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Risk Factors, Use of Preventive Drugs, and
Cardiovascular Events in Diabetes Mellitus:
The PURE Tirkiye Cohort

ABSTRACT

Background: The risk of cardiovascular disease is correlated with the frequency and con-
trol of associated risk factors in diabetes mellitus and may vary according to country. We
evaluated risk factors for cardiovascular disease, cardiovascular events, and the use of
preventive medications in patients with diabetes mellitus using the Prospective Urban
and Rural Epidemiological Tirkiye cohort.

Methods: Patients with diabetes mellitus versus without diabetes mellitus were com-
pared for risk factors, cardioprotective drugs (angiotensin-converting enzyme inhibitors
or angiotensin-Il receptor antagonists, statins, and antiplatelets), and cardiovascular
events. The primary outcome was major cardiovascular events (composite of cardiovas-
cular death, myocardial infarction, stroke, or heart failure).

Results: Among 4041 participants, 549 (13.6%) had diabetes mellitus. The mean age (54.8
+8.4vs.49.3+9.0years, P<.001) and proportion of women (65.4% vs. 59.9%, P=.014) were
higherin diabetics compared with non-diabetics. Hypertension, history of coronary heart
disease, and use of statin, antiplatelets, and angiotensin-converting enzyme inhibitors
or angiotensin-Il receptor antagonists were more common in diabetics; however, the use
of these medications at baseline was lower than optimal even in patients with diabetes
mellitus and concomitant coronary heart disease (statin 31.2%, antiplatelets 46.9%, and
angiotensin-converting enzyme inhibitors or angiotensin-Il receptor antagonists 54.7%).
During 11.5 years of follow-up, major cardiovascular events occurred in 288 (71%) patients,
and therisk was higherin diabetics [hazard ratio (95% confidence interval) 1.71(1.30-2.24);
P <.001]. Theincrease in the risk of future events was comparable for those with diabetes
mellitus alone without cardiovascular disease [hazard ratio 1.62 (1.20-2.20)] versus those
with cardiovascular disease alone without diabetes mellitus [hazard ratio 1.31(0.83-2.07)]
and was additive in those with both conditions [hazard ratio 2.79 (1.65-4.69)]. The risk of
major coronary events (myocardial infarction, angina, percutaneous, or surgical coronary
intervention) was also higher in diabetes mellitus [hazard ratio 1.64 (1.26-2.15); P < .001].

Conclusion: Patients with diabetes mellitus have a higher risk of major cardiovascular
events, and the risk is comparable to that observed in those with cardiovascular disease
but no diabetes mellitus. The use of preventive medicines for cardiovascular diseases is
disturbingly low in diabetics.
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Diabetes mellitus (DM) is a strong independent risk factor for atherosclerotic vas-
cular disease, and a dramatic increase in its prevalence has been observed glob-
ally.™® It is prevalent especially in low- and middle-income countries.* Despite
increased awareness and therapeutic interventions, a 5% increase in premature
mortality among those with DM was observed between 2000 and 2016, and it is
estimated that 1.5 million deaths were directly caused by diabetesin 2019.
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The Prospective Urban and Rural Epidemiological (PURE) study demonstrated Available Online Date: July 12, 2023

that the high prevalence of DM in lower-income countries could not be explained
by conventional risk factors such as the family history of diabetes, body mass
index, level of physical activity, and diet.* Also, cardiovascular (CV) and all-cause
mortality rates did not change after adjustments for these risk factors in those
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countries.® This suggests that DM is a complex heteroge-
neous disease and that the CV risk attributed to diabetes
may differ for each population.

In this study, we aimed to assess CV events, risk factors, and
the use of preventive drugs in DM in Turkiye, which was con-
sidered an upper-middle-income country in the PURE study.

METHODS

The PURE study is a multinational study led by McMaster
University Population Health Research Institute (PHRI),
Hamilton, Canada. The details of the design of the study
were published elsewhere.®’ Briefly, the participants were
recruited from 27 countries with 4 income levels—Ilow-
income, lower-middle income, upper-middle income, and
high-income countries—and Tirkiye was included among
the upper-middle-income countries. The data have hierar-
chical multilevel properties that include individual, house-
hold, community, and country levels. Prospective Urban
and Rural Epidemiological Tirkiye was conducted by the
Metabolic Syndrome Society and approved by the Marmara
University Ethics Committee (approval number: MAR- SBY-
2005-0183) and the Ministry of Health.

Data Collection and Participants

In 2008, 7 cities (Kocaeli, Aydin, Nevsehir, Antalya, Samsun,
Malatya, and Gaziantep) were selected by randomiza-
tion and by considering the social and financial structure
of Turkiye, according to data obtained from the Turkish
Statistical Institute. Also, Istanbul was included as the eighth

HIGHLIGHTS

e As of the inception of the study (2008-2009), the
Turkish cohort of the Prospective Urban and Rural
Epidemiological study demonstrated that the preva-
lence of diabetes mellitus is 13.6% in participants aged
between 35 and 70, and the use of preventive medica-
tions atbaseline waslower than optimal evenin patients
with diabetes mellitus and concomitant coronary heart
disease (statin 31.2%, antiplatelets 46.9%, and angio-
tensin-converting enzyme inhibitors or angiotensin-II
receptor antagonists 54.7%).

e Diabetes mellitus increases the risk of major cardio-
vascular outcomes (cardiovascular death, myocardial
infarction, stroke, or heart failure) by 1.71 times and cor-
onary events (new myocardial infarction, new angina,
percutaneous coronary intervention, and coronary
artery bypass surgery) by 1.64 times.

e The increased risk for major cardiovascular outcomes
seems to be comparable for patients with diabetes mel-
litus alone without cardiovascular disease and for those
with cardiovascular disease alone without diabetes
mellitus at baseline and was additive in those with both
conditions.

e [t seems that patients with diabetes mellitus present
with more myocardial infarction than angina.
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city. Participation from different geographical areas and
income groups was targeted. For each city, information
regarding the income and population of the towns and vil-
lages was obtained from local authorities, and a list was cre-
ated. From this list, a town or village was chosen randomly,
and selected households were contacted.

