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Abstract

Objective Diabetes is an important risk factor for cardiovascular disease. The purpose of this study was to explore the role
of diabetes and prediabetes in the risk of cardiovascular disease.

Methods This prospective study was performed on three groups of non-diabetic (n = 7291), prediabetic (n = 438), and
diabetic (n = 1713) in the age range of 40—70 years in Kharameh (Iran) in 2014-2021. The participants were followed for 4
years. Demographic information, chronic disease history, behavioral habits, and laboratory parameters were examined. Ini-
tially, the incidence density was calculated and the difference between the risk of cardiovascular disease in the three groups
was examined using the log-rank test. The Cox regression model was performed to investigate the association between
prediabetes and diabetes with the risk of cardiovascular disease.

Results The mean age of the participants was 51.47 years. The density incidence in the three groups of non-diabetic, predia-
betic, and diabetic individuals was estimated to be 1.5, 1.5, and 3.9 cases per 100,000 person-days, respectively. There was no
statistically significant relationship between prediabetes and the incidence of cardiovascular disease. However, the incidence
of cardiovascular disease in diabetics was 2.55, 2.16, and 2 times higher than in non-diabetics in the simple, adjusted for age
and sex, and in multiple Cox regression, respectively.

Conclusion Due to the independent role of diabetes in the incidence of cardiovascular disease, diabetic individuals should
be screened periodically for cardiovascular conditions. Furthermore, it is very important for these individuals to control the
important risk factors that contribute to the incidence of cardiovascular disease.
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Introduction exponentially increased in recent decades. The number of

individuals living with diabetes has risen from 108 million
Diabetes is one of the leading causes of morbidity and mor-  in 1980 to 425 million in 2017, and it is predicted that this
tality worldwide [1]. According to the report by the World ~ figure will reach 629 million by 2045 [2]. There are many
Health Organization (WHO), the prevalence of all types of ~ complications of diabetes. Retinopathy and nephropathy
diabetes (type one, type two, and gestational diabetes) has ~ are among the microvascular complications of diabetes,
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and cardiovascular disease (CVD), which is responsible for
the morbidity and mortality of many diabetics, is a mac-
rovascular complication of diabetes [3]. In general, CVDs
are one of the most serious and important complications in
diabetics and prediabetic individuals (a condition in which
blood sugar is between normal glycemia and diabetes) [4].

CVDs are disorders of the heart and blood circulation sys-
tem, of which atherosclerosis (thickening and hardening of
the walls of the arteries) is the main cause. These diseases can
remain hidden for a long time and appear gradually. The most
important causes of atherosclerosis are endothelial dysfunc-
tion, inflammatory factors, oxidative, and genetic factors. In
general, the interactions of molecular and cellular elements,
oxidative stress, and elements of the immune system are
known to be effective in the pathophysiology of this disease
[5, 6]. CVDs are the leading cause of death worldwide, and
many people die from these diseases every year. So that 17.3
million deaths in 2008 were due to CVDs, and it is predicted
that this figure will reach 23.6 million by 2030 [7]. In addi-
tion, CVDs are one of the leading causes of death in individu-
als living with diabetes, so the risk of death due to CVDs in
diabetics is 3 times higher than in non-diabetics [8], and while
diabetics are at high risk of developing these diseases [9].

Due to the clinical burden and complications of CVDs
in diabetics and also the role of diabetes in increasing the
incidence of CVDs, the focus of health policymakers on
the management of diabetic patients has increased. For this
reason, developing treatment guidelines is important for the
prevention of diabetes and CVDs in diabetic individuals
[10]. To be able to make the right decisions in this regard,
we need to accurately estimate the incidence of CVDs
among patients with diabetes and prediabetes. However, epi-
demiological studies are limited in this regard and there is no
updated information in this field in Iran. Therefore, assessing
the current situation regarding diabetes and the risk of devel-
oping CVDs will greatly help health policymakers to make
more informed decisions to control these diseases. For this
reason, this study was performed to investigate the role of
diabetes and prediabetes on the risk of CVDs in a population
of 40-70 years old in southern Iran.

