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Background. Type 2 diabetes mellitus (DM) is the most common type of DM and accounts for 90% of the cases. One of the most
important complications of type 2 DM is cardiovascular complications, which are the most common cause of mortality in patients
with DM. Various studies have reported different incidence rates of cardiovascular disease in patients with type 2 DM. However, no
comprehensive review of previous studies has been done. This study is aimed at determining the prevalence of cardiovascular
disease in patients with type 2 diabetes mellitus in Iran with a systematic review and meta-analysis. Methods. In this review,
studies were first extracted searching domestic and international databases including SID, MagIran, IranMedex, IranDoc,
Cochrane, Embase, ScienceDirect, Scopus, PubMed, and Web of Science (ISI), published between 2001 and September 2019.
The random effects model was adopted for the analysis, and heterogeneity of the extracted studies was investigated with the I2

index. The data collected from the extracted studies were analyzed using a comprehensive meta-analysis (Version 2) software.
Results. The prevalence of cardiovascular disease in patients with type 2 DM in Iran in 17 studies with a sample size of 9656 was
37.4% (95% CI: 31.4-43.8). Based on meta-regression, there was a significant difference on the effect of year of conducting the
study and sample size with the prevalence of cardiovascular disease in patients with type 2 DM in Iran (p ≤ 0:001). Conclusion.
The results of this study indicated that there was a high prevalence rate of cardiovascular disease in patients with type 2 DM in
Iran. Therefore, appropriate strategies should be taken to improve this situation and trace and supervise it at all levels, providing
feedback to hospitals.

1. Background

Type 2 diabetes mellitus (DM) is the most common type of
DM and accounts for 90% of the cases. The prevalence of
type 2 DM is steadily increasing [1], and its incidence in chil-
dren has increased approximately tenfold [2]. It is estimated
that there are currently 1.5 million patients with DM in Iran
[3]. In 1997, the DM prevalence rate was about 125 million,
and a recent World Health Organization (WHO) estimate
shows that by 2025, the number of individuals with DM in
the world will increase to 300 million [4]. Although the inci-
dence rate of type 1 and type 2 DM is increasing worldwide, it

is expected that the type 2 DM will increase more rapidly due
to lifestyle changes leading to decreased physical activity and
increased prevalence of obesity [5, 6].

Epidemiological studies have indicated that DM has a
variable distribution in Iran. In a study conducted in Isfahan
on subjects aged 35 years and older, the prevalence of DM
was 7-8%, and this rate was 13.6% in Bushehr and 14.52%
among individuals over 30 years in urban areas of Yazd prov-
ince [7]. Type 2 DM is a familial disease, and there are con-
vincing arguments in support of this claim. Genetic factors
play an important role in the development of this disease.
However, many of the underlying genes for DM are still
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unknown, but it is known to be polygenic and multifactorial.
Various genetic loci are involved in the susceptibility of
developing this disease. Environmental factors (such as
nutrition and physical activity) also influence its phenotypic
expression [5, 8].

The incidence of type 2 DM in identical twins is between
70% and 90%, and if one of them suffers from DM, the risk of
the other twin developing diabetes is 50%. People with one
parent with type 2 DM are at higher risk for developing
DM; and obese individuals with type 2 diabetic parents are
more likely to develop type 2 DM compared to those with
parents without type 2 DM. In addition to the family history,
other factors such as obesity, age, ethnicity, gestational DM,
hypertension, and hyperlipidemia have been all involved in
DM [9, 10].

Hypertension can be an early symptom of insulin resis-
tance due to central obesity. A secondary hypothesis is that
hypertension is a marker of endothelial dysfunction, which
itself is a risk factor for insulin resistance, type 2 DM, and
cardiovascular diseases (CVDs) [11]. Cardiovascular disease
(CVD) is the name for the group of disorders of the heart
and blood vessels and includes hypertension, coronary heart
disease, stroke, peripheral vascular disease, heart failure,
rheumatic heart disease, congenital heart disease, and cardio-
myopathies. CVDs are the number one cause of death glob-
ally and more people die annually from CVDs than from
any other cause, an estimated 17.3 million people died from
CVDs in 2008, representing 30% of all global deaths [10–13].

Hypertension can be observed in 70% of patients with
DM, and the risk of developing DM is 2 times higher in indi-
viduals with hypertension [12].

