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Abstract
Background: The Middle East and North Africa (MENA) is postulated to have the highest increase in the
prevalence of diabetes by 2030; however, studies on the epidemiology of diabetes are rather limited
across the region, including in Iran.

Methods: This study was conducted between 2016 and 2018 among Iranian adults aged 20 to 65 years
residing in Khuzestan province, southwestern Iran. Diabetes was de�ned as fasting blood sugar (FBS) ≥
126 mg/dl and/or taking oral anti-diabetic medications. Prediabetes was de�ned as FBS ≥ 100 but ≤
125 mg/dl. Multinomial logistic regression models were used to examine the association of multiple risk
factors that attained signi�cance on the outcome.

Results: Overall, 30,500 participants were recruited; the mean (±SD) age was 41.6 (±11.9) years. The
prevalence of prediabetes and diabetes were 30.8% and 15.2%, respectively. We found a comparable
prevalence of diabetes in both sexes, although it was higher among illiterates, urban residents, married
people, and smokers. Participants aged ≥ 50 and those with Body Mass Index (BMI) ≥ 30 kg/m2 were
more likely to be affected by diabetes [RR: 18.5 (16.4,21.0) and 3.2 (2.9,3.5)]. Hypertension [RR: 5.1
(4.7,5.4)], waist circumference (WC) ≥ 90 cm [RR: 3.6 (3.3,3.9)], and family history [RR: 2.4 (2.2,2.6)] were
also signi�cantly associated with diabetes. For prediabetes, the main risk factors were age ≥ 50 [RR: 2.4
(2.3,2.6)], BMI ≥ 30 kg/m2 [RR: 1.9 (1.7 ,2.0)], hypertension and WC ≥ 90 cm [RR: 1.7 (1.6 ,1.8)].

Conclusions: Prediabetes and diabetes are prevalent in southwestern Iran. The major determinants are
older age, obesity, and the presence of hypertension. Further interventions are required to escalate
diabetes prevention and diagnosis in high-risk areas across Iran.

Background
The Middle East and North Africa (MENA) region holds the highest prevalence of diabetes mellitus (DM)
worldwide, and is estimated to have the most signi�cant increase in this prevalence in the coming years
(1). However, there are limited population-based studies on the epidemiology and determinants of
diabetes in MENA countries, including Iran (2).

By 2035, the number of adults with diabetes will increase by 55% globally, and the greatest proportional
increase is expected in low-income countries, followed by low to middle-income (108 and 60%) (3). The
MENA region has the highest worldwide prevalence of diabetes (10.9%) and is estimated to have the
second-highest global increase (96.2%) in the number of people with diabetes by 2035 (3). Moreover,
nearly half of all diabetes deaths in this region occur among people under 60 years old. These premature
deaths may be due to the new emerging risk factors, delayed diagnoses, and weak health-care systems
that are not competent to bear the growing burden (4). Aging populations, together with rapid
urbanization that has brought major behavioral and lifestyle changes, have resulted in a dramatic
increase in the prevalence of diabetes in such regions (5). Identifying the main traditional and non-
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traditional risk factors is crucial for developing preventive strategies and early diagnosis of diabetes in
low-income countries (2).

By 2035, the number of people with diabetes has been projected to increase by 91% in Iran, and the
economic burden of diabetes will increase markedly in the coming decades (6, 7). Despite the availability
of medications and insulin coverage in Iran, control of diabetes remains suboptimal (8). In line with
global initiatives to reduce the diabetes burden, Iran has made great prevention efforts in recent decades
(9–11). However, the current role of diabetes risk factors remains poorly identi�ed among patients in
different areas across Iran (2, 8). The present study aimed to investigate the prevalence and determinants
of prediabetes and diabetes in a large population from southwestern Iran.