In a selected household, participants aged between 35 and
70yearsand expectedto continueresidency there foratleast
the next 4 years wereincludedin the study. Informed consent
was obtained from all of the participants. Interviewers were
trained in groups regarding how to obtain data correctly.

Recruitment occurred between 2008 and 2009, and 4056
participants from 2576 households were included in Tirkiye.
This study includes 4041 (99.6%) of those participants with
complete data. Blood pressure was measured, physical mea-
surements were made, an electrocardiogram (ECG) was
taken, and 10 mL of a blood sample and a urine sample were
obtained from each participant at baseline. Blood and urine
samplings were centrifuged and stored at —80°C freezers.
Participants were called via telephone each year and asked
for a diagnosis of a new disease, health conditions, morbid-
ity, and death in each household from the last visit or inter-
view. Every third year, the follow-up was conducted by a
face-to-face visitin the field to obtain the information listed
in the questionnaires, physical measurements, ECG, and
blood samples.

Definitions of Variables and Outcomes

A diagnosis of DM was made if there was a fasting plasma
glucose level of >7.0 mmol/L (126 mg/dL), or a history of dia-
betes or use of antidiabetic medicationsis present.

Two sitting blood pressures were measured in the right arm
after at least 5 minutes of rest using Omron digital blood
pressure device (Omron HEM-711, Omron Corp, Tokyo,
Japan), and the mean of the measurements was used for the
analyses. Hypertension was defined if the blood pressure
was >140/90 mm Hg or the use of antihypertensive medica-
tion was present.

Standardized case report forms were used to record the data
on major CV events and mortality during follow-up.® These
data were adjudicated by trained physicians (A.O. and MV.K.)
using standard definitions, then were electronically trans-
ferred to the PHRI, Canada, where further quality controls
have been made.

The main outcomes were major CV events, which were the
composite of CV death, fatal or non-fatal myocardial infarc-
tion (M), stroke, or heart failure. Other composite outcomes
were major events and coronary events. Major events were
defined as the composite of all-cause mortality, MI, stroke,
and heart failure, and coronary events were defined as
the composite of new MI, new angina, percutaneous coro-
nary intervention (PCl), and coronary artery bypass surgery
(CABG).

Components of the major CV events and major events were
assessed as an exploratory analysis.
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Statistical Analysis

Continuous variables were given as mean and standard
deviation (SD) or median and interquartile range (IQR) and
compared using t-test or Mann—Whitney U test. Categorical
variables were expressed as frequency and percentages and
compared using the chi-squared test.

For each outcome, the crude incidence rate was expressed
as incidence per 1000 person-years. Kaplan—Meier and Cox
proportional hazard regression was applied for the time-to-
event data. To account for hierarchical data, a shared frailty
model for Cox regression analysis, taking the community
level (level 2) as a clustering variable, was used. The excep-
tion was the outcome of heart failure, where conventional
Cox regression analysis was preferred because the shared
frailty model did not converge.

Hazard ratio (HR) and 95% Cl were calculated using age- and
sex-adjusted models and a fully adjusted model, in which
the risks were adjusted for age, sex, low-density lipoprotein
(LDL) cholesterol, smoking, hypertension, prior history of
coronary heart disease (CHD), statin use, and antiplatelet
use. The individual components of the major CV events and
major events were adjusted only for age and sex due to a
relatively low number of events. For the same reason, unad-
justed HRs were also given for heart failure. The proportional
hazard assumption was assessed by plotting Schoenfeld
residuals. Log-linearity was assessed by plotting Martingale
residuals against each covariate.

Analyses were performed using Stata v17 (StataCorp, Tex,
USA), and P-value of <.05 was considered significant.

RESULTS

A diagnosis of DM was documented in 549 (13.6%) partici-
pants aged between 35 and 70 years at baseline. The mean
age (54.8 + 8.4 vs. 49.3 + 9.0 years, P < .001) and the pro-
portion of women (65.4% vs. 59.9%, P=.014) were higher in
patients with DM thanin non-DM.

Cardiovascular Risk Factors

Most of the CV risk factors were more common in patients
with DM at baseline. Specifically, HT (63.8% vs. 35.4%) and
history of CHD (11.7% vs. 4.6%) were significantly higher in
participants with DM (Table 1). The mean body mass index
was 30.4 + 5.8 kg/m?, and the values were higher in partici-
pants with DM (32.5 + 5.7 vs. 30.1 + 5.7 kg/m?, P < .001). As
expected, waist circumference (98.7 + 11.3 vs. 92.1+ 11.9 cm),
systolic and diastolic blood pressure (136.9 + 23.7 vs. 1281 +
21.5, and 82.0 + 121 vs. 799 + 11.8 mm Hg), total cholesterol
(5.49 +117 vs.5.28 + 112 mmol/L), and triglyceride levels [1.80
(IQR:1.44;2.49) vs. 1.52(1.23; 1.96) mmol/L] were significantly
higher, but high-density lipoprotein (HDL) cholesterol (111 +
0.32vs. 1.18 + 0.36 mmol/L) was significantly lower in partici-
pants with DM (all P-values were <.001). On the other hand,
there was no significant difference in LDL cholesterol levels
between the 2 groups(3.38 +1.01vs. 3.32+ 0.95 mmol/Lin DM
vs.non-DM, P=.199).

Current or former smoking history was significantly less
common in patients with DM compared with non-DM (38.8%
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vs. 45.3%, P=.004); however, after adjusting for sex and age,
the association between DM and smoking status became
non-significant (P=.576). Although low education level
(none or primary school) was slightly higher in patients with
DM (80.5% vs. 76.8%), the association between education
and DM was not significant (P=.090).

