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ABSTRACT

Introduction: Over the past decades prevalence
of diabetes has increased in Iran and other
countries. This study aimed to update the
prevalence of diabetes and prediabetes in Iran

and to determine associated sociodemographic
risk factors, as well as diabetes awareness and
control.
Methods: This is a nationally representative
cross-sectional survey that included 163,770
Iranian adults aged 35–70 years, from different
ethnic backgrounds, between 2014 and 2020.
Diabetes was diagnosed at fasting blood sugarMohammad E. Khamseh and Sadaf G. Sepanlou have
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of C 6.99 mmol/L (126 mg/dL), or receiving
blood glucose-lowering treatment. Multivari-
able logistic regression was applied to detect
determinants associated with prevalence of
diabetes and prediabetes, as well as predictors of
diabetes awareness and glycemic control.
Results: Sex- and age-standardized prevalence
of diabetes and prediabetes was 15.0% (95% CI
12.6–17.3) and 25.4% (18.6–32.1), respectively.
Among patients with diabetes, 79.6%
(76.2–82.9) were aware of their diabetes. Gly-
cemic control was achieved in 41.2%
(37.5–44.8) of patients who received treatment.
Older age, obesity, high waist to hip ratio
(WHR), and specific ethnic background were
associated with a significant risk of diabetes and
prediabetes. Higher awareness of diabetes was
observed in older patients, married individuals,
those with high WHR, and individuals with
high wealth score. Moreover, glycemic control
was significantly better in women, obese indi-
viduals, those with high physical activity, edu-
cational attainment, and specific ethnic
background.
Conclusions: The prevalence of diabetes and
prediabetes is increasing at an alarming rate in
Iranian adults. High proportion of uncontrolled
patients require particular initiatives to be
integrated in the health care system.

Keywords: Diabetes; Glycemic control;
Awareness; Ethnic background; Household
wealth; Education

Key Summary Points

Why carry out this study?

Previous national reports highlight the
high prevalence of diabetes in Iran.
Considering the increasing life
expectancy of Iranian people, it will
inevitably impose a high burden on the
Iranian health care system.

Determining the exact sex- and age-
standardized prevalence of diabetes and
prediabetes and the associated risk factors
is essential to improve health care models
for management of this chronic disease.

What was learned from the study?

Sex- and age-standardized prevalence of
diabetes and prediabetes among Iranian
adults aged 35–70 years was 15.0% (95%
CI 12.6–17.3) and 25.4% (18.6–32.1),
respectively.

Although 79.6% (76.2–82.9) of
participants were aware of their diabetes,
only 41.2% (37.5–44.8) of patients who
received treatment got their diabetes
under control.

Since the study conducted in 2011, the
prevalence of diabetes and prediabetes has
been rising in Iran, emphasizing the
urgent need for developing and
implementing prevention strategies.
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INTRODUCTION

Diabetes is a serious chronic and considerably
preventable disease. It is known as one of the four
major types of non-communicable diseases
(NCD) [1]. The latest information and projections
provided by the International Diabetes Federation
(IDF) indicated that approximately 463 million
adults (9.3%) were diagnosed with diabetes in
2019; the prevalence will rise to 700 million
(10.9%) by 2045. Moreover, the global prevalence
of impaired glucose tolerance (IGT) was estimated
to be 374 million (7.5%) and projected to reach
548 million (8.6%) by 2045, showing that a large
number of people are at increased risk of devel-
oping type 2 diabetes (T2D) [2].

In Iran the national prevalence of diabetes
mellitus (DM) and impaired fasting glucose
(IFG) was estimated to be 11.4% and 14.6%,
respectively, in 2011; this represents a 35%
increase in the prevalence of DM since 2005 [3].
However, no significant change was reported in
the prevalence of IFG [3]. Moreover, the
National Program for Prevention and Control of
Diabetes (NPPCD) investigating the proportions
of different types of diabetes demonstrated that
approximately 85.5% of people with diabetes
who were registered in the Iranian university-
affiliated adult diabetes outpatient clinics were
diagnosed with T2D, followed by 11.4% with

type 1 diabetes (T1D), and 1.3% with other
types of diabetes [4].

