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Epidemiologic study of familial Type 2 Diabetes in 
Tehran

Abstract

Type 2 diabetes is the most common cause of hyperglycemia. It has different prevalence 
in various populations. It has been found out that type 2 diabetes is a genetic disorder; 
however, its inheritance and its type have not been well defined. In studying the genes 
involved in the development of diabetes, several genes have been introduced as 
candidates; however, the gene or genes involved in diabetes cannot be identified yet. 
As family diabetes has not been studied in Iran so far, this study was conducted on a 
population aged over 20 years in east of Tehran. In a population of 14,687 people living 
in east of Tehran, 180 families with type 2 diabetes were identified. In this research, 
802 subjects were female and 792 were male. After oral glucose tolerance test, 40.7% 
of females and 32.3% of males had diabetes. The incidence of diabetes in females was 
significantly higher than that in males (P < 0.001). It was found that 656 diabetic patients 
had age over 20 years, which most of them had age between 41 and 70 years. The 
highest number of diabetic patients was in the age group of 51–60 years. The percentage 
of offspring and siblings involvement in this sample was 44% and 53%, respectively. 
The highest level of involvement among the first‑degree family members belonged to 
sister‑brother, followed by father‑daughter. This study shows the relationship between 
family diabetes in Iranian families in a demographic study. By recognizing the family 
relations, effective measures can be taken to prevent this disease. In the case of type 2 
diabetes development in one member of family, the incidence of diabetes in other 
family members would increase by up to 50%. Thus, screening is suggested for all 
type 2 diabetic family members continuously so that the disease to be immediately 
diagnosed and treated to prevent major complications of diabetes.
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INTRODUCTION

Hyperglycemia is the most common metabolic disorder 
and type  2 diabetes is the most common cause of 
hyperglycemia. The prevalence of type  2 diabetes is 

different in various populations. Its prevalence is  <6% 
in most communities; however, it has been reported 
more than 50% in Pima Indians.[1] The prevalence of 
type 2 diabetes is increasing, and this is a warning sign 
for communities. It is believed that both environmental 
and genetic factors are involved in this disease. It has 
been recognized that MODY is a dominant autosomal 
disease and specific mutations have been found in the 
mitochondrial genome in maternal family diabetes 
associated with caries; however, these cases account for a 
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small percentage of the causes of diabetes and the causes 
of diabetes have mainly remained unknown.[2]

Family is more involved in type  2 diabetes than type  1 
diabetes; however, it is not clear that how this disease is 
transmitted.[3] Several genes are involved in type 2 diabetes, 
and a single gen is not involved in this disease. In fact, it 
is a polygenic disease and the genetic affects it strongly.[4] 
The study of identical twins confirms very strong role of 
genetic in this disease. If one of the twins is affected by 
type 2 diabetes, other twin would be also affected by it.[4] 
However, the incidence of diabetes in twins might not be 
simultaneous, so that it was found in one study that the 
prevalence of diabetes in other twin is 58%; however, it 
increased to 100% after 10 years of diabetes in other twins.[4] 
Genetic factors play an important role in the development of 
type 2 diabetes. Although many genes, which are involved 
in this disease, have not been identified yet, it is clear that 
this disease is polygenic and multifactorial disease. Various 
genetic leukosis is involved in susceptibility to this disease, 
and environmental factors such as nutrition and physical 
activity are also effective in its phenotypic development.[4] 
Children of people, which one of their parents has type 2 
diabetes, are at increased risk of diabetes, and if the parents 
of one person have type 2 diabetes, the risk of development 
of disease in the offspring would be 40%.

Insulin resistance, manifested as a reduced consumption 
of glucose in skeletal muscle, is found in many first‑degree 
nondiabetic relatives of type 2 diabetic patients.[5] However, 
it is difficult to define the genetic abnormality of type  2 
diabetes since genetic defect in the secretion or function of 
insulin may not be revealed until an environmental factor 
or other genetic defect such as obesity is added to it.[5] 
However, studies have shown that >50% of the first‑degree 
relatives of type 2 diabetic people will develop diabetes 
until the age of 80.[6]. The unclear issue in this regard is 
the increased prevalence of type 1 diabetes in offspring of 
diabetic patients. It has not yet been found that whether 
association of type 1 diabetes in a family is due to a single 
inheritance trait  (that is, type  2 diabetes is the type  1 
diabetes) or there is two common genetic predisposition 
incidentally in one family which each of them probably 
affects each other’s manifestations. Studies have reported 
that there is an autoantibody against β‑cell in 10%–38% 
of type 2 diabetic patients and it suggests that there is a 
sub‑autoimmunity state of type 2 diabetes.[7,8]