Medications at Baseline

Use of statins (15.5% vs. 3.3%), antiplatelets (acetylsali-
cylic acid or clopidogrel use 14.4% vs. 4.8%), and angio-
tensin-converting enzyme inhibitors or angiotensin-Il
receptor blockers (ACEI/ARB) (36.8% vs. 10.4%) was signifi-
cantly higher in participants with DM (all P < .001; Table 1).
However, the use of these cardioprotective medications,
particularly the use of statins and antiplatelets, was lower
than acceptable levels. Moreover, in patients with concomi-
tant DM and CHD, the use of cardioprotective medications
was far below what would be expected based on the rec-
ommendations for widespread use in several guidelines
(statin use 31.2%, antiplatelet use 46.9%, and ACEI/ARB use
54.7%) (Table 1).

Among patients with DM, 49.9% were using only oral hypo-
glycemic medications, 3.3% were using only injectable
hypoglycemic medications, and 4.6% were using both oral
and injectable hypoglycemic medications. None of the par-
ticipants with DM were on glucagon-like peptide-1 (GLP-
1) receptor agonists or sodium-glucose co-transporter-2
(SGLT-2) inhibitors, as these medications were not available
in Tlrkiye when this study was initiated in 2008.

Cardiovascular Events

During a median follow-up of 11.5 years, major CV events
occurred in 288 (71%) patients. The crude incidence rate of
major CV events (CV death, fatal or non-fatal Ml, stroke, or
heart failure) was nearly 3 times higher in participants with
DM than in those without DM (Table 2). The risk of major CV
events was 2 times and 71% higher in patients with DM in the
age-andsex-adjusted and the fully adjusted models, respec-
tively [HR and 95% Cl were 2.01(1.54-2.62), P <.001; and 1.71
(1.30-2.24); P <.001; Table 2]. As asensitivity analysis, exclud-
ing patients with a prior history of CV disease from the analy-
sisdid not change the main findings (Supplementary Table 1).
While the CV risk was higher in males than in females [HR
2.06 (1.53-2.76) in the fully-adjusted model, P <.001] DM and
sex interaction were not significant (P-interaction=.996),
suggesting that the risk of major CV events for DM was not
modified by sex.

The risk of major CV events for patients with DM or CV dis-
ease atbaselineis givenin Figure 1. Theincrease in the risk of
major CV events was similar in those with DM alone without
CVD [HR1.62(1.20-2.20)] compared to those with CVD alone
without DM [HR 1.31(0.83-2.07)], P-value for the comparison
of the 2 groups 0.698 and 0.389 for age and sex-adjusted and
fully adjusted models, respectively).

The risk of major events that include the composite of total
mortality, Ml, stroke, and heart failure was 75% and 57%
higher in patients with DM in the age- and sex-adjusted
modelandin the fully-adjusted model, respectively (Table 2).
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Table 1. Baseline Characteristics

DM (-), n=3492 DM (+), n=549

(86.4%) (13.6%) Total, n=4041 P

Sex, n (%)

Female 2091(59.9) 359 (65.4) 2450 (60.6) .014
Male 1401(40.7) 190 (34.6) 1591(39.4)

Age, mean (SD) 49.3(9.0) 54.8(8.4) 50.0 (91) <.001

Smoking (current or former), n (%) 1583 (45.3) 213 (38.8) 1796 (44.4) .004

Hypertension, n (%) 1237 (35.4) 350 (63.8) 1587 (39.3) <.001

Prior coronary heart disease, n (%) 161(4.6) 64 (11.7) 225 (5.6) <.001

Body mass index (kg/m?), mean (SD) 301(5.7) 32.5(5.7) 30.4 (5.8) <.001

Waist circumference (cm), mean (SD) 921(11.9) 98.7 (11.3) 93.0(12.1) <.001
Female 90.2(12.0) 979 (11.2) 91.3(12.2) <.001
Male 95.1(11.3) 100 (11.4) 95.7 (11.4) <.001

Systolic blood pressure (mm Hg), mean (SD) 128.1(21.5) 136.9 (23.7) 129.3(2227) <.001

Diastolic blood pressure (mm Hg), mean (SD) 799 (11.8) 82.0 (122) 80.2(11.8) <.001

Total cholesterol (mmol/L), mean (SD) 5.28(112) 5.49 (117) 5.31(1.13) <.001

LDL cholesterol (mmol/L), mean (SD) 3.32(0.95) 3.38(1.01) 3.33(0.96) 178

HDL cholesterol (mmol/L), mean (SD) 118 (0.36) 111(0.32) 117 (0.36) <.001

Triglycerides (mmol/L), median (IQR) 1.52(1.23; 1.96) 1.80 (1.44;2.49) 1.56 (1.25;2.04) <.001

Education, n (%)

None, primary 2683 (76.8) 442 (80.5) 3125 (77.3) .090

Secondary/higher 515 (14.7) 62 (11.3) 577 (14.3)

University 294 (8.4) 45 (8.2) 339 (8.4)

Statin use, n (%) 115 (3.3) 85 (15.5) 200 (4.9) <.001
Statin use in patients with CHD, n (%) 29(18.0) 20 (31.2) 49 (21.8) .030
Statin use in patients without CHD, n (%) 86 (2.6) 65 (13.4) 151(4.0) <.001

Acetylsalicylic acid use, n (%) 160 (4.6) 76 (13.8) 236 (5.8) <.001
Acetylsalicylic acid use in patients with CHD, n (%) (n 53(32.9) 28 (43.8) 81(36.0) 127

for denominator =225)

Acetylsalicylic acid use in patients without CHD, n 107 (3.2) 48 (9.9) 155 (4.1) <.001

(%) (n for denominator=3816)

ASA or clopidogrel, n (%) 167 (4.8) 79 (14.4) 246 (6.1) <.001

ASA or clopidogrel in patients with CHD, n (%) 58 (36.0) 30(46.9) 88 (391) 132

ASA or clopidogrel in patients without CHD, n (%) 109 (3.3) 49 (10.1) 158 (4.1) <.001

ARB or ACE, n (%) 363(10.4) 202 (36.8) 565 (14.0) <.001

ARB or ACE in patients with CHD, n (%) 42(26.) 35(54.7) 77 (34.2) <.001

ARB or ACE in patients without CHD, n (%) 321(9.6) 167 (34.4) 488 (12.8) <.001

Only oral hypoglycemic medications, n (%) — 274 (499)

Only injectable hypoglycemics, n (%) — 18 (3.3)

Oral and injectable hypoglycemics, n (%) — 25(4.6)

ACE, angiotensin-converting enzyme; CHD, coronary heart disease; HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density

lipoprotein.

