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Background: Limited data exist on the epidemiology of cardiovascular risk factors in Saudi Arabia, particularly in
relation to thedifferencesbetweenSaudinationals andexpatriates inSaudiArabia. The aimof this analysiswas todescribe
the current prevalence of cardiovascular risk factors among patients attending general practice clinics across Saudi Arabia.
Methods: In this cross-sectional epidemiological analysis of the Africa Middle East Cardiovascular Epidemiological

(ACE) study, the prevalence of cardiovascular risk factors (hypertension, diabetes, dyslipidemia, obesity, smoking,
abdominal obesity) was evaluated in adults attending primary care clinics in Saudi Arabia. Group comparisons were
made between patients of Saudi ethnicity (SA nationals) and patients who were not of Saudi ethnicity (expatriates).
Results: A total of 550 participants were enrolled from different clinics across Saudi Arabia [aged (mean � standard

deviation) 43 � 11 years; 71%male]. Nearly half of the study cohort (49.8%) hadmore than three cardiovascular risk fac-
tors.Dyslipidemiawas themost prevalent risk factor (68.6%). The prevalence of hypertension (47.5%) and dyslipidemia
(75.5%) was higher among expatriates when compared with SA nationals (31.4% vs. 55.1%, p = 0.0003 vs. p < 0.0001,
respectively). Conversely, obesity (52.6% vs. 41.0%; p = 0.008) and abdominal obesity (65.5% vs. 52.2%; p = 0.0028) were
higher among SA nationals vs. expatriates.
Conclusion: Modifiable cardiovascular risk factors are highly prevalent in SAnationals and expatriates. Programmed

community-based screening is needed for all cardiovascular risk factors in Saudi Arabia. Improving primary care ser-
vices to focus on risk factor controlmayultimately decrease the incidence of coronary arterydisease and improveoverall
quality of life.
The ACE trial is registered under NCT01243138.
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Abbreviations

ACC American College of Cardiology
ACE study Africa Middle East Cardiovascular Epidemio-

logical Study
AHA American Heart Association
BMI body mass index
BP blood pressure
CADISS Coronary Artery Disease in Saudis study
ESC European Society of Cardiology
HDL high-density lipoprotein
LDL low-density lipoprotein
NCEP National Cholesterol Education Program
SA ethnic Saudi population
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Introduction

Coronary artery disease is the leading cause of

morbidity and mortality worldwide, espe-
cially in developing countries [1–3]. Conventional
risk factors for atherosclerotic heart disease have
been highlighted as potential modifiable targets
for lowering cardiovascular disease risk [4–6].
However, many studies have focused on patients
in developed countries, such as the United States
[7–9]. Therefore, systemic epidemiological data on
the prevalence of cardiovascular risk factors in
developing countries is somewhat lacking [10–12].
Saudi Arabia has undergone a major economic

transition and experienced significant urbaniza-
tion in recent years [3,13], and the proportion of
individuals living in urban centers has doubled in
the past decade [14–16]. This rapid urbanization
has been associatedwith a rise in the burden of car-
diovascular diseases; however, the national pre-
ventive health system and screening programs
have trailedbehind [17–19]. In particular, screening
procedures targeted towards adults at risk of devel-
oping cardiovascular disease are very limited. In
addition, data on the differences in the prevalence
of cardiovascular risk factors between local citizens
and expatriates are lacking. Thus, the aim of this
analysis was to describe the current prevalence of
cardiovascular risk factors among patients enrolled
in the Africa Middle East Cardiovascular Epidemi-
ological (ACE) study attending general practice
clinics in Saudi Arabia. We also compared the
prevalence of risk factors in the ethnic Saudi popu-
lation (SA nationals) and expatriates.
Methods

