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■ Abstract 
OBJECTIVE: Family members of patients with an estab-
lished diagnosis of type 2 diabetes mellitus (T2DM) are 
theoretically at risk of having the metabolic syndrome 
(MetS). A sample of these family members was studied from 
a population in a small township in Argentina, which has a 
high prevalence of T2DM. METHODS: We examined the 
clinical and metabolic characteristics of 132 first-degree rela-
tives of T2DM patients (FDR) and 112 age-matched con-
trols. The subjects were categorized according to the Inter-
national Diabetes Federation (IDF) and National Choles-
terol Education Program Adult Treatment Panel III 
(NCEP-ATPIII) criteria for MetS. RESULTS: The preva-
lence of MetS in the FDR group was 34.8 (IDF) and 26.5% 
(NCEP-ATPIII) respectively, which was significantly differ-
ent to the prevalence in controls (p < 0.025). According to 

IDF criteria, the most prevalent factors among FDR sub-
jects with MetS were low HDL-cholesterol (87%) followed 
by hypertriglyceridemia (69.5%). In the MetS group, which 
ranged between 20-29 years old (36%), the major risk factor 
in women was a low HDL-cholesterol serum level. In the 
MetS group, which ranged between 30-39 years old (44.4%), 
the most important risk factor in men was hypertriglyc-
eridemia. CONCLUSION: This study revealed that the 
prevalence of MetS is high in young FDR adults, who need 
urgent preventive treatment, including lifestyle changes. The 
risk of developing T2DM is five times higher in non-
diabetic people with MetS than in those without the syn-
drome. 
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Introduction 
 

         ype 2 diabetes mellitus (T2DM) is a heterogene- 
     ous disease with a strong genetic component. It 
     is characterized by insulin resistance and im-

paired beta-cell function. Studies in T2DM patients 
have shown that defects in both insulin secretion and 
insulin action seem to be inherited [1-3]. The combina-
tion of insulin resistance and compensatory hyperinsu-
linemia increases the risk of hypertension and dyslipi-
demia characterized by high plasma triglycerides (TG) 

and low high-density lipoprotein cholesterol (HDL-C) 
concentration. These changes increase the risk of car-
diovascular disease. In 1988, this cluster of related ab-
normalities was designated as Syndrome X [4, 5]. 

 Today, the increased risk for developing cardio-
vascular disease and diabetes associated with a cluster 
of metabolic abnormalities is referred to as the meta-
bolic syndrome (MetS). MetS includes hypertension, 
glucose intolerance, high TG, low HDL-C and ab-
dominal obesity [6]. The strong association of abdomi-
nal obesity with metabolic abnormalities has prompted 
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the National Institute of Health (NIH) of the United 
States of America [7] and the World Health Organiza-
tion (WHO) [8] to issue guidelines for the use of gen-
der-specific waist circumference cut points to identify 
abdominal obesity [9]. 

The most widely used definitions for clinical identi-
fication of the MetS are provided by the National Cho-
lesterol Education Program Adult Treatment Panel III 
(NCEP-ATPIII) [10] and the International Diabetes 
Federation (IDF) [11]. MetS by NCEP-ATPIII is de-
fined when a subject meets three or more of the 
following five criteria: 

 
1. Arterial blood pressure ≥ 130/85 mmHg. 
2. Central obesity (waist circumference, male 

> 102 cm; female > 88 cm). 
3. Serum TG level ≥ 150 mg/dl (1.7 mmol/l). 
4. Serum HDL-C level < 40 mg/dl (1.03 

mmol/l) in male or < 50 mg/dl (1.29 
mmol/l) in female. 