Most of the individual components of the composite out-
comes were around 2 times higher in patients with DM com-
pared to non-DM (Table 2). Although it was not found to be
statistically significant, the risk of non-CV mortality was
clinically relevant and 27% higher in patients with DM [HR
and 95% Cl 1.27 (0.89-1.83); P=.191]. Total mortality was
found to be 56% higher in these patients (HR and 95% Cl, 1.56
and 117-2.06; P=.002).

The risk of major coronary events (composite of new MI, new
angina, PCI, or CABG) was 2 times higher in the age- and

s 456

sex-adjusted model (HR and 95% CI12.01(1.55-2.60); P <.001)
and 64% higher in the fully adjusted model in patients with
DM compared with non-DM (Table 2). The risk of major coro-
nary events for patients with DM or CV disease at baseline is
presented in Figure 2 and in Supplementary Table 2. The risk
of major coronary events was nominally higher in patients
with CV disease alone without DM compared with patients
with DM alone without CV disease at baseline, and the
risk was even higher in those with concomitant DM and CV
(Figure 2 and Supplementary Table 2).
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Table 2. Risk of Cardiovascular Events in Diabetes Mellitus

DM (-), DM (+), Incidence Rate in Incidence Rate in Age-and Sex- Fully Adjusted
n=3492 n=>549 Non-Diabetics Per Diabetics Per1000 Adjusted Model, Model, HR
Events” Event, n (%) Event,n(%) 1000 Person-Years Person-Years HR (95% Cl) (95% Cl)
Major CV events 203(5.8) 85 (15.5) 5.42(4.72-6.22) 14.79 (11.90-18.39) 2.01(1.54-2.62); 1.71(1.30-2.24);
P <.001 P <.001
Major events 323(9.2) 118 (21.5) 8.62(7.73-9.61) 20.82(17.33-25.01) 1.75(1.41-218); 1.57 (1.25-1.97);
P<.001 P<.001
Coronary events 238 (6.8) 82(14.9) 6.40 (5.64-7.27) 15.14 (12.19-18.79) 2.01(1.55-2.60);  1.64(1.26-2.15);
P <.001 P <.001
Individual components
Total mortality 198 (5.7) 68 (12.4) 518 (4.50-5.95) 11.64 (918-14.76) 1.56 (117-2.06); 1.51(113-2.02);
P=.002 P=.005
CV mortality 60 (1.7) 29 (5.3) 1.57 (1.22-2.02) 496 (3.45-714) 2.22(1.41-3.50);
P=.001
Non-CV mortality 138 (4.0) 39 (77) 3.61(3.05-4.26) 6.68 (4.89-914) 1.27 (0.89-1.83);
P=.191
Stroke 54 (1.5) 29 (5.3) 1.42(1.09-1.85) 490 (3.39-710) 216 (1.35-3.45);
P=.001
Heart failure 34(1.0) 18 (3.3) 0.89(0.64-1.25) 2.77 (1.70-4.52) 2.08 (1.13-3.83);
P=.018
#3.08 (1.70-5.58);
P<.001
New angina 109 (3.1) 25(4.6) 2.88(2.39-3.48) 4.37 (2.95-6.46) 1.34(0.86-2.09);
P=.200
Ml 120 (3.4) 51(9.3) 318 (2.66-3.80) 8.87 (6.72-11.71) 2.23(1.59-3.12);
P<.001

*Composite events are as follows:

Maijor cardiovascular events: cardiovascular death, myocardial infarction, stroke, or heart failure.

Major events: total mortality, myocardial infarction, stroke, or heart failure.

Coronary events: new MI, new angina, percutaneous coronary intervention, or coronary artery bypass surgery.
Fully adjusted model: adjusted for age, sex, smoking, hypertension, LDL cholesterol, history of coronary heart disease, statin, acetylsalicylic acid.

*Unadjusted risk due to a low number of events.

Cl, confidence interval; CV, cardiovascular; DM, diabetes mellitus; Ml, myocardial infarction; HR, hazard ratio.

The relative risk of new angina in patients with DM was not
significant; however, the risk of new Ml increased signifi-
cantly inthese patients (age and sex-adjusted HR and 95% Cl
for new MI12.23 (1.59-3.12); P <.001). Of note, in non-DM par-
ticipants, the proportion of new angina and new Ml was simi-
lar (31% vs. 3.4%, respectively); however, in patients with DM,
presentation with Ml was 2 times higher than the presenta-
tion with new angina (4.6% vs. 9.3%).

DISCUSSION

Diabetes mellitus is a heterogeneous disease, and the risk of
CV events varies according to several factors, including the
income levels of countries. This Turkish cohort of the PURE
study demonstrated that major CV outcomes, major events
(which includes total mortality in addition to the major CV
outcomes), and major coronary events increased by 71%,
57%, and 64%, respectively, in patients with DM compared
with those without DM. Except for the non-CV mortality and
new angina, all individual outcomes are significantly higher
in DM. Also, DM and CV disease at baseline lead to a compa-
rable increase in the risk of major CV outcomes.

Diabetes mellitus is associated with many CV risk factors. In
the presentstudy, inline with other studies, hypertension and

previous history of CV events were more common in patients
with DM. Also, blood pressure, body mass index, waist cir-
cumference, total cholesterol, and triglyceride levels were
higher, but HDL cholesterol was lower in these patients. On
the other hand, LDL cholesterol levels were similar between
the 2 groups. These findings demonstrate that patients
with DM have a similar metabolic profile that is observed in
patients with metabolic syndrome. Although the increased
risk of CV events attributed to DM is independent of these
factors, individual CV risk increases exponentially as the
number of risk factors increases.’ Preventive measures for
these risk factors will be an important cost-effective step in
reducing future risk of CV events.