DM, especially the type 2, is often associated with lipid
metabolism disorders. Increased plasma fatty acid levels play
an essential role in increasing the insulin resistance. Addi-
tionally, plasma fatty acids cause dyslipidemia in DM by
increasing low-density lipoprotein (LDL) and decreasing
high-density lipoprotein (HDL). This androgenic function
of lipoprotein (increased triglyceride, increased LDL, and
decreased HDL) causes atherosclerosis and increased risk of
CVDs, which is the most common cause of death in type 2
DM [13].

The incidence of coronary artery diseases (CADs) in
individuals with type 2 DM is 2- to 4-fold higher than those
without DM. The risk of myocardial infarction (MI) in
patients with DM with no previous history of infarction
appears to be as high as that of the individuals without DM
with a history of MI [14]. The most common form of dyslip-
idemia in patients with type 2 DM is the elevated triglyceride
levels and decreased HDL cholesterol [15].

The mean LDL cholesterol concentration in patients
with type 2 DM is not significantly different from that in
the individuals without DM. However, there may be quali-
tative changes in LDL cholesterol. In particular, patients
with DM have smaller and denser LDL particles which
make them more easily glycosylated and susceptible to oxi-
dation and subsequently increase their risk of cardiovascu-
lar events [15–18].

According to a study conducted by Soltani and Fardin
[19] in 2005, in the city of Isfahan located in north of Iran,

20.8% of patients with DM had ischemic heart disease [19].
In another relevant study by Abbasian et al. [20], 38% of
patients with DM suffered from hypertension.

Given the effect of different factors on the prevalence of
CVDs in patients with type 2 DM and lack of general/reliable
statistics in this regard in Iran, we performed a comprehen-
sive review of the literature published on patients in this geo-
graphical region and analyzed the results of these studies to
assess the prevalence of CVDs in patients with type 2 DM
in Iran.

This study is aimed at determining the prevalence of car-
diovascular disease in patients with type 2 diabetes mellitus
in Iran with a systematic review and meta-analysis. The find-
ings of this study can be used to develop more precise plan-
ning to reduce CVDs in patients with type 2 DM.

2. Methods

In this systematic review and meta-analysis study, the preva-
lence rate of CVDs was evaluated in patients with type 2 DM
in Iran without a time limit based on the studies published
between 2001 and September 2019. To this end, the studies
published in the Iranian databases including SID, MagIran,
IranMedex, and IranDoc as well as the international data-
bases Cochrane, Embase, ScienceDirect, Scopus, PubMed,
and Web of Science (ISI) were searched with Persian key-
words and their English equivalents including Prevalence,
Complications, Cardiovascular, Diabetes, and Iran.

The observational (noninterventional) studies and all
available full-text articles were included in this review. For
more information, the references of the reviewed studies
were also examined for access to other studies.

2.1. Selection of Studies. Initially, all studies referring to the
prevalence of CVDs in patients with type 2 DM in Iran were
collected and accepted by researchers (MK and MM) based
on the inclusion and exclusion criteria. The exclusion criteria
included unrelated cases, case reports, interventional studies,
duplication of studies, unclear methodology, and inaccessi-
bility of the full text of the study. In order to reduce bias,
the studies were searched independently by two researchers
(MK and MM), and in case of the lack of agreement on a
study, it was judged by the third researcher (NS) or supervi-
sor. A total of 24 studies entered into the third stage, i.e., the
qualitative evaluation stage.

2.2. Qualitative Evaluation of Studies. The quality of the stud-
ies was evaluated based on the selected and related items of
the 22-item STROBE checklist. Accordingly, the maximum
quality score of 32 was considered, and papers with a score
of less than 18 were considered to have low quality, and thus,
they were excluded from the study [18]. In the present study,
17 high-quality and medium-quality studies were entered
into the systematic meta-analysis review, and seven studies
with a poor quality were excluded.

2.3. Data Extraction.All studies finally entered into the meta-
analysis process were prepared for data extraction using a
preprepared checklist. The checklist included the study title,

2 Journal of Diabetes Research



the first author’s name, year of the data collection, study loca-
tion, sample size, prevalence of CVDs, and mean age.

