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■ Abstract 
OBJECTIVES: The aim of this study was to estimate the 
prevalence of diabetes, impaired glucose tolerance (IGT), 
and impaired fasting glucose (IFG) in first-degree relatives 
(FDR) of people with type 2 diabetes mellitus. METHODS: 
A cross-sectional study of FDR of type 2 diabetes patients 
was conducted between 2003 and 2005. A total of 2,368 
FDR of type 2 diabetes outpatients aged 30-60 years (614 
men and 1754 women) from Isfahan Endocrine and Me-
tabolism Research Center (Iran) were examined. All subjects 
underwent a standard 75 g 2-h oral glucose tolerance test 
(OGTT). IGT, IFG and type 2 diabetes were diagnosed ac-
cording to the criteria of the American Diabetes Association 
(ADA). The mean (SD) age of participants was 43.1 (6.9) 
years. RESULTS: The prevalence of type 2 diabetes, IGT 
and IFG were 10.3% (95% CI: 9.1-11.5), 19.5% (17.9-21.1) 
and 17.3% (15.8-18.8) respectively. The prevalence rates 

were significantly higher than those reported for a control 
population of the same age (type 2 diabetes, 6.0% (95% CI: 
5.7-6.2) and IGT 9.6 (95% CI: 9.3-9.9)). IGT was more fre-
quent among women (OR: 0.66; 95% CI: 0.51-0.87), 
whereas diabetes (OR: 1.31; 95% CI: 0.96-1.78) and IFG 
(OR: 1.41; 95% CI: 1.10-1.80) were higher in men. Multi-
variate analysis revealed that age and obesity or abdominal 
obesity were significantly associated with diabetes, IGT and 
IFG. CONCLUSIONS: FDR of people with type 2 diabetes 
in Iran are at higher risk of IGT and type 2 diabetes than the 
population at large. Risk increases with age and obesity. 
These findings may be useful for the identification of per-
sons at risk of developing type 2 diabetes and strongly sup-
port the regular screening of FDR of type 2 diabetes pa-
tients. 
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Introduction 
 

         ype 2 diabetes mellitus is an important public 
     health problem worldwide, and its prevalence is 
     increasing in both developed and developing 

nations [1]. Family members of people with diabetes 
are at higher risk of developing diabetes [2-5]. The in-
heritance pattern is, however, unclear. Though a series 

of candidate genes has been investigated, none have 
been identified that contribute significantly to the de-
velopment of the disease. None of the susceptible 
genes that have been identified to date causes diabetes 
in the absence of other genetic or environmental con-
tributing factors, which is consistent with a multifacto-
rial or polygenic origin for this disorder. Although ge-
netic factors play a key role in the development of type 
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2 diabetes, in the vast majority of patients, diabetes is 
brought about by a combination of genetic and envi-
ronmental factors. Familial clustering of diabetes may 
support a genetic predisposition to diabetes. With the 
increasing prevalence of diabetes mellitus worldwide 
[1] the number of first-degree relatives (FDR) of peo-
ple with type 2 diabetes, and thus an increased risk of 
developing diabetes, will also increase, which means 
that identifying risk factors associated with susceptibil-
ity to diabetes becomes increasingly important. While 
much is known about the impact of diabetes on FDR 
in developed nations, few studies have been under-
taken in developing nations and none in Iran. Genetic 
and environmental exposures, as well as the availability 
of medical care, are different in Iran and the study of 
these factors is worthwhile. Accurate information re-
garding the prevalence of diabetes, IGT, IFG and as-
sociated risk factors in FDR of people with diabetes is 
important to gain a better understanding of the etiol-
ogy of the disease and, if possible, to prevent or delay 
its progression and complications in developing coun-
tries. 

The objective of this study was to estimate the 
prevalence of diabetes, impaired fasting glucose (IFG) 
and impaired glucose tolerance (IGT) in FDR of peo-
ple with type 2 diabetes mellitus and to conduct a pre-
liminary investigation of the determinants of diabetes, 
IGT and IFG in FDR of patients with type 2 diabetes. 

