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■ Abstract 
AIMS: The aim of this study was to determine whether first-
degree relatives (FDR) of patients with type 2 diabetes melli-
tus (T2DM) are at higher risk of non-alcoholic fatty liver 
disease (NAFLD) than healthy controls. METHODS: A to-
tal of 222 FDR of consecutive patients with T2DM aged 
between 35 and 55 years and 202 healthy individuals with no 
family history of diabetes were investigated for NAFLD. 
Fatty liver was diagnosed by ultrasonography using standard 
criteria. Height, weight, fasting glucose, alanine aminotrans-
ferase (ALT), total cholesterol and triglyceride were deter-
mined by routine laboratory methods. RESULTS: Com-
pared to subjects with no family history of diabetes, the age 
and sex adjusted odds ratio (OR) of NAFLD was 1.83 (95% 
CI, 1.11-3.03) for FDR of patients with T2DM. After fur-

ther adjusting for BMI, fasting glucose, ALT, asparate ami-
notransferase (AST), triglyceride and cholesterol, the multi-
variate OR of prevalent NAFLD in FDR of patients with 
T2DM compared with individuals with no family history of 
diabetes was 1.56 (95% CI, 0.85-2.86). CONCLUSIONS: 
The present study suggests that the relation between FDR 
of patients with T2DM and NAFLD is affected by the other 
covariates, in particular obesity, which points to a more 
complex relationship between the diseases. It appears that 
obesity and diabetes may independently predispose to 
NAFLD. 
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Introduction 
 

          on-alcoholic fatty liver disease (NAFLD) is the 
      most common chronic liver disease in devel- 
      oped nations. It is associated with surrogate 

markers of cardiovascular morbidity [1, 2] and may 
progress to liver cirrhosis and hepatocellular carcinoma 
[3, 4]. NAFLD is reported to be related to obesity, 
diabetes mellitus, hypertension or hyperlipidemia [5-
10]. These clinical features are also characteristics of 
the metabolic syndrome. However, NAFLD may oc-

cur in lean persons who appear otherwise healthy and 
do not seek medical help for their symptoms [9, 11]. 

NAFLD affects approximately 15-30% of the gen-
eral population and its prevalence increases steadily to 
70-90% in people with obesity or type 2 diabetes melli-
tus (T2DM) [12-15]. Patients with T2DM and NAFLD 
have significantly higher prevalence rates of coronary, 
cerebrovascular and peripheral vascular diseases than 
their counterparts without NAFLD [16]. There is fa-
milial clustering of obesity [17-22], diabetes [23-25], 
and NAFLD [18, 26]. The inheritance pattern is, how-
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ever, unclear. Familial clustering of diabetes may sup-
port a genetic predisposition to NAFLD. 

Environmental and genetic factors are likely to play 
a role in the pathogenesis of NAFLD. Observational 
studies of familial clustering of NAFLD [18] have 
prompted a search for genetic abnormalities that may 
predispose susceptible individuals to NAFLD. Some 
of the genes of interest include those influencing the 
development of T2DM; however, the risk of NAFLD 
in FDR of patients with T2DM remains unknown. 

With the increasing prevalence of obesity and DM 
worldwide and the associated risk of NAFLD in such 
individuals, it becomes increasingly important to iden-
tify risk factors associated with susceptibility to obe-
sity-related chronic liver disease. 

The objective of this study was to examine the risk 
of NAFLD in FDR of patients with T2DM. 

Subjects and methods 
A total of 222 (44 men and 178 women) nondia-

betic FDR of consecutive patients with T2DM aged 
35-55, who sought treatment for diabetes at our clinic 
in the Endocrine and Metabolism Research Center af-
filiated to the Isfahan University of Medical Sciences, 
Iran, between March 2006 and March 2007, were 
evaluated. Diabetes mellitus was defined according to 
the American Diabetes Association criteria [27]. The 
group of FDR of T2DM was compared with a control 
group of 202 (108 men and 94 women) healthy adults 
with no family history of diabetes. Healthy controls 
were volunteers employed at the Isfahan University of 
Medical Sciences. The tenets of the Declaration of 
Helsinki were followed, institutional ethical committee 
approval was granted and an informed consent was 
signed by each participant. 