2.4. Statistical Analysis. Since the prevalence rate had a bino-
mial distribution, the prevalence variance was calculated
using the binomial distribution variance formula and a
weighted mean was applied to combine the prevalence rate
of the different studies. In order to evaluate the heterogeneity
of the selected studies, the I2 index test was used. In addition,
the metaregression analysis was employed to investigate the
relationship between the incidences of CVDs in patients with
type 2 DM, the year of performing the study, and the sample
size. In order to investigate publication bias, the Begg and
Mazumdar test was used with a significance level 0.1 and its
corresponding funnel plot. Furthermore, the sensitivity anal-
ysis was performed to evaluate the effect of each of the studies
on the final result. The data was analyzed using the compre-
hensive meta-analysis implemented in “Version 2” software.

3. Results

The probability of bias in the results by the funnel diagram
and Begg and Mazumdar test at the significant level of 0.1
indicated that there is no bias in the present study
(p = 0:174) (Figure 1).

Based on PRISMA 2009, the studies published in the Ira-
nian databases including SID, MagIran, IranMedex, and
IranDoc and Cochrane, Embase, ScienceDirect, Scopus,
PubMed, and Web of Science (ISI) were searched with Per-
sian keywords and their English equivalents including Prev-
alence, Complications, Cardiovascular, Diabetes, and Iran
between 2001 and September 2019. A total of 1077 articles
were obtained. Subsequently, based on primary studies, after
deleting 62 repetitive articles, there were 1015 articles with
initial conditions to enter the study. Eventually, 17 articles
were included in the meta-analysis process after secondary
study with deletion of 991 unrelated articles and 7 articles
which abstracts and full texts were unavailable and their
quality was low (Figure 2).

The search terms were as follows: (((((Cardiovascular
Diseases [Title/Abstract]) OR CARDIOVASC DIS [Title/-
Abstract]) OR CVD [Title/Abstract] AND Blood glucose
[Title/Abstract]) OR Hyperglycemia [Title/Abstract]) AND
Diabetes [Title/Abstract]) OR Non-insulin dependent diabe-
tes [Title/Abstract]) AND Nephropathy) OR Diabetic
Nephropathies))))).

Based on the results of the heterogeneity of the studies
(I2 = 96:8) and due to the heterogeneity of the selected stud-
ies, the random effects model was conducted to combine the
studies and the joint prevalence estimation. The total sample
size was 9656 individuals with the mean age of subjects in
each study presented in Table 1. The lowest and the highest
sample sizes were related to Soltani et al. (2011) and Janghor-
bani et al. (2005) with 70 and 3202 subjects, respectively; and
the highest and lowest prevalence of CVDs in patients with
type 2 DM in Iran were, respectively, related to the studies
by Soltani and Fardin Far [19] and Abbasian et al. [20]
(Table 1). According to the meta-analysis, the prevalence of

CVDs in patients with type 2 DM in Iran was estimated to
be 37.4% (95% CI: 31.4-43.8%) (Figure 3).

The sensitivity analysis was performed in accordance
with Figure 4 to ensure the stability of the study results; after
removing each study, results did not change (Figure 4).

The relationship between the year of conducting the
study (p ≤ 0:001) and the sample size (p ≤ 0:001) with the
prevalence of cardiovascular disease in patients with type 2
DM in Iran was investigated using the metaregression. Sig-
nificant differences were observed between cardiovascular
disease and the two above cases. The prevalence of cardiovas-
cular disease in patients with type 2 DM in Iran was increased
with the increase in the year of conducting the study and
decreased with the increase in the sample size (Figures 5
and 6).

With increasing age of participants in the study, the prev-
alence of cardiovascular disease in patients with type 2 DM in
Iran increases, which is statistically significant (p ≤ 0:001)
(Figure 7).

4. Discussion

The aim of this study was to determine the prevalence of car-
diovascular disease in patients with type 2 DM in Iran. DM is
one of the most common diseases worldwide. The American
Diabetes Association (ADA) reported that in 2007, $174 bil-
lion was spent treating patients with DM, of which $58 bil-
lion was spent to mitigate the damages due to the long-
term complications of this disease [34]. This disease has an
increasing trend and has been predicted to rise from 285 mil-
lion in 2010 to 439 million in 2030 [36].