Subjects and methods 
Our sample contained 2,368 FDR (614 men and 

1754 women) from a consecutive sample of patients 
with type 2 diabetes attending outpatient clinics at the 
Isfahan Endocrine and Metabolism Research Center, 
which is part of the Isfahan University of Medical Sci-
ences, Iran. The sample of FDR was recruited between 
2003 and 2005. The tenets of the Declaration of Hel-
sinki were followed, institutional ethical committee ap-
proval was granted, and a declaration of informed con-
sent was signed by each participant. 

The FDR of patients with type 2 diabetes included 
siblings or children. They reported to the clinics in the 
morning after an overnight fast. Subjects were asked to 
abstain from vigorous exercise in the evening and 
morning before examination. Smokers were encour-
aged to abstain from smoking in the morning of the 
investigations. On arrival in the clinic, the information 
on family history in the questionnaire completed by 
FDR was verified first. Then height and weight were 
measured using standard apparatus with subjects in 
light clothes and without shoes. Weight was measured 

to the nearest 0.1 kg on a calibrated beam scale. 
Height, waist and hip circumference were measured to 
the nearest 0.5 cm with a measuring tape. Waist was 
measured midway between the lower rib margin and 
the iliac-crest at the end of a gentle expiration. Hip cir-
cumference was measured over the greater trochanters 
directly over the underwear. Body mass index (BMI, 
kg/m2) is recognized as the measure of overall obesity. 
Normal BMI was defined as BMI < 25, overweight as 
BMI 25-29.99, and obesity as BMI ≥ 30. A waist-to-
hip ratio (WHR) of <0.8 in women and <0.95 in men 
was considered normal. Resting blood pressure (BP) 
was measured after subjects had been seated for 10 
minutes by using a mercury sphygmomanometer and 
appropriately sized cuffs, using standard techniques. 
Those FDR with fasting plasma glucose (FPG) ≥ 200 
mg/dl were considered to be diabetic. If FPG was 
≥126 and <200 mg/dl, a second FPG was measured 
on another day. If the second FPG was also ≥126 
mg/dl, participants were considered to be diabetic. 
Subjects with FPG < 126 mg/dl underwent a standard 
oral glucose tolerance test (OGTT) according to ADA 
criteria (75 g glucose 2-h) [6]. Venous blood was sam-
pled 0, 30, 60, and 120 min. after oral glucose admini-
stration. Plasma samples obtained after centrifugation 
were analyzed on the same day. FPG ≥ 126 mg/dl or 
2-h plasma glucose of ≥200 mg/dl defined diabetes 
mellitus. IGT was defined as FPG < 126 mg/dl, and 
2-h plasma glucose concentration ≥140 mg/dl and 
<200 mg/dl. A FPG within the range of 100 to 126 
mg/dl and 2-h plasma glucose <140 mg/dl were con-
sidered to indicate IFG, whereas a FPG below 100 
mg/dl and 2-h plasma glucose <140 mg/dl were con-
sidered to be signs of normal glucose tolerance [6, 7]. 

Glycosylated hemoglobin (HbA1c) (measured by 
ion-exchange chromatography and used as an indicator 
of diabetic control), total cholesterol, triglyceride, high-
density lipoprotein (HDL) cholesterol (measured using 
standardized procedures), and low-density lipoprotein 
(LDL) cholesterol (calculated by the Friedewald equa-
tion [8] provided total triglycerides did not exceed 400 
mg/dl) were assessed. All the blood sampling proce-
dures were performed in the central laboratory of the 
Isfahan Endocrine and Metabolism Research Center 
using an enzyme-linked method. 

Statistical analysis 
Statistical methods used included Student’s t-test, 

chi squared test and stepwise binary logistic regression. 
Age-adjusted means were calculated and compared us-
ing general linear models. Multiple logistic regressions 
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were carried out with the SPSS for Windows (SPSS 
Inc., Chicago, IL, USA) to obtain the odds ratio (OR), 
accompanied by 95% confidence intervals (CI). We 
considered the following covariates in the multivariate-
adjusted analyses: age, gender, BMI, waist circumfer-
ence (WC), triglyceride, LDL, HDL, total cholesterol 
and systolic and diastolic BP. Adjustments for age 
were examined in separate models. Prevalence rates of 
diabetes, IGT and IFG were age-adjusted, using the 
direct method of adjustment, within the WHO world 
standard population [9]. All tests for statistical signifi-
cance were two-tailed, with the level of significance at 
p < 0.05. 