Ultrasonography (US) of the abdomen was per-
formed in all individuals for evidence of fatty liver. All 
ultrasound scans were performed by an expert sono-
grapher (Sanaz Shayganfar) using a 3.5 MHz trans-
ducer (Honda, Electronics Co., Japan). The sonogra-
pher was unaware of the aims of the study and blinded 
to laboratory values. The diagnosis of fatty liver was 
made in the presence of diffusely increased liver echo-
genicity with evidence of contrast between the liver 
and kidney, diffusely increased liver echogenicity with 
blurring of the intrahepatic vessels and diaphragm, or 
bright hepatic echogenicity with poor penetration of 
the posterior hepatic segments and intrahepatic vessels 
or when the diaphragm was invisible [28]. NAFLD 
was assessed semi-quantitatively on a scale of 0 to 3: 0 
= absent; 1 = mild; 2 = moderate and 3 = severe. We 
acknowledge that the interpretation of fatty liver using 

US is subjective and it is reported that US cannot re-
liably identify mild steatosis affecting less than 33% of 
the liver [29, 30]. Nonetheless, most investigators de-
fine grade 1 steatosis as affecting less than 33% of 
hepatocytes for a diagnosis of NAFLD [31, 32]. 
NAFLD was defined as the presence of fatty liver on 
US, without the following conditions: excessive alco-
hol consumption (women: ≥20 g/wk, men: ≥30 
g/wk), positive hepatitis B surface antigen (HBsAg) or 
anti-hepatitis C virus antibody (anti-HCV), pregnancy, 
total parental nutrition, jejuneal bypass or extensive 
small bowel resection, or other known liver diseases 
like hepatoma, as determined by history, physical ex-
amination and screening blood tests. Subjects also 
were excluded from the diagnosis of NAFLD when 
they had ingested drugs known to produce fatty liver 
disease, such as steroids, estrogens, amiodarone, ta-
moxifen, or other chemotherapeutic agents within the 
previous 6 months. 

The FDR of patients with T2DM included siblings 
or children. Half-siblings were excluded. Overnight 
fasting blood samples were taken and plasma was 
separated and analyzed on the same day. Alanine ani-
notransferase (ALT), asparate aminotransferase (AST), 
total cholesterol, triglyceride, and fasting blood glucose 
were assessed using standardized procedures. Body 

Table 1. Age and sex-adjusted characteristics of first-degree rela-
tives of T2DM patients and control subjects with no family history 
of diabetes 
 

 

Characteristic 

 

FDR 
(n = 222) 

 

Control 
(n = 202) 

 

Female, n (%) 178 (80.2)   94 (46.5) 
 

Male, n (%)       44 (19.8)***
 108 (53.5) 

 

Age (yr) 44.
 

2 

 

± 0.
 

5*** 40.
 

1
 

± 

 

0.
 

5 

 

Height (cm) 161.
 

5 

 

± 0.
 

5 162.
 

1
 

± 

 

0.
 

5 

 

Weight (kg) 75.
 

1 

 

± 0.
 

8*** 69.
 

1
 

± 

 

0.
 

8 

 

   Non-obese, n (%)      25 (11.5)***
    87 (43.5) 

 

   Overweight, n (%)     110 (50.7)***
    87 (43.5) 

 

   Obese, n (%)       82 (37.8)***
    26 (13.0) 

 

BMI (kg/m2) 28.
 

8 

 

± 0.
 

3*** 26.
 

4
 

± 

 

0.
 

3 

 

Fasting glucose (mg/dl) 95.
 

2 

 

± 1.
 

6 95.
 

8
 

± 

 

1.
 

7 

 

ALT (mU/ml) 24.
 

0 

 

± 1.
 

0* 25.
 