In 1998, Haffner et al’® demonstrated that the risk of death
from CHD is equivalent for patients with diabetes and those
with prior Ml in the Finnish population. The same group rep-
licated their findings in another publication with a longer
period of follow-up." However, the results of various studies
contradicted these findings.””™ In our exploratory analyses,
the risk of primary outcomes of major CV events was similar
inthose with DM alone without CVD compared to those with
CVD dalone without DM and was additive in those with both
conditions (Figure 1). The controversial findings regarding
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Figure 1. Cumulative hazards and hazard ratio (95% Cl) for major cardiovascular outcomes in the age and sex-adjusted model

(upper panel) and in the fully adjusted model (lower panel). On the right panel, the y-axes are given in logarithmic scale.

whether DM is equivalent to the presence of CHD in terms
of the future CV risk seem to be caused by different defini-
tions of CV outcomes and previous history of CV disease,
and different adjustments, particularly the duration of DM
and population characteristics such as populations’ income
level. Data suggest that patients with DM may have differ-
ent risk profiles; therefore, the recent guidelines propose a
treatment approach based on the individual risk, including
the duration of DM, rather than a simplified approach using
the term "equivalency."™"

The absolute risk of CV events is usually higher in men
compared with women.”® However, several studies show
that the “relative” risk of major CV events in DM is higher
in women than in men.?””?° This has been explained by the
abolishment of sex-related protection.?’ On the other
hand, other studies show that the relative risk is higher in
men."22|n the present study, while men had a higher risk of
CV events than women, the CV risk of DM was not modi-
fied by sex. Although there is no plausible explanation for
these differences between the studies, it might be due to
several factors specific to the population or differences
in the duration of DM, or definitions of the outcomes. For
example, in our study, the percentage of smokers (active or
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former) was profoundly higher in men than in women (77%
vs. 24%, P < .001). A similar figure was observed in the epi-
demiological studies conducted in Tirkiye.?® Although we
adjusted for the smoking status for the risk of major CV
events, the cumulative effect of smoking cannot be ruled
out. Therefore, smoking and other unmeasured confound-
ing factors may be responsible for the differences between
the studies.

Diabetes mellitus is an independent risk factor for CAD. The
present study showed that the risk of composite major coro-
nary events (new MI, new angina, PCl, or CABG) was 2 times
higherinpatientswithDMinthe age and sex-adjusted model.
This figure was similar to the data obtained in the Emerging
Risk Factors Collaboration’s meta-analysis which includes
698782 people from 102 prospective studies.” Although new
anginais a frequent way of presentation, the increase in the
risk of new angina did not reach the statistical significance.
Of note, while the frequency of new angina and Ml is very
similar in non-DM patients (31% vs. 3.4%, respectively), the
frequency of Ml is twice of new angina in patients with DM
(9.3% vs. 4.6%). These suggest that these patients present
more often with Ml than with new angina. However, as this is
an epidemiologic study, we did not systematically search for
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Figure 2. Cumulative hazards and hazard ratio (95% Cl) for major coronary events in the age- and sex-adjusted model (upper

panel) and in the fully adjusted model (lower panel). On the right panel, the y-axes are given in logarithmic scale.

the presence of silent ischemia. Whatever the mode of pre-
sentation, the impact on public health is substantial as the
prevalence of DM is expected to increase.™?

As of 2021, 537 million adults have DM worldwide, and the
number is expected to reach 643 million by 2030 and 783 mil-
lion by 2045.2% In the present study, the prevalence of DM was
found to be 13.6% as of the time of the recruitment period of
this study (2008-2009). The Turkish Diabetes Epidemiology
(TURDEP) study demonstrated that the crude prevalence of
diabetes was 7.2% in Turkiye in 1998.2° The TURDEP-II study
was conducted in the same centers 12 years later (in 2010),
and the age-standardized prevalence was found 13.7 %.2
There are several differences between the TURDEP and the
PURE studies. While TURDEP-II recruited participants aged
>20 years old, the PURE study enrolled participants aged
between 35 and 70 years. Also, we did not assess the hemo-
globin-Alc (HbA1lc) and glucose tolerance test as diagnos-
tic criteria at baseline. Similar to the values obtained from
the present study and the TURDEP-II study, a recent meta-
analysis of epidemiological studies with a low risk of bias cal-
culated the prevalence of DM in Tirkiye as 13.5%.* The high
prevalence of DM is an important public health problem in

Turkiye. Considering the high CV risk of diabetes and the low
use of CV-protective drugs, itis obvious that the high preva-
lence of diabetes exposes the Turkish population to a serious
risk of CV events.

With regard to the individual components of the outcomes,
except for the risk of non-CV mortality and new anging,
all other outcomes were significantly higher in diabetics.
Notably, the risk of heart failure was prominent but with
wide confidence intervals due to the low number of events.
Consistent with our finding, a 1.9 million people cohort study
showed that heart failure is one of the most common CV
manifestations of DM.? The increased risk might be caused by
the constellation of several risk factors, increased risk of micro-
and macrovascular disease, or diabetic cardiomyopathy.

We observed that the use of antiplatelets, statin, and ACEI/
ARB at baseline was very low especially for patients with
DM and concomitant CHD despite these medications being
reimbursed by the government in Tirkiye. The global PURE
study demonstrated that the use of secondary prevention
drugs for CV disease is low worldwide, and it is associated
with the income level of the country.” This is, along with the
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high percentage of smoking in our population, one of the
responsible factors for the increased number of CV events
requiring strict measures.

This study has several limitations. First, HbAlc was not
included in the diagnosis of DM. However, the effect size
of diabetes for major CV disease is consistent with those
obtained in other studies®?2% and is so high that is unlikely to
observe a major change in the main conclusion in case the
HbATlc value had been included in the diagnostic criteria.
Second, the duration of DM was not taken into consider-
ation. Nevertheless, the median follow-up is nearly 12 years,
which is long enough even for participants who are newly
diagnosed with DM at baseline.