Results 

Subject characteristics 
Differences in the distribution of risk factors 

among 614 male and 1754 female FDR of people with 
type 2 diabetes are shown in Table 1. Women had 
lower waist circumference, height and weight, WHR, 
FPG, 30 and 60 minutes plasma glucose, triglyceride 
and BP and were younger than men. Men had lower 

BMI, hip circumference, 2-hour plasma glucose, HDL 
and LDL than women. 

Prevalence 
Of the 2,368 FDR of people with type 2 diabetes 

(614 men and 1754 women), 1261 had normal OGTT 
(317 men and 944 women), 243 had diabetes (78 men 
and 165 women), 458 had IGT (86 men and 372 
women) and 406 had IFG (132 men and 274 women). 
51.6% of the men and 53.8% of women had normal 
OGTT. Nearly half of FDR aged 30-60 years were 
diabetic or had impaired glucose regulation (48.4%). 
The overall prevalence of diabetes was 10.3% (95% CI: 
9.0-11.5). The prevalence of IGT and IFG were 19.3% 
(95% CI: 17.8-20.9) and 17.2% (95% CI: 15.6, 18.7) 
respectively. The prevalence of diabetes was higher in 
men (12.9%; 95% CI: 10.1-15.4) than women (9.4%; 
95% CI: 8.1-10.9). The prevalence of IFG was also 
higher in men (21.7%; 95% CI: 18.3-24.8) than women 
(15.8%; 95% CI: 13.9-17.3), whereas prevalence of 
IGT was higher in women (21.4%; 95% CI: 19.3-23.1) 
than men (14.0%; 95% CI: 11.3-16.8). The prevalence 
of type 2 diabetes and IGT were significantly higher 
than those reported for the general population (type 2 
diabetes, 6.0% (95% CI: 5.7-6.2) and IGT 9.6 (95% CI: 
9.3-9.9) (Table 2). As expected, there was a statistically 
increasing prevalence of diabetes and IGT with in-
creasing age. When age was adjusted to the WHO 
world standard population, the age-adjusted prevalence 
rates of diabetes, IGT and IFG were 10.6%, 19.6% 
and 17.2% respectively. 

Risk factors 
To determine the influence of potential factors on 

diabetes, IGT and IFG, univariate analysis was first 
performed (Table 3). Age-adjusted OR showed that 
subjects who had diabetes were more likely to be men, 
to be older and to have higher systolic and diastolic 

Table 1. Age-adjusted means (SE) of selected characteristics 
among 614 men and 1754 women 
 

 

Parameter 

 

Men 

 

Women 

 

Age (yr) 43
 

.6 
 

(0. 
 

28) 42
 

.9 (0.
 

16)
 

Height (cm) 169
 

.7 
 

(0. 
 

23) 156
 

.0 (0.
 

14)
 

Weight (kg) 79
 

.9 
 

(0. 
 

48) 72
 

.1 (0.
 

28)
 

BMI (kg/m2) 27
 

.7 
 

(0. 
 

22) 29
 

.7 (0.
 

13)
 

Waist (cm) 94
 

.4 
 

(0. 
 

37) 87
 

.6 (0.
 

21)
 

WHR 0
 

.9 
 

(0. 
 

002) 0
 

.8 (0.
 

001)
 

FGB (mg/dl) 105
 

.1 
 

(1. 
 

20) 99
 

.3 (0.
 

71)
 

PG 30 min (mg/dl) 154
 

.5 
 

(1. 
 

83) 147
 

.8 (1.
 

08)
 

PG 60 min (mg/dl) 159
 

.6 
 

(2. 
 

32) 154
 

.0 (1.
 

36)
 

PG 120 min (mg/dl) 118
 

.4 
 

(2. 
 

19) 129
 

.0 (1.
 

28)
 

HbA1c (%) 5
 

.2 
 

(0. 
 

05) 5
 

.1 (0.
 

