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Background: Primary and secondary prevention of cardiovascular disease is of utmost importance in the
management of patients with diabetes.
Objectives: We studied a group of Iranian patients with type2 diabetes to provide an overview of the
current status of secondary prevention of cardiovascular disease in the Middle East.
Methods: This is a cross-sectional study of 2029 Patients with type2 diabetes including 323 patients with
coronary artery disease (CAD) were recruited. Achievement of goals in HbA1c (A), blood pressure (B) and
LDL-cholesterol(C) was assessed.
Results: The study showed 25.3% of CAD positive patients achieved HbA1c <7% compared to 30% in CAD
negative patients. The achievement of blood pressure �140/90mmHg was 53.2% and 52.8% in CAD
positive and CAD negative patients respectively. There was no difference in the achievement of all three
ABC goals between the two groups (p¼ 0.733). After logistic regression analysis, history of hypertension
had the highest odds ratio for CAD.
Conclusion: Although ABC control has an important impact on the prevention of cardiovascular out-
comes, the ideal goal needs further efforts to be achieved.

© 2019 Published by Elsevier Ltd on behalf of Diabetes India.
1. Introduction

Type2 diabetes mellitus is the most common form of diabetes in
the world. There was a 35% increase in the prevalence of diabetes
from 2005 to 2011 as reported from Iran [1].The proportion of
ischemic heart disease in patients with diabetes is 23.9% in Iran [2].
The national estimate of the prevalence of coronary heart disease in
Iran was 5.3% in 2011 [3]. Primary and secondary prevention of
cardiovascular disease is of utmost importance in the management
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of patients with diabetes. Framingham study revealed a two to
three-fold increase in the risk of atherosclerotic disease in type2
diabetes patients compared to thosewithout diabetes [4]. Mukamal
et al. in their cohort study reported a hazard ratio of 1.5 for mor-
tality risk after first myocardial infarction in patients with diabetes
compared with those without diabetes. Cardiovascular events have
a high health burden in patients with diabetes [5]. Modifiable
Cardiovascular risk factors are hyperglycemia, dyslipidemia, hy-
pertension, obesity, smoking, and physical inactivity. If a cardio-
vascular event occurs, preventing relapse is an important concern
for clinicians. The recurrent cardiovascular disease is frequent in
type2 diabetes, especially in women [6,7]. Carlo Giorda et al. in the
study in 2008, showed that approximately 6% of patients with
diabetes developed recurrent cardiovascular events every year [8].
Cardiovascular outcomes in patients with diabetes could be
improved with secondary prevention. The aim of this study was to
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Table 1
Comparisons of two groups of patients with type2 diabetes with and without CAD.

Variables CAD þ (n ¼ 323) CAD e (n¼ 1706) P value
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investigate the state of cardiovascular risk management in type2
diabetes patients with andwithout coronary artery disease referred
to our tertiary diabetes center.

2. Material and methods

We designed a cross-sectional study, as a part of a prospective
cohort study; in Patients with type 2 diabetes mellitus referred to
the diabetes clinic of Vali-AsrHospital affiliated with Tehran Uni-
versity of Medical Sciences. Patients with type 2 diabetes, according
to the criteria of the American Diabetes Association (ADA2017)
were included in the study. Before enrollment, written informed
consents were taken from all participants. Exclusion criteria were
age <30, type1diabetes, history of malignancy, GFR <30 cc/min and
dialysis. 2029 patients were enrolled in the current study. Patients
were divided into CAD negative and CAD positive groups (Fig. 1).
CAD positive was defined as PCI (percutaneous coronary inter-
vention), CABG (coronary artery bypass graft), acute coronary
syndrome or myocardial infarction. Patient characteristics such as
age, gender, height, weight, waist circumferences, blood pressure,
smoking, duration of diabetes, medication and laboratory mea-
surements, including fasting blood glucose (FBS), hemoglobin A1c
(HbA1c), total cholesterol, low density lipoprotein (LDL), high
density cholesterol (HDL), triglyceride (TG) and creatinine were
extracted frommedical records at first visit. Body mass index (BMI)
(kg/m2) was calculated by weight (kg) divided by the square height
(m2). Pulse pressure was calculated by systolic blood pressure
minus diastolic blood pressure. We calculated the eGFR by the
cackroftgult formula in each participant. Systolic blood pressure
and diastolic blood pressure measurement were performed in the
seated position after 10min of resting with a standard sphygmo-
manometer. The measurement was repeated after 15min and the
average was reported. A (HbA1C), B (blood pressure) and C (LDL-
Cholesterol) goals defined as HbA1c<7%, blood pressure<140/
90mmHg and LDL<100mg/dl respectively. The ethical committee
of the Tehran University of Medical Sciences approved the study
protocol.