Materials and methods
Study design

This prospective study was conducted on individuals aged
40-70 years who lived in Kharameh, Fars province (Iran). The
Kharameh cohort study is part of a large Persian cohort study
in Iran. This study aimed to investigate and identify the risk fac-
tors associated with non-communicable diseases in 18 regions
of Iran. More details are provided in other articles [11-13].

In the Kharameh cohort study, 10667 individuals aged
40-70 years participated with informed consent (participa-
tion rate 97.3%). During the study period, 4 people were
lost, and finally, 10,663 people remained in the study. The
inclusion criteria included individuals aged 40-70 years
who lived in the Kharameh for at least 9 months. This is
because during this time they were somewhat adapted to
the environmental and cultural conditions that can affect
their health. The exclusion criteria for the Kharameh cohort
study included individuals with mental disorders, mental
retardation, and other untreated diseases and those who were
unwilling to participate in the study. The exclusion criteria
for this study also included a history of any type of CVDs
and a history of heart attack and stroke. Accordingly, 1221
individuals were excluded from the study, and finally, 9442
individuals remained in the study, they were divided into
three groups: non-diabetic (n = 7291), prediabetic (n = 438),
and diabetic (n = 1713) (Fig. 1).

The baseline data of the Kharameh cohort study were
collected from March 2015 to March 2017, and the infor-
mation about the incidence of chronic diseases in individu-
als has been collected during four stages of follow-up, in
2018, 2019, 2020, and 2021. Baseline data were collected
by trained experts and physicians through face-to-face inter-
views and using previously validated Persian cohort study
questionnaires. The individuals’ clinical records according
to their self-declaration as well as their medical records were
registered. If there was a need to verify the self-declaration of
individuals, more diagnostic procedures were performed for
them, and they were examined by two physician specialists.

In this study, demographic characteristics including sex,
age, occupation, place of residence, marital status, socioeco-
nomic status (SES), and education level were examined. In
addition, subjects’ behavioral habits including the level of
physical activity, alcohol consumption, smoking, and anthro-
pometric characteristics including body mass index (BMI),
waist, and hip circumference were evaluated. A history of
diabetes, fatty liver disease, and chronic kidney disease
(CKD) was also examined. In the present study, fatty liver
disease was recorded based on the self-reports of people
and the examination of their medical documents (laboratory
tests, ultrasound, etc.) by the doctor of the Kharameh cohort
team. The laboratory parameters including low-density lipo-
protein (LDL), triglyceride (TG), and fasting blood sugar
(FBS) were assessed.

Persian cohort questionnaires related to assets were used
to assess the SES individuals. The collected data were ana-
lyzed using the principal component analysis (PCA) method,
and based on the obtained value, the subjects were ranked
at four levels: low, moderate, high, and very high. The level
of physical activity was also assessed using questionnaires
related to daily activities. To determine the level of physi-
cal activity of the participants, the collected information
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Total population of Kharameh

n=61,580

All participants in Kharameh cohort

n=10667

A
Exclusion criteria:

Mental retardation or mental disorders

Having a history of any type of CVD, heart
attack and stroke= 1221

Missing= 4

All participants in Kharameh cohort were included in
this study
N=9442
' v M
Non- Diabetes Pre Diabetes Diabetes
(N=7291) (N=438) (N=1713)

Fig. 1 Flow chart of the study population

was converted into a metabolic equivalent of task (MET)
index. Each MET is defined as 1 kcal energy consumed per
kilogram (KG) of body weight at rest. Individuals based on
the MET index were also divided into four categories: low,
moderate level, high level, and severe.

BMI was calculated by dividing weight (KG) by height
(m?), based on which the participants were divided into four
categories: (underweight < 18.5, normal: 18.5 to 24.9, over-
weight: 25 to 29.9, and obese > 30). The subjects’ weight was
measured using light clothing and barefoot with a German-
made Seca scale, and their height was measured using a stand-
ard measuring tape. Blood samples were collected after 12 h
without alcohol or cigarette consumption. All samples were
measured using the MINDREY branded tool and Pars kit.