03)
 

Cholesterol (mg/dl) 194
 

.1 
 

(1. 
 

63) 197
 

.5 (0.
 

96)
 

LDL-cholesterol (mg/dl) 114
 

.6 
 

(1. 
 

48) 119
 

.2 (0.
 

87)
 

HDL-cholesterol (mg/dl) 42
 

.7 
 

(0. 
 

48) 47
 

.1 (0.
 

29)
 

Triglyceride (mg/dl) 194
 

.2 
 

(3. 
 

93) 159
 

.1 (2.
 

33)
 

Systolic BP (mmHg) 117
 

.1 
 

(0. 
 

68) 113
 

.5 (0.
 

40)
 

Diastolic BP (mmHg) 75
 

.5 
 

(0. 
 

52) 72
 

.9 (0.
 

31)
 

Legend: Data are age-adjusted means (standard error in parentheses). 
Means were calculated using general linear models. BMI: body mass 
index. WHR: waist-to-hip ratio. FGB: fasting glucose baseline. PG: 
plasma glucose. BP: blood pressure. 
 

 
Table 2. Prevalence of type 2 diabetes, impaired glucose tolerance 
and impaired fasting glucose in the study group and in the general 
population (Iran) 
 

 

Condition 

 

  Study group (%) 

 

   General popu- 
   lation (%)*

 

 

Type 2 diabetes 10
 

.3
 

(9. 
 

1 

 

- 

 

11. 

  

5) 

 

6.
 

0 
 

(5.
 

7
 

- 6.
 

2) 
 

IGT 19
 

.5
 

(17. 
 

9 

 

- 

 

21. 

  

1) 

 

9.
 

6 
 

(9.
 

3
 

- 9.
 

9) 
 

IFG 17
 

.3
 

(15. 
 

8 

 

- 

 

18. 

  

8) 
 –  

 

Legend: Data are prevalence ratios (95% CI in parentheses). IGT: im-
paired glucose tolerance. IFG: impaired fasting glucose. * According to 
International Diabetes Federation, 2006. 
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BP, total cholesterol, LDL and HDL cholesterol, BP, 

Table 3. Prevalence rates (%) of diabetes mellitus, impaired glucose tolerance and impaired fasting glucose in first-degree relatives of pa-
tients with type 2 diabetes by selected characteristics 
 

 

Parameter 

 

Diabetes mellitus 
 

 At risk        Cases         Age-adjusted OR 
  (no.)      (prevalence)        (95% CI) 

 

IGT 
 

     Cases              Age-adjusted OR
  (prevalence)              (95% CI) 

 

IFG 
 

      Cases           Age-adjusted OR 
   (prevalence)          (95% CI) 

 

Gender   
   

   
 

    
 

  Women 1754 165 (9
 

.4) 1.
 

00 
 

 
 

 
   

 
 

375
 

(21.
 

4) 
 

1.
 

00  
  

 
 

277
 

(15.
 

8) 
 

1.
 

00 
  

 
  

 
 

  Men 614 79 (12
 

.9) 1.
 

31 (0.
 

96 -
 

1.
  

78) 

 

86
 

(14.
 

0) 
 

0.
 

66 (0.51 -
 

0.
 

87)**
 

 

133
 

(21.
 

7) 
 

1.
 

41 
 

(1.
 

10 - 1.
 

80)**
 

Age (yr)   
  

   
 

    
 

  < 40 784 47 (6
 

.0) 1.
 

00 
 

 
   

 
 

129
 

(16.
 

5) 
 

1.
 

00  
  

 
 

123
 

(15.
 

7) 
 

1.
 

00 
  

 
 

 
 

  40-49 1105 114 (10
 

.3) 2.
 

02 (1.
 

41 -
 

2.
  

89)***
 

214
 

(19.
 

4) 
 

1.
 

31 (1.02 -
 

1.
 

70)*
 

 

194
 

(17.
 

6) 
 

1.
 

04 
 

(0.
 

65 - 1.
 

67) 
 

  ≥ 50 479 82 (17
 

.1) 4.
 

38 (2.
 

95 -
 

6.
  

51)***
 

115
 

(24.
 

0) 
 

1.
 

82 (1.32 -
 

2.
 