5. Fasting glucose ≥ 110 mg/dl (6.1 mmol/l). 
 
The new IDF definition for MetS differs 

from the NCEP-ATPIII definition in that it 
puts more emphasis on the role of obesity and 
contains a stricter requirement for central obe-
sity. According to this, the IDF waist circumfer-
ence level for South Americans is: males ≥ 90 
cm and females ≥ 80 cm. The rationale for this 
requirement is that central obesity is more 
strongly correlated with the other MetS features 
than is any other parameter [12, 13]. For a per-
son to be defined as having the MetS, he or she 
must have central obesity plus any two of the 
four factors, as defined above (i.e. raised TG 
level, reduced HDL-C level, raised blood pres-
sure and raised fasting plasma glucose) or previ-
ously diagnosed diabetes mellitus [11, 13]. 

In this study, we estimated the prevalence of 
MetS in first-degree relatives of T2DM patients 
(FDR). We hypothesized that family members 
of patients with an established diagnosis of 
T2DM are theoretically at risk of having the 
syndrome and of developing T2DM as well. 
The theoretical rationale for this hypothesis is 
supported by the evidence that 1) T2DM has a 
critical genetic dimension which is transferred to 
offspring to a high degree [14] and 2) MetS is 
closely related to the developing T2DM [15]. In 
order to test this hypothesis, this study exam-
ined the prevalence of MetS in first-degree rela-
tives of T2DM patients. 

We used both the IDF and NCEP-ATPIII defini-
tion to determine the prevalence of MetS in fist-degree 
relatives of T2DM patients. The study showed that 
prevalence rates differ considerably when applying the 
two definitions. This is remarkable as both guidelines 
differ only in the way central obesity is defined, as de-
scribed above. While central obesity was a major factor 
for diagnosing MetS in this study, lipid disorders (low 
HDL-cholesterol and hypertriglyceridemia) were simi-
lar common factors. In this context, it would be inter-

 
Table 1. Clinical characteristics of first-degree relatives of type 2 diabe-
tes patients and controls 
 

 

Parameter 

 

  FDR 

 

    Controls 

 

p 

 

Number (n) 
    

         
 

 

  All 132       112 
 
 

 

  With MetS   46          23 < 0.
 

025 

 

Age (yr) 
 

  
   

 

  All 32.
 

4 

 

± 8.
 

9 30.
 

3 
 

± 

 

4.
 

8 n
 

.s. 

 

  With MetS 36.
 

7 

 

± 9.
 

2 38.
 

5 
 

± 

 

8.
 

8 n
 

.s. 

 

BMI (kg/m2) 
 

  
   

 

  All 27.
 

4 

 

± 4.
 

7 24.
 

7 
 

± 

 

3.
 

0 < 0.
 

05 

 

  With MetS 30.
 

3 

 

± 5.
 

1 28.
 

7 
 

± 

 

5.
 

3 n
 

.s. 

 

Waist (cm) 
 

  
   

 

  All 89.
 

4 

 

± 8.
 

4 84.
 

1 
 

± 

 

7.
 

8 < 0.
 

01 

 

  With MetS 98.
 

0 

 

± 10.
 

5 95.
 

2 
 

± 

 

8.
 

8 n
 

.s. 

 

FG (mg/dl) 
 

  
   

 

  All 95.
 

5 

 

± 6.
 

9 89.
 

5 
 

± 

 

3.
 

8 < 0.
 

001 

 

  With MetS 98.
 

1 

 

± 7.
 

8 95.
 

1 
 

± 

 

4.
 

6 n
 

.s. 

 

HLD-c (mg/dl) 
 

  
   

 

  All 45.
 

4 

 

± 3.
 

5 50.
 

8 
 

± 

 

3.
 

7 < 0.
 

001 

 

  With MetS 0.
 

40 

 

± 0.
 

03 0.
 

45 
 

± 

 

0.
 

06 n
 

.s. 

 

Triglycerides (mg/dl)
 

  
   

 

  All 147.
 

1 

 

± 16.
 

2 139.
 

4 
 

± 

 

11.
 

0 n
 

.s. 

 

  With MetS 0.
 

40 

 

± 0.
 

03 0.
 

45 
 

± 

 

0.
 

06 n
 

.s. 

 

SBP (mmHg) 
 

  
   

 

  All 123.
 

6 

 

± 9.
 

9 120.
 

4 
 

± 

 

8.
 