Methods
Study design

The Khuzestan comprehensive health study (KCHS) was conducted as a large cross-sectional study
between October 2016 and November 2018 to assess the health conditions of 30,500 Iranian adults. The
study site was Khuzestan province, located in southwestern Iran. This province covers more than
63,000 km2 and is home to a diverse population of nearly �ve million, including Fars, Arab, Bakhtiari,
Kurd, and Lur ethnic groups. The study population includes people aged 20 to 65 years, residing in urban
and rural areas of 27 counties in the province. Written informed consent was obtained from all
participants. All procedures performed in the study were in accordance with the ethical guidelines of the
Declaration of Helsinki and the ethics committee of the National Institute for Medical Research
Development (NIMAD) has approved the study protocol. The KCHS methodology has been detailed
elsewhere (12).

Study procedures

A multistage random sampling method was used to select participants. Trained staff went door to door
to explain the study and invite the participants to the pre-de�ned study sites on the next day. All
participants provided informed consent upon registration. Fifteen mL of blood were obtained from each
individual, divided into one clot tube and one EDTA tube. Blood samples were centrifuged at 3000 rpm for
10 min to separate serum; thereafter, serum level of fasting blood sugar (FBS) was measured by BT 1500
AutoAnalyzer, using commercial kits (Pars Azmoon, Iran). To reduce the measurement error,
anthropometric data were gathered after blood sample collection, in a fasting state for 8 to 12 hours.
Height and weight were measured by the Seca 206 body meter measuring tape with Wall Stop and the
Seca 762 mechanical �at scale, respectively, and the Seca 203 circumference measuring tape was used
to measure waist circumference (WC). Blood pressure was measured using aneroid
sphygmomanometers (Riester, Germany), twice from each arm in the sitting position. All measurements
were in accordance with the US National Institutes of Health protocols. Data on demographics,
socioeconomic status, and lifestyle habits were collected afterward by staff-administered questionnaires.
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De�nition of variables and study outcomes

Diabetes was de�ned as FBS ≥ 126 mg/dl and/or taking anti-diabetic medications. Prediabetes was
de�ned as FBS ≥ 100 but ≤ 125 mg/dl. General obesity was determined based on Body mass index
(BMI), which is calculated by dividing weight (kg) by the square of the height (m) and categorized
according to the World Health Organization (WHO) cut-off points (13). BMI scores less than 25 kg/m2,
between 25 and 29.9 kg/m2, and ≥ 30 kg/m2 were de�ned as normal weight, overweight, and obese,
respectively. Abdominal obesity was characterized by a WC ≥ 90 cm for both men and women. Following
major guidelines, hypertension (HTN) was de�ned as systolic blood pressure (SBP) ≥ 140 mmHg and/or
diastolic blood pressure (DBP) ≥ 90 mmHg and/or taking antihypertensive medications (14). Wealth
score index was calculated using multiple correspondence analysis (MCA) with the following variables:
house area, freezer, washing machine, dishwasher, laptop, internet, car type, TV type, indoor bathroom,
vacuum cleaner, mobile use, and foreign travels.

Statistical analysis

Data are described by the mean and standard deviation (SD) or frequency and percentage, where
appropriate. A multinomial logistic regression model was used to assess the impact of the covariates on
the risk of prediabetes or diabetes, which led to relative risks (RR) as the measure of association. In this
model, individuals with prediabetes and diabetes were compared with normal participants. Each of the
covariates sex, age, BMI, WC, HTN, diabetes family, and education have been put in the model, once alone
and once adjusted for smoking, marital status, residence, and wealth index. These four variables were
selected as the adjustments since the preliminary assessments showed that the prevalence of
prediabetes and diabetes did not differentiate between these variables’ strata. The analyses were
performed using the statistical software Stata (version 12), and the chosen signi�cance level was 0.05.

Results
Overall, 30,500 individuals were included in the analysis, of whom 19,600 (64.3%) were women. The
mean age of participants was 41.6 ± 11.9 years. The mean BMI and WC were 27.6 ± 5.3 kg/m2 and 92.5
± 13.4 cm, respectively. Overall, the majority were married (83.0%), urban residents (73.1%), had primary
education (44.2%), and were never-smokers (89.1%). HTN and family history of diabetes were observed in
19.7% and 34.2%, respectively (Table 1).