On the other hand, the present study has some strengths.
First, the study population was selected considering the
population density and the income level of people in each
city using the national database. Second, the study has very
few missing values at baseline, and follow-up data were
obtained from 88% of participants during the 12-year follow-
up. Third, the follow-up duration is long enough to obtain
reliable information for the occurrence of CV disease.

CONCLUSION

This Turkish cohort of the PURE study demonstrated that
the prevalence of DM is 13.6% in participants aged between
35 and 70; the risk of major CV outcomes is increased by 1.71
times, and coronary events by 1.64 times in patients with DM
compared withnon-DM. Theincreased risk for major CV out-
comes seems to be comparable for patients with DM alone
without CV disease and for those with CV disease alone
without DM at baseline. The increase in non-CV mortality
and new angina were non-significant. All other individual
components of the outcomes were increased significantly
in DM. Also, our analysis shows that patients with diabetes
present with more MI than angina. The use of antiplatelet
medications and statins is not at an acceptable level, par-
ticularly for those with DM and concomitant CHD. These
findings underline that strict measures against the risk fac-
tors should be taken and that a nationwide intervention is
required urgently toimprove the undertreatment of patients
with diabetes, especially those with CHD.

Ethics Committee Approval: This study was approved in 2005 by the
Marmara University Ethics Committee (approval number: MAR-
SBY-2005-0183) and the Ministry of Health.

Informed Consent: Informed consent was obtained from all of the
participants.

Peer-review: Internally peer-reviewed.

Author Contributions: Concept — A.O., M.K,, S.G,, Y.A,, K.K., AT,
B.CT., OT.C., MVK,, S.R,, SY.; Design — A.O.,, MK,, S.G,, YA, KK,
AT,B.CT, OTC., MV.K,S.R,,SY.,; Supervision—A.O.,M.K,,S.G., Y.A,,
K.K., AT, B.CT., OT.C., MVK., S.R., SY.; Fundings — Metabolic
Syndrome Society (Tirkiye), The Population Health Research
Institute of McMaster University (Canada); Materials — A.O., M.K.,
S.G., YA, KK., AT, B.CT, OTC., MVK,, S.R., SY.; Data collection
and/or processing — A.O., M.K,, S.G., YA, KK., AT, B.CT., OTC,,

s 460

Anatol J Cardiol 2023; 27(8): 453-461

MV.K., S.R., SY.; Analysis and/or interpretation — A.O., M.K., S.G.,
Y.A., KK, AT,B.CT,OTC., MV.K,,S.R.,SY.; Literature search— A.O.,
M.K., S.G., Y.A., K.K., AT, B.CT, OT.C., MVK., S.R., SY.; Writing —
A.O.,MK,S.G, YA, KK, ,AT,B.CT, OTC., MVK,, S.R., SY.,; Critical
review — A.0.,,M.K,,S.G., YA, K.K.,,AT.,,B.CT,OT.C.,,MV.K,,S.R,,SY.

Acknowledgments: We would like to thank Astra Zeneca and Sanofi
companies for their financial support given at the beginning of the
study. SY., S.R., and A.O. were involved in the design and conducting
of the PURE international study. In the present study, all the authors
wereinvolvedin the concept, design, critical review, and preparation
of the manuscript.

Declaration of Interests: The authors have no conflict of interest to
declare.

Funding: This study was mainly supported by Metabolic Syndrome
Society in Turkiye. The Population Health Research Institute of
McMaster University provided financial and scientific supportduring
the study.

REFERENCES

1. Organization WH. https:/www.who.int/news-room/fact-sheet
s/detail/diabetes. Accessed June 18, 2022.

2.  Satman I, Omer B, Tutuncu Y, et al. Twelve-year trends in the
prevalence andrisk factors of diabetes and prediabetesin Turk-
ish adults. Eur J Epidemiol. 2013;28(2):169-180. [CrossRef]

3. Yilmaz MB, Kiligkap M, Abaci A, et al. Temporal changes in the
epidemiology of diabetes mellitusin Turkey: a systematic review
and meta-analysis. Turk Kardiyol Dern Ars. 2018;46(7):546-555.
[CrossRef]

4. Dagenais GR, Gerstein HC, Zhang X, et al. Variationsin diabetes
prevalence in low-, middle-, and high-income countries: results
from the prospective urban and rural epidemiological study.
Diabetes Care. 2016;39(5):780-787. [CrossRef]

5.  Anjana RM, Mohan V, Rangarajan S, et al. Contrasting associa-
tions between diabetes and cardiovascular mortality rates in
low-, middle-, and high-income countries: cohort study data
from 143,567 individuals in 21 countries in the PURE study. Dia-
betes Care. 2020;43(12):3094-3101. [CrossRef]

6. TeoK, Chow CK, Vaz M, Rangarajan S, Yusuf S, PURE Investiga-
tors-Writing Group. The Prospective Urban Rural Epidemiology
(PURE) study: examining the impact of societal influences on
chronic noncommunicable diseases in low-, middle-, and high-
income countries. Am Heart J. 2009;158(1):1-7.e1. [CrossRef]

7. 0Oguz A, Telci Caklili &, Timerdem Calik B, PURE Investigators.
The Prospective Urban Rural Epidemiology (PURE) study: PURE
Turkey. Turk Kardiyol Dern Ars. 2018;46(7):613-623. [CrossRef]

8. Yusuf S, Joseph P, Rangarajan S, et al. Modifiable risk factors,
cardiovascular disease, and mortality in 155 722 individuals from
21 high-income, middle-income, and low-income countries
(PURE):aprospectivecohortstudy.Lancet.2020;395(10226):795-
808. [CrossRef]

9. YusufS,Hawken S, OunpuuS, et al. Effect of potentially modifi-
able risk factors associated with myocardial infarction in 52
countries (the INTERHEART study): case-control study. Lancet.
2004,;364(9438):937-952. [CrossRef]