Updating information on the prevalence of
diabetes and prediabetes and determining the
trends are essential for priority setting and plan-
ning of health care services to achieve the goals of
the World Health Organization Global Action
Plan for the Prevention and Control of NCDs in
2025 [5]. On the other hand, there is now grow-
ing evidence suggesting the role of awareness of
diabetes in implementing prevention strategies
[6, 7]. The IDF also emphasized ‘‘prevention
through awareness’’ [8]. It is crucial to determine
and raise public awareness of diabetes and its
complications [8]. Once awareness is improved,
people would be more willing to participate in
prevention and control activities [9]. A recent
study investigating disease awareness in the UK
demonstrated that 59.4% of the cohort had ade-
quate awareness of diabetes symptoms and 60.6%
were able to identify the diabetes risk factors [10].
However, there are still gaps in knowledge and
awareness about diabetes [10, 11].

Thus, we aimed to explore the prevalence of
diabetes and prediabetes by sex, age, the region
of residence (rural/urban), ethnic background,
and socioeconomic status (SES) measured by
educational attainment and household wealth,
among Iranian adults. We further intended to
provide comprehensive information on the
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level and determinants of diabetes awareness
and glycemic control.

METHODS

Study Design and Participants

Prospective Epidemiological Research Studies in
IrAN (PERSIAN) is a nationwide prospective study
launched in 2014 [12]. This study was designed to
evaluate the epidemiology of NCDs and the
associated risk and protective factors. This study
included all of the major ethnic groups living in
different geographical areas of Iran, enabling it to
capture a wide range of environmental diversity,
lifestyle, and socioeconomic differences, as well as
many other exposures influencing disease pat-
terns that may be very unique to one area. The
study includes 163,770 Iranians aged 35–70 years
from 18 geographically distinct areas of Iran
between 2014 and 2020. The PERSIAN cohort
includes major ethnic groups within Iran and
constitutes both rural and urban areas with low
migration rates in order to limit loss to follow-up.
Adults of Iranian descent residing in one of the
designated areas for at least the past 9 months
were recruited in this study. Individuals with
physical or psychological disabilities who could
not participate in the interview and complete the
enrollment process were excluded from the study.
A total of 163,770 participants were recruited in
this study. Details on sampling design, quality
assurance, and quality control program were
previously reported [12]. The design of the PER-
SIAN Cohort Study was approved by the ethics
committees of the Ministry of Health and Medical
Education, the Digestive Diseases Research Insti-
tute (Tehran University of Medical Sciences), and
participating universities and performed in
accordance with the Helsinki Declaration and its
later amendments. At the time of enrollment, a
written informed consent was obtained from all
individuals.

Exposures of Interest

A comprehensive questionnaire including 482
items was administered by trained interviewers.

Demographic characteristics included sex, age,
area of residence (rural, urban), and marital status
(married versus non-married). Socioeconomic
status was defined on the basis of education and
wealth index. Education was defined in five
levels: no schooling (\1 year of primary school),
primary school (1–5 years), middle school (6–-
8 years), high school (9–12 years), and university
([12 years). Wealth index was calculated using
multiple correspondence analyses (MCA) on
household assets and divided into five quintiles.
For physical activity, metabolic equivalents of
tasks (METs) were calculated and divided into
tertiles. Anthropometric indices including height
(in centimeters), weight (in kilograms), waist, and
hip circumferences (in centimeters) were mea-
sured using US National Institutes of Health pro-
tocols [13]. Body mass index (BMI) was calculated
and divided into four groups: underweight
(\18.5 kg/m2), normal (C 18.5 and\25 kg/m2),
overweight (C 25 and \30 kg/m2), and obese
(C 30 kg/m2). A high waist to hip ratio (WHR)
was defined as C 0.9 in men or C 0.85 in women.
Data on ethnicity of the participants was self-re-
ported. If the ethnicity of both parents was the
same, the same ethnicity was reported for the
participant. If parents had different ethnicities,
the individual was considered to have a ‘‘Mixed’’
ethnicity.

Blood samples were collected after an over-
night fasting of at least 12 h, and stored
at - 70 �C.

Outcomes

Diabetes was diagnosed at fasting blood sugar
(FBS) of greater than or equal to 6.99 mmol/L
(126 mg/dL), according to the American Dia-
betes Association (ADA) 2020 criteria [14]. In
addition, individuals who were under treatment
for physician-diagnosed diabetes were consid-
ered to have diabetes. Prediabetes was defined as
FBS level of 5.55–6.94 mmol/L (100–125 mg/dL)
in individuals without diabetes. Awareness of
diabetes was defined as the proportion of indi-
viduals with diabetes who were aware of their
diabetes. Glycemic control was defined as the
proportion of individuals with FBS level of
4.44–7.22 mmol/L (80–130 mg/dL) among
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patients with diabetes who were under treat-
ment [14].