ACE study design and objectives

The methods and primary results of the ACE
study have been published previously [20]. In
summary, the ACE study was a cross-sectional
epidemiological study conducted in 98 clinics
across 14 countries in the Africa and Middle East
region between July 2011 and April 2012. In partic-
ular, the study was aimed at countries in the
Africa and Middle East region where there was a
paucity of systematic epidemiological data. Site
selection was based upon the ability of a site to
conduct clinical studies based on the availability
of clinical research expertise, infrastructure, and
ethical oversight. The primary objective of the
ACE study was to estimate the prevalence of car-
diovascular risk factors in outpatients attending
general practice and other nonspecialist clinics in
urban and rural communities [20]. All epidemio-
logical data were saved and used under ethical
approval. The ACE study was registered on clini-
caltrials.gov (registration number NCT01243138).

Participant selection
Outpatients aged >18 years were enrolled; all

patients provided written, informed consent.
Pregnant women, lactating mothers, and outpa-
tients with life-threatening conditions were
excluded. In order to avoid selection bias, the
study population was selected by a sampling tech-
nique based on enrolment of every fifth eligible
outpatient seen by a physician or general practi-
tioner on a particular day. The primary investiga-
tors of the study evaluated outpatients through
history taking, physical examination, and labora-
tory investigations. Evaluations were typically
undertaken over one clinic visit; however, for non-
fasting outpatients during the first visit, a second
visit was arranged to obtain fasting blood samples.

ACE Saudi Arabia
In Saudi Arabia, a total of 550 patients were

enrolled, constituting about 13% of the entire
ACE study cohort. This analysis was conducted
in multiple clinics in urban and rural regions of
the kingdom. In this post hoc analysis, patients
were divided into two groups: SA nationals and
expatriates.

Cardiovascular risk factor definitions

Dyslipidemia was recorded if patients were on
treatment with a lipid-lowering drug or if a current
fasting lipid profilemeasurement documented one
or more of the following: high total cholesterol
(�240 mg/dL); high low-density lipoprotein
(LDL)-cholesterol (based on associated risk fac-
tors: LDL-cholesterol �100–160 mg/dL); low high-
density lipoprotein (HDL)-cholesterol (<40 mg/dL
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in males; <50 mg/dL in females); or high triglyc-
eride level (�200 mg/dL), according to the
National Cholesterol Education Program Adult
Treatment Panel III (NCEP ATP III) guidelines
[21]. Outpatients on lipid-regulating treatments
were considered to have controlled LDL-
cholesterol if their values were at goal according
to their risk category, based on the NCEP ATP III
recommended LDL-cholesterol targets [7]. Lipids
were also assessed according to American College
of Cardiology (ACC)/American Heart Association
(AHA) 2013 guidelines.
Arterial blood pressure (BP) was recorded as the

higher of two consecutive measurements, taken
once from each arm with a standardized auto-
mated BP measuring instrument after the outpa-
tients had been sitting quietly for at least five
minutes. Hypertension was defined as being on
current antihypertensive drugs, or having an
abnormal BP reading (BP �140/90 mmHg, and for
diabetic patients �130/80 mmHg), according to
the European Society of Cardiology (ESC) Cardio-
vascular Prevention Guidelines [22]. Outpatients
on antihypertensive drugs were considered to
have controlled BP if they had values below the
targets set by the ESC guidelines [22].
The following modifiable cardiovascular risk

factors were also recorded: diabetes mellitus [fast-
ing blood glucose �126 mg/dL (7 mmol/L)],
defined as per the American Diabetes Association
criteria [23]; smoking, defined as current or past
consumption of cigarettes, pipe, or water pipe
(shisha); obesity, defined as body mass index
(BMI) �30 kg/m2; and abdominal obesity, defined
in-line with the International Diabetes Federation
harmonized criteria as a waist circumference
�94 cm in males and �80 cm in females [24].
Metabolic syndrome was defined as presence of
three or more abnormal findings out of the follow-
ing five: large waist circumference, elevated
triglycerides, elevated BP, elevated fasting glu-
cose, and reduced HDL [7].
Statistical methods
Categorical data are summarized using frequen-

cies and percentages. Continuous data are
reported as mean ± standard deviation or median
(25th, 75th percentiles). Dichotomous data com-
paring the SA nationals versus expatriate sub-
groups were evaluated with a Chi-square test, a
Fisher exact test was used to compare categorical
data with small cells, and continuous variables
were evaluated with an unpaired two-tailed stu-
dent t test. The test was considered statistically
significant if p � 0.05. As this was an exploratory
analysis, No multiplicity correction was applied.
Results