Among all participants, 9,405 (30.8%) were identi�ed to have prediabetes, and 4,646 (15.2%) had
diabetes. Self-reported diabetes was among 2,694 (8.9%) individuals. The highest prevalence of diabetes
and prediabetes was observed among people aged ≥ 50 years (32.2% and 33.0%) and those with BMI ≥
30 kg/m2 (20.9% and 34.7%). Prevalence of diabetes was comparable in both sexes (15%), while it was
higher among urban residents and marrieds (16.4% and 16.1%), the illiterates (24.6%), and those who had
WC ≥ 90 cm (20.5%), and HTN (33.4%). Regarding prediabetes, the prevalence was slightly higher among
men (32.0%) and urban residents (31.5%), and those who had WC ≥ 90 cm (33.2%) (Table 1).
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Table 1. Characteristics of the Khuzestan Comprehensive Health Study (KCHS) participants.
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Variable   Total number (%) Prediabetes Diabetes

Total   30500 9405 4646

Sex Male 10898 (35.7 %) 3486 (32.0
%)

1655 (15.2
%)

  Female 19600 (64.3 %) 5919 (30.2
%)

2991 (15.3
%)

Age (years)      

  20-35 10273 (33.7 %) 2767 (26.9
%)

347   (3.4 %)

  35-49.9 11676 (38.4 %) 3815 (32.7
%)

1557 (13.3
%)

  ≥50 8492 (27.9 %) 2802 (33.0
%)

2735 (32.2
%)

BMI (Kg/m2)      

  <25 9829 (32.4 %) 2596 (26.4
%)

887   (9.0 %)

  25-29.9 11440 (37.7 %) 3620 (31.6
%)

1824 (15.9
%)

  ≥30 9088 (29.9 %) 3152 (34.7
%)

1903 (20.9
%)

Waist circumference
(cm)

     

  <90 12405 (40.9 %) 3407 (27.5
%)

941   (7.6 %)

  ≥90 17953 (59.1 %) 5962 (33.2
%)

3673 (20.5
%)

Hypertension No 24493 (80.3 %) 7507 (30.7
%)

2641 (10.8
%)

  Yes 5993 (19.7 %) 1895 (31.6
%)

2004 (33.4
%)

Diabetes family history No 20025 (65.8 %) 6186 (30.9
%)

2299 (11.5
%)

Yes 10418 (34.2 %) 3205 (30.8
%)

2338 (22.4
%)

Education        

  Illiterate 6606 (21.7 %) 1983 (30.0
%)

1626 (24.6
%)
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  Elementary 13480 (44.2 %) 4305 (31.9
%)

2072 (15.4
%)

  Secondary 7844 (25.7 %) 2342 (29.9
%)

802 (10.2 %)

  Higher
education

2563   (8.4 %) 773 (30.2 %) 145   (5.7 %)

Cigarette smoking        

  Never 27046 (89.1
%)

8410 (31.1
%)

4061 (15.0
%)

  Past 974   (3.2 %) 301 (30.9 %) 251 (25.8 %)

  Current 2324   (7.7 %) 649 (27.9 %) 311 (13.4 %)

Marital status  

Single

 

5178 (17.0 %)

1561 (30.2
%)

566 (10.9 %)

  Married 25320 (83.0 %) 7844 (31.0
%)

4080 (16.1
%)

Residence  

Urban

 

22284 (73.1 %)

7008 (31.5
%)

3656 (16.4
%)

  Rural 8213 (26.9 %) 2397 (29.2
%)

990 (12.1 %)

Wealth index        

  Q1 25 % 2273 (29.8
%)

1126 (14.7
%)

  Q2 25 % 2345 (31.2
%)

1151 (15.3
%)

  Q3 25 % 2459 (30.4
%)

1190 (14.7
%)

  Q4 25 % 2275 (32.2
%)

1147 (16.2
%)