In addition, in a family, two diabetic people may not be 
affected by diabetes through the single gene; however, two 
genes might be involved in the diabetes.[8‑10] No study has 
been conducted yet on family diabetes and genes affecting 
type  2 diabetes in Iran. Although little information has 
been reported on the genetic transmission process in some 
studies, a certain family tree of these families is not available. 
Obtaining such information is very important to predict 

the diabetes status in their families and the marriage of 
diabetics with each other and with nondiabetic subjects and 
to find the dominant genes involved in type 2 diabetes in 
Iran. Thus, this study was conducted in the east of Tehran 
to evaluate the prevalence of family diabetes.

METHODOLOGY

The subjects studied in this study were selected from Tehran 
Lipid and Glucose Study (TLGS). In the TLGS study, 14,687 
people were examined. As the objective of the study was 
to evaluate type 2 diabetes in subjects aged over 20 years, 
people over the age of 20 years (10,136 people) were tested 
for fasting blood glucose and 2‑h glucose after consuming 
75 g of glucose. In this study, subjects with type 1 diabetes 
and normal people were excluded from the study. Finally, 
1291 type 2 diabetic people were identified [Algorithm 1].

To diagnose the type  2 family diabetes, questionnaires 
were completed by qualified questioners, and accordingly, 
565 Type 2 diabetic people were identified. These people 
had at least one type  2 first‑degree family member 
(father, mother, brothers, sisters, and children). Out 
of them, 407 diabetic families were available, which 
44% (180 families) were willing to cooperate in the 
study. A  total of 180 alive families, aged over  20  years 
(1335 people), underwent fasting blood glucose test, and 
oral glucose tolerance test. Finally, the family tree of each 
family was mapped, and the relationship between the 
sisters‑brothers (siblings) and children with the parents was 
determined. Chi‑square and t‑test were used to compare 
the results.

RESULTS

Out of 180 families (1594), 259 died, which 159 of them had 
previously known diabetes, which accurate information 
was not on diabetes or nondiabetic status of 100 of them. 
Thus, they were considered as “probably nondiabetic” 
people. Among those who were alive (1335 people), 479 had 
diabetes [Algorithm 1]. Table 1 shows the distribution of 
diabetic people and the distribution of total alive members 
of studied families in different age groups.

DM (656)
40.7% 

180 families
(1612 Peoples) 

No DM (956)
59.3% 

Death (100)
10.4% 

Alive (856)
89.6% 

Death (159)
24.2% 

Alive (497)
75.8% 

Algorithm 1: Screening of 180 families (1612 people)
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Based on Table 1, 78.8% of diabetics were 41–70 years of old, and 
the highest percentage belonged to age group of 51–60 years, 
which included about one‑third of the total diabetic population. 
The lowest percentages belonged to age group of 20–30 years, 
which only 1.2% of the diabetics were in this age group. Table 1 
shows that the age group of 71–80 years includes 9.25% of the 
total diabetic population, while 48.42% in this age group are 
diabetic and those in the age group of over 81 years include 
2.41% of this population and 29.2% of them are diabetic. In 
this study, the number of females and males was almost 
equal (802 females and 792 males), whereas diabetes was seen 
more in females than that in males (286 female diabetes versus 
211 male diabetes) (P < 0.001).

Twenty‑five family marriages were observed in 180 
families; however, no difference was seen between their 
offspring and other families regarding the incidence 
of diabetes. The percentage of offspring  (children) and 
siblings  (sisters and brothers) involvement was 44% and 
53%, respectively, and the most diabetes involvement 
belonged to siblings (52.7%) [Table 2].

In this study, in 57 families, only mothers had diabetes. 
The total number of children in this group was 253, which 
144 of them (57%) were diabetic [Table 2]. In addition, in 57 
families, only fathers had diabetes, and the total number of 
children in this group was 274 people, which 136 (49.6%) 
of them were diabetes.

In this study, both parents were diabetic in 42 families. 
This group had 184 children, which 98 (53.3%) of them had 
diabetes. In 23 families, none of the parents had diabetes, 
and 57.9% of their children had diabetes. In this study, three 
families had no diabetic parents, while all their children 
had diabetes.

