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Abstract

The Middle East and North Africa (MENA) region has a high burden of morbidity and mortality
from premature (<55 years in men; <65 years in women) myocardial infarction (MI) and acute
coronary syndrome (ACS). Despite this, the prevalence of risk factors in patients presenting with
premature Ml or ACS is incompletely described. We compared lifestyle, clinical risk factors, and
biomarkers associated with premature MI/ACS in the MENA region with selected non-MENA
high-income countries. We identified English-language, peer-reviewed publications through
PubMed (up to March 2018). We used the World Bank classification system to categorize
countries. Patients with premature MI/ACS in the MENA region had a higher prevalence of
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smoking than older MI/ACS patients but a lower prevalence of diabetes, hypertension and
dyslipidemia. Men with premature MI/ACS had a higher prevalence of smoking than women, but a
lower prevalence of diabetes and hypertension. The MENA region had sparse data on lifestyle,
diet, psychological stress and physical activity. To address these knowledge gaps, we initiated the
ongoing Gulf Population Risks and Epidemiology of Vascular Events and Treatment (Gulf
PREVENT) case-control study to improve primary and secondary prevention of premature Ml in
the United Arab Emirates, a high-income country in the MENA region.

Keywords

cardiovascular disease; ischemic heart disease; premature myocardial infarction; risk factors;
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Introduction

In 2015, cardiovascular disease (CVD) claimed 17.9 million lives, representing a 42%
increase from 12.6 million in 1990.1 Most CVD deaths result from ischemic heart disease
(IHD). While there is variation in global distribution of CVD and IHD, one region with a
consistently high burden, particularly of premature CVD, is the Middle East and North
Africa (MENA).23

Based on the World Bank classification, MENA comprises 21 countries (Figure 1 and
Supplemental Table 1).* MENA has one of the highest years of life lost and disability
associated with CVD and IHD (Supplemental Figures 1A-D).1 Several MENA countries
have shown improvement in age-adjusted CVD death rates although the total number of
CVD deaths from 1990 to 2015 increased from 29% (Somalia) to 422% (United Arab
Emirates), attributed to population growth and aging (Supplemental Figure 2).

Premature myocardial infarction (MI) generally refers to MI in men <55 years or women
<65 years old.5” INTERHEART® reported that the Middle East had the youngest median
age of first MI (51 years), approximately a decade younger than North America (59 years)
and Western Europe (63 years). MENA countries had the highest proportion (11%) of
individuals <40 years with MI (vs4% in North America and 3% in Western Europe).8 These
findings are alarming for MENA countries, as premature Ml has significant consequences
for families and society, including loss of productivity, long-term health costs and high
caregiver burden. Given the findings from INTERHEART® and the paucity of reports
summarizing risk factors in the MENA region, we sought to compare risk factors associated
with premature M1 in MENA and selected non-MENA high-income countries in North
America and Europe.

We review prevalence of risk factors as well as knowledge gaps that guided development of
the Gulf Population Risks and Epidemiology of Vascular Events and Treatment (Gulf
PREVENT), a recently initiated and ongoing study of premature Ml in the United Arab
Emirates.
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In this narrative review, we identified original articles through PubMed from inception to
March 28, 2018 using terms: cardiovascular disease; premature myocardial infarction;
individual MENA country names; biomarkers; lipids; lipoproteins; diabetes; obesity; and sex
differences. We screened titles and/or abstracts of approximately 14,000 articles and
included studies that described risk factors and premature MI/ACS. Countries were
categorized by World Bank income group. We describe type of cardiac event: first or
recurrent MI or acute coronary syndrome (ACS). We summarize risk factors in MENA and
for comparison, selected non-MENA high-income countries in North America and Europe,
and where available, draw comparisons by age and sex.

Figure 1 was designed with online software (mapchart.net).