Statistical Analysis

We calculated the sex- and age-standardized
prevalence of diabetes and prediabetes, the
proportion of diabetes awareness, and the pro-
portion of glycemic control. Given the cluster
sampling, we used a complex survey design to
obtain summary measures. We used sampling
weights defined as the inverse probability of
being selected in the survey based on data of the
national census in 2016. For all estimates, 95%
confidence intervals were reported. Data were
analyzed using Stata software (version 14.1)
(Stata Corp, College Station, TX, USA).

RESULTS

Prevalence of Diabetes and Prediabetes
and Associated Factors

Data were available for 163,770 individuals aged
35–70 years. Data on FBS was missing in 2018
participants. Sex- and age-standardized preva-
lence of diabetes and prediabetes was 15.0%
(95% CI 12.6–17.3) and 25.4% (18.6–32.1),
respectively. Age-standardized prevalence of
diabetes and prediabetes was 12.7% (10.7–14.7)

and 26.9% (19.9–33.8) in men, and 17.3%
(14.5–20.2) and 23.8% (17.3–30.3) in women.
Moreover, 20.4% (17.3–24.0) of the total
patients with diabetes were undiagnosed.
Prevalence of prediabetes and diabetes stratified
by age and sex is shown in Figs. 1 and 2. Fur-
thermore, the weighted prevalence of diabetes
and prediabetes by different age groups, sex,
ethnicity, residential area, marital status, edu-
cational level, wealth index, physical activity,
BMI, WHR, smoking status, and opium use is
demonstrated in Supplementary Table 1.

Table 1 illustrates the results of logistic
regression to explore the factors associated with
diabetes and prediabetes. The odds of diabetes
and prediabetes increased steadily with age.
Overweight and obese adults were more likely
to develop diabetes compared to those with
normal BMI (adjusted OR 1.43, 1.33–1.52 and
adjusted OR 1.83, 1.70–1.97, respectively). High
WHR was associated with significantly higher
odds of diabetes compared to normal WHR
(adjusted OR 2.20, 2.03–2.39). Moreover, rural
residents were less likely to develop diabetes
compared to the urban population (adjusted OR
0.79, 0.73–0.85). Participants who received
education for B 5, 6–8, 9–12, and [12 years
were less likely to develop diabetes compared to
the illiterate counterparts. Moderate and high
physical activity were associated with lower
odds of diabetes compared to low physical

Fig. 1 Weighted prevalence of prediabetes among Iranian adults aged 35–70 years by sex and age
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activity (adjusted OR 0.79, 0.74–0.84 and
adjusted OR 0.64, 0.61–0.69, respectively).
Current smokers were less likely to develop
diabetes compared to never-smokers (adjusted
OR 0.82, 0.72–0.92). Regarding the prevalence
of prediabetes, the results show that the odds of
developing prediabetes increased with age.
Overweight and obese adults were more likely
to develop prediabetes compared to those with
normal BMI (adjusted OR 1.41, 1.31–1.51 and
adjusted OR 1.96, 1.73–2.23, respectively). High
WHR was associated with significantly higher
odds of prediabetes compared to normal WHR
(adjusted OR 1.39, 1.29–1.49). Moreover,
women were less likely to develop prediabetes
compared to men (adjusted OR 0.69,
0.63–0.74). Married participants were less likely
to develop prediabetes compared to non-mar-
ried participants (adjusted OR 0.89, 0.85–0.92).
Compared to the illiterate participants, those
with higher education were less likely to
develop prediabetes. High physical activity was
associated with lower odds of prediabetes com-
pared to low physical activity (adjusted OR 0.89,
0.81–0.99). Current smokers were less likely to
develop prediabetes compared to the never-
smokers (adjusted OR 0.80, 0.75–0.85).

We further examined the prevalence of dia-
betes and prediabetes across the study centers
(Fig. 3). The highest and lowest prevalence of

diabetes was observed in Yazd (20.8%, 20–21.5)
and Urmia Lake (8.3%, 7.6–9.00), respectively.
The highest and lowest prevalence of predia-
betes was observed in Sari (42.8%, 41.8–43.9)
and Fasa (6.5%, 6.00–6.90), respectively.

Diabetes Awareness, Glycemic Control,
and Associated Factors

The overall proportion of patients who were
aware of their diabetes was 79.6% (76.2–82.9).
The proportion of women with diabetes aware-
ness was 81.9% (78.7–85.0). For men, it was
76.5% (72.5–80.5). Among patients who were
under treatment for diabetes, 41.2% (37.5–44.8)
had controlled FBS. Among treated women and
men, the proportion of those with controlled
FBS was 43.8% (40.0–47.7) and 37.2%
(33.3–41.1), respectively. The proportion of
awareness and glycemic control by age, sex,
ethnicity, residential area, marital status, edu-
cation level, wealth index, physical activity,
BMI, WHR, smoking status, and opium use is
demonstrated in Supplementary Table 2.