50)***
 

 

89
 

(18.
 

6) 
 

1.
 

70 
 

(0.
 

97 - 2.
 

99) 
 

SBP (mmHg)   
  

   
 

    
 

  < 140 2020 180 (8
 

.9) 1.
 

00 
 

 
   

 
 

384
 

(19.
 

0) 
 

1.
 

00  
  

 
 

339
 

(16.
 

8) 
 

1.
 

00 
  

 
 

 
 

  140-159 178 34 (19
 

.1) 2.
 

34 (1.
 

50 -
 

3.
  

68)***
 

41
 

(23.
 

0) 
 

1.
 

26 (0.81 -
 

1.
 

97) 

 

31
 

(17.
 

4) 
 

0.
 

90 
 

(0.
 

38 - 2.
 

11) 
 

  ≥ 160 47 13 (27
 

.7) 3.
 

21 (1.
 

49 -
 

6.
  

91)**
 

 

9
 

(19.
 

1) 
 

1.
 

29 (0.55 -
 

3.
 

05) 

 

8
 

(17.
 

0) 
 

0.
 

21 
 

(0.
 

03 - 1.
 

68) 
 

DBP (mmHg)   
  

   
 

    
 

  < 70 614 45 (7
 

.3) 1.
 

00 
    

 
 

113
 

(18.
 

4) 
 

1.
 

00  
  

 
 

108
 

(17.
 

6) 
 

1.
 

00 
  

 
 

 
 

  70-89 1324 113 (10
 

.0) 1.
 

25 (0.
 

87 -
 

1.
  

81) 

 

256
 

(19.
 

3) 
 

0.
 

91 (0.70 -
 

1.
 

19) 

 

217
 

(16.
 

4) 
 

1.
 

07 
 

(0.
 

64 - 1.
 

78) 
 

  ≥ 90 312 49 (15
 

.7) 2.
 

12 (1.
 

34 -
 

3.
  

37)**
 

 

69
 

(22.
 

1) 
 

1.
 

08 (0.73 -
 

1.
 

59) 

 

53
 

(17.
 

0) 
 

0.
 

65 
 

(0.
 

32 - 1.
 

35) 
 

Cholesterol (mg/dl)   
  

   
 

    
 

  < 200 1294 104 (8
 

.0) 1.
 

00 
 

 
   

 
 

226
 

(17.
 

5) 
 

1.
 

00  
  

 
 

202
 

(15.
 

6) 
 

1.
 

00 
  

 
 

 
 

  200-219 433 45 (10
 

.4) 1.
 

40 (0.
 

95 -
 

2.
  

07) 

 

87
 

(20.
 

1) 
 

1.
 

31 (0.97 -
 

1.
 

77) 

 

78
 

(18.
 

0) 
 

1.
 

34 
 

(0.
 

79 - 2.
 

27) 
 

  ≥ 220 575 85 (14
 

.8) 2.
 

16 (1.
 

55 -
 

3.
  

00)***
 

127
 

(22.
 

1) 
 

1.
 

58 (1.19 -
 

2.
 

08)**
 

 

112
 

(19.
 

5) 
 

1.
 

56 
 

(0.
 

93 - 2.
 

61) 
 

HDL-chol. (mg/dl)   
  

   
 

    
 

  ≥ 40 879 106 (12
 

.1) 1.
 

00 
 

 
   

 
 

170
 

(19.
 

3) 
 

1.
 

00  
  

 
 

169
 

(19.
 

2) 
 

1.
 

00 
  

 
 

 
 

  < 40 1321 121 (9
 

.2) 0.
 

72 (0.
 

54 -
 

0.
  

96)*
 

 

254
 

(19.
 

2) 
 

0.
 

69 (0.54 -
 

0.
 

87)**
 

 

198
 

(15.
 

0) 
 

0.
 

70 
 

(0.
 

46 - 1.
 

08) 
 

LDL-chol. (mg/dl)   
  

   
 

    
 

  < 100 637 47 (7
 

.4) 1.
 

00 
 

 
   

 
 

118
 

(18.
 

5) 
 

1.
 

00  
  

 
 

95
 

(14.
 