Description of Major Studies

We identified major studies based in several world regions (INTERHEART® and Global
Registry of Acute Coronary Events [GRACE]®; n=51,263 individuals), studies exclusively
from MENA (n=14,704 individuals from 3 studies) and from non-MENA high-income
regions (n=30,299 individuals from 8 studies) (Table 1). All were cohort studies except for
INTERHEART (case-control).8 Participants were recruited from hospitals with capability
for fibrinolysis and/or percutaneous coronary intervention. Very few studies reported
hospital characteristics and precluded us from summarizing the level (i.e. secondary, tertiary,
or quaternary) of participating hospitals. Further, most studies were conducted in =2
countries, included men and women, and had large sample sizes (h =3,500) recruited from
several hospitals.8-14 Studies conducted in <1 country also had large sample sizes (n >2250)
recruited from several hospitals.1®-17 These factors strengthen their validity of being
representative of the average MI/ACS in their country or region. The regional studies
included fewer hospitals but were based on contemporary cohorts, thereby improving their
validity related to contemporary cardiovascular risk factors.18-20 INTERHEARTS reported
age-stratified association of 9 factors with acute MI, and GRACE enrolled individuals with
ACS.? The INTERHEART Middle East substudy reported non-age stratified trends from
MENA.21 Gulf Registry of Acute Coronary Events (Gulf RACE) enrolled individuals with
ACS from 6 MENA countries.1% Gulf RACE-2 was a follow up registry of ACS.11 In few
MENA countries (Algeria, Egypt, Iran, Israel, Lebanon, Libya, Morocco, Saudi Arabia, and
Tunisia) there were sparse reports on stable or angiographic IHD, non-age-stratified analyses
and cardiovascular risk factors.”~16 For example, the Saudi Project for Assessment of
Coronary Events reported non-age stratified prevalence of risk factors among individuals in
Saudi Arabia with ACS3!; the Jordan Hyperlipidemia And Related Targets Study
(JOHARTS) reported the prevalence of risk factors among individuals in Jordan with stable
IHD or ACS?23; the Tehran Heart Center’s Premature Coronary Atherosclerosis Cohort Study
enrolled individuals in Iran with angiographic IHD;3C and, a study in Egypt enrolled
individuals with stable IHD or MI2°. Given the paucity of data on premature MI/ACS in the
MENA region, where relevant, we have included findings on stable or angiographic IHD and
non-age-stratified analyses.
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Outside of MENA, major studies in high-income countries in North America and Europe
include Variation in Recovery: Role of Gender on Outcomes of Young Acute MI Patients
(VIRGO), Young-MI, GENdEr and Sex determInantS of cardiovascular disease: from bench
to beyond-PRemature Acute Coronary Syndrome (GENESIS-PRAXY), Proyecto de
Registro de Infarto Agudo de Miocardio Hospitalario (PRIAMHO I1), and Gruppo Italiano
per lo Studio della Sopravvivenza nell’Infarto Miocardico (GISSI-2) (Table 1).12-16

Risk Factors and Premature Ml or ACS

Smoking

Data are summarized in Tables 2—-4.

In INTERHEART, smoking was positively associated with risk of premature Ml (odds ratio
[OR] [99% confidence interval (CI)]; cases vscontrols) in men <55 years (3.33 [2.80-3.95])
and women <65 years (4.49 [3.11-6.47]).8 GRACE showed higher prevalence of smoking
among younger vsolder individuals with ACS.°

In Gulf RACE and Gulf RACE-2, smoking was more prevalent in younger vsolder
individuals with ACS,10-11 and in men vswomen in Gulf RACEZ?, Similar results were
observed in JOHARTS and in studies from Egypt, Iran and Tunisia.23:2529.30 A study in
Saudi Arabia reported 32% prevalence of smoking among individuals with ACS.3! In Gulf
RACE-2, users of khat (a stimulant predominantly used in East Africa and the Arabian
Peninsula) vsnon-users had higher risk of recurrent M1 and death.32

In non-MENA countries, smoking was more prevalent in younger vsolder individuals in
Italy and Spain.15:16 GISSI-2 reported higher risk of MI (OR [95% CI]; (2.87 [2.59-3.17])
in younger (<50 years) vsolder (50-70 years) smokers.1®> GENESIS-PRAXY and VIRGO
showed no differences between men and women.1214 Smoking is more prevalent in younger
individuals with MI/ACS in non-MENA vs MENA countries. However, most studies
reported presence/absence of smoking with insufficient information on duration and number
of cigarettes smoked.

Other Lifestyle Factors

In INTERHEART, alcohol use was not associated with risk of premature MI (OR [99% CI];
cases vscontrols) in men <55 years (1.03 [0.87-1.23]) and women <65 years (0.74 [0.41-
1.31]).8 None of the MENA studies reported alcohol use. In VIRGO, alcohol abuse was
more prevalent in men vswomen.12

In INTERHEART, regular exercise was not associated with lower risk of premature M1 (OR
[99% CI]J; cases vs controls) in men <55 years (1.02 [0.83-1.25]) and women <65 years
(0.74 [0.49-1.10]).8 None of the MENA studies reported physical activity or exercise. In
VIRGO, physical activity was more prevalent in men vswomen.12

Use of cocaine and/or cannabis in the overall cohort was reported in Young-MI and,
compared to non-users, was associated with higher cardiovascular mortality and all-cause
mortality over median follow-up time of 11.2 years.1® VIRGO reported no sex differences in
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cocaine use in individuals with M1.12 To our knowledge, there are no data in the MENA
region.