In the present study, the prevalence of cardiovascular dis-
ease in patients with type 2 DM in Iran was 37.4%. In the
study performed by Liu et al. in China, the prevalence of
CVDs in patients with type 2 DM was 30.1% [37]. In addi-
tion, in a study conducted by Shi et al. on morbidity associ-
ated with chronic complications of DM in China, CVDs
were the most common chronic complication of type 2 DM
[38]. The rate of cardiovascular disease in patients with type
2 DM was 26% in South Korea [39]. The results of a study in
Denmark in 2010 reported a complication rate of 32 to 40%
[40]. Patients with DM undergo periodic evaluation of renal
and ocular complications; however, there is no specific plan
to assess the related cardiovascular programs. Given the high
prevalence of cardiovascular disease in patients with DM and
lack of a clear plan for evaluating these complications, it is
recommended that CVDs should be prevented by taking pre-
ventive measures such as regular exercise and developing car-
diovascular periodic evaluation programs.

The long life and quality of life of patients with DM
depend on the progression and severity of chronic complica-
tions, especially CVDs [41, 42]. The high prevalence of com-
plications in these patients is a serious issue as these
complications are not reversible and could cause damage to
the organs and result in serious health problems for the
patients. This could also incapacitate the patients and conse-
quently incur heavy medical cost burden on the patients and
society.
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Grobbee showed that CVDs and hypertension are com-
mon problems in patients with DM; besides, obesity is one
of the predisposing factors for CVDs [43]. In a report by
the WHO published in 2010, obesity and overweight have
been identified as the most important contributors to the ris-
ing trend of type 2 DM [44]. Moreover, numerous other
studies have also suggested obesity to be the most important

risk factor for type 2 DM [45–47]. Therefore, it seems that by
the continuous control of the blood lipids and preventive
measures to stop its increasing rate, the prevalence of type 2
DM and hence its chronic complications, especially cardio-
vascular disease, can be reduced in society. Adequate training
on obesity and on reducing its complications is needed to be
provided.
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The incidence of DM and obesity has rapidly increased
in the last century, and the morbidity and mortality result-
ing from these two epidemics have caused enormous
health problems for human societies [48–51]. Type 2
DM, which is the most common type of DM, could be

developed due to the presence of an inherited background
as well as environmental factors as the most affecting fac-
tors [52]. In many cases, the lack of a healthy nutrition
and immobility would first cause prediabetes and then dia-
betes emerges [53].

Table 1: Characteristics of included studies in the prevalence of cardiovascular disease in patients with type 2 diabetes.

Author [reference] Year of the data collection Mean age (years) City Sample size Prevalence (%) Quality

Janghorbani and Amini [21] 2005 48.3 Isfahan 3202 20.8 High

Abbasian et al. [22] 2006 49.6 Shahroud 400 38.0 High

Abbasian and Delorian [20] 2007 50.2 Shahroud 340 18.5 High

Janghorbani et al. [23] 2006 50.6 Isfahan 1566 28.0 High

Sarshar and Chamanzari [24] 2002 52 Gonabad 136 32.4 High

Hosseini et al. [25] 2014 53.9 Tehran 305 30.5 High

Taherkhani and Safi [26] 2014 54.09 Tehran 104 65.4 High

Kashi et al. [27] 2015 54.4 Sari 1021 27.0 High

Khatoni et al. [28] 2011 58.25 Qasr-e Shirin 286 43.4 High

Kaviani et al. [29] 2013 58.6 Khorramabad 299 41.8 High

Ranjbar et al. [30] 2004 — Shiraz 392 59.7 Medium

Heshmati et al. [31] 2013 — Fereydunkenar 400 38.8 High

Ajam et al. [32] 2005 — Gonabad 347 26.0 Medium

Alfti Far et al. [33] 2017 — Hamadan 89 45.8 High

Niroumand et al. [34] 2016 — Northeast of Iran 75 34.7 High

Soltani and Fardin Far [19] 2011 — Birjand 70 68.6 Medium

Cheraghi et al. [35] 2010 — Shadegan 521 35.7 Medium

Study name Statistics for each study Event rate and 95% Cl

Event
rate

Janghorbani, 2005 0.208
0.280
0.418
0.380
0.654
0.597
0.388
0.434
0.260
0.324
0.458
0.347
0.305
0.270
0.686
0.357
0.185
0.374

0.194
0.258
0.363
0.334
0.558
0.548
0.341
0.377
0.203
0.250
0.406
0.248
0.256
0.244
0.568
0.317
0.147
0.314

0.222
0.302
0.475
0.429
0.739
0.644
0.436
0.492
0.327
0.407
0.511
0.461
0.359
0.298
0.783
0.399
0.230
0.438

0.000
0.000
0.005
0.000
0.002
0.000
0.000
0.025
0.000
0.000
0.120
0.009
0.000
0.000
0.002
0.000
0.000
0.000