Table 2 shows the results of the multivariable
logistic regression model to explore the factors
associated with awareness and glycemic dia-
betes. Women were more likely to be aware of
their diabetes compared to men (adjusted OR
1.58, 1.32–1.90). Awareness increased with age

Fig. 2 Weighted prevalence of diabetes among Iranian adults aged 35–70 years by sex and age
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Table 1 Factors associated with prevalence of diabetes and prediabetes among Iranian adults between 2014 and 2020

Diabetes Prediabetes

Adjusted OR* p value Adjusted OR* p value

Sex

Male 1 1

Female 1.10 (1, 1.21) 0.058 0.69 (0.63, 0.74) \ 0.001

Age categories

35–44 1 1

45–54 2.71 (2.57, 2.87) \ 0.001 1.49 (1.36, 1.63) \ 0.001

55–64 4.86 (4.57, 5.17) \ 0.001 1.94 (1.74, 2.16) \ 0.001

C 65 5.73 (5.04, 6.53) \ 0.001 2.15 (1.80, 2.56) \ 0.001

Residence

Urban 1 1

Rural 0.79 (0.73, 0.85) \ 0.001 0.81 (0.63, 1.06) 0.116

Marital status

Non-married 1 1

Married 1.02 (0.97, 1.08) 0.467 0.89 (0.85, 0.92) \ 0.001

Education

Illiterate (no schooling) 1 1

B 5 years (primary) 0.87 (0.82, 0.93) \ 0.001 0.98 (0.91, 1.05) 0.503

6–8 years (middle) 0.84 (0.78, 0.9) \ 0.001 0.9 (0.83, 0.97) 0.011

9–12 years (secondary) 0.77 (0.73, 0.81) \ 0.001 0.88 (0.81, 0.96) 0.004

[ 12 years (university) 0.71 (0.68, 0.75) \ 0.001 0.84 (0.75, 0.94) 0.004

Wealth index

Quintile 1 (poorest) 1 1

Quintile 2 1.06 (0.99, 1.14) 0.112 1 (0.95, 1.05) 0.953

Quintile 3 1.06 (0.98, 1.15) 0.144 1.02 (0.95, 1.11) 0.537

Quintile 4 1 (0.9, 1.1) 0.949 1.01 (0.91, 1.12) 0.795

Quintile 5 (richest) 1.02 (0.94, 1.1) 0.704 0.97 (0.87, 1.07) 0.491

Body mass index

Normal 1 1

Underweight 0.39 (0.26, 0.57) \ 0.001 0.75 (0.55, 1.01) 0.054

Overweight 1.43 (1.33, 1.52) \ 0.001 1.41 (1.31, 1.51) \ 0.001

Obese 1.83 (1.7, 1.97) \ 0.001 1.96 (1.73, 2.23) \ 0.001

Physical activity

Diabetes Ther (2021) 12:2921–2938 2927



and was more prevalent among individuals with
higher wealth scores. Married individuals were
more likely to be aware of their diabetes com-
pared to the non-married (adjusted OR 1.21,

1.01–1.45). Participants with high WHR were
more likely to be aware of their diabetes com-
pared to those with normal WHR (adjusted OR
1.33, 1.06–1.67). Participants who were