2.1. Statistical analysis

We used statistical software IBM SPSS version 19 and STATA
Fig. 1. Study design.
software version 12 for statistical analysis. Datawere presented as a
mean± standard deviation for continuous variables and number
(percentage) for categorical variables. One-way analysis of vari-
ances (ANOVA) and x2test was used as appropriate for between
group comparisons. Statistical significance was defined as a p-value
less than 0.05.

Selection backward analysis with a¼ 0.2 was used to identify
the potential independent risk factors associated with CAD.
3. Results

In the present study 2029 type2 diabetic patients with and
without coronary artery disease (CAD) were included, 323 (15.9%)
CAD positive and 1706 CAD negative. Clinical and laboratory char-
acteristics of patients with and without cardiovascular events are
shown in Table 1. Mean age in the total population was
55.68 ± 11.42 years. Studied patients were 1224 females and 805
males. Hypertension was present in 44.4% of all participants, 62.8%
in the CAD positive group versus 38.4%in CAD negative group.

BMI �30 kg/m2 was present in 36.1% of CAD positive and 34.3%
of CAD negative patients. One way analysis of variances (ANOVA)
and x2test was used as appropriate for between-group comparisons
and summarized in Table 1. Out of 21 studied parameters, thirteen
including age, sex, smoking, waist circumferences, systolic blood
pressure, pulse pressure, duration of diabetes, history of hyper-
tension, fasting blood glucose, total cholesterol, HDL-cholesterol,
eGFR and antidiabetic agents were significantly different between
CAD positive and CAD negative groups. There was no significant
difference in BMI, diastolic blood pressure, HbA1c, LDL-cholesterol,
triglyceride (TG) and statin use between CAD positive and CAD
negative groups.

After logistic regressionwith backward eliminationwith a¼ 0.2,
older age, male gender, smoking, longer duration of diabetes, his-
tory of hypertension, HbA1c and insulin treatment remained as
significant risk factors for cardiovascular events. Odds ratio, 95% CI,
and P values are presented in Table 2.
Age (years) 60.46± 9.69 54.77± 11.51 0.001
Female/male ratio 0.87 1.69 0.001
Smoking (%) 17.2 10 0.001
BMI(kg/m2) 28.58± 4.71 28.29± 4.90 0.325
Waist circumference (cm) 97.54± 11.28 95.69± 12.33 0.014
Systolic BP(mmHg) 134.21± 23.68 130.93± 21.67 0.014
Diastolic BP(mmHg) 77.91± 13.42 78.62± 12.31 0.352
Pulse pressure (mmHg) 56.57± 17.35 52.36± 16.57 0.001
Duration of DM(years) 11.05± 8.13 7.51± 6.78 0.001
History of HTN (%) 62.8 38.4 0.001
FBS (mg/dl) 168.78± 74.48 179.21± 77.29 0.038
HbA1c (%) 8.64± 2.49 8.43± 2.24 0.212
Cholesterol (mg/dl) 154.34± 62.23 173.93± 56.39 0.001
LDL-C (mg/dl) 104.25± 56.38 110.07± 56.30 0.140
HDL-C (mg/dl) 41.49± 13.68 43.59± 13.12 0.028
TG (mg/dl) 159.17± 118.20 170.39± 116.58 0.179
eGFR (cc/min) 85.09± 37.52 96.93± 39.11 0.001
Medication
OAD % 64 77.6 0.001
Insulin % 21.6 12.4
Insulin þ OAD % 14.4 10
Statin use % 98.1 97 0.594

Values are presented as mean± Standard deviation and percentage (%) as appro-
priate. CAD, Coronary artery disease; BMI, Body Mass Index; BP, Blood Pressure;
HTN, Hypertension; FBS: Fasting Blood Sugar; HbA1c, hemoglobin A1c; LDL-C, Low-
Density Lipoprotein Cholesterol; HDL-C, High-Density Lipoprotein Cholesterol; TG,
Triglyceride; eGFR, estimated Glomerular Filtration Rate; OAD, Oral Antidiabetic
Drugs.



Table 2
Statistically significant Results of logistic regression analysis of CAD risk factors in
patients with type2 diabetes.

Variables OR 95% CI P value

History of HTN 2.60 1.77e3.83 0.001
Insulin treatment 2.04 1.26e3.31 0.003
Male gender 1.89 1.30e2.75 0.001
Smoking 1.60 1.00e2.6 0.05
Age (per 10 years) 1.22 1.04e1.48 0.018
HbA1c 1.09 1.00e1.18 0.029
Duration of DM 1.02 1.00e1.05 0.018

OR, Odds Ratio; CI, Confidence Interval; CAD, Coronary artery disease; DM, Diabetes
Mellitus; HTN, Hypertension; HbA1c, Hemoglobin A1c; eGFR, estimated Glomerular
Filtration Rate.
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Achievement of ABC goals presented in Table 3. The success rate
for the achievement of HbA1c < 7% was 25.3% of CAD positive, and
30% of CAD negative patients. There was no statistically significant
difference between the two groups (p¼ 0.336).