Definition of diabetes and prediabetes

Diabetes and prediabetes were defined according to the
criteria of the diabetes association in 2020. All individuals
with FBS equal to or greater than 6.99 mmol/L (126 mg/
dL), and those who had diabetes and were taking medication
were considered diabetics in this study. Individuals with FBS
between 5.55 and 6.9 mmol/L (110 to 125 mg/dL) were also
defined as prediabetic.

In this study, the participants were followed for 4 years,
from 2018 to 2021. At each follow-up period, their CVDs
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status was assessed and their medical records were reviewed
by physicians. If physicians confirm the development of
CVDs in a person, it is recorded as a new case of CVDs. In
this study, CVDs included any type of coronary heart dis-
ease, rheumatoid arthritis, cerebrovascular disease, stroke,
myocardial infarction, myocardial infarction, and heart valve
disease.

Statistical analysis

In the present study, the dependent variable was considered
from the time individuals entered the study until the time of
the event of CVDs. This interval is calculated based on the
number of days. In addition, individuals were considered
the right censors if they did not have a CVD event by the
end of the study. All demographic variables, behavioral hab-
its, chronic disease history, and laboratory parameters were
compared in three non-diabetic, prediabetic, and diabetic
groups. Quantitative variables were described by mean and
standard deviation, and qualitative variables were described
by number and percentage. The normality of quantitative
variables was examined by the Kolmogorov-Smirnov test.
The density incidence was calculated in three groups. To
analyze the survival; Kaplan Meier curve for cardiovascular
disease was drawn on three groups of non-diabetic, predia-
betic, and diabetic, and the log-rank test was calculated to
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compare the survival rate between these three groups. The
Cox regression model was used to estimate the effect of the
prediabetes and diabetes on the incidence of CVD, in three
ways. The first model investigated the effect of prediabe-
tes and diabetes without adjusting for other variables. The
second model was adjusted for age and sex variables, and
the third model was adjusted for all studied variables with
p-value less than 0.2 in Cox’s simple regression. The power
of association was also reported with hazard ratio (HR).
All analyses were performed in statistical software for data
science(Stata 12) with a significant level of 0.05.

Results

Demographic, clinical, laboratory parameters,
and behavioral habits

The present study was performed on 9442 individuals aged
40-70 years. The subjects were divided into three groups:
non-diabetic (n = 7291), prediabetes (n = 438), and diabetic
(n = 1713). The mean age of the participants was 51.47 +
8.04 years, which was significantly higher in the diabetic
group than in the two groups of prediabetic and non-diabetic
(54.5 vs. 51.8 and 50.7 years). Mean TG levels were sig-
nificantly higher in diabetics than in the other two groups.
(150.8 vs. 145.3 and 129.9 mg/dL). The mean waist circum-
ference was significantly higher in individuals with diabetes
than in the other two groups. Women made up 65.67% of the
diabetics and 57.63% of the prediabetic. In addition, 87.5%
of diabetics and 64% of prediabetics were obese and over-
weight. Almost 30% of diabetics and 21.4 % of prediabetic
had low levels of physical activity. Additional descriptive
information on demographic characteristics, medical history,
behavioral habits, and laboratory parameters is presented in
Table 1.

Duration of follow-up and occurrence
of cardiovascular disease

In this study, the subjects were followed for 4 years. Non-
diabetic individuals were followed for 15,378,504 person-
days, prediabetic individuals for 931,980 person-days, and
diabetic individuals for 3,434,470 person-days. The density
incidence was estimated in non-diabetic individuals with
235 cases of CVD at 1.5 per 100,000 person-days, in the pre-
diabetic group with 14 cases of CVD at 1.5% per thousand
person-days, and in the diabetic group with 137 cases at 3.98
per 100,000 person-days (Table 2) displays the incidence
curve of CVD in three groups. The log-rank test showed a
statistically significant difference in incidence between the
three groups (chi2: 84.81 p < 0.00001) (Fig. 2).