Table 1 continued

Diabetes Prediabetes

Adjusted OR* p value Adjusted OR* p value

Low 1 1

Moderate 0.79 (0.74, 0.84) \ 0.001 0.95 (0.89, 1.02) 0.155

High 0.64 (0.61, 0.69) \ 0.001 0.89 (0.81, 0.99) 0.037

Waist to hip ratio

Normal 1 1

High 2.2 (2.03, 2.39) \ 0.001 1.39 (1.29, 1.49) \ 0.001

Smoking

Never 1 1

Former 1 (0.87, 1.16) 0.997 0.92 (0.83, 1.04) 0.167

Current 0.82 (0.72, 0.92) 0.002 0.80 (0.75, 0.85) \ 0.001

Ever opium use

No 1 1

Yes 1.00 (0.92, 1.08) 0.979 1.05 (0.94, 1.17) 0.393

Ethnicity

Fars (ref) 1 1

Azari 0.98 (0.86, 1.13) 0.826 0.97 (0.87, 1.09) 0.628

Balouch 1.26 (1.21, 1.31) \ 0.001 1.03 (0.97, 1.08) 0.297

Kurd 1.08 (0.8, 1.46) 0.589 0.98 (0.87, 1.09) 0.688

Lor 0.94 (0.77, 1.14) 0.503 0.66 (0.38, 1.15) 0.135

Arab 0.82 (0.56, 1.18) 0.271 0.83 (0.71, 0.97) 0.019

Zaboli 1.11 (1.08, 1.14) \ 0.001 0.81 (0.76, 0.87) \ 0.001

Gilak 1.04 (0.87, 1.25) 0.652 0.94 (0.75, 1.18) 0.584

Turk nomad 0.78 (0.7, 0.88) \ 0.001 1.01 (0.78, 1.31) 0.937

Arab nomad 0.59 (0.32, 1.09) 0.089 1.35 (1.04, 1.74) 0.024

Mazani 0.93 (0.86, 1.01) 0.072 1.00 (0.84, 1.19) 0.991

Mixed 1.04 (0.92, 1.18) 0.477 0.88 (0.74, 1.05) 0.140

*All variables included in the adjusted model
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overweight and obese were less likely to be
aware of their diabetes compared to those with
normal BMI (adjusted OR 0.66, 0.53–0.81 and
adjusted OR 0.46, 0.39–0.55, respectively).
Compared to the patients with low physical
activity, those with moderate and high physical
activity were less likely to be aware of their
diabetes. Moreover, never-smokers were less
likely to be aware of their diabetes (adjusted OR
0.86, 0.75–0.99). Regarding glycemic control,
the following groups were more likely to have
controlled FBS: women (adjusted OR 1.39,
1.19–1.63), obese individuals, (adjusted OR
1.31, 1.15–1.48), and participants with high
physical activity (adjusted OR 1.09, 1.00–1.18).
Glycemic control decreased with age. Moreover,
participants with high WHR were less likely to
have controlled FBS (adjusted OR 0.55, 95% CI
0.50–0.60).

Proportion of awareness and glycemic con-
trol across the study centers is illustrated in
Supplementary Table 3. The highest and lowest
proportion of awareness of diabetes was
observed among inhabitants of Fasa (89.1%,
86.6–91.6) and Sari (59.9%, 56.2–63.6), respec-
tively. The highest and lowest proportion of
controlled FBS was observed among inhabitants
of Fasa (69.8%, 66.5–73.1) and Hoveizeh
(26.3%, 23.2–29.3), respectively.

Ethnic Variations

Prevalence of diabetes and prediabetes in dif-
ferent ethnic groups is illustrated in Fig. 4.
Multivariable logistic regression was used to
determine the role of ethnicity on prevalence of
diabetes and prediabetes. Compared with Fars
ethnic background, as the largest ethnic group
in this cohort, Balouch and Zaboli were more
likely to develop diabetes (adjusted OR 1.26,
1.21–1.31) and (adjusted OR 1.11, 1.08–1.14),
respectively. However, Turk nomad was associ-
ated with significantly lower odds of diabetes
(adjusted OR 0.78, 0.70–0.88). On the other
hand, Arab nomad showed higher odds of pre-
diabetes (adjusted OR 1.35, 1.04–1.74). How-
ever, Arab and Zaboli were associated with
significantly lower odds of prediabetes (adjusted
OR 0.83, 0.71–0.97 and adjusted OR 0.81,
0.76–0.87, respectively) (Table 1). Compared
with Fars ethnic background, Balouch, Arab,
and Zaboli, and those with mixed ethnicity
were more likely to be aware of their diabetes.

Regarding glycemic control, Zaboli ethnic
background was more likely to have controlled
FBS (adjusted OR 1.16, 1.10–1.21), while
Balouch ethnic background was less likely to
have good glycemic control (adjusted OR 0.85,
0.76–0.94) (Table 2).

Fig. 3 Prevalence of diabetes and prediabetes across the study centers (Iran map)
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Table 2 Factors associated with awareness and control of diabetes among Iranian adults between 2014 and 2020