–30.708
–16.803
–2 .821
–4.752

3.086
3.814

–4.461
–2.240
–6.347
–4.024
–1.555
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–6.625

–14.092
3.030

–6.435
–10.609

–3.773
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Kaviani, 2013
Abbasian, 2006
Taherkhani, 2014
Ranjbar, 2004
Heshmati, 2013
Khatoni, 2011
Ajam, 2005
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Niroumand, 2016
Hosseini, 2014
Kashi, 2015
Soltani, 2011
Cheraghi, 2010
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Figure 3: Prevalence of cardiovascular disease in patients with type 2 diabetes mellitus (DM) and 95% confidence interval in Iran. The middle
point of each line shows the prevalence of cardiovascular disease in each study, and the rhombic figure shows the prevalence of cardiovascular
disease in patients with type 2 DM in Iran for the whole studies.
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According to a systematic review and meta-analysis
reported in Ray et al., out of 1497 cases of nonlethal myocar-
dial infarction, 2318 cases of cardiovascular diseases, 1127
cases of stroke, and 2892 deaths, it was found that glycemic
control resulted in a 17% decrease in the incidence of nonle-
thal MI and a 15% decrease in CADs, but with no significant
effect on stroke andmortality among patients [54]. Nutrition,
physical activity, glycemic control, and training of patients
are the basis of DM treatment for all diabetic patients. Med-
ical treatment should be accompanied by nutritional therapy
and physical activity, in addition to considering weight loss

and healthy lifestyle when choosing a suitable treatment
[55, 56].

The findings in this study indicated that there is a high
incidence of cardiovascular disease in patients with type 2
DM in the population under study. As a result, interventions
must be performed in lifestyle changes as well as regular con-
trol of blood pressure, cholesterol, and blood glucose in
patients to prevent the disease and reduce DM-related com-
plications. Since cardiovascular diseases in patients with
DM are primarily preventable and can be controlled and
treated in case of developing the complication, patients with

Study name Statistics with study removed Event rate (95% Cl)
with study removed

Point

Janghorbani, 2005 0.386
0.381
0.371
0.374
0.358
0.359
0.373
0.370
0.382
0.377
0.369
0.376
0.379
0.382
0.358
0.375
0.388
0.374

0.329
0.313
0.309
0.310
0.300
0.306
0.310
0.308
0.318
0.314
0.308
0.313
0.315
0.316
0.299
0.311
0.325
0.314

0.447
0.455
0.438
0.442
0.421
0.417
0.441
0.437
0.449
0.444
0.434
0.442
0.447
0.453
0.421
0.444
0.455
0.438

0.000
0.002
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.000
0.000
0.000
0.001
0.001
0.000
0.000
0.001
0.000

–3.641
–3.141
–3.714
–3.589
–4.328
–4.680
–3.610
–3.762
–3.394
–3.532
–3.852
–3.604
–3.440
–3.232
–4.316
–3.500
–3.250
–3.773

Janghorbani, 2006
Kaviani, 2013
Abbasian, 2006
Taherkhani, 2014
Ranjbar, 2004
Heshmati, 2013
Khatoni, 2011
Ajam, 2005
Sarshar, 2002
Al�i Far, 2017
Niroumand, 2016
Hosseini, 2014
Kashi, 2015
Soltani, 2011
Cheraghi, 2010
Abbasian, 2007

Meta analysis

–4.00

Favours A Favours B

–2.00 0.00 2.00 4.00

Lower
limit

Upper
limit Z value p value

Figure 4: Sensitivity analysis results.
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DM need thus to be fully trained about this disease and learn
the ways to prevent it. Moreover, the complications can be
controlled and treated with early and timely diagnosis.

Given the high prevalence of cardiovascular disease in
patients with type 2 DM in Iran, it is suggested that physi-
cians pay more attention to the symptoms of this disease
and that media training should be carried out with the aim
to raise the awareness of individuals to reduce the delay in
diagnosis. Studies are also recommended to be carried out
on the prevalence of cardiovascular disease in patients with
type 2 DM in other parts of the world to find out the world-
wide rate.

5. Conclusion

The results of this review revealed that there is a high preva-
lence rate of cardiovascular disease in patients with type 2
DM in Iran. Therefore, appropriate strategies should be

taken to improve this situation and trace and supervise it at
all levels, providing feedback to hospitals.
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