8 n
 

.s. 

 

  With MetS 130.
 

5 

 

± 11.
 

5 124.
 

3 
 

± 

 

7.
 

9 n
 

.s. 

 

DBP (mmHg) 
 

  
   

 

  All 81.
 

0 

 

± 7.
 

1 80.
 

7 
 

± 

 

6.
 

5 n
 

.s. 

 

  With MetS 82.
 

1 

 

± 7.
 

5 81.
 

4 
 

± 

 

6.
 

8 n
 

.s. 

 

Prevalence MetS (%)*
 

  
   

 

  All 34.8        20.5 
 

 

  Females 35.4        21.8 
 

 

  Males 34.0        18.7 
 

 

Legend: Data are expressed as mean  ± SD. FDR: first-degree relatives. MetS: 
metabolic syndrome. BMI: body mass index. FG: fasting glucose. HLD-c: high 
lipoprotein density cholesterol. SBP: systolic blood pressure. DBP: diastolic blood 
pressure. n.s.: not significant. * According to IDF. 
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esting to find out, which definition is a better predictor 
of the development of T2DM. However, this question 
needs long-term follow-up and is beyond the scope of 
the present study. It would be appropriate for future 
investigations. 

Methods 

Subjects 
We studied a randomly selected cross-sectional 

population sample of first-degree family members of 
T2DM patients from Santa Rosa del Conlara, a small 
township in the province of San Luis, Argentina, 
which has a high prevalence of T2DM. Sample sub-
jects were not previously diagnosed with T2DM. The 
reason for excluding diagnosed T2DM patients is that 
we aimed to detect subjects at risk for T2DM and as-
sociated metabolic abnormalities in a general group of 
subjects who are genetically at risk. Other exclusion 
criteria related to liver, renal or thyroid disease, and the 
consumption of antilipemic agents. On the first day 
after overnight fast (10 to 12 h), blood samples were 
obtained for the determination of plasma glucose, 
plasma HDL-C and plasma TG levels. Informed con-
sent was obtained from all individuals before participa-
tion in the study. 

We used the IDF definition for clinical identifica-
tion of family members with MetS. The study con-
sisted of 132 FDR of T2DM patients (79 female and 
53 male), aged between 20 and 55 years. We also re-
cruited an age-matched control cohort consisting of 
112 individuals (64 women and 48 men) without 
T2DM and without FDR history from the same re-
gion. For gathering data, a standardized health ques-
tionnaire was used, which covered the individuals’ 
medical history, current and previous medication and 
family history of diabetes. 

On the first day, each subject also underwent a 
structured examination, which included measurement 

of height, weight and waist circumference (WC). 
Height and weight were measured to the nearest 0.5 
cm and 0.1 kg, respectively. Body mass index (BMI) 
was calculated as weight (kg) divided by height (m) 
squared. WC was determined at the umbilical level 

(cm) to the nearest 0.1 cm using a 
measuring tape positioned at the mid-
point between the lowest rib and iliac 
crest. 

Metabolic measurement 

We used the IDF guideline to iden-
tify individuals with MetS and the data 
obtained from these individuals were 
used in the biochemical and clinical 
analyses. In a separate analysis, MetS 
defined by NCEP-ATPIII guidelines 
was compared to MetS defined by the 

IDF-definition. For IDF we first looked at central 
obesity (with WC of ≥ 90 cm in males and ≥ 80 cm in 
females) plus any two of the four additional factors 
(raised TG levels, reduced HDL-C levels, raised blood 
pressure or raised fasting glucose), as outlined in the 
Introduction. According to NCEP-ATPIII criteria, any 
three or more of the five risk factors consisting of cen-
tral obesity (with WC of > 102 cm in male and > 88 
cm in female), raised TG levels, reduced HDL-C lev-
els, raised blood pressure and raised fasting glucose 
were decisive in classifying individuals as MetS pa-
tients. 