9) 
 

1.
 

00 
  

 
 

 
 

  ≥ 100 1484 164 (11
 

.1) 1.
 

59 (1.
 

11 -
 

2.
  

27)***
 

289
 

(19.
 

5) 
 

1.
 

28 (0.98 -
 

1.
 

68) 

 

264
 

(17.
 

8) 
 

1.
 

10 
 

(0.
 

69 - 1.
 

75) 
 

Triglyceride 
(mg/dl) 

  
  

   
 

    
 

  < 150 1222 87 (7
 

.1) 1.
 

00 
 

 
   

 
 

28
 

(11.
 

4) 
 

1.
 

00  
  

 
 

208
 

(17.
 

0) 
 

1.
 

00 
  

 
 

 
 

  150-449 1032 137 (13
 

.3) 2.
 

03 (1.
 

51 -
 

2.
  

74)**
 

 

54
 

(16.
 

6) 
 

1.
 

11 (0.88 -
 

1.
 

41) 

 

175
 

(17.
 

0) 
 

0.
 

87 
 

(0.
 

57 - 1.
 

33) 
 

  ≥ 450 44 6 (13
 

.6) 3.
 

28 (1.
 

47 -
 

7.
  

33)***
 

2
 

(10.
 

0) 
 

0.
 

91 (0.36 -
 

2.
 

29) 

 

6
 

(13.
 

6) 
 

0.
 

41 
 

(0.
 

09 - 1.
 

93) 
 

BMI (kg/m2)   
  

   
 

    
 

  < 25 351 24 (6
 

.8) 1.
 

00 
 

 
   

 
 

48
 

(13.
 

7) 
 

1.
 

00  
  

 
 

52
 

(14.
 

8) 
 

1.
 

00 
  

 
 

 
 

  25-29.99 1133 116 (10
 

.2) 1.
 

64 (1.
 

02 -
 

2.
  

62)*
 

 

211
 

(18.
 

6) 
 

1.
 

27 (0.90 -
 

1.
 

79) 

 

188
 

(16.
 

6) 
 

1.
 

64 
 

(0.
 

94 - 2.
 

85) 
 

  ≥ 30 877 104 (11
 

.9) 2.
 

28 (1.
 

41 -
 

3.
  

69)**
 

 

198
 

(22.
 

6) 
 

1.
 

73 (1.21 -
 

2.
 

46)**
 

 

168
 

(19.
 

2) 
 

2.
 

15 
 

(1.
 

14 - 4.
 

05)*
 

Waist (cm)   
  

   
 

    
 

  <102 (m), <88 (w) 1382 107 (7
 

.7) 1.
 

00 
 

 
   

 
 

238
 

(17.
 

2) 
 

1.
 

00  
  

 
 

223
 

(16.
 

1) 
 

1.
 

00 
  

 
 

 
 

  ≥102 (m), ≥88 (w) 919 128 (13
 

.9) 2.
 

29 (1.
 

72 -
 

3.
  

06)**
 

 

212
 

(23.
 

1) 
 

1.
 

71 (1.37 -
 

2.
 

14)***
 

 

169
 

(18.
 

4) 
 

1.
 

46 
 

(1.
 

16 - 1.
 

85)**
 

WHR   
  

   
 

    
 

  <0.95 (m), <0.8 (w) 1278 105 (8
 

.2) 1.
 

00 
 

 
   

 
 

200
 

(15.
 

6) 
 

1.
 

00  
  

 
 

226
 

(17.
 

7) 
 

1.
 

00 
  

 
 

 
 

  ≥0.95 (m), ≥0.8 (w) 918 125 (13
 

.6) 2.
 

01 (1.
 

50 -
 

2.
  

69)***
 

227
 

(24.
 

7) 
 

1.
 

96 (1.56 -
 

2.
 

46)***
 

 

147
 

(16.
 

0) 
 

1.
 

13 
 

(0.
 

88 - 1.
 

44) 
 

Total 2368 244 (10
 

.3) 
 

 (9.
 

10 -
 

11.
  

50) 

 

461
 

(19.
 

5) 
  

( 17.90 -
 

21.
 

10) 

 

410
 

(17.
 