The ACE study enrolled 550 participant from
different clinics across Saudi Arabia (35.3% SA
nationals; 64.7% expatriates). Distribution of expa-
triates by nationality is given in Table S1. The
mean age of the overall cohort was 43 ± 11 years
and just over half (55%) were younger than
45 years. Among outpatients, nearly three-
quarters of the study cohort (72.4%) were male
(Table 1). Nearly 50% of all participants had three
or more modifiable cardiovascular risk factors
(Fig. 1) [either hypertension, diabetes, dyslipi-
demia, smoking, obesity (BMI �30 kg/m2), or
abdominal obesity]. Only 15.6% of the total popu-
lation had one cardiovascular risk factor; 24.0%
had two risk factors; 16.9% had three risk factors;
17.6% had four risk factors; 11.3% had five risk fac-
tors; and 4.0% had all six risk factors.
Dyslipidemia was the most prevalent cardiovas-

cular risk factor recorded in seven out of every 10
outpatients (68.6%) (Table 2). Median (25th, 75th
percentile) lipid values in the overall cohort were
182 (160, 203) mg/dL, 104 (89, 123.5) mg/dL, 46
(39, 52) mg/dL, and 151 (114, 179) mg/dL for total
cholesterol, LDL-cholesterol, HDL-cholesterol,
and triglycerides, respectively (Table 3). Hyper-
tension was recorded in 41.8% of outpatients and
median (25th, 75th percentiles) systolic/diastolic
values were 130 (120, 144)/80 (75, 90) mmHg,
respectively. One quarter of outpatients had dia-
betes. The median (25th, 75th percentile) fasting
plasma glucose was 5.5 (5.1, 6.2) mmol/L. The
prevalence of obesity was 45.1% and median
(25th, 75th percentile) waist circumference was
93 (87.3, 103) cm.

Saudi national subgroup analysis

SA nationals were younger and had a higher
BMI compared with expatriates. The majority of
patients were male in both cohorts (Table 1). The
prevalence of hypertension and dyslipidemia
was higher among expatriates compared with SA
nationals with 47.5% [95% confidence interval
(CI), 42.2–52.8] versus 31.4% (95% CI, 25.0–38.5),
and 75.5% (95% CI, 70.7–79.9) versus 55.1% (95%
CI, 47.4–62.5), respectively. The prevalence of obe-
sity (BMI >30 kg/m2) and abdominal obesity were,
however, higher among SA nationals, with 52.6%
versus 41.0% in expatriates and 65.5% versus
52.2%, respectively (Table 2). The prevalence of
diabetes and smoking were not significantly dif-
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Table 1. Baseline characteristics of the study cohort.

Total cohort
(n = 550)

SA nationals
(n = 194)

Expatriates
(n = 356)

p

Male 391 (72.4%) 116 (61.1%) 275 (78.6%) < 0.001
Age (y) 43.2 (̆10.5) 40.8 (̆11) 44.5 (̆10.0) < 0.001

Age groups
1844 y 301 (54.7%) 117 (60.3%) 184 (51.7%) 0.143
4564 y 241 (43.8%) 75 (38.7%) 166 (46.6%)
65 y 8 (1.5%) 2 (1.0%) 6 (1.7%)

Body mass index (kg/m2) 29.7 (̆5.1) 30.5 (̆5.7) 29.3 (̆4.7) 0.008

Data are presented as frequency (%) or mean (̆SD) as appropriate.

