) 10% (2)
7-10 0% (0) 7% (3)
11-14 8% (3) 21% (8)
15-19 34% (13) 53% (20)
20-26 86% (6) 100% (7)
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Of all subjects who were categorised as AGT, more than a
half were identified with elevated 2h plasma glucose values
while having normal fasting glucose values.

The overall prevalence of screen-detected abnormal glucose
tolerance of 36.0% in men and 26% in women, respectively,
are high. It is known that T2D usually starts slowly without
typical symptoms of diabetes. Thus, it is obvious that many
cases of T2D remain undiagnosed for years. Moreover, if
only fasting glucose measurements are used to screen for
T2D, a significant proportion of asymptomatic cases of dia-
betes remain undetected, as also demonstrated by the DE-
CODE study (Anonymous, 1999a). Thus, the findings of
our study provide further evidence that the measurement of
fasting glucose alone cannot be considered as the sole indi-
cator of abnormal glucose regulation in non-diabetics
(Anonymous, 2003; Saaristo et al., 2008).

AGT such as impaired glucose tolerance (IGT) and im-
paired fasting glucose (IFG) are modifiable risk factors of
T2D and cardiovascular diseases (Harris er al., 1996; Na-
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than et al., 2007). There is sufficient evidence from previ-
ous studies to conclude that the risk of developing AGT in-
cluding T2D is closely linked to the presence and duration
of overweight and obesity (Colditz et al., 1995; Must et al.,
1999; Hu et al., 2001). Indeed, 88% of men and 85% of
women with AGT in our study were either overweight or
obese. This is in line with results from the Cooperative
Health Research in the Region of Augsburg (KORA) survey
conducted in 2000, showing that both BMI and waist cir-
cumference were significantly higher in men and women
with abnormal glucose tolerance (Rathman et al., 2000).
Moreover, Zargar et al. (2000) reported a 2.3-fold increase
in risk of abnormal glucose tolerance in an Asian Indian
population aged 40 years or over with BMI > 25 kg/m?2.

Furthermore, many studies have showed that lifestyle inter-
vention in people with impaired glucose tolerance (IGT)
can result in sustained lifestyle changes and a reduction in
diabetes incidence (Pan et al., 1997; Tuomilehto et al.,
2001; Anonymous, 2002; Kosaka et al., 2005; Lindstrom et
al., 2006; Ramachandran et al., 2006).

As the efficiency of risk scores may vary between popula-
tions with different ethnic backgrounds the risk scores
should be validated in each population before use (Griffin et
al., 2000; Hunt et al., 2002). Our results show that the
FINDRISC questionnaire can be used as a self-administered
tool to identify those with undetected AGT in the general
Latvian population. The area under the ROC curve was
76% in men, respectively, 82% in women which is compa-
rable to other risk scores developed to detect undiagnosed
AGT or T2D (Baan et al., 1999, Park et al., 2002; Lorenzo
et al., 2003; Glumer et al., 2004). The FINDRISC question-
naire identified 80% of men and 90% of women with previ-
ously undiagnosed AGT in Latvia using a cut-off level of
11 points. This is higher sensitivity compared to the Finnish
study, validating the FINDRISC in the Finnish population
in regard to detection of AGT (Saaristo et al., 2005).

Several clinical trials have convincingly showed that T2D
can be prevented and/or delayed by lifestyle interventions.
Thus, there is a need of a cost-effective tool in identifying
people at risk in order to enroll them in activities that
change unhealthy life-style habits, thus, decreasing the risk
factors of T2D. The ideal tool would be to provide an
OGTT to the entire middle-aged population. However, this
is not feasible at the population level (Pan et al., 1997,
Swinburn et al., 2001). Therefore, the FINDRISC question-
naire may help in identifying these people who may benefit
from interventions or those worth for further testing for
AGT using the OGTT (Griffin et al., 2000). The results
from the Atherosclerosis Risk in Communities Study sug-
gested that screening strategies based on fasting plasma glu-
cose, complemented by clinical detection rules and /or an
OGTT, are effective and practical in the detection of hyper-
glycemic states meriting clinical intervention (Schmidt et
al., 2003).

The strength of this study is that it is based on a population
sample of middle-aged men and women of all districts in
Riga using oral glucose tolerance tests to detect AGT. How-
ever, several limitations of this study need to be considered.
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Despite efforts to increase the response rate, only 22% of
persons invited agreed to participate. The main reason of
non-participations was the missing or incorrect information
on the address of the potential participant. Non-participants
might have had already abnormal glucose tolerance, and
thus, they considered it unnecessary to take part in the sur-
vey. Therefore, the prevalence of AGT might have been un-
derestimated.

In conclusion, our study showed that the prevalence of obe-
sity, central obesity and physical inactivity were high in the
Latvian population. Women with AGT had a worse risk fac-
tor profile for T2D and cardiovascular diseases compared to
those with normal glucose tolerance. No differences were
found in risk factor profile between men with and those
without AGT. Furthermore, a high proportion of men and
women with more than 11 FINDRISC points had unde-
tected AGT. In addition, the results of our study revealed
that the FINDRISC questionnaire can be used in clinical
practice to detect AGT in the Latvian population.
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GLIKOZES METABOLISMA TRAUCEJUMI UN 2. TIPA CUKURA DIABETA RISKA FAKTORI RIGAS (LATVIJA) IEDZIVOTAJU
VIDU VECUMA NO 45 LIDZ 74 GADIEM

Pétijuma meérkis bija noteikt pasreiz€jo glikozes metabolisma traucg€jumu prevalenci Latvijas iedzivotaju vidi vecuma no 45 lidz 74 gadiem,
ka ari salidzinat riska profilu cilvéku grupam ar un bez glikozes metabolisma traucgjumiem. Sekundarais pétijuma meérkis bija zinatniski
apstiprinat Somu Diabéta riska raditaja (Finnish Diabetes Risc Score — FINDRISC) anketu ka metodi, kas identificé glikozes metabolisma
traucéjumus Latvijas iedzivotajiem vid&ja vecuma grupa. Laikposma no 2008. gada aprila lidz 2009. gada martam tika veikts Skérsgriezuma
pétijums, ka paraugkopu izvéloties cilveku grupu vecuma no 45 1idz 74 gadiem un tos nejauSinati atlasot no Rigas g¢imenes arstu registriem.
Petijuma tika izmantota aptaujas anketa, veikti objektivi mérijumi — auguma, svara, vidukla apkartmérs, asinsspiediens; petijuma sastavdala
bija ari laboratoriska sadala — glikozes tolerances tests, holesterina un ta frakciju noteikSana asins paraugos. PEtijuma rezultati paradija, ka
Latvijas populacija ir augsta centralas aptaukoSanas prevalence, ka ari samazinats fiziskas aktivitates limenis. Sievietém ar glikozes
metabolisma trauc€jumiem ir augstaks 2. tipa cukura diab&ta un kadiovaskularo saslimSanu risks, salidzinot ar sievietém, kuram ir normals
glikozes metabolisms. Salidzinot virieSu grupu ar un bez glikozes metabolisma traucgjumiem, netika atrastas statistiski ticamas atSkiribas
riska faktoru profila. Daudz biezak glikozes metabolisma traucgjumi tika konstateti tiem virieSiem un sievietem, kuriem FINDRISC anketa
bija vairak neka 11 punkti. FINDRISC anketu var izmantot Latvijas iedzivotajiem, lai kliniska praksé identificétu cilvekus ar glikozes
metabolisma traucgjumiem.
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