In INTERHEART, diabetes was positively associated with risk of premature M1 (OR [99%
Cl]J; cases vscontrols) in men <55 years (2.66 [2.04-3.46]) and women <65 years (3.53
[2.49-5.01]).8 GRACE showed lower prevalence among younger vsolder individuals with
ACS.?

In Gulf RACE and Gulf RACE-2, younger individuals had lower prevalence of diabetes than
older individuals with ACS.19.11 In JoHARTS, the prevalence of diabetes was higher in
women compared with men23, and in Egypt, prevalence was higher in cases vs controls.?® In
Saudi Arabia the prevalence of diabetes among individuals with ACS was 58%.31 In Iran,
the prevalence was 32%, and in Tunisia, there was no difference in prevalence among
individuals <65 vs>65 years.25:30

Similar to MENA studies, younger individuals in GISSI-2 and PRIAMHO Il had lower
prevalence of diabetes compared with older individuals.1>:16 GISSI-2 reported lower risk of
MI (0.46 [0.39-0.53]) in younger (<50 years) vsolder (50-70 years) individuals with
diabetes.1>

Hypertension

Obesity

In INTERHEART, hypertension was positively associated with risk of premature M1l (OR
[99% CI]J; cases vs controls) in men <55 years (1.99 [1.66-2.39]) and women <65 years
(2.94 [2.25-3.85])8. GRACE showed lower prevalence among younger vs older individuals
with ACS.?

Gulf RACE and Gulf RACE-2 showed lower prevalence of hypertension in younger vsolder
individuals with ACS.10:11 A study in Saudi Arabia reported 55% prevalence of
hypertension among individuals with ACS.3! Results in MENA countries were generally
observed in non-MENA high income countries.1>:16 GISSI-2 reported lower risk of M1 (0.45
[0.40-0.50]) in younger (<50 years) vsolder (50-70 years) individuals with hypertension.1®

In INTERHEART, abdominal obesity (waist-to-hip ratio) was positively associated with risk
of premature M1 (OR [99% CI]; cases vscontrols) in men <55 years (1.83 [1.52-2.20]) and
women <65 years (1.58 [1.14-2.20]).8 Body-mass index showed a weak positive association
with MI, which became statistically non-significant when adjusted for abdominal obesity.

In Gulf RACE, women <40 years had higher prevalence of obesity (defined by body-mass
index) than men.1% Gulf RACE-2 showed higher body-mass index in individuals 51-70
years compared with other groups.1! In Egypt, prevalence of obesity was higher in cases vs
controls,2% and in Iran, prevalence among premature M1 was 36%.30

GENESIS-PRAXY reported no differences in prevalence between men and women, whereas
VIRGO reported lower prevalence in women.12:14
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Mental Health

In INTERHEART, psychosocial factors (depression, locus of control, perceived stress, and
life events) were positively associated with risk of premature MI (OR [99% CI]; cases vs
controls) in men <55 years (2.62 [1.91-3.60]) and women <65 years (3.92 [2.26-6.79]).8

We did not find MENA studies on psychosocial factors or stress. Among non-MENA
studies, VIRGO showed higher prevalence of depression in women vsmen.12

Dyslipidemia

There are sparse data on high-density lipoprotein cholesterol (HDL-C) and low-density
lipoprotein cholesterol (LDL-C) in the MENA region. INTERHEART showed that high
apolipoprotein B/A1 ratio (quintiles 2-5 vsquintile 1) was positively associated with risk of
premature MI (OR [99% CIJ; cases vs controls) in men <55 years (4.16 [3.19-5.42]) and
women <65 years (4.83 [3.19-7.32]).28 GRACE showed higher prevalence of hyperlipidemia
in younger vsolder individuals with ACS.?