Biochemical measurement 

The measurement of plasma glucose was carried 
out by the glucose oxidase method, using a commercial 
enzymatic reagent (Wiener Kit). Plasma TG and cho-
lesterol concentrations were measured by enzymatic 
methods (Wiener Kit). 

Statistical Methods 

The statistical analysis was performed using EPI-
INFO software. The parametric Student’s t-test was 
used to compare means ± SD. Prevalence values, ac-
cording to the characteristics of subjects, were com-
pared using the Chi-square test. A p-value of less than 
0.05 was considered to be statistically significant and 
odds ratios (OR) for FDR subjects compared to con-
trols were expressed with 95% confidence intervals 
(CI). 

 
Table 2. Prevalence of the metabolic syndrome in first-degree relatives of type 2 
diabetes patients according to IDF and NCEP-ATPIII criteria 
 

 

Subjects 
     IDF                                    NCEP-ATPIII 

 

        MetS              ¬MetS                 MetS                ¬MetS 

 

Female 
 

28 

 

35.4 
 

51 
 

64.5 
 

22 
 

27.8
 

55 
 

69.6
 

Male 
 

18 

 

35.0 
 

35 
 

66.0 
 

13 
 

24.5
 

42 
 

79.2
 

All  
 

46 

 

34.8 
 

86 
 

65.4 
 

35 
 

26.5
 

97 
 

73.5
 

Legend: data are absolute numbers (first columns) and percentages of subjects (second 
columns) who have MetS or who does not have MetS (¬MetS). MetS: metabolic syndrome. 
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Results 
Table 1 shows the comparison between FDR and 

control subjects. The prevalence of MetS, defined ac-
cording to IDF criteria, was significantly higher in 
FDR compared to controls (p < 0.025). Age was simi-
lar in both groups, as it was when only subjects with 
MetS were analyzed. The age of subjects with diag-
nosed MetS was higher in both groups (FDR and con-
trol) than the age of those without MetS. 

By comparing the complete samples of FDR and 
controls, it emerged that BMI, waist circumference, 
fasting glucose and HDL-C were significantly different 
(Table 1). As expected, no significant differences for 
these parameters were observed when only those sub-
jects with diagnosed MetS were compared. The preva-
lence of MetS in FDR subjects, according to the IDF 
definition, was 34.8 (OR = 1.07; 0.48 < OR < 2.37) 
and 26.5% (OR = 1.29; 0.54 < OR < 3.09) according 
to the NCEP-ATPIII definition, compared to the 
prevalence in control subjects (Table 2). 

Focusing on subjects with MetS in FDR subjects, 
Table 3 shows the anthropometric characteristics of 
132 FDR subjects (79 woman and 53 men). Subjects 
were grouped according to gender and presence or ab-
sence of MetS. The average age was 32.4 ± 6.1 for all 
subjects (range 20-55 yr). Statistically significant differ-
ences in age between subjects with and without MetS 
in both women (p < 0.005) and men (p < 0.003) were 

observed (Table 3). The analysis of MetS 
prevalence rates in the FDR group also 
showed significant gender differences with 
respect to age. Figure 1 shows that the major 
fraction of women with MetS was in the range 
20-29 yr (32%), while the major fraction of 
men with MetS appeared in the 30-39 yr 
(50%) group. Interestingly, in both cases, the 
prevalence of MetS decreases with age. This 
can be explained by the exclusion of subjects 
with diagnosed T2DM, i.e. persons with 
MetS, who may have already proceeded to 
T2DM in later years of life, were not present 
in the study sample. 

The average BMI for women was 26.5 ± 
4.7 (95% CI = 18.1% - 38.9%) and 28.4 ± 4.8 
(95% CI = 19.1% - 47.1%) for men. BMI was 
significantly higher in subjects with MetS 
compared to subjects without the MetS in 
men as well as women (p < 0.001, Table 3). 