Figure 1. Prevalence of cardiovascular risk factors per patient.
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ferent between cohorts, with difference in preva-
lence of approximately 4% and 2% between SA
nationals and expatriates, respectively (Table 2).
Further gender- and age-specific were compared
among both SA nationals and expatriates
(Table S2).
Differences were noted in prevalence of abnor-

mal lipid profiles between SA nationals and expa-
triates and, in general, expatriates showed a
higher prevalence of abnormal lipid profiles
(Table 3). Based on 2013 ACC/AHA guidelines
Table 2. Modifiable cardiovascular risk factors: prevalence and dis

Risk factor Total cohort
(n = 550)

SA nationals
(n = 194)

95%
inte

Hypertension [550] 230 (41.8%) [194] 61 (31.4%) 25.0
Diabetes mellitus [528] 137 (25.9%) [178] 42 (23.6%) 17.6
Dyslipidemia [529] 363 (68.6%) [178] 98 (55.1%) 47.4
Obesity (BMI � 30) [550] 248 (45.1%) [194] 102 (52.6%) 45.3
Abdominal obesity [550] 313 (56.9%) [194] 127 (65.5%) 58.3
Smoking [550] 110 (20.0%) [194] 42 (21.6%) 16.1

Data are presented as frequency (%). Data in square brackets are number o
BMI = body mass index (in kg/m2).
for initiation of lipid-lowering therapy [25], expa-
triates were eligible for initiation of statin therapy
to nearly the same extent as SA nationals (Fig. 2).
The prevalence of newly diagnosed hypertension
and diabetes mellitus, highlighted during screen-
ing, was similar in the two cohorts of outpatients,
but prevalence of newly diagnosed dyslipidemia
(based on NCEP ATP III criteria) varied (Fig. 3).
Metabolic syndrome
The prevalence of metabolic syndrome in the

outpatient cohort was 41.8%; 72.2% of these outpa-
tients were expatriates. Among patients with a
diagnosis of metabolic syndrome, dyslipidemia
was the most common component (87.4%), fol-
lowed by abdominal obesity (63.9%), hypertension
(61.3%), diabetes mellitus (49.6%), and smoking
(24.3%). Fig. 4 shows the distribution of these risk
factors between SA nationals and expatriates.
The medians (25th, 75th percentile) of measur-

able parameters of metabolic syndrome are shown
in Fig. 5. Median lipid values, BP, and waist cir-
cumference were lower among expatriates com-
pared with SA nationals. Initiation of lipid-
lowering therapy for patients not previously on
lipid-lowering therapy (according to 2013 ACC/
AHA guidelines [25]) was more frequent for out-
patients with metabolic syndrome in the SA
national compared with the expatriates group.
tribution.

confidence
rval

Expatriates
(n = 356)

95% confidence
interval

p-value

–38.5 [356] 169 (47.5%) 42.2–52.8 <0.001
–30.5 [350] 95 (27.1%) 22.6–32.1 0.192
–62.5 [351] 265 (75.5%) 70.7–79.9 <0.001
–59.8 [356] 146 (41.0%) 35.9–46.3 0.009
–72.1 [356] 186 (52.2%) 46.9–57.5 0.003
–28.1 [356] 68 (19.1%) 15.2–23.6 0.165

f individuals with nonmissing data.



FU
LL

 L
EN

G
TH

 A
RT

IC
LE

Table 3. Measurable parameters assessment (lipid values, glucose level, blood pressure, and abdominal circumference).