3) 
  

 
 

(15.
 

80 -18.
 

80) 
 

Legend: Odds ratio (with 95% CI in parentheses) calculated by binary logistic regression analysis. Total number of at risk is not the same for each 
variable because of missing values.  IGT: impaired glucose tolerance. IFG: impaired fasting glucose. SBP: systolic blood pressure. DBP: diastolic 
blood pressure. HDL: high-density lipoprotein. LDL: low-density lipoprotein. BMI: body mass index. WHR: waist-to-hip ratio. w: women. m: men. 
OR: odds ratio. CI: confidence interval. * p < 0.5, ** p < 0.01, *** p < 0.001. 
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BP, total cholesterol, LDL and HDL cholesterol, 
triglyceride, BMI, WC and WHR. Those who had IGT 
were more likely to be women, to be older and to have 
higher total and HDL cholesterol, BMI and WC. For 
all variables, there was a fairly consistent ‘dose re-
sponse’ across the range of values. For example, the 
prevalence of diabetes and IGT was higher in older age 
groups, amongst those with higher cholesterol, BMI 
and abdominal obesity. 

To determine the independent predictors of the 
prevalence of diabetes, IGT and IFG a forward step-
wise binary logistic regression was performed to test 10 
predictor variables: age, systolic and diastolic BP, total 
cholesterol, HDL and LDL cholesterol, triglyceride, 
BMI, WC, all included as continuous variables, and 
gender. 267 subjects were excluded from these analy-
ses because of missing information on risk factors, 
leaving 2101 subjects to be analyzed. Three separate 
models were computed for diabetes, IGT and IFG 
(Table 4). Older age, higher WC, higher cholesterol, 
higher triglyceride and systolic BP significantly in-
creased the risk of diabetes. For the IGT group, age, 
cholesterol and BMI significantly increased the risk of 
IGT. Age, WC and HDL significantly increased the 
risk of IFG. No other variables were significant. 

Discussion 
In this cross-sectional study, FDR of patients with 

type 2 diabetes show increased prevalence of type 2 
diabetes, IGT and IFG. In most cases, this is accom-
panied by unfavorable BMI, WC and lipid profile. 
Prevalence rates of type 2 diabetes in general popula-
tions in various studies from around the world show 
considerable variations. A comparison between these 

studies is difficult because estimates of prevalence of 
abnormal glucose tolerance depend on methodological 
factors and the applied definition of diabetes, the IGT 
and IFG used, as well as the composition of the com-
munity examined by age and gender. 

The prevalence of diabetes in the general popula-
tion of Tehran over 30 years old was 7.2% (7.6% 
women and 7.1% men) [10]. Primary results of the na-
tional program for the prevention and control of type 

2 diabetes showed that 
3.6% (4.3% women and 
2.6% men) of the general 
population of Iran aged 
30 years and over had 
diabetes [11]. The preva-
lence of diabetes in the 
general population over 
20 years old in central 
Iran was 5.4% and 7.1% 
in men and women and 
6.7% and 5.3% in urban 
and rural areas respec-
tively [12]. The preva-
lence of IGT was 3.7% 
and 6.2% in men and 
women and that of IFG 
was 0.4% and 0.5% in 

men and women respectively in the general population 
[12]. The International Diabetes Federation estimated 
that 6.0% of the general population of Iran aged 20-79 
years had diabetes and 7.7% had IGT [13]. Recently, 
the National Survey of Risk Factors for Non-
Communicable Diseases of Iran estimated that 7.7% 
of adults aged 24-64 had diabetes and 16.8% of Iranian 
adults had IFG [14]. Diabetes prevalence varied from 
1.3% in rural areas to 14.5% in large cities. 

In European societies, the prevalence of age-
adjusted type 2 diabetes in people over 25 years of age 
is 3% to 10% [15]. The prevalence of diabetes in the 
US is approximately 7% [16]. The prevalence of diabe-
tes and IGT in FDR of people with type 2 diabetes, 
10.3% and 19.5%, as reported in this study, are consid-
erably higher than they are in the general population 
and require serious consideration since diabetes is a 
debilitating chronic disease. 