7
 

± 

 

1.
 

0 

 

AST (mU/ml) 21.
 

6 

 

± 0.
 

9** 24.
 

4
 

± 

 

0.
 

9 

 

Triglyceride (mg/dl) 157.
 

1 

 

± 6.
 

2*** 181.
 

1
 

± 

 

6.
 

6 

 

Cholesterol (mg/dl) 200.
 

8 

 

± 3.
 

1 201.
 

2
 

± 

 

3.
 

3 

 

Legend: Data are age and sex-adjusted means ± SEM. Age and sex-
adjusted means were calculated using general linear models. FDR: first-
degree relatives of T2DM patients. Control: healthy persons without family 
history of T2DM. Weight categories: non-obese (BMI < 25), overweight 
(BMI 25.0-29.9), obese (BMI ≥ 30). ALT: alanine aminotransferase. AST: 
asparate aminotransferase. *p < 0.05, **p < 0.01, ***p < 0.001. 
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mass index (BMI in kg/m2) is recognized as the meas-
ure of overall obesity. Normal weight was defined as 
BMI < 25, overweight as BMI 25.0-29.9, and obesity 
as BMI ≥ 30. A glucose tolerance test, which involved 
ingesting 75 g of glucose in a volume of 300 ml, was 
performed in FDR of T2DM, who were classified as 
having normal glucose tolerance, impaired glucose tol-
erance or diabetes mellitus according to the American 
Diabetes Association criteria [27]. An interview was 
conducted at the time of the participant’s visit. The 
contents of the interview included demographic data, 
alcohol intake, history of viral hepatitis or another liver 
disease and medication history. The definition of high 
cholesterol and triglyceride levels was based on the 
National Cholesterol Education program (ATP III) 
criteria [33]. The definition of elevated AST and ALT 
was based on those of the kit manufacturers (Pars-
Azmon, Iran). 

Height and weight were measured with subjects in 
light clothes and without shoes, using standard appara-
tus. Weight was measured to the nearest 0.1 kg on a 
calibrated beam scale. Height was measured to the 
nearest 0.5 cm using a measuring tape. 

Statistical analysis 
To describe the association between FDR of pa-

tients with T2DM and risk of NAFLD we used two 
types of statistical analyses: age and sex-adjusted odds 
ratios and multivariate-adjusted odds ratios from mul-
tivariate logistic regression using the SPSS for Win-
dows computer package (SPSS Inc., Chicago, IL, 
USA). We considered the following covariates in the 
multivariate-adjusted analyses: age, sex, BMI, fasting 
glucose, triglyceride, ALT, AST, and total cholesterol. 
To clarify the role of BMI further, we also conducted 
an analysis including the interaction terms of BMI as a 
continuous variable with family history of T2DM in 
the “full” model. All tests for statistical significance 
were two-tailed and performed at α < 0.05. 

Results 
Differences in distribution of several age and sex-

adjusted characteristics among 222 FDR of patients 
with T2DM and 202 with no family history of diabetes 
are shown in Table 1. FDR of patients with T2DM 
were older, more overweight or obese, had higher age 
and sex-adjusted BMI, were less likely to be men and 
had lower ALT, AST and triglyceride than those with 
no family history of diabetes. The mean (SEM) age of 
FDR of patients with T2DM was 44.2 (0.5) years and 
40.1 (0.5) for persons with no family history of diabe-
tes. 

In this study 120 (28.3%) subjects with NAFLD 
were detected by US. 17.9% had mild/moderate and 
10.1% severe NAFLD. Of the persons with no family 
history of diabetes, 25.7% had NAFLD (95% CI, 19.7-
31.8). The overall prevalence rate of NAFLD among 
FDR of T2DM was 30.6% (95% CI, 24.6-36.7). 

Those with NAFLD had higher BMI, weight, fast-
ing glucose, ALT, triglyceride and cholesterol and were 
older (Table 2). 