DISCUSSION

This study is the first study conducted in Iran to evaluate 
the prevalence of family diabetes in an Iranian population. 

In TLGS, the prevalence of type 2 diabetes in subjects aged 
over 20 years was 11.4% based on 2‑h blood glucose after 
consuming 75 g of glucose equal to or >200 mg/dl. In most 
communities, its prevalence has been reported 5%–6%. The 
prevalence of diabetes increases with aging so that it reaches 
more than 9% in people aged over 65 years.[1] Family studies 
on the incidence of diabetes in families are important since 
type 2 diabetes is a genetic and family disease. One person 
with type 2 diabetes in a family increases the likelihood 
of diabetes in other first‑degree members of the family so 
that the percentage of offspring and siblings involvement 
reaches 33%.[11,12]

In this study, the percentage of offspring and siblings 
involvement was 44% and 53%, respectively, which this 
figure is slightly higher than previously reported figures. 
Increasing incidence of diabetes in Iran could be due to the 
prevalence of diabetes in this study or systematic screening 
for the diagnosis of type 2 diabetes in the current study. 
Sampling method might be another reason in this regard. 
Selective sampling was used in this study and subjects 
included in this study had type  2 diabetes and at least 
one of their first‑degree family members was diabetic. 
Another reason is the increasing industrialization of Iran 
and nutritional issues, so more studies are required to be 
conducted to find the cause this increasing trend. Lack of 
knowledge on the genetic nature and inheritance of type 2 
diabetes has caused that today’s science to be unable in 
predicting the incidence of diabetes in diabetic first‑degree 
individuals.[13] Genetic examination cannot predict diabetes 
in the children of these people, except in specific mutations 
and MODY in the maternally transmitted mitochondrial 
genome. MODY is major genetic achievement in diabetes 
and it includes 2%–2.5% of diabetes; however, 10%–15% 
of the diabetic people population are MODY in France.[13]

Many studies have reported that the prevalence of diabetes 
is slightly higher in females than that in males. In the study 
conducted by Yavari, the ratio of diabetic females to diabetic 
males was 4:1, while the ratio of normal males to females 

Table  1: Calcification of diabetic patients by age groups
Age groups (years) 20‑30 31‑40 41‑50 51‑60 61‑70 71‑80 <81 Total
Total, n  (%) 97  (7.2) 227  (16.8) 359  (26.5) 291  (21.5) 244  (18) 95  (7) 41  (3) 1353  (100)
Diabetic patients, n  (%) 6  (1.2) 41  (8.24) 119  (23.9) 161  (32.5) 112  (22.5) 46  (9.25) 12  (2.41) 479  (100)
DM to total  (%) 6.18 18.06 33.14 55.3 45.90 48.42 29.2
DM: Diabetes mellitus

Table 2: Prevalence of diabetic patients in offspring
Number of families DM in offspring, n  (%) Normal offspring, n  (%) Total, n
DM in mothers (57 families) 144  (57) 109  (43) 253
DM in fathers (57 families) 136  (49.6) 138  (50.4) 274
DM in mothers and fathers (42 families) 98  (53.3) 86  (46.7) 184
Normal mothers and fathers (23 families) 69  (57.9) 50  (42.1) 119
DM: Diabetes mellitus
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was equal in that population.[2] In the research conducted by 
Ramchandran, no significant difference was seen in diabetic 
males and females  (301 versus 307)  (P  <  0.62).[14] In this 
study, the prevalence of diabetes was significantly higher in 
females than that in males (40.6% versus 32.3%) (P < 0.001). 
In 42 families, both parents had diabetes, which 53.3% of 
their children were diabetic, and 23 families were found in 
which none of the parents had diabetes; however, 57.9% of 
their children had diabetes. Based on other studies, when 
both parents had type 2 diabetes, the risk of diabetes in 
children would be higher. Most of the studies revealed that 
disease transmission in cases where the mother is involved 
is more than when the father is involved.