Awareness Control

Adjusted OR* p value Adjusted OR* p value

Sex

Male 1 1

Female 1.58 (1.32, 1.9) \ 0.001 1.39 (1.19, 1.63) \ 0.001

Age categories

35–44 1 1

45–54 1.71 (1.44, 2.04) \ 0.001 0.66 (0.57, 0.76) \ 0.001

55–64 2.37 (2, 2.81) \ 0.001 0.70 (0.61, 0.8) \ 0.001

C 65 2.58 (1.98, 3.37) \ 0.001 0.79 (0.66, 0.93) 0.007

Residence

Urban 1 1

Rural 0.92 (0.73, 1.16) 0.481 1.06 (0.87, 1.29) 0.557

Marital status

Non-married 1 1

Married 1.21 (1.01, 1.45) 0.042 1.04 (0.92, 1.17) 0.515

Education

Illiterate (no schooling) 1 1

B 5 years (primary) 0.89 (0.79, 1) 0.058 1.15 (1, 1.32) 0.054

6–8 years (middle) 0.92 (0.76, 1.12) 0.396 1.2 (1.01, 1.44) 0.040

9–12 years (secondary) 0.87 (0.68, 1.1) 0.230 1.18 (0.91, 1.54) 0.205

[ 12 years (university) 0.79 (0.64, 0.98) 0.030 1.48 (1.14, 1.92) 0.004

Wealth index

Quintile 1 (poorest) 1 1

Quintile 2 1.22 (1.08, 1.37) 0.003 0.9 (0.77, 1.06) 0.200

Quintile 3 1.12 (1.01, 1.25) 0.034 0.97 (0.82, 1.14) 0.677

Quintile 4 1.25 (1.12, 1.4) \ 0.001 0.94 (0.78, 1.13) 0.495

Quintile 5 (richest) 1.15 (1.01, 1.31) 0.034 1.03 (0.87, 1.23) 0.695

Body mass index

Normal 1 1

Underweight 1.22 (0.64, 2.32) 0.533 1.82 (0.85, 3.92) 0.119

Overweight 0.66 (0.53, 0.81) \ 0.001 1.15 (0.98, 1.35) 0.081

Obese 0.46 (0.39, 0.55) \ 0.001 1.31 (1.15, 1.48) \ 0.001

Physical activity
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DISCUSSION

In this large national study representative of
major ethnic groups living in different

geographical areas of Iran, it was estimated that
15.0% and 25.4% of adults, aged 35–70 years,
had diabetes and prediabetes, respectively.

Table 2 continued

Awareness Control

Adjusted OR* p value Adjusted OR* p value

Low 1 1

Moderate 0.81 (0.72, 0.91) 0.001 1.06 (0.95, 1.19) 0.284

High 0.73 (0.62, 0.86) \ 0.001 1.09 (1, 1.18) 0.049

Waist to hip ratio

Normal 1 1

High 1.33 (1.06, 1.67) 0.014 0.55 (0.5, 0.6) \ 0.001

Smoking

Never 1 1

Former 0.99 (0.82, 1.2) 0.953 1.09 (0.91, 1.3) 0.345

Current 0.86 (0.75, 0.99) 0.034 1.01 (0.86, 1.19) 0.867

Ever opium use

No 1 1

Yes 1.01 (0.78, 1.3) 0.936 1.08 (0.92, 1.28) 0.325

Ethnicity

Fars 1 1

Azari 1.02 (0.82, 1.27) 0.846 1.17 (0.71, 1.93) 0.521

Balouch 1.71 (1.47, 1.98) \ 0.001 0.85 (0.76, 0.94) 0.003

Kurd 1.14 (0.56, 2.34) 0.709 1.28 (0.53, 3.08) 0.567

Lor 1.54 (0.93, 2.57) 0.092 1.43 (0.99, 2.06) 0.055

Arab 1.74 (1.4, 2.15) \ 0.001 0.83 (0.5, 1.4) 0.473

Zaboli 1.30 (1.13, 1.49) \ 0.001 1.16 (1.1, 1.21) \ 0.001

Gilak 0.96 (0.8, 1.15) 0.654 0.84 (0.55, 1.3) 0.418

Turk nomad 1.02 (0.55, 1.89) 0.951 1.23 (0.84, 1.79) 0.283

Arab nomad 0.85 (0.72, 1.01) 0.069 1.07 (0.75, 1.53) 0.683

Mazani 1.31 (0.82, 2.07) 0.246 1.22 (0.97, 1.54) 0.084

Mixed 1.30 (1.03, 1.63) 0.027 1.09 (0.78, 1.51) 0.599

*All variables included in the adjusted model
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Furthermore, it includes updates on the preva-
lence of diabetes among different ethnic groups.

The prevalence of diabetes and prediabetes
in this study was higher than those reported in
2011: 15.0% vs. 11.37% in 2011 and 25.4% vs.
14.6% in 2011, respectively [3]. Given the sim-
ilar age groups and definitions applied in these
two national surveys, the increase in the
prevalence of diabetes and prediabetes

highlights the urgent need for developing and
implementing prevention strategies.