Table 4 shows that, beside central obesity 
(100%), the major contributory factors for 
MetS diagnosis in women were lipid disorders 
(low HDL-cholesterol and hypertriglyceride-

Table 3. Clinical characteristics of first-degree relatives of type 2 diabe-
tes patients with and without metabolic syndrome according to IDF cri-
teria 
 

 

Parameter 

 

MetS 
 

(n = 46) 

 

        ¬MetS 
 

 (n = 86) 

 

p 

 

Age (yr) 
 

   
   

 

  Females 36.
 

4 

 

± 10.
 

1 30.
 

3 
 

± 

 

8.
 

9 < 0.
 

005 

 

  Males 37.
 

2 

 

± 8.
 

3 29.
 

7 
 

± 

 

8.
 

4 < 0.
 

003 

 

BMI (kg/m2) 
 

   
   

 

  Females 29.
 

3 

 

± 5.
 

3 23.
 

7 
 

± 

 

4.
 

1 < 0.
 

001 

 

  Males 31.
 

4 

 

± 4.
 

9 25.
 

5 
 

± 

 

4.
 

8 < 0.
 

001 

 

Waist circum. (cm) 
 

   
   

 

  Females (n = 79) 
 

   
   

 

     ≥ 80 cm (n = 45) 91.
 

7 

 

± 11.
 

0 88.
 

7 
 

± 

 

8.
 

2 n
 

.s. 

 

     < 80 cm (n = 34) 
  

-  71.
 

5 
 

± 

 

4.
 

6 

 

 

  Males (n = 53) 
 

   
   

 

     ≥ 90 cm (n = 32) 104.
 

4 

 

± 10.
 

0 100.
 

3 
 

± 

 

10.
 

6 n
 

.s. 

 

     < 90 cm (n = 21) 
  

-  80.
 

0 
 

± 

 

5.
 

9 

 

 

Legend: Data are expressed as mean  ± SD. There were 28 women and 18 men 
with MetS diagnosis. Among those subjects who were not MetS diagnosed 
(¬MetS) there were 51 women and 35 men. MetS: metabolic syndrome. n.s.: not 
significant. 
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Figure 1. Age-adjusted frequency of the metabolic syn-
drome among first-degree relatives of type 2 diabetes pa-
tients in age groups. Women (black columns), men (white 
columns). 
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mia). Low HDL-C serum levels and central obesity 
were present in all women with MetS. As regards men, 
low HDL-C serum level was the second risk factor for 
those with MetS (66.7%). In both genders combined, 
low HDL-C levels were evident in 87% of FDR sub-
jects with MetS. Hypertriglyceridemia was the most 
important risk factor among men with MetS (77.8% as 
opposed to 69.5% in both genders combined). High 
blood pressure, as a risk factor of MetS, exhibited the 
lowest frequency in the studied sample. 

High glucose concentrations in fasting individuals 
differ significantly between men and women with 
MetS (p < 0.05, Table 4), with higher frequency in 
women than in men (39.9% as opposed to 22.2%). No 
significant differences were observed in hypertension 
frequency between men and women with MetS. High 
blood pressure as a risk factor of MetS exhibited the 
lowest frequency in the studied sample (women: 
14.3%, men: 16.6%). 

Figures 2 and 3 show the prevalence of the four 
MetS contributory factors among the MetS diagnosed 
individuals in association with age and gender. Men 
showed symptoms of MetS later than women. While 
the highest frequency of low HDL-C serum levels in 
women was observed in the 20-29 years group (36%), 
the highest percentage in men appeared between 30-39 
years and >39 years (33.3% combined). Regarding hy-
pertriglyceridemia, the opposite was observed for 
women. The highest frequency appeared in the >39 

years group (28.5%), while in men, the highest fre-
quency was observed in the group ranging between 30-
39 years again (44.4%). In relation to glycemia, women 
did not show any difference among the three age 
groups (10.7%), whereas men showed a high frequency 
of raised fasting glucose in the group ranging between 
30-39 years old (16.6%). 