The success rate for the achievement of blood pressure �140/
90mmHg in hypertensive patients was 53.2% of the CAD positive
patients compared to52.8% of the CAD negative ones. There was no
statistically significant difference between the two groups
(p¼ 0.274).

CAD positive patients achieved better LDL control, 58.4% had
LDL lower than 100mg/dl compared to 48.1% in CAD negative pa-
tients (p¼ 0.003).

There was no difference in the achievement of all three ABC
goals between the two groups, 7.7% of the CAD positive and 7.4% of
the CAD negative patients met all three targets.

4. Discussion

Globally, there are minimal data reporting achievement of ABC
goals as secondary prevention in patients with type2 diabetes and
cardiovascular disease. Here, we have studied the Iranian popula-
tion as a representative subpopulation of the region to provide an
overview of the current status of secondary prevention in the
Middle East. We have demonstrated about a third of patients with
type2diabetes achieved the goal of HbA1c and there was no dif-
ference between CAD positive and CAD negative groups. Achieve-
ment of the blood pressure goal in the hypertensive patients was
about 50% in both CAD positive and CAD negative groups and there
was not any significant difference between the two groups. A
higher proportion of patients with CAD events attained LDL goal
which may be due to the intensive statin therapy. CAD positive and
CAD negative patients were similar in meeting all three goals,
Table 3
Achievement of ABC targets alone or in combination in patients with type2 diabetes
with and without CAD.

CAD þ (n ¼ 323) CAD e (n¼ 1706) P value

A
HbA1c� 7 25.3% 30.0% 0.336
7 <HbA1c< 8 32.3% 29.3% 0.329
HbA1c� 8 42.4% 40.7% 0.286
B
BP� 140/90 a 53.2% 52.8% 0.274
C
LDL�100 58.4% 48.1% 0.003
A & B & C
HbA1c� 7 and BP� 140/90

and LDL�100
7.7% 7.4% 0.733

Values are presented as percentage (%). CAD, Coronary artery disease; A: HbA1c; B:
Blood pressure; C, Cholesterol (LDL-Cholesterol); HbA1c, Hemoglobin A1c; BP, Blood
Pressure; LDL, Low Density Lipoprotein cholesterol.

a Blood pressure control in hypertensive patients.
including HbA1c, blood pressure, and LDL. Although 44.4% of study
participants were hypertensive (62.8% in the CAD positive group
and 38.4%in CAD negative group) only about 50% of them achieved
blood pressure goal. Notably, history of hypertension, insulin
treatment, and male gender were the main factors increasing the
risk of cardiovascular events respectively. (OR: 2.6, OR: 2.04 and
OR: 1.89 respectively).

The literature on the achievement of ABC goals in patients with
type 2 diabetes and cardiovascular events are demonstrated in
Table 4. In Ramon Gonz�alez -Juanatey et al. study in 2001, 74% of
1275 type2 diabetes patients with cardiovascular events (CVD)
were hypertensive. Less than 30% of CVD positive patients achieved
blood pressure �130/85, only 12% had LDL <100 and 39% of them
received statin therapy [9]. In Mostaza et al. study in patients with
type 2 diabetic and coronary artery events, 49.7% of patients had
A1C control, 38% had blood pressure control, 29% had control of LDL
and 7% of patients had optimal control of their risk factors [10].Anht
Tran et al. in 2013 showed, among 1653 patients with type2 dia-
betes, 380 (23%) of them had CVD events. Achievement of treat-
ment targets, including HbA1C<7.5%, systolic blood pressure <140
and Cholesterol/HDL ratio<4 were assessed. Their study revealed
that among patients on pharmacological treatment for secondary
prevention 65% reached to HbA1c goal, 64% reached to systolic
blood pressure goal and 66% reached to lipid target that was
comparable with the primary prevention group [11].EUROASPIRE
IV survey of CAD patients in Europe reported that rates of blood
pressure control were achieved in 54% of previously known dia-
betic patients, LDL goal <96mg/dl was achieved in 66% of them and
53% had HbA1c <7% [12].The Euro heart survey on diabetes and
heart showed about 30% achievement of blood pressure target
(<140/90) in diabetic patients and LDL control also was not
adequate in 57% of diabetic patients [13]. Pagidipati et al. in 2017
studied 13616 diabetic patients with cardiovascular events and
HbA1C level 6.5%e8.0%, and reported blood pressure control as
57.9%, LDL control as 73.8% and statin treatment frequency as 85.8%
[14].There is a wide variation in achievement of blood pressure
goals ranging from <30% to 68%, according to earlier studies in
Spain, Norway, and other European countries (Table 4).Few studies
have investigated the ABC target in Middle Eastern countries
especially in the CAD positive diabetic patients. Despite the strong
evidence showing the benefit of ABC control in patients with dia-
betes, most patients did not achieve ABC targets and control re-
mains suboptimal in the published literature. Also in this study, we
observed that there was not any difference in all three target
achievement between CAD positive and CAD negative groups. It
means both primary and secondary prevention status is subopti-
mal. Formulation and discrimination of practice guidelines,
improving access to health care and medicine, training of health
care providers, financial support of quality improvement, infra-
structure improvements, improve risk factor monitoring and
improve treatment adherence may help improvement in the
quality of care [15].