Association between prediabetes and diabetes
with the occurrence of cardiovascular disease

The Cox regression model was performed in three ways to
investigate the relationship between prediabetes and diabetes
with the incidence of CVDs, in three ways. In all three mod-
els, no statistically significant relationship was found between
prediabetes and the risk of CVD (p > 0.05). However, in the
first model, the risk of CVD in diabetics was found to be 2.5
times higher in non-diabetics (HR,;: 2.55 95% CIL: 2.06, 3).
In the second model, after adjusting for age and sex with a
slight reduction, the risk of CVD in diabetics was 2.16 times
higher than in non-diabetics (HRadj: 2.1695% CI: 1.74,2.63),
Finally, the third model was adjusted for the variables of age,
sex, occupation, marital status, level of physical activity, edu-
cation, hip circumference, smoking, alcohol consumption,
chronic kidney disease, LDL, and TG. The results showed that
the risk of CVD among diabetics is 2 times higher than among

non-diabetics. (HRadj: 2.0395% CI: 1.61, 2.55) (Table 3).

Discussion

The present prospective study was performed on 9442 indi-
viduals aged 40-70 years in three groups of prediabetic, dia-
betic, and non-diabetic to evaluate the effect of prediabetes
and diabetes on the risk of CVD. After 4 years of follow-up,
the density incidence in prediabetic and diabetic individuals
was estimated to be 1.5 and 3.9 cases per 100,000 persons-
days, respectively. The results of the present study did not
show a statistically significant relationship between predia-
betes and the risk of CVDs, while diabetes increased the
risk of CVDs by 2.5 and 2-fold before and after adjustment
of other variables. This indicates the independent role of
diabetes in increasing the incidence of CVDs.

Many studies have examined the role of prediabetes in the
incidence of CVDs, but their results are inconsistent. In line
with the results of our study, a meta-analysis of the cohort stud-
ies showed that there was no statistically significant relation-
ship between prediabetes and the risk of CVDs [14]. Prakash
et al. also stated that prediabetes was not an independent risk
factor for CVDs [15]. Unlike the results of our study, Dorte
and colleagues found that the risk of CVDs was twice as high
in individuals with prediabetes [16]. Another meta-analysis
of 53 cohort studies showed that the risk of developing CVDs
in prediabetes was 1.3 times [4]. In addition, another study
reported a 1.9-fold higher risk of death due to CVDs in predia-
betes [17]. Khosravi and his colleagues believed that the reason
for not seeing the relationship between prediabetes and the
incidence of CVDs is that prediabetes causes a mild dysfunc-
tion of the microvascular and coronary arteries of the heart;
therefore, prediabetes cannot cause ischemic heart disease
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Table 1 Distribution of baseline characteristics in three groups of individuals with prediabetes, diabetes, and non-diabetes in a population of 40
to 70 years of Kharameh cohort study