Compared with persons with no family history of 
diabetes, the age and sex adjusted risk of NAFLD was 
83% higher in FDR of patients with T2DM (odds ra-
tio (OR) 1.83, 95% CI, 1.11-3.03) in age and sex-
adjusted models. Controlling for age, sex and BMI re-
duced the relationship between FDR of patients with 
T2DM and NAFLD (OR 1.22, 95% CI, 0.70-2.10) 
compared to the model adjusted for age and sex. In a 
multivariate model, the additional adjustment for other 
covariates increased the relationship between FDR of 
patients with T2DM and NAFLD risk compared to 
the model adjusted for age, sex and BMI (OR 1.56, 
95% CI, 0.85-2.86) (Table 3). 

 
Table 2. Characteristics of subjects with and without non-
alcoholic fatty liver disease (NAFLD) 
 

 

Characteristic 

 

With NAFLD 
(n = 120) 

 

Without NAFLD
(n = 304) 

 

Female, n (%) 58 (48.3) 214 (70.4) 
 

Male, n (%)      62 (51.7)***
   90 (29.6) 

 

Age (yr) 44.
 

0 

 

± 0.
 

6** 41.
 

5
 

± 

 

0.
 

4 

 

Height (cm) 162.
 

2 

 

± 0.
 

6 161.
 

7
 

± 

 

0.
 

4 

 

Weight (kg) 78.
 

4 

 

± 1.
 

0*** 69.
 

7
 

± 

 

0.
 

6 

 

   Non-obese, n (%)       15 (12.5)***
   97 (32.7) 

 

   Overweight, n (%)       52 (43.3)***
 145 (48.8) 

 

   Obese, n (%)       53 (44.2)***
   55 (18.5) 

 

BMI (kg/m2) 30.
 

0 

 

± 0.
 

4*** 26.
 

7
 

± 

 

0.
 

3 

 

Fasting glucose (mg/dl) 100.
 

0 

 

± 2.
 

1* 93.
 

7
 

± 

 

1.
 

3 

 

ALT (mU/ml) 28.
 

7 

 

± 1.
 

2*** 23.
 

3
 

± 

 

0.
 

8 

 

AST (mU/ml) 23.
 

4 

 

± 1.
 

1 22.
 

7
 

± 

 

0.
 

7 

 

Triglyceride (mg/dl) 203.
 

8 

 

± 7.
 

9*** 153.
 

7
 

± 

 

5.
 

0 

 

Cholesterol (mg/dl) 208.
 

3 

 

± 4.
 

0* 198.
 

0
 

± 

 

2.
 

5 

 

Legend: Data are age and sex-adjusted means ± SEM. Age and sex-
adjusted means were calculated using general linear models. Weight catego-
ries: non-obese (BMI < 25), overweight (BMI 25.0-29.9), obese (BMI ≥ 
30). ALT: alanine aminotransferase. AST: asparate aminotransferase. *p < 
0.05, **p < 0.01, ***p < 0.001. 
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The higher risk of NAFLD among FDR of patients 
with type 2 diabetes could be related to obesity. Analy-
ses stratified by obesity status are shown in Table 4. A 
similar association was observed among overweight 
(BMI ≥ 25) (OR 1.19, 95% CI, 0.50-2.85), obese (BMI 
≥ 30) (OR 1.84, 95% CI, 0.49-6.99) or non-obese (OR 
1.58, 95% CI, 0.24-10.36) individuals after multivariate 
adjustment. This association was not statistically sig-
nificant, possibly because of the small number of 
NAFLD. 

Discussion 
This study did not confirm that NAFLD is signifi-

cantly associated with FDR of T2DM patients. How-
ever, the relation between FDR of T2DM patients and 
NAFLD seems to be affected by other covariates, in-
cluding BMI, indicat-
ing a more complex 
relationship. To the 
best of our knowledge, 
no other study with 
similar results is avail-
able. The non-signifi-
cant risk of NAFLD 
for FDR of patients 
with T2DM was ampli-
fied in the presence of 
overweight and obe-
sity. In the light of the 
existing literature and 
our new results, over-
weight/obesity and 
diabetes may inde-
pendently predispose 
to NAFLD. However, 
we were unable to ex-
amine the relation be-
tween FDR of T2DM 
patients and risk of 

NAFLD in obesity subgroups because of the small 
number of cases. This question remains to be clarified 
in subsequent studies. 