In the study conducted by Vassy on 2310 diabetic patients, 
it was found that the incidence of diabetes is higher when 
the mother is involved;[15] however, in the study conducted 
by Ridderstrale, this increase was not observed.[16] In the 
conducted study, the percentage of children involvement 
is more when they have diabetic mothers. In 57 families, 
in which only father is diabetic, the percentage of diabetic 
children was 52% on average, and in 57 families, in which 
only mother had diabetes, the percentage of diabetic 
children was 59% on average, indicating that mothers’ 
involvement in diabetes plays more important role in 
children involvement of children. This should be sought 
in genetic transmission of mothers, which maternal 
mitochondrial mutation with maternal transmission is one 
of these cases.[17,18]

A study conducted by Ridderstrale, 3243 people were 
examined and it was found that type 2 diabetes and its 
mother carrier. A study found that 60% of type 2 diabetic 
patients along with caries had this mutation.[16] In a study, 
it was found that the mothers of MODY people were 
more likely diabetic than fathers (fathers 9.1% vs. mothers 
18.2%).[13] Morris found that the frequency of diabetes is 
2.5 times more when the father is involved in diabetes.[19] 
Another study conducted on pregnancy diabetes found 
that 3% of mothers of these people were diabetic and 8.8% 
of their fathers were diabetic.[20] Another issue making 
the genetic examination more difficult is the presence of 
diabetes in children whose parents are not diabetic.

In this study, three families were found in which all children 
had diabetes; however, their parents were not diabetic. 
There were also 23 families in the study, in which parents 
had no diabetes, while 57.9% of their children were diabetic. 
No specific justification can be provided for these families. 
Another issue is the relationship between type 2 diabetes 
and type 1 diabetes. Epidemiologic studies suggest that if 
the parents have type 2 diabetes, the chance of development 
of type 1 diabetes in children would be higher.[21] It indicates 
the genetic association between type 2 diabetes and type 1 
diabetes. There are 856 healthy people in these families; 
however, it should be noted that the risk of diabetes in 

these subjects is not rejected, and with increasing the age, 
there is a risk of diabetes involvement in these people since 
the incidence of diabetes increases with increasing the age.

Relative distribution of the age group in all living subjects 
in this study showed that the highest rate of it belonged 
to age group of 41–44 years (26.5%) and the lowest rate of 
it belonged to those aged over 81 years (% 3). In addition, 
the percentage of diabetic people is the highest in the age 
group of 51–60 years (55.3%), followed by the age group 
of 71–80  years  (48.42%). Moreover, as the percentage of 
living people older than 81 years was 3%, it is seen that 
the percentage of diabetic people in this age group was 
29.3%. These findings suggest this fact that the incidence 
of diabetes increases with increasing the age, and if the 
first‑degree members of family are living adequately, 
they would probably be affected by diabetes. One reason 
for the difference in the prevalence of type 2 diabetes and 
diabetes in children and siblings are age and average life 
expectancy in the community. Based on Table  1, 78.8% 
of diabetic people were in the age group of 41–70 years 
and the highest percentage of them was in the age group 
of 51–60  years  (32.3%). Current studies suggest that the 
maximum incidence of diabetes is in the age group of 
51–60  years, and then, this trend decreases and reaches 
2.4% in subjects older than 81 years. Reduced prevalence of 
diabetes in people aged over 60 is due to an increase in the 
mortality rate of diabetics in this age group, and another 
reason is lower average life expectancy in Iran compared 
to that in other countries.

Thus, the population at risk of diabetes is in the age range 
of 41–60  years, so screening programs in this age group 
should be applied so that almost one‑third of the diabetic 
people in the community are not aware of their diabetes.[22] 
Investigating the percentage of diabetic people in each 
family showed that the highest percentage was related 
to the presence of 3 diabetics in one family  (35%) and 
the lowest was related to seven diabetics in one family. 
This might be due to the large number of low‑population 
families compared to high‑population families. In this 
study, 25 families of diabetic people had family marriage, 
while significant change was not found in the development 
of diabetes in their children. It seems that family marriage 
has no significant impact on development of family type 2 
diabetes. In other studies, the increased prevalence of 
diabetes in children in family marriage has not been 
reported.

With regard to relations of diabetic first‑degree family 
members, the highest percentage is related to the 
sister‑brother, and the relations of mother‑daughter, 
father‑daughter, and sister‑sister are almost the same. This 
study identified important points with regard to inherited 
the transmission of diabetes in the urban community and 
could be used in genetic investigation of family diabetes in 
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the country. Gene testing is required in patients with family 
history of type 2 diabetes, because genetic transmission is 
very common in these people.
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