Variable Class Total (n = 9442) Non-diabetes (n = 7291) Prediabetes (n = 438) Diabetes (n = 1713) p-value
Age 51.47 +8.04 50.73 +£7.87 51.82 +8.11 54.51 £ 8.05 0.0001
TG 12995 £ 31.46 124.15+72.24 145.03 + 113.36 150.82 + 98.04 0.0001
LDL 10532 £ 31.46  105.35 + 35.86 109.28 + 28.59 105.84 + 29.30 0.003
Waist Circumference 95.15 + 12.03 9426 +12.12 96.45 + 11.37 98.63 +11.1 0.0001
Hip Circumference 100.83 + 8.43 100.62 + 8.44 101.25 + 8.53 101.43 + 8.33 0.0001
Sex Male 4192 (44.4) 3418 (48.88) 186 (42.47) 588 (34.33) 0.0001
female 5250 (55.56) 3873 (53.12) 252 (57.53) 1125 (65.67)
Job Unemployed 4400 (46.60) 3145 (43.14) 217 (49.54) 1038 (60.60) 0.0001
Employed 5042 (53.40) 4146 (56.876) 221 (50.46) 675 (39.40)
Married status Single 166 (1.76) 134 (1.84) 13 (2.97) 19 (1.11) 0.0001
Married 8472 (89.73) 6637 (91.03) 386 (88.13) 1449 (84.59)
Divorced 89 (0.94) 76 (1.04) 3 (0.68) 10 (0.58)
Widow 715 (7.57) 444 (6.09) 36 (8.22) 235 (13.72)
Socioeconomic status ~ Low 2372 (25.12) 1877 (25.74) 99 (22.60) 396 (23.12) 0.291
Moderate 2634 (27.92) 2077 (27.53) 129 (29.45) 500 (29.19)
high 2229 (23.61) 1706 (23.4) 107 (24.43) 416 (24.28)
Very high 2205 (23.35) 1701 (23.33) 103 (23.52) 401 (23.41)
Physical activity Low 2196 (23.26) 1581 (21.68) 107 (24.43) 508 (29.66) 0.0001
Moderate 2370 (25.10) 1811 (24.84) 110 (25.11) 449 (26.21)
High 2418 (25.61) 1862 (25.54) 109 (24.89) 447 (26.09)
saver 2458 (26.3) 2037 (27.94) 112 (25.57) 309 (18.04)
Education Illiterate 4793 (50.76) 3547 (48.65) 229 (52.28) 1017 (59.37) 0.0001
Primary school 2430 (25.74) 1930 (26.47) 119 (27.17) 3881 (22.24)
Secondary school 1052 (11.14) 855 (11.73) 34 (7.76) 163 (9.52)
High school 735 (7.78) 600 (8.23) 33 (7.53) 102 (5.95)
University 432 (4.58) 359 (4.92) 23 (5.25) 50 (2.92)
Cigarette smoking No 7083 (75.02) 5349 (73.36) 334 (76.26) 1400 (81.73) 0.00011
Yes 2359 (24.98) 1942 (26.64) 104 (23.74) 313 (18.27)
Alcohol consumption ~ No 8924 (94.51) 6852 (93.98) 420 (95.89) 1652 (96.44) 0.0001
yes 518 (5.49) 439 (6.02) 18 (4.11) 61 (3.56)
Location City 3379 (35.79) 2479 (33.96) 138 (31.51) 765 (44.96) 0.0001
Village 6063 (64.21) 4815 (66.05) 300 (68.49) 948 (55.4)
BMI Underweight 380 (4.02) 342 (4.69) 9 (2.05) 29 (1.69) 0.0001
Normal 349 (36.99) 2115 (38.61) 149 (34.02) 529 (30.88)
Overweight 391 (41.45) 2949 (40.45) 203 (46.35) 762 (44.48)
Obese 1165 (17.53) 1185 (72.91) 77 (17.58) 393 (22.94)
Chronic kidney disease No 9411 (97.55) 7264 (99.63) 438 (100) 1709 (99.77) 0.426
yes 31(0.33) 27 (0.37) 0 4(0.23)
Fatty livre No 8383 (88.78) 6602 (90.55) 384 (87.67) 1397 (81.55) 0.0001
yes 1059 (11.22) 689 (9.45) 54 (12.33) 316 (18.45)
Hypertension No 7634 (80.85) 6188 (84.87) 353 (80.59) 1093 (63.81) 0.0001
yes 1808 (19.15) 1103 (15.13) 85 (19.41) 620 (36.19)

[18]. However, some studies have shown that prediabetes may
develop into diabetes and this may be a risk factor for CVDs. It
is believed that prediabetes can disrupt some of the molecular
processes that disrupt the structure of blood vessels, leading
to arterial inflammation and vasoconstriction, resulting in the
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onset of atherosclerosis [18]. It is important to understand that
prediabetes is accompanied by microangiopathy and athero-
sclerotic vascular defect. In addition, prediabetes individuals
typically have an older age, obesity, hypertension, and dys-
lipidemia, which all increase the risk of CVDs [19]. However,
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Table 2 Incidence of