10. Haffner SM, Lehto S, Rénnemaa T, Py6rdld K, Laakso M. Mortal-
ity from coronary heart disease in subjects with type 2 diabetes
and in nondiabetic subjects with and without prior myocardial
infarction. N Engl J Med. 1998;339(4):229-234. [CrossRef]

11. Juutilainen A, Lehto S, Rénnemaa T, Pyérdld K, Laakso M. Type
2 diabetes as a "coronary heart disease equivalent": an 18-year
prospective population-based study in Finnish subjects. Diabe-
tes Care. 2005;28(12):2901-2907. [CrossRef]


https://www.who.int/news-room/fact-sheets/detail/diabetes
https://www.who.int/news-room/fact-sheets/detail/diabetes
https://doi.org/10.1007/s10654-013-9771-5
https://doi.org/10.5543/tkda.2018.88225
https://doi.org/10.2337/dc15-2338
https://doi.org/10.2337/dc20-0886
https://doi.org/10.1016/j.ahj.2009.04.019
https://doi.org/10.5543/tkda.2018.32967
https://doi.org/10.1016/S0140-6736(19)32008-2
https://doi.org/10.1016/S0140-6736(04)17018-9
https://doi.org/10.1056/NEJM199807233390404
https://doi.org/10.2337/diacare.28.12.2901

Anatol J Cardiol 2023; 27(8): 453-461

12.

13.

14.

15.

16.

17.

18.

19.

20.

Bulugahapitiya U, Siyambalapitiya S, Sithole J, Idris . Is diabetes
a coronary risk equivalent? Systematic review and meta-
analysis. Diabet Med. 2009;26(2):142-148. [CrossRef]

Cho E, Rimm EB, Stampfer MJ, Willett WC, Hu FB. The impact of
diabetes mellitus and prior myocardial infarction on mortality
from all causes and from coronary heart disease in men. J Am
Coll Cardiol. 2002;40(5):954-960. [CrossRef]

Evans JM, Wang J, Morris AD. Comparison of cardiovascular risk
between patients with type 2 diabetes and those who had had
amyocardialinfarction: cross sectional and cohort studies. BMJ.
2002;324(7343):939-942. [CrossRef]

MachF, Baigent C, Catapano AL, etal. 2019 ESC/EAS Guidelines
for the management of dyslipidaemias: lipid modification to
reduce cardiovascular risk. Eur Heart J. 2020;41(1):111-188.
[CrossRef]

American Diabetes Association professional practice C. 10.
Cardiovascular disease and risk management: Standards of
medical care in diabetes-2022. Diabetes Care. 2022;45(suppl 1):
S$144-S174.

Visseren FLJ, Mach F, Smulders YM, etal. 2021ESC Guidelineson
cardiovascular disease prevention in clinical practice. Eur Heart
J.2021;42(34):3227-3337. [CrossRef]

Wialli-AttaeiM, Joseph P,Rosengren A, et al. Variations between
women and men in risk factors, treatments, cardiovascular dis-
ease incidence, and death in 27 high-income, middle-income,
and low-income countries (PURE): a prospective cohort study.
Lancet. 2020;396(10244):97-109. [CrossRef]

Emerging Risk Factors Collaboration, Sarwar N, Gao P, et al.
Diabetes mellitus, fasting blood glucose concentration,
and risk of vascular disease: a collaborative meta-analysis of
102 prospective studies. Lancet. 2010;375(9733):2215-2222.
[CrossRef]

Ballotari P, Venturelli F, Greci M, Giorgi Rossi P, Manicardi V. Sex
differences in the effect of Type 2 diabetes on major

21.

22.

23.

24.

25.

26.

27.

28.

Oguz et al. Risk Factors, Use of Preventive Drugs, and Cardiovascular Eventsin DM

cardiovascular diseases: results from a population-based study
in Italy. Int J Endocrinol. 2017;2017:6039356. [CrossRef]

Haffner SM. Coronary heart disease in patients with diabetes.
N Engl J Med. 2000;342(14):1040-1042. [CrossRef]

Natarajan S, Liao Y, Sinha D, Cao G, McGee DL, Lipsitz SR.
Sex differences in the effect of diabetes duration on coronary
heart disease mortality. Arch Intern Med. 2005;165(4):430-435.
[CrossRef]

Azer N, Kilickap M, Tokgézoglu L, et al. Data on smoking in
Turkey: systematic review, meta-analysis and meta-regression
of epidemiological studies on cardiovascular risk factors. Turk
Kardiyol Dern Ars. 2018;46(7):602-612. [CrossRef]

IDF Diabetes Atlas. 10th ed. https:/diabetesatlas.org/atlas/ten
th-edition/?dImodal=active&dIsrc=https%3A%2F%2Fdiabetes
atlas.org%2Fidfawp%2Fresource-files%2F2021%2F07%2FIDF_A
tlas_10th_Edition_2021.pdf. Accessed July 23, 2022.

Satman |, Yilmaz T, Sengdil A, et al. Population-based study of
diabetes and risk characteristics in Turkey: results of the Turkish
diabetes epidemiology study (TURDEP). Diabetes Care. 2002;
25(9):1551-1556. [CrossRef]

Shah AD, Langenberg C, Rapsomaniki E, et al. Type 2 diabetes
and incidence of cardiovascular diseases: a cohort study in 1.9
million people. Lancet Diabetes Endocrinol. 2015;3(2):105-113.
[CrossRef]

Yusuf S, Islam S, Chow CK, et al. Use of secondary prevention
drugs for cardiovascular disease in the community in high-
income, middle-income, and low-income countries (the PURE
Study): a prospective epidemiological survey. Lancet. 2011;
378(9798):1231-1243. [CrossRef]

Gholap NN, Achana FA, Davies MJ, Ray KK, Gray L, Khunti K.
Long-term mortality after acute myocardial infarction among
individuals with and without diabetes: a systematic review and
meta-analysis of studies in the post-reperfusion era. Diabetes
Obes Metab. 2017;19(3):364-374. [CrossRef]