The global prevalence of diabetes reported by
the IDF was 8.5% in 2014. It rose to 8.8% in
2017, and 9.3% in 2019 [2, 15, 16]. Moreover,
based on data from National Health and Nutri-
tion Examination Survey (NHANES) 2013 to
2016, the estimated prevalence of diabetes and
prediabetes among US adults was 13.5% and

Fig. 4 Prevalence of diabetes and prediabetes among different ethnic groups
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37.6%, respectively [17]. Our results showed
that the prevalence of diabetes is considerably
higher than the global estimations during the
past decades. Although the higher estimation of
diabetes prevalence in this study might be to
some extent due to the age range of the partic-
ipants, the results are alarming.

Consistent with prior studies, we also found
that age, BMI, and WHR are incrementally
associated with a significant increase in the risk
of diabetes and prediabetes [18, 19], while
higher physical activity is protective [18, 20].
These modifiable risk factors are the main target
of diabetes prevention programs [21, 22].

Moreover, the association between cigarette
smoking and diabetes and prediabetes is chal-
lenging. Although some studies, similar to ours,
found protective effects of cigarette smoking on
prediabetes and diabetes [23–25], a large body of
evidence demonstrated a dose–response associ-
ation between cigarette smoking and diabetes
[26, 27] as well as prediabetes [28, 29]. More-
over, the effect of quitting smoking on diabetes
is also conflicting. A meta-analysis of 22
prospective studies in Japan indicated that the
risk of diabetes steadily decreased after smoking
cessation to a risk level comparable to that of
never-smokers [26]. On the contrary, some
studies showed that quitting may increase the
risk of diabetes [30, 31], possibly due to the
weight gain and increase in the waist circum-
ference that occur after quitting [32]. Since the
relationship between smoking and diabetes is
controversial, a cause–effect link between
cigarette smoking and diabetes needs to be
confirmed through well-designed studies con-
trolling all possible confounders. Nevertheless,
the value of smoking cessation could not be
overlooked. Although some studies reported the
effect of opium on control of hyperglycemia in
patients with diabetes, no study explored the
association of opium use and the risk of devel-
oping diabetes. We found no association
between opium use and diabetes risk as well as
diabetes control. The effect of opium use on
glycemic control is controversial [33–35]. Fur-
ther research is required to get a robust con-
clusion on association of opium use and risk of
diabetes or its control.

Upon controlling all confounders, we found
that educational attainment was associated
with a lower risk of diabetes and prediabetes.
However, we found no significant relationship
between household wealth and the presence of
diabetes or prediabetes. Unlike well-character-
ized traditional risk factors for diabetes, such as
older age, higher BMI, and lower physical
activity, the relationship between SES and dia-
betes is complex and may differ across countries
at varying levels of economic development. A
study that investigated the prevalence of dia-
betes and its relationship with education and
wealth in low- and middle-income countries
(LMIC) found that educational attainment and
wealth are associated with the increased preva-
lence of diabetes in these countries [36]. It has
been proposed that the rapid economic pro-
gression of LMIC is associated with large shifts
in dietary and physical activity patterns [37, 38].
Thus, in high-income countries, diabetes tends
to be more prevalent among populations with
lower SES [39, 40]. Some studies demonstrated
an inverse association between the prevalence
of diabetes and educational attainment as well
as household wealth, although this inverse
relationship was not observed in some racial/
ethnic groups [41, 42]. However, the relation-
ship between educational level and diabetes is
complex and is mediated by lifestyle, behavior,
BMI, access to health services, and knowledge of
health promotion [43]. Thus, improvement of
the educational level of the general population
could reduce the risk of diabetes through
changes in these well-established risk factors.
Moreover, evaluation of the association
between SES and diabetes risk in the context of
a dynamic socioeconomic gradient can help to
better identify high-risk individuals.

Iran is a multiethnic nation with different
ethnic groups including Fars, Kurds, Lors, Arabs,
Balouch, Turkmen, Azari, Mazani, Gilak, Zaboli,
Turk Nomad, and Arab Nomad. There are sub-
stantial differences in genetic background, cul-
ture, socioeconomic status, climate and
geographic characteristics, lifestyle, and dietary
patterns among various ethnic groups. Upon
adjustment for all possible risk factors, Balouch
and Zaboli groups were more likely to have
diabetes while the Turk Nomad group was less
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likely to have diabetes. The large sample size of
this study provides a comprehensive compar-
ison of diabetes prevalence among different
ethnic groups in Iran and helps us to identify
the high-risk populations. The reason why Turk
Nomads were less likely to develop diabetes
might be explained by the healthy lifestyle they
have. They are physically active and usually
consume natural and fresh food. However,
more studies are needed to identify the risk or
protective factors associated with diabetes in
this specific population.