Follow-up
(person-day)

Incidence (per 100,000
person-day)

Log-rank tests
(chi2, p-value)

. . . Cases of CVD
cardiovascular disease in three
groups of individuals with
prediabetes, diabetes, and non- Non-diabetes 235
diabetes in a population of 40 .
to 70 years of Kharameh cohort Prediabetes 14
Diabetes 137

study

15,378,504 1.5 84.81 (0.00001)
931,980 1.5
3,434,470 3.98

Fig.2 Kaplan Meier survival
curve in three groups of indi- ° Kaplan-Meier survival estimates
viduals with prediabetes, diabe- Q 4
tes, and non-diabetes. Legend: -
Although the y-axis shows the
probability of survival between
0 and 1, given that the probabil-
ity of survival in all three study
groups is above 90%, we have 0
only shown the interval 0.9 to 1 g 7
for better clarity of the graph

S

O T T T T T

0 500 1000 1500 2000 2500
Survival Time(Day)
— Normal  — —— - Prediabetoc
Diabetic

Table3 The Felationship Model 1 Model 2 Model 3
between prediabetes and
diabetes with incidence of HR,4; (95% CI) p-value  HR,y (95% CI) p-value  HR,4; (95% CI) p-value
cardiovascular disease based on
the result of Cox regression in a Non-diabetes 1 1 1
population of 40 to 70 years of Prediabetes 0.99 (0.57, 1.7) 0.98 0.95 (0.55,1.64)  0.88 0.95 (0.55,1.63) 0.853
Kharameh cohort study Diabetic 255(2.06,3.15) 00001  2.16(1.74,2.68) 0.0001  2.03 (1.61,2.55) 0.0001

Model 1: simple Cox regression; Model 2: Cox regression adjusted for age and sex; Model 3: multiple Cox
regression adjusted for the variables of age, sex, occupation, marital status, level of physical activity, edu-
cation, hip circumference, smoking, alcohol consumption, chronic kidney disease, LDL, and TG

these different results can be due to various reasons, including
the age of individuals under study, the use of different defini-
tions for prediabetes, and the sample size of different studies. It
is also important to keep in mind that in our study, the number
of prediabetic individuals was very small, which may be the
reason why we do not see the relationship. Therefore, it is
necessary to investigate the relationship between prediabetes
and CVD incidence more precisely in other studies.

Our study showed a statistically significant relation-
ship between diabetes and the incidence of CVDs, and this
has been confirmed by the findings of other studies [20].
Sanne et al. stated that the risk of CVDs in men and women
with diabetes was 2.8 and 2.1 times higher than in non-dia-
betics, respectively [21]. Dorte et al. report that diabetics

54% are more likely to develop CVDs than non-diabetics
[16]. Dinesh Shah and colleagues also reported a direct
relationship between diabetes and the incidence of CVDs
[22]. However, the majority of studies have shown a direct
link between diabetes and the risk of CVDs, while CVDs
are responsible for half of all cases of death in diabetics
[10]. In addition, in the CVD prevention study, it has been
shown that the risk of CVDs increases by 9% with each
mmol increase in blood sugar [23]. Diabetes contributes to
the occurrence of CVDs by causing vascular dysfunction. In
general, the mechanism of the effect of diabetes in increas-
ing the incidence of CVDs can be several factors, including
endothelial dysfunction, changes in the vessel wall, hyper-
glycemic toxicity, oxidative stress and inflammation, and
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insulin resistance [24]. The pathogenesis mechanisms of
CVDs in diabetes are related to genetic, epigenetic, and cell-
signaling defects in inflammatory and inter-related metabolic
pathways. These metabolic defects (especially in the liver,
endothelium, P cells, and skeletal muscle) can be incited
by various environmental factors such as smoking, high
caloric intake, glucose toxicity, and glycation end-products.
Some patients may express mixed or clear phenotypes of
hyperglycemia, dyslipidemia, inflammation, hypertension,
or thrombosis, which also represent risk factors for CVDs.
Diabetes has multiple cell-signaling pathways in survival,
cell growth, and proliferation such as AMP-activated protein
kinase pathways and pAkt, endothelial nitric oxide synthase
pathway, that could potentiate the development of CVDs. In
addition to this, oxidized lipids and glucose exert important
effects in tissues at the epigenetic level [25].