Results on multivariate analysis of the factors associated with diabetes and prediabetes risk are
demonstrated in Table 2. Compared to the participants aged under 35 years, those aged between 35-49.9
years [RR (95% CI); 5.02 (4.43, 5.69)] or ≥ 50 years [RR (95% CI); 18.54 (16.39, 20.98)] were more likely to
be affected by diabetes. Moreover, compared to the participants with BMI < 25 kg/m2, those who had BMI
25-29.9 kg/m2 [RR (95% CI); 2.06 (1.88, 2.25)] or BMI ≥ 30 kg/m2 [RR (95% CI); 3.17 (2.89, 3.47)] were
more likely to be affected by diabetes. HTN [RR (95%CI); 5.1 (4.7, 5.4)], WC ≥ 90 cm [RR (95% CI); 3.6 (3.3,
3.9)], and history of diabetes in �rst-degree family member [RR (95% CI); 2.4 (2.2, 2.6)] were also found to
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be signi�cantly associated with diabetes. Furthermore, higher education was associated with the lowest
risk of diabetes [RR (95% CI); 0.10 (0.08, 0.12)] (Table 2).

Regarding the factors associated with prediabetes, results showed that compared to the participants
aged under 35 years, those aged between 35-49.9 [RR (95% CI); 1.57 (1.48, 1.67)] or ≥ 50 years [RR (95%
CI); 2.44 (2.27, 2.61)] were more likely to be affected by prediabetes. Similarly, compared to the
participants with BMI < 25 kg/m2, those who had BMI 25-29.9 kg/m2 [RR (95% CI); 1.44 (1.36, 1.54)] or
BMI ≥ 30 kg/m2 [RR (95% CI); 1.86 (1.74, 1.99)] were more likely to be affected by prediabetes. HTN [RR
(95%CI); 1.71 (1.60,1.83)], WC ≥ 90 cm [RR (95% CI); 1.67 (1.59, 1.77)], and having a �rst-degree relative
with diabetes [RR (95% CI); 1.22 (1.15, 1.29)] were signi�cantly associated with prediabetes. Similar to
diabetes, the highest educational degree was also associated with the lowest risk of prediabetes [RR (95%
CI); 0.58 (0.51, 0.64)]. Furthermore, female sex was slightly protective against prediabetes [(RR (95% CI);
0.88 (0.83, 0.93)] (Table 2).

Table 2. Univariate and multivariate analysis of risk factors associated with diabetes and prediabetes in
the Khuzestan study.
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Variables

Prediabetes Diabetes

Unadjusted.
RR

(95% CI)

Adjusted.
RR*

(95% CI)

Unadjusted.
RR

(95% CI)

Adjusted. RR*

(95% CI)

Sex Male        

  Female 0.91 (0.87,
0.96)

0.88 (0.83,
0.93)

0.97 (0.91,
1.04)

1.01 (0.94,
1.09)

Age (years) <35        

  35-49.9 1.57 (1.48,
1.66)

1.57 (1.48,
1.67)

5.1 (4.51,
5.75)

5.02 (4.43,
5.69)

  ≥50 2.45 (2.29,
2.63)

2.44 (2.27,
2.61)

19.1 (16.94,
21.52)

18.54 (16.39,
20.98)

BMI (Kg/m2) <25        

  25-29.9 1.48 (1.39,
1.57)

1.44 (1.36,
1.54)

2.18 (1.99,
2.38)

2.06 (1.88,
2.25)

  ≥30 1.91 (1.79,
2.04)

1.86 (1.74,
1.99)

3.38 (3.09,
3.69)

3.17 (2.89,
3.47)

Waist
circumference
(cm)

<90        

  ≥90 1.70 (1.61,
1.79)

1.67 (1.59,
1.77)

3.78 (3.50,
4.09)

3.61 (3.33,
3.91)

Hypertension No        

  Yes 1.73 (1.62,
1.85)

1.71 (1.60,
1.83)

5.20 (4.83,
5.6)

5.05 (4.68,
5.44)

Diabetes family
history

No        

Yes 1.23 (1.16,
1.29)