In contrast to GRACE, Gulf RACE and Gulf RACE-2 showed lower prevalence of
dyslipidemia in younger compared with older individuals.1911 However, Gulf RACE-2
reported higher mean levels of total cholesterol and LDL-C, and lower mean levels of HDL-
C, in younger vsolder individuals.1! Gulf RACE-2 showed higher mean triglyceride levels
in younger vs older individuals with ACS.11 In MENA studies on stable IHD, the prevalence
of dyslipidemia depended on the study and type of cholesterol measured; some studies
showed women with higher prevalence of dyslipidemia compared with men, and cases with
higher levels of total cholesterol, triglycerides, LDL-C compared with controls, but lower
levels of HDL-C.25:29.30

In non-MENA countries, younger vsolder individuals had a higher prevalence of
hypercholesterolemial®, although one study reported similar prevalencel®. The trends for
LDL-C and HDL-C as well as sex differences depended on the study and type of cholesterol
measured (Table 4). Lipoprotein (a) was also associated with risk of premature Ml in men
(relative risk [95% CI]; cases vscontrols 1.9 [1.1-3.3]).17

Other Biomarkers

In the MENA region, we did not find studies on inflammatory biomarkers such as high-
sensitivity C-reactive protein (hsCRP) and premature MI. VIRGO showed higher levels of
hsCRP among women vs men.33

Discussion

Our results support the following observations. First, MENA individuals with premature
MI/ACS have higher prevalence of smoking compared with older individuals with MI/ACS,
but lower prevalence of diabetes, hypertension and dyslipidemia. Second, among individuals
with premature MI/ACS, men vswomen had higher prevalence of smoking, but lower
prevalence of diabetes and hypertension. Third, for several MENA countries, there are
sparse data on lifestyle, diet, alcohol, psychosocial factors, obesity and physical activity.
These factors may contribute to the risk of premature MI/ACS. Taken together, we observed
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differences in the risk factor profile of younger vsolder individuals with MI/ACS and,
importantly, identify knowledge gaps in the MENA region that preclude a full understanding
of the factors that predispose to premature MI/ACS.

It is intriguing that younger vsolder individuals with MI/ACS in MENA and non-MENA
studies generally have a lower prevalence of conventional risk factors (diabetes,
hypertension and dyslipidemia) and similar prevalence of family history of CVD. In this
context, INTERHEART showed that a composite of 9 factors (lifestyle factors and
apolipoprotein B/apolipoprotein Al ratio) account for >90% of population attributable risk
of premature M1.8 However, the INTERHEART Middle East substudy did not report age-
stratified analyses, and the extent to which these factors account for premature MI/ACS is
unclear. Factors such as lifestyle (e.g. physical activity, psychosocial stress), access to
preventive care, prior or concurrent inflammatory or infectious conditions,3* or
environmental factors,3® which alter risk of MI/ACS, may contribute to premature MI/ACS,
but require further investigation in MENA cohorts.

In addition, we noted differences in risk profile of men vswomen. In MENA studies, men
had a higher prevalence of smoking, but lower prevalence of diabetes and hypertension.
Recent studies show that sex-specific factors, in particular, obstetric history (e.g., gestational
diabetes or hypertension, preeclampsia, preterm delivery) might increase risk of CVD.36
Whether or not these factors affect risk of premature MI/ACS in MENA cohorts remains to
be determined.

Our study has limitations. There was variability across studies in type of event (first or
recurrent ACS or MI), age cut-off for premature MI/ACS, as well as unavailable data on
medication use which could affect biomarker levels. Further, several MENA studies include
contemporary cohorts whereas non-MENA studies include older cohorts. This could affect
the interpretation of our results.

Our study also has strengths. We examined several studies and compared risk factors in the
MENA region vs selected non-MENA countries. We also examined various lifestyle, clinical
risk factors, and biomarkers that could alter risk of premature MI/ACS. Importantly, we
identified several knowledge gaps. INTERHEART Middle East substudy and Gulf registries
did not focus on premature MI/ACS. Further, Gulf registries included MI cases without
controls, and the relative contribution of socioeconomic, demographic, and psychosocial
factors, as well as physical activity, to premature MI was incompletely characterized.
Further, no studies have assessed barriers to adherence of secondary prevention therapies
following premature MI.

Rationale for the Gulf PREVENT Study

To address these gaps, we designed Gulf PREVENT, an on-going case-control study based
at the largest public sector hospital in Abu Dhabi, United Arab Emirates (Figure 2). For risk
factors, Gulf PREVENT will quantify the relative contribution and population attributable
risk percent associated with premature MI, with emphasis on diabetes, obesity, and familial
hypercholesterolemia given their growing prevalence in the Middle East.3437 We aim to
enroll 400 cases (men 18-55 years; women 18-65 years, with first MI) and a similar number
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of controls matched by age (5 years), sex and nationality. MI will be determined by
symptoms, cardiac biomarkers, and electrocardiographic criteria outlined by the American
Heart Association/American College of Cardiology.38:39 Although risk factors associated
with the first and recurrent cardiovascular events may be similar,%C to avoid potential bias,
Gulf PREVENT will only recruit patients with first MI. Upon admission to the hospital,
participants are requested to complete a baseline survey, and asked to provide blood and
stool samples for banking. This will allow us to examine if novel biomarkers (e.g. novel
lipids, inflammatory markers, metabolites and microbiota) can improve risk prediction of
premature MI (Supplemental Table 2). Cases are interviewed at discharge and at 3 months
after discharge (Figure 2). Gulf PREVENT aims to better understand premature M1 across
the care spectrum. These results will help to design interventions to improve primary
prevention in the MENA region.