There are many risk factors for CVDS in diabetics. In
fact, these factors are common among diabetes and CVDs.
For this reason, we should note that the high prevalence of
CVD risk factors (obesity, hypertension, dyslipidemia, etc.)
in diabetic people can contribute to the occurrence of CVDs
in these people. For example, obesity is known as one of
the risk factors for CVDs in diabetic [26]. About 68% of
diabetics and 64% of prediabetic in our study were obese and
overweight. These factors are one of the most important risk
factors for CVDs. In our study, 36.2% of individuals with
diabetes and 19.5% of the prediabetics had hypertension. In
general, hypertension is a common comorbidity with diabe-
tes that increases the risk of CVDs. Naqgipour and her col-
leagues in their study in the north of Iran stated that control
of hypertension in adults reduced the risk of CVDs by 26%
[27]. Dyslipidemia disorders are very common in individuals
with diabetes and these disorders are an important risk factor
for CVDs [26]. The UK prospective diabetes study (UKPDS
23) showed that increased concentrations of low-density lipo-
protein cholesterol, decreased concentrations of high-density
lipoprotein cholesterol, and systolic blood pressure are the
main risk factors for the development of CVDs in diabetic
patients [28]. A meta-analysis study showed that treatment
with statins to reduce dyslipidemias in 18,000 diabetics
resulted in a 13% reduction in the mortality of CVDs [29].
In addition, we must note that the presence of physical and
psychological problems can, along with diabetes, worsen the
prognosis of cardiovascular events in an individual patient.
Ruth and Andrew stated that psychological and social factors
in diabetic people potentially affect the risk of CVDs through
processes such as reduced physical activity and lifestyle
change [30]. Thus, given the presence of many risk factors
that lead to CVDs, in individuals with diabetes, it is essential
to develop strategies to prevent CVDs in diabetic patients
including lifestyle interventions, medication interventions,
treatment of hypertension, and anti-diabetic treatment [24].
Lifestyle intervention is also an essential management
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approach to control these patients so that these interventions
can reduce the risk of developing diabetes. Changes in daily
activities can also significantly reduce the risk of CVD [4]. In
addition, given the importance of this issue, the screening of
diabetics for CVD is an important strategy for the reduction
of mortality and the incidence of CVDs.

Limitations

This study is a prospective study with a large sample size
that was performed under completely standard conditions
and examined numerous risk factors. However, the follow-
up period of our study was relatively short and the number
of individuals with prediabetes was low, which can affect the
results of the study. Another one of the limitations of the pre-
sent study was the lack of access to the status of COVID-19
in the subjects under study. Therefore, we could not investi-
gate the effect of COVID-19 on the development of CVDs in
diabetic and prediabetic patients. Also, another limitation of
our study was the lack of access to information on the dura-
tion of diabetes, which can affect the risk of CVDs.

Conclusion

The results of this study demonstrate that diabetes is an inde-
pendent risk factor for increasing the risk of CVDs. The
high prevalence and rapid growth of diabetes and its com-
plications will lead to an increase in the incidence of CDVs.
Therefore, it is necessary to carry out effective interven-
tions for the timely identification of people with diabetes
and also to control diabetes in them. In addition, due to the
high prevalence of CVD risk factors in diabetics, lifestyle
change education to reduce modifiable risk factors in them
can help reduce the incidence of CVDs.
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