461 ——


https://doi.org/10.1111/j.1464-5491.2008.02640.x
https://doi.org/10.1016/s0735-1097(02)02044-2
https://doi.org/10.1136/bmj.324.7343.939
https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.1093/eurheartj/ehab484
https://doi.org/10.1016/S0140-6736(20)30543-2
https://doi.org/10.1016/S0140-6736(10)60484-9
https://doi.org/10.1155/2017/6039356
https://doi.org/10.1056/NEJM200004063421408
https://doi.org/10.1001/archinte.165.4.430
https://doi.org/10.5543/tkda.2018.85349
https://diabetesatlas.org/atlas/tenth-edition/?dlmodal=active&dlsrc=https%3A%2F%2Fdiabetesatlas.org%2Fidfawp%2Fresource-files%2F2021%2F07%2FIDF_Atlas_10th_Edition_2021.pdf
https://diabetesatlas.org/atlas/tenth-edition/?dlmodal=active&dlsrc=https%3A%2F%2Fdiabetesatlas.org%2Fidfawp%2Fresource-files%2F2021%2F07%2FIDF_Atlas_10th_Edition_2021.pdf
https://diabetesatlas.org/atlas/tenth-edition/?dlmodal=active&dlsrc=https%3A%2F%2Fdiabetesatlas.org%2Fidfawp%2Fresource-files%2F2021%2F07%2FIDF_Atlas_10th_Edition_2021.pdf
https://diabetesatlas.org/atlas/tenth-edition/?dlmodal=active&dlsrc=https%3A%2F%2Fdiabetesatlas.org%2Fidfawp%2Fresource-files%2F2021%2F07%2FIDF_Atlas_10th_Edition_2021.pdf
https://doi.org/10.2337/diacare.25.9.1551
https://doi.org/10.1016/S2213-8587(14)70219-0
https://doi.org/10.1016/S0140-6736(11)61215-4
https://doi.org/10.1111/dom.12827

Supplementary Table 1. Cardiovascular risk of DM in participants without coronary heart disease at baseline

DM (—) DM (+) Incidence Rate in Incidence Ratein
n=3331 n=485 non-diabetics diabetics Age and sex Fully adjusted
(87.3%) (12.7%) per 1000 person- per 1000 person- adjusted model**
Events* Eventn (%) Eventn (%) years years HR (95% CI) HR (95% Cl)
Major CV events 178 (5.3) 65 (13.4) 497 (4.29-5.75) 12.75 (9.96-16.32) 190 (1.41-2.55);  1.65(1.22-2.24);
P<.001 P=.001
Major events 286 (8.6) 94 (19.4) 798 (711-8.96) 18.62(1518-22.85) 1.72(1.35-218);  1.56(1.22-2.00);
P <.001 P<.001
Coronary events 199 (6.0) 65 (13.4) 5.58 (4.86-6.42) 13.31(10.44-16.98)  2.07 (1.55-2.76);  1.83(1.36-2.46);
P<.001 P<.001
Individual components
Total mortality 178 (5.3) 58 (12.0) 4.87 (4.21-5.65) 1119 (8.65-14.47) 1.63(1.20-2.21); 1.60 (117-218);
P=.002 P=.003
CV mortality 55(1.7) 25(5.2) 1.51(116-1.96) 4.82 (3.26-714) 2.26 (1.39-3.67);
P=.001
Non-CV mortality 123 (3.7) 33(6.8) 3.37(2.82-4.02) 6.37 (4.53-8.96) 1.35(0.91-2.00);
P=.134
Mi 99 (3.0) 42 (8.7) 2.74 (2.25-3.34) 8.34 (6.17-11.29) 2.50 (1.73-362);
P <.001
New angina 92(2.8) 19 (3.9) 2.88(2.39-3.48) 4.37 (2.95-6.47) 1.34(0.81-2.23);
P=.254
Stroke 49 (1.5) 20 (40) 1.35(1.02-1.78) 3.73(2.38-5.84) 1.72(1.00-2.95);
P=.051
Heart failure 31(0.9) 11(2.3) 0.85(0.60-1.21) 1.94 (1.04-3.60) Unadjusted:
2.25(110-4.60);
P=.016

*Composite events are:
Major cardiovascular events: cardiovascular death, myocardial infarction, stroke, or heart failure
Major events: Total mortality, myocardial infarction, stroke, or heart failure

Coronary events: New MI, new angina, percutaneous coronary intervention, or coronary artery bypass surgery
**Fully adjusted model: adjusted for sex, age, hypertension, smoking, LDL-cholesterol, statin use, and aspirin use
Cl, confidence interval; CV, cardiovascular; DM, diabetes mellitus; HR; hazard ratio; MI, myocardial infarction

Supplementary Table 2. Comparison of DM and history of coronary heart disease for the future risk of major coronary events

(New MI, new angina, percutaneous coronary intervention, or coronary artery bypass surgery)

DM (-)
n=3492(86.4%)

DM (+)

n=>549 (13.6%)

Eventn (%) Eventn (%)
Major Coronary events 238 (6.8%) 82 (14.9%)
No event Events (+) Age and sex-adjusted model Fully adjusted model
Coronary DM-/CHD- 3132 (94.03) 199 (5.97) Ref. Ref.
Events DM-/CHD+ 122 (75.78) 39 (24.22) 3.04 (213-4.34); P <.001 2.28(1.54-3.37); P <.001
(nand row percentages)* DM+/CHD- 420 (86.60) 65 (13.40) 210 (1.58-2.80); P <.001 1.78 (1.33-2.40); P < .001
DM+/CHD+ 47 (73.44) 17 (26.56) 3.83(2.29-6.40); P<.001 2.77 (1.62-4.74); P < .001

Major Coronary events: New MI, new angina, percutaneous coronary intervention, or coronary artery bypass surgery
*Fully adjusted model: adjusted for sex, age, hypertension, smoking, LDL-cholesterol, statin use and aspirin use

DM, diabetes mellitus; Ref, reference.