1.22 (1.15,
1.29)

2.41 (2.25,
2.57)

2.38 (2.22,
2.55)

Education Illiterate        

  Elementary 0.92 (0.86,
0.98)

0.85 (0.79,
0.91)

0.54 (0.50,
0.58)

0.43 (0.40,
0.47)

  Secondary 0.75 (0.70,
0.81)

0.65 (0.59,
0.70)

0.31 (0.29,
0.35)

0.21 (0.19,
0.23)

  Higher
education

0.71 (0.64,
0.79)

0.58 (0.51,
0.64)

0.16 (0.14,
0.19)

0.10 (0.08,
0.12)
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*Data are adjusted for smoking (never vs. ever), marital status (single vs. married), residence (urban vs.
rural), and wealth index.

*RR: Relative risk

We further evaluated the characteristics of the normal weight and underweight participants affected by
diabetes (Table 3). Overall, 887 participants (50.2% female) with BMI < 25 kg/m2 were identi�ed to have
diabetes. The mean WC in this group was 86.1 ± 8.8 cm, and the majority had a WC < 90 cm (63%). The
mean age of these participants was 50.5 ± 10.7 years, and the majority aged ≥ 50 years (61.4%), were
married (85.7%) and were urban residents (71.8%). Most of these individuals had no history of HTN (64%)
and smoking (82.1%), while nearly half had a family history of diabetes (48.2%). (Table 3).

Table 3. Characteristics of the Khuzestan study participants with diabetes who had Body Mass Index
(BMI) < 25 kg/m2
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Variable   Number (%)

Sex Male 442 (49.8 %)

  Female 445 (50.2 %)

Age (years)  

  <35 96 (10.8 %)

  35-49.9 246 (27.8 %)

  ≥50 544 (61.4 %)

Waist circumference (cm)  

  <90 557 (62.8 %)

  ≥90 330 (37.2 %)

Hypertension  

No

 

568 (64.0 %)

  Yes 319 (36.0 %)

Diabetes

family history

 

No

 

459 (51.8 %)

Yes 427 (48.2 %)

Education    

  Illiterate 309 (34.9 %)

  Elementary 393 (44.4 %)

  Secondary 160 (18.1 %)

  Higher education 24   (2.7 %)

Smoking    

  Never 725 (82.1 %)

  Ever 158 (17.9 %)

Marital Status  

Single

 

127 (14.3 %)

  Married 760 (85.7 %)

Residence  

Urban

 

637 (71.8 %)
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  Rural 250 (28.2 %)

Discussion
This study investigates the prevalence and determinants of prediabetes and diabetes in a population-
based sample of Iranian adults residing in southwestern Iran. Prediabetes with 30.8% and diabetes with
15.2% were more prevalent in this area than in most other parts of the country. In line with previous
studies, older adults had the most signi�cant relative risk for diabetes, followed by those with
hypertension and abdominal obesity (15). For prediabetes, older age, general obesity, and hypertension
were the most signi�cant risk factors, similar to a previous study from southern Iran (16). Also,
socioeconomic status was inversely associated with both diabetes and prediabetes prevalence. These
�ndings indicate that urgent control measures are needed to impede the high burden of diabetes in this
region.

Prevalence of diabetes in the present study was identical to a survey conducted by Yazdanpanah et al. in
2015, which is the only available report on diabetes from southwestern Iran (15.2% vs. 15.1%) (17) and
comparable to two recent studies from central (16.1%) (18) and Northern Iran (17.2%) (7). However, this
prevalence was nearly two-fold higher compared to the national estimations (19) and other parts of the
country, including western (20), southeastern (21), and southern areas (22). Besides, the prevalence of
self-reported diabetes was comparable to the national estimations (8.9 vs. 10%) (23). For prediabetes,
two population-based studies in central and southeastern Iran have reported a lower prevalence (26% and
19%); however, individuals under 35 years were recruited in both studies (18). These comparisons
indicate that diabetes is exceptionally prevalent in the southwestern region, and urgent interventions
should be taken to scale-up preventive and diagnostic programs (10). Moreover, given the suboptimal
national control of hyperglycemia in Iran, therapeutic interventions should be particularly expanded into
high-risk populations (8).