Table 5 shows the separate frequency of the five 
MetS risk factors prevalent in the sample of FDR sub-
jects. Low HDL-C levels are present in 93.5% of the 

subjects with MetS, while 
only 46.5% of subjects 
without MetS have low 
HDL-C levels. The second 
most frequent individual 
risk factor among subjects 
with MetS was a high con-
centration of TG (74%), 
but also 78% of individuals 
without MetS exhibited TG 
concentration above the 
cut off point. Furthermore, 
100% of individuals with-
out MetS are above the cut 
off point for blood pres-
sure and 95.3% are above 
healthy fasting glucose lev-
els according to IDF crite-
ria for MetS. This shows 
that many of the FDR sub-
jects who are currently 
without MetS are at risk to 
develop MetS and diabetes. 

When considering different theoretical combina-
tions of the four risk factors, some of them occur 
more frequently than others (Table 6). In individuals 
with MetS, the most frequent combination of three 
risk factors was: HDL-C, TG and Glucose (84.8%). 
When two risk factors were considered, the most fre-
quent combination was HDL-C and TG (69.5%). Any 
other combination of two risk factors was not widely 
prevalent (0% - 19.5%). A combination of hyperten-
sion and TG did not appear in the study sample. 

Discussion 

The aim of the present work was to compare MetS 
frequency in non-diabetic FDR subjects and in age-
matched, non-diabetic controls without family history 
of T2DM. The geographical region, Santa Rosa del 
Conlara, a small town in the province of San Luis, has 
a particular meaning as the prevalence of T2DM is 

 
Table 4. Clinical characteristics of first-degree relatives of type 2 diabetes patients with meta-
bolic syndrome according to IDF criteria 
 

 

Age 

 

Females 
 

       Mean ± SD                % 

 

     Males 
 

       Mean ± SD                % 

 

HLD-c (mg/dl) 
 

   
  

 
 

  < 50 (f), < 40 (m) 41.
 

4 

 

± 3.
 

6 (28) 100.
 

0 37.
 

8
 

± 

 

1.
 

8 (12) 66.
 

7 
 

Triglycerides 
 

   
  

 
 

  > 150 mg/dl 190.
 

3 

 

± 20.
 

1 (18) 64.
 

3 193.
 

7
 

± 

 

26.
 

3 (14) 77.
 

8 
 

Fasting glucose 
 

   
  

 
 

  > 110 mg/dl 117.
 

3 

 

± 10.
 

6* (11) 39.
 

3 105.
 

5
 

± 

 

4.
 

7*
 (4) 22.

 

2 
 

Systolic blood pressure 
 

   
  

 
 

  ≥ 130 mmHg 137.
 

2 

 

± 3.
 

1 (4) 14.
 

3 140.
 

0
 

± 

 

3.
 

3 (3) 16.
 

6 
 

Diastolic blood pressure 
 

   
  

 
 

  ≥ 85 mmHg 87.
 

2 

 

± 2.
 

7 (4) 14.
 

3 89.
 

7
 

± 

 

2.
 

7 (3) 16.
 

6 
 

Waist circumference 
 

   
  

 
 

  ≥ 80 cm (f), ≥ 90 cm (m) 91.
 

7 

 

± 11.
 

0 (28) 100.
 

0 104.
 

4
 

± 

 

10.
 

0 (18) 100.
 

0 
 

Legend: Data are expressed as mean  ± SD. Absolute numbers in parentheses. f: female. m: male. * p< 0.05. 
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high in such small Argentine townships. A previous 
study by the same authors revealed that the prevalence 
of T2DM (13.5%) in the same city was so high as to 
double the prevalence of this disease at national level. 
At present, there are no reports on the prevalence of 
MetS in FDR subjects in provinces such as San Louis 
where the prevalence of T2DM is high and healthcare 
restricted compared to Western industrialized coun-
tries. 

Several studies on the family history of non-
diabetic subjects with family antecedents of the disease 
have shown typical MetS alterations in carbohydrate 
and lipid metabolism at an early age, including central 
obesity, dyslipidemia, glucose intolerance, high blood 
pressure and genetic factors [1, 2, 13]. 