NAFLD is significantly associated with several 
conditions such as obesity, diabetes mellitus, hyperten-
sion, hyperlipidemia and the metabolic syndrome [5-
11], but the causality is unclear. These conditions may 
play an important role as confounding factors. There-
fore, major susceptibility genes may account for at 
least some of these associations [19]. 

Obesity is associ-
ated with type 2 diabe-
tes and with NAFLD. 
Our findings confirm 
those obtained in other 
studies [5-11], in which 
obesity increased the 
risk for NAFLD. 
Overweight FDR of 
T2DM patients were at 
higher risk of NAFLD 
than non-obese FDR. 
Our finding that the 

risk of NAFLD was non-significantly associated with 
increasing obesity among FDR of T2DM was based on 
only 2 cases among non-obese FDR of patients with 
T2DM. Although there was no statistically significant 
risk for FDR of T2DM patients, our results could not 
exclude a 20-80% increased NAFLD. Several studies 

 

Table 3. Prevalence rates and odds ratios of non-alcoholic fatty liver disease 
 

 

Variable 

 

Control 
 

              FDR 

 

Cases (n) 52 

 

68 

 

Prevalence (%) (95% CI) 25
 

.7 (19.
 

7 

 

- 

 

31.
  

8) 

 

30.
 

6 
 

(24.
 

6
 

- 36.
 

7) 
 

Age and sex-adjusted odds ratio (95% CI) 1
 

.00
 

 
 

 
   

 
 

1.
 

83
 

(1.
 

11
 

- 3.
 

03)*
 

Age, sex and BMI adjusted odds ratio (95% CI) 1
 

.00
 

 
 

 
   

 
 

1.
 

22
 

(0.
 

70
 

- 2.
 

10)
 

Multivariate-adjusted odds ratio (95% CI) 1
 

.00
 

 
 

 
   

 
 

1.
 

56
 

(0.
 

85
 

- 2.
 

86)
 

Legend: Data are odds ratios (95% CI in parentheses) calculated by binary logistic regression analysis. Calculation 
adjusted for age, sex, body mass index, fasting blood glucose, ALT, AST, triglyceride and cholesterol. FDR: first-
degree relatives of T2DM patients. Control: healthy persons without family history of T2DM. BMI = body mass 
index. *p < 0.001. 

 
Table 4. Prevalence rates and odds ratios of non-alcoholic fatty liver disease by obesity status 
 

 

Variable 

 

Control 
 

              FDR 

 

Non-obese (BMI < 25) 
  

 

  Cases (n) 13 

 

40 

 

  Prevalence (%) (95% CI) 50
 

.0 (29.
 

9 

 

- 

 

70. 

  

1) 

 

48.
 

8 
 

(37.
 

7
 

- 60.
 

1) 
 

  Age and sex-adjusted odds ratio (95% CI) 1
 

.00
 

 
 

 
 

 
  
 

 

1.
 

74 
 

(0.
 

62
 

- 4.
 

88)
 

  Multivariate-adjusted odds ratio (95% CI) 1
 

.00
 

 
 

 
 

 
  
 

 

1.
 

84 
 

(0.
 

49
 

- 6.
 

99)
 

Overweight (BMI 25.0-29.9) 
  

 

  Cases (n) 26 

 

26 

 

  Prevalence (%) (95% CI) 29
 

.9 (20.
 

5 

 

- 

 

40. 

  

6) 

 

23.
 

6 
 

(15.
 

7
 

- 31.
 

6) 
 

  Age and sex-adjusted odds ratio (95% CI) 1
 

.00
 

 
 

 
 

 
  
 

 

1.
 