Globally, elderly people are at substantial risk for diabetes (24). In this study, one-third of individuals
above 50 years old had diabetes, which is similar to the results of an elderly-based survey conducted
among people older than 60 years in southern Iran; however, their reported prevalence for prediabetes was
two-fold higher than our estimation for elderlies (67% vs. 33%) (25). Although older age was also the
most signi�cant risk factor for prediabetes, the relative risk was much lower than diabetes (2.4 vs. 18.5).
The second considerable diabetes risk factor was hypertension, having a 5-fold higher relative risk in
people with hypertension than those without such condition. According to a cohort of 4.1 million adults
from the U.K, individuals with elevated blood pressure are at increased risk of diabetes, while the strength
of this association declines with increasing age and BMI (26). Regarding obesity, some previous reports
have emphasized the bene�ts of WC compared to BMI in predicting diabetes in the Iranian population.
Similarly, WC showed a stronger association than BMI in the present study (3.6 vs. 3.2) (1, 27), although
for prediabetes this association was slightly stronger for BMI (1.9 vs. 1.7).
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A study from Northern Iran showed that having one or more than one family member with diabetes
increases the odds of this disease to 2.3 and 4.2, respectively (7). Another cohort from the center of Iran
showed that people with a �rst-degree family history were 3.3 times more likely to have the disease (28).
Similarly, family history in �rst-degree relatives was among the most signi�cant risk factors in our study,
with a relative risk equal to 2.4. Also, among those with diabetes and normal BMI, approximately half had
a family history of diabetes, and the majority were old. In a study conducted on over 9,000 adults, Mirzaei
et al. have found a negative interaction between family history of diabetes and other risk factors only for
BMI (29). Their results suggested that despite considering family history as an independent risk factor, as
long as it is used as a tool to raise awareness and promote lifestyle changes, it would reduce the risk of
developing diabetes in people with other risk factors such as obesity.

Evidence on the modifying effect of sex in the development of diabetes is controversial. Several Iranian
studies have reported a higher prevalence among females (1, 30, 31), and some others have not found
any signi�cant associations for sex (32). Similar to the study of Yazdanpanah et al. from southwestern
Iran, we observed a comparable prevalence of diabetes in both sexes. Moreover, the female sex was
slightly protective against prediabetes in our study. According to Khosravi et al., obesity is the most
signi�cant risk factor for sex inequalities in type 2 diabetes in Iranians; this can partly explain the
observed difference in the prevalence of diabetes between sexes (33).

Many studies have con�rmed the role of socioeconomic factors in developing diabetes (34). We observed
higher diabetes prevalence among urban residents and illiterates, and higher education was protective
against diabetes and prediabetes. These �ndings were in line with other studies on socioeconomic
inequalities and diabetes in Iran (18, 35). Also, the prevalence of both conditions was higher among
married individuals, consistent with the �ndings of Yazdanpanah et al. (17). Prevalence of diabetes in
current smokers was similar to a study from Northern Iran (13.4% vs. 12.1%) (7). Both diabetes and
prediabetes were more prevalent in ex and non-smokers. Although studies indicate that smoking
increases the risk of diabetes, some evidence supports the reverse association (36). Our observed pattern
for smoking was similar to a large Chinese study that has reported a signi�cantly higher FBS in ex-
smokers, compared to the two other groups (37). Therefore, the association between smoking and
diabetes in the Iranian population needs further investigation.

Conclusions
Prediabetes and diabetes are prevalent in southwestern Iran, and their prevalence is higher than in most
parts of the country. The major determinants are older age, general and abdominal obesity, and the
presence of hypertension. Further studies are needed to better understand the epidemiology of diabetes
across Iran, and urgent interventions should be applied to escalate diabetes prevention, diagnosis, and
treatment among high-risk populations residing in Iran.
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