Obesity, in particular abdominal obesity expressed 
as waist circumference, is a well-known contributor to 
the development of MetS [16, 17]. A slight body 
weight increase may cause a marked metabolic distur-
bance [18]. Android-type fat distribution with ab-
dominal adiposity is closely related to insulin resis-
tance and has been recognized as an independent car-
diovascular risk factor in men and in women [19]. In 
this study, a significant difference in BMI was ob-
served between FDR subjects with and without MetS 
for both sexes (p < 0.001, Table 3). 

Metabolic studies have shown that obesity is asso-
ciated with resistance to insulin, impaired glucose tol-
erance and an unfavorable serum lipid profile. Dysli-
poproteinemia, in combination with high levels of TG 
and low HDL-C levels, is considered to be the main 
symptom of insulin resistance [20-22]. Recent studies 
have demonstrated that high TG and low HDL-C lev-
els are powerful predictors of T2DM in the elderly [23, 
24]. The present study reveals that low HDL-C and 
high TG levels are also the most prevalent symptoms 
in MetS-positive individuals who have first-degree rela-
tives with T2DM. This concordance suggests that 
MetS and T2DM are closely related diseases and are 
driven by the same metabolic disturbances. Surpris-
ingly, the combination of hypertension and high TG 
levels in MetS-positive FDR subjects did not appear at 
all in the studied sample. However, this may be ex-
plained by the relatively young age of the study sub-
jects. 

In this study, we also looked for gender differences 
in MetS risk factors. It appeared that, among FDR 
subjects, a low HDL-C serum level was the major risk 
factor in women with MetS (100%, Table 4). HDL-C 
levels in both genders were also significantly different 
to those of controls (Table 1). Interestingly, female 
FDR subjects without MetS also showed a high fre-
quency of low HDL-C serum levels (62%), which was 
also significantly higher than in controls. This suggests 
that FDR subjects are at much higher risk of develop-
ing MetS and diabetes than individuals without diabe-
tes in their family history. 

The risk of developing type 2 diabetes is five times 
higher for non-diabetic individuals with MetS than for 
those without the syndrome [13]. In relation to age, in 
the present study, MetS was most frequent in women 

Age group (yr)

Fr
eq

ue
nc

y
(%

)

20-29 30-39 > 39

40
35
30
25
20
15
10

5
0

Women

 
 

Figure 2. Percentage vs. age-specific prevalence of the 
risk factors among FDR women with the metabolic syn-
drome. HDL-cholosterol (first colum), triglycerides (second 
column), fasting glucose (third column), hypertension 
(fourth column). 
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y
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)
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Figure 3. Percentage vs. age-specific prevalence of the 
risk factors among men with the metabolic syndrome. 
HDL-cholosterol (first colum), triglycerides (second col-
umn), fasting glucose (third column), hypertension (fourth 
column). 
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aged 20-29 years, while in men it appeared most fre-
quently in the range of 30-39 years (Figures 2 and 3). 
The development of MetS at an early age and family 
antecedents with T2DM in the studied population 
might result in an early development of diabetes. Gen-
erally, the young age of highest MetS prevalence and 
the surprising decrease in MetS with age (Figure 1) 
may be explained by the fact that subjects with MetS 
who have already developed diabetes in later stages of 
life were excluded from the study. On the other hand, 
this result implies that, if we intend to detect subjects 
at risk for type 2 diabetes, we should look at females 
and males between 20 and 40 years. In this age group, 
there are at-risk individuals in whom the development 
of type 2 diabetes can be postponed or prevented by 
appropriate early intervention. 

The results of the present study draw attention to 
the fact that awareness of the risk for and prevention 
of cardiovascular disease in this particular population 
should begin as early as the third decade of life. How-
ever, the interpretation of the results is limited by the 
small sample size and the cross-sectional nature of the 

present study. It is nevertheless possible that, since pa-
tients with diabetes have been excluded, the observed 
pattern may have been caused by selective under-
representation of those risk factors most closely asso-
ciated with the development of type 2 diabetes. This 
issue can only be resolved by longitudinal studies in 
this population, relating incidence of diabetes to base-
line variables. 
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