Type 2 diabetes appears to have strong genetic as-
sociations. Studies in twins have demonstrated that 
concordance rates for type 2 diabetes in monozygotic 
twins range between 34% and 83% [17]. The broad 
range of observed correlations suggests both a com-
plex genetic predisposition and an interaction between 
genetic and environmental factors in the pathogenesis 

 
Table 4. Risk factors related to prevalence of diabetes, impaired glucose tolerance and impaired 
fasting glucose for first-degree relatives of patients with type 2 diabetes (multiple logistic regres-
sion analysis) 
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Legend: BMI: body mass index. HDL: high-density lipoprotein. IGT: impaired glucose tolerance. IFG: im-
paired fasting glucose. * p < 0.05, ** p < 0.01, *** p < 0.001. 
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of type 2 diabetes. People who have one FDR suffer-
ing from diabetes have a 40% risk of having this dis-
ease. If diabetes is present in both parents, this risk is 
doubled [18]. 

The present study found a higher prevalence of 
type 2 diabetes and IFG in men and a higher preva-
lence of IGT in women in a way that is consistent with 
previous studies [19-25]. The potential reason or rea-
sons for this gender difference in glucose metabolism 
has not been explored, but some studies suggest that 
female sex hormones may contribute [26-30], while 
others failed to see any effect on glucose metabolism 
[31-33]. 

The excess risk of diabetes and IGT associated 
with FDR of patients with type 2 diabetes was ampli-
fied in the presence of overweight and obesity. Obesity 
is associated with type 2 diabetes in the general popula-
tion. However, our findings confirm this association in 
FDR of people with type 2 diabetes. The FDR of peo-
ple with type 2 diabetes who were overweight or obese 
were at much higher risk of diabetes and IGT than 
non-obese relatives. Several studies have shown that 
measures of obesity show strong heritability [34]. This 
suggests that genetic factors besides lifestyle, obesity 
and dyslipidemia may be among the risk factors for 
diabetes and IGT. 

Another finding that requires further elaboration is 
the high prevalence of diabetes and IGT in the high 
cholesterol group. This is most likely because diabetes 
and IGT are associated with a higher prevalence of ad-
ditional cardiovascular risk factors, which collectively 
result in a high risk profile. Aggregation of multiple 
risk factors, including obesity, high BP and hyperlipi-
demia, has been shown to increase the development of 
coronary heart disease [35]. It seems that diabetes and 
IGT tend to coexist with other cardiovascular risk fac-
tors. The lipid and lipoprotein disturbances are most 
likely related to the impaired glucose metabolism. In-
deed, insulin resistance seems to play a major role in 

dyslipidemia in subjects with both normal and abnor-
mal glucose tolerance [36], and appears to be the 
common element accounting for the cluster of athero-
genic metabolic abnormalities found in the metabolic 
syndrome (IGT, hypertension and dyslipidemia), 
which confers a high risk for cardiovascular disease 
[36]. 

Our study has several strengths and limitations. 
The strengths include the large sample consisting of 
both men and women, the sound representativeness of 
the FDR of people with type 2 diabetes, and informa-
tion on potential determinants of impaired glucose 
regulation. As a cross-sectional study, the present 
analysis is limited in its ability to elucidate causal rela-
tionships between risk factors and diabetes, IGT and 
IFG. Another limitation was that study participants 
were aged 30-60 years, and results may not apply to the 
broader age groups. Despite the above limitations, the 
findings here add to our understanding of the preva-
lence and risk factors of diabetes, IGT and IFG in 
FDR of people with type 2 diabetes in Iran. Further-
more, this study provides new data from Iran, a devel-
oping country that has been underrepresented in past 
studies. 

In summary, the findings of this study illustrate for 
the first time the prevalence of diabetes, IGT and IFG 
in FDR of patients with type 2 diabetes in Iran. Our 
results emphasize the importance of controlling for all 
known diabetes risk factors, especially overweight and 
obesity, in FDR of people with type 2 diabetes. These 
findings may prove useful in identifying a specific sub-
set of the population at particular risk of developing 
metabolic disturbances known to predispose to car-
diovascular disease and strongly support the regular 
screening of FDR of patients with type 2 diabetes. 
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