Our study showed the history of hypertension had the highest
odds ratio for cardiovascular risk, but themodifiable component i.e.
hypertension control was suboptimal in the published literature
and also in our study. A meta-analysis in 2017 showed non-
adherence to anti-hypertensive medications in 83.7% of patients
with uncontrolled hypertension [16].A study in 2008 in Iran
showed approximately 25% of Iranian aged 25e64 years were hy-
pertensive and only 24% of treated subjects achieved blood pres-
sure lower than 140/90mmHg [17]. There seems to be an intense
need for the public teaching and improving interventions for anti-
hypertensive medication adherence.

The effect of insulin on cardiovascular events in diabetes still
remains controversial. In the current study insulin treatment led to



Table 4
Comparison of different studies in achievement of goals in patients with type2 diabetes and CVD events.

Study Patients with DM& CVD HbA1c (A)goal BP(B) goal LDL or Cholesterol (C) goal All three goals

Ramon Gonz�alez-Juanatey et al 2001. Spain 1275 NA <30% 12% NA
Mostaza-prieto et al. 2006. Spain 2884 49.7% 38% 29% 7%a

MatteoAnselmino et al., 2007 25
European countries

1524 NA 30% 43% NA

Anht Tran et al., 2013 b Norway 1653 T2DM 380 CVD positive 65% 64% 66% NA
1273 CVD negative 66% 62% 62% NA

Gyberg et al., 2015 24 European countries 2183 53% 54% 66% NA
Pagidipati et al., 2017 38 countries 13616 NA 57.9% 73.8% NA
Our study 2017 Tehran-Iran 2029 T2DM 323CVD positive 25.3% 53.2% 58.4% 7.7%

1706 CVD negative 30% 52.8% 48.1% 7.4%

NA: not available, DM: diabetes mellitus, CVD: cardiovascular events.
a All three target and not smoking.
b Achievement of treatment targets including HbA1C<7.5%, systolic blood pressure <140 and Cholesterol/HDL ratio<4 were assessed.
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a twofold increase in cardiovascular events. The high dose of insulin
regimens can lead to increased cardiovascular morbidity and
mortality in high risk type2 diabetes patients. Insulin in high dose
can promote oxidative stress [18,19].Although some studies sup-
ported the anti-atherosclerotic effects of insulin [20,21],There are
other studies showing pro-atherogenic effects [18]. Monnier L et al.
study in 2011 demonstrated that in type2 diabetes patients
received insulin, the 24 h urinary excretion rates of 8-iso PGF2a
were normal in those receiving a low dose of insulin. But in those
treated with a higher dose, urine excretion rate of 8-iso PGF2a was
elevated [22]. This means that insulin is a hormone with anti-
atherogenic effect at a lower dose, but with proatherogenic action
at the high dose. An animal study in 1973 by Stout.R.W et al.,
showed chickens that received a normal diet and insulin injection
developed lipid containing lesions of the aorta [23]. Also in another
study by Cruz.A.B et al. infusion of insulin into diabetic dogs leads to
lipid infiltration and medial proliferation in one injected femoral
artery [24]. A systematic review in 2015 showed that insulin
treatment in type2 diabetes was associated with higher adverse
cardiovascular outcomes after PCI compared to non-insulin treated
patients [25]. Iatrogenic hyperinsulinemia can affect the progres-
sion of atherogenesis and disturb cardiovascular function by
impairing the balanced synthesis and release of endothelial medi-
ators and promote a proinflammatory macrophage response
[26e28].Also, treatment with insulin has been associated with a
rise in platelet aggregation [29]. In the ORIGIN trial, insulin glargine
had a neutral effect on cardiovascular outcomes [30]. Our studywas
cross sectional and the etiological effect of insulin therapy on car-
diovascular events could not be concluded.

5. Conclusions

Although control of HbA1c, hypertension, and LDL-cholesterol
has an important impact on primary and secondary prevention of
cardiovascular outcomes, the ideal goal needs further efforts to be
achieved. As the prevalence of diabetes increases in the world,
coordination, and involvement of the health and education systems
are needed for a fundamental change. In this study, history of hy-
pertension had the highest odds ratio for the cardiovascular risk
among all of the risk factors.
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