CONCLUSIONS

Individuals with premature MI/ACS in the MENA region appear to have higher prevalence
of smoking than older individuals, but lower prevalence of diabetes, hypertension and
dyslipidemia. The sparse data on lifestyle, diet, psychological stress, and physical activity,
will be addressed by the ongoing Gulf PREVENT study, which is designed to address
knowledge gaps and improve cardiovascular prevention in MENA.

The goal of reducing premature cardiovascular mortality is a global priority. To achieve this,
nations require a framework to improve cardiovascular outcomes, which includes high-
quality clinical care and a complementary research agenda that focuses on communities and
individuals. Gulf PREVENT will contribute to this framework by identifying areas to
improve primary and secondary cardiovascular prevention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Tunisia Syrian Arab Republic

2 " Islamic Republic
EUROPE : K & of Iran

Figure 1:
Middle East and North Africa region with middle- (light grey) and high-income (dark grey)

countries.
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Gulf PREVENT

Aim 1 (case-control study):
risk factors for premature MI

* Collect blood & stool samples upon admission
* Admission diagnosis, hospital course, and outcome
* Measure cardiac and inflammatory biomarkers

Suspected Ml
presenting
within 24h of —
symptom onset
(time zero)

Enroll cases and
matched controls;
baseline interview

N

y

Baseline ~

A 4

3 months

Aim 2 (cohort study):
follow cases (Aim 1)

Discharge Interview

Discharge diagnosis
Discharge medications
Lifestyle counselling

3-month Interview
» Adherence to secondary prevention
» Adherence to lifestyle counselling
» Patient barriers to adherence (cultural,
financial, insight into health, among others)

Figure 2:

Schematic of Gulf PREVENT, ongoing case-control study on premature MI in Abu Dhabi,
United Arab Emirates. Gulf PREVENT: Gulf Population Risks and Epidemiology of
Vascular Events and Treatment; MI: myocardial infarction.
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Prevalence and association of lifestyle factors with premature ACS or MI.

Study/Author (ref) Prevalence of risk factor
(age in years [y])
Sex younger | older
Smoking
Several world regions
GRACE?® | M,F | 79% (<45y) | 29% (=85y)

MENA countries

urracen | W | smeicton Tams coon

Gulf RACE-21! M,F

67% (<50y) | 34% (>70y)

Callachan?® M,F

61%

Non-MENA high-income cou

ntries

GISSI-215 M,F

78% (<50y) | 21% (>70y)

PRIAMHO 1116 M,F

84% (<45y) | 41% (=45y)

M 54%
12
VIRGO = 56%
M 39%
14
GENESIS-PRAXY = 43%
M 51%
_M[20
Young-MI F 57%
Alcohol
Non-MENA high-income countries
Sex
M 11%
12
VIRGO = 5%
Physical activity
Non-MENA high-income countries
M 42%
12
VIRGO = 33%

Recreational drugs

Non-MENA high-income cou

ntries

5% (cocaine)

Young-MI'8 M,F

6% (cannabis)

ACS: acute coronary syndrome; M, F: male, female; MI: myocardial infarction; GENESIS-PRAXY: GENdEr and Sex determlnantS of

Table 2:

Page 15

cardiovascular disease: from bench to beyond-PRemature Acute Coronary Syndrome; GISSI: Gruppo ltaliano per lo Studio della Sopravvivenza
nell’Infarto Miocardico; GRACE: Global Registry of Acute Coronary Events; Gulf RACE: Gulf Registry of Acute Coronary Events; MENA:
Middle East and North Africa; MI: myocardial infarction; PRIAMHO: Proyecto de Registro de Infarto Agudo de Miocardio Hospitalario; VIRGO:

Variation in Recovery: Role of Gender on Outcomes of Young Acute MI Patients; y: years.

See Table 1 for description of studies and abbreviations. For studies with data across multiple age groups, we selected lowest and highest age

groups. Data from Callachanl9, VIRGO12, GENESIS-PRAXY14, Young-M118:20 are based on the total cohort.
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