Our findings revealed that 79.6% of the total
population was aware of their diabetes. How-
ever, only 41.2% had controlled FBS as it is
defined by the ADA [14]. The rate of awareness
of diabetes is to some extent higher than that
reported in 2011 in Iran (76.14%) [3]. Moreover,
glycemic control was considerably higher than
what was reported previously in Iran (30.1%)
[4]. Although the former study was conducted
among Iranian clinically registered adult
patients with different types of diabetes, the
higher rate of glycemic control in the present
study represents an improvement in the
surveillance programs. From 2013 to 2016,
10.9% of US adult men and 8.9% of US adult
women with diabetes reported being told that
they had diabetes by a health care professional
[44]. Moreover, based on data from NHANES
2013 to 2016, 20.9% of US adults had their
diabetes controlled [17].

To better understand the barriers to diabetes
awareness and control, we further investigated
the possible associated factors. The results
showed that age and WHR as well as specific
ethnic backgrounds were significantly associ-
ated with a higher rate of awareness but not
better glycemic control. Women were more
likely to be aware of their diabetes and had
controlled FBS. Wealth index and being married
were also associated with a higher rate of dia-
betes awareness, with no effect on diabetes
control.

Although the participants with more than
12 years of education and those with high
physical activity were less likely to be aware of
diabetes, they better control their diabetes.

There are controversial reports on the asso-
ciation between demographic characteristics as

well as some aspects of SES and control of dia-
betes [45–47]. Results from a national popula-
tion-based survey in Iran in 2005 found that
control of FBS level was better among relatively
younger patients with diabetes and in rural
areas [45]. We found that older patients with
diabetes are more likely to be aware of their
diabetes, although they are less likely to control
their diabetes. This might be due to the pres-
ence of multiple comorbidities in the elderly
which leads to more medical attention and
makes detection of diabetes more likely and
control of FBS level less likely. Contrary to the
previous study in Iran, we found no association
between residential region and diabetes aware-
ness and glycemic control. The reason that the
study in 2005 found better control of diabetes
among rural residents might be due to the suc-
cessful primary health care (PHC) and effective
management of NCD by community health
workers in rural areas in Iran [48]. Thus, poli-
cymakers should reform PHC programs through
the improvement of the performance and
quality of services. The results emphasized that
revision at PHC programs seems to be essential.
Although some previous studies concluded that
literacy level has no significant effect on the
control of diabetes [45, 49], we found that
educational attainment is associated with better
control of diabetes. The education level may
affect glycemic control by influencing self-care
behaviors. Educated individuals are more likely
to attend diabetes education programs, follow
the rules of a healthy diet, and diabetes self-
management. A possible explanation for the
controversy observed in different studies might
be the various definitions used for glycemic
control and educational level. We did not find
any significant association between wealth
index and awareness or control of diabetes.
However, a previous study demonstrated that
patients with the highest household income
were less likely to reach HbA1c\ 7.0% [47].
Frequent attendance of high-income individu-
als at dinner parties was expressed as a possible
reason [47]. On the contrary, some studies
concluded that individuals with low SES have
worse glycemic control than those with high
SES [50, 51]. It is suggested that the effects of
SES on glycemic control are mediated by
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perception of the disease, coping with diabetes-
related stress, depressive symptoms, and diet
regimen [52]. Moreover, the effect of SES on
glycemic control might be different across var-
ious ethnic groups [51, 53]. However, the asso-
ciation between socioeconomic inequality and
diabetes control is complex and affected by
various factors that have not been taken into
account in all studies. Although there is no one-
size-fits-all solution, the reduction of social
inequality is crucial for better glycemic control
in the deprived population.

Strengths and Limitations

This study was conducted in a large population-
based sample in Iran following a strict quality
assurance and control program. To the best of
our knowledge, this is the first study that
included a variety of major ethnic groups living
in different geographical areas of Iran and pro-
vides a direct comparison of diabetes prevalence
among different ethnicities. This study also has
some limitations. Diagnosis of diabetes and
prediabetes as well as assessment of achieving
glycemic control were based on measurement of
FBS. Moreover, we did not distinguish between
type 1 and type 2 diabetes.

CONCLUSION

The estimated overall prevalence of diabetes
was 15% and that of prediabetes was 25.4% in
Iran during 2014–2020. Moreover, the propor-
tion of individuals with controlled diabetes is
relatively low (41.2%). We suggest that the
health care system should put more emphasis
on controlling modifiable sociodemographic
risk factors of diabetes, especially in high-risk
ethnic groups.
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