19 
 

(0.
 

57
 

- 2.
 

49)
 

  Multivariate-adjusted odds ratio (95% CI) 1
 

.00
 

 
 

 
 

 
  
 

 

1.
 

19 
 

(0.
 

50
 

- 2.
 

85)
 

Obese (BMI ≥  30) 
  

 

  Cases (n) 13 

 

 2 

 

  Prevalence (%) (95% CI) 14
 

.9 (8.
 

2 

 

- 

 

24. 

  

2) 

 

8.
 

0 
 

(1.
 

0
 

- 26.
 

0) 
 

  Age and sex-adjusted odds ratio (95% CI) 1
 

.00
 

 
 

 
 

 
  
 

 

0.
 

57 
 

(0.
 

11
 

- 2.
 

94)
 

  Multivariate-adjusted odds ratio (95% CI) 1
 

.00
 

 
 

 
 

 
  
 

 

1.
 

58 
 

(0.
 

24
 

- 10.
 

36)
 

Legend: Data are odds ratios (95% CI in parentheses) calculated by binary logistic regression analysis. Calculation 
adjusted for age, sex, body mass index, fasting blood glucose, ALT, AST, triglyceride and cholesterol. FDR: first-
degree relatives of T2DM patients. Control: healthy persons without family history of T2DM. BMI = body mass 
index. 
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have shown that measures of obesity show strong 
heritability [34]. In Iran, a recent nationwide study re-
vealed that 43.0% of men and 57.0% of women were 
overweight or obese and 11.0% of men and 25.0% of 
women were obese. The prevalence of abdominal obe-
sity was 11.4% in men and 57.5% in women [35]. 
NAFLD share many common features with T2DM 
and obesity: all seem to be familial. This suggests that 
genetic factors beside lifestyle, obesity, diabetes melli-
tus, and dyslipidemia may be part of the risk factors 
for NAFLD. However, it is also possible that these 
two diseases are two distinct entities, pathologic phe-
nomena closely related to obesity and overweight 
which share the same process of pathogenesis. 

Our study has several limitations. Firstly, the num-
ber of subjects is relatively small. Secondly, the control 
group in this study was recruited from employees of 
the Isfahan University of Medical Sciences and may 
not be representative of healthy individuals from the 
community. In particular, the control group was not 
matched for BMI with FDR of T2DM, although we 
adjusted for BMI in multivariate analysis and analyzed 
separately for overweight and obese and normal sub-
jects. After adjustment, however, the differences were 
not statistically significant. 

In the present study, the diagnosis of NAFLD was 
based on the exclusion of the known etiologic factors 
responsible for liver disease and ultrasound examina-
tion results, but the diagnosis was not confirmed by 
liver biopsy results. A liver biopsy is the gold standard 

for ascertaining fatty liver disease, but it is invasive and 
can cause complications. Ultrasound, however, with 
sensitivity of 80% to 95% and specificity of 90% to 
95%, is widely available and relatively accurate for the 
diagnosis of fatty liver disease [28, 36-39]. Although 
US has some limitations in distinguishing a fatty liver 
from other liver diseases, the present study used US as 
a non-invasive method of examining subjects in suffi-
cient numbers. 

In summary, the findings of this study illustrate for 
the first time the NAFLD in FDR of patients with 
T2DM. Our study indicates that the relationship be-
tween FDR and NAFLD is affected by the other co-
variates, indicating a somewhat complex relationship. 
The risk of NAFLD is also associated with overweight 
and obesity. Our findings highlight the need for fur-
ther studies to provide a more complete picture of the 
situation and to identify gaps or deficiencies that may 
need to be addressed. Our results also emphasize the 
importance of controlling all known diabetes risk fac-
tors, especially overweight and obesity, in FDR of pa-
tients with T2DM. The results of this study will be 
evaluated in large epidemiologic studies that interface 
with the ability to conduct familial genetic assessment 
of candidate genes for NAFLD in FDR of patients 
with T2DM. 
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