Risk factor Total cohort (n = 550) SA nationals (n = 194) Expatriates (n = 356) p-value

Total cholesterol (mg/dL) [529] 182 (160, 203) [178] 182 (165, 206) [351] 181 (157, 202) 0.466
Total cholesterol �240 mg/dL 36 (6.8%) 9 (5.1%) 27 (7.7%) 0.210a

LDL-cholesterol (mg/dL) [528] 104 (89, 123.5) [178] 104 (92, 118) [350] 104 (87.4, 128) 0.386
LDL � 100 mg/dL 70 (13.3%) 14 (7.9%) 56 (16.0%) 0.155a

HDL-cholesterol (mg/dL) [527] 46 (39, 52) [178] 49.9 (43, 54) [349] 43 (37, 51) < 0.001
HDL < 40 (mg/dL) 144 (27.3%) 27 (15.2%) 117 (33.5%) < 0.001
Triglycerides (mg/dL) [529] 151 (114, 179) [178] 155.5 (125, 190) [351] 148 (110, 175) 0.050
Triglycerides �200 (mg/dL) 71 (13.4%) 30 (16.9%) 41 (11.7%) 0.187
Fasting plasma glucose (mmol/L) [528] 5.5 (5.1, 6) [178] 5.5 (5, 6) [350] 5.6 (5.1, 6.2) 0.538
Systolic blood pressure (mmHg) [550] 130 (120, 144) [194] 135 (122, 149) [356] 130 (120, 144) 0.136
Diastolic blood pressure (mmHg) [550] 80 (75, 90) [194] 87 (78, 95) [365] 82 (75, 91) 0.007
Waist circumference (cm) [550] 93 (87.3, 103) [194] 95 (85, 105) [365] 92 (88, 101) 0.354

Data are presented as frequency (%) or median (25th, 75th) as appropriate. Data in square brackets are number individuals with nonmissing data.
HDL = high-density lipoprotein; LDL = low-density lipoprotein.

a Fisher Exact Test.

Figure 2. Eligibility of lipid-lowering medication according to the ACC/AHA guidelines. ASCVD = atherosclerotic cardiovascular disease; LDL-
C = low-density lipiprotrein cholesterol.

Figure 3. Prevalence of newly diagnosed hypertension, diabetes
mellitus, and dyslipidemia.
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Additionally, subgroup analysis for certain labora-
tory tests is shown in Table S3.
Discussion

Cardiovascular diseases represent a major
health challenge for the contemporary Saudi pop-
ulation. The ACE Saudi Arabia study sheds light
on the current status of risk factor management
in Saudi Arabia among outpatients attending gen-
eral practice clinics in this region. This analysis
clearly demonstrates that there has been a signif-
icant increase in cardiovascular risk factor preva-
lence. In addition, a significant proportion of
patients with modifiable risk factors have poor
overall control, based on recommendations from
international guidelines.
The urban population of Saudi Arabia has nota-

bly increased during the previous decade, with
numbers expected to double in the next few years
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Figure 4. Prevalence of cardiovascular risk factors in patients with metabolic syndrome. All metabolic (n = 230); SA nationals (n = 64);
expatriates (n = 166).
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as a result of lifestyle changes and improved stan-
dards of healthcare [13]. This shift towards an
increase in urban Saudi population, with an
accompanying increase in the numbers of expatri-
ates, will have profound implications for health-
care services, healthcare access, and resource
utilization, as well as public health. Our analysis
demonstrates that with the current risk factors,
more resources are needed for risk factor detec-
tion and control to avoid an epidemic in
atherosclerotic cardiovascular diseases.
In our study, dyslipidemia and abdominal obe-

sity were the most prevalent risk factors, affecting
approximately three-quarters of screened outpa-
tients, followed by high rates of hypertension, dia-
betes, and smoking. These findings were observed
in both genders and across different age groups.
In addition, approximately half of the participants
did not use appropriate management, and half of
the outpatients who were on therapy for dyslipi-
demia still had poor lipid profile control. This is
despite lipid-modifying medications being avail-
able without cost. Thus, future studies are needed
to address the true barriers to risk factor control in
a society where healthcare and medications are
free of charge, making them largely accessible.
Al-Nozha et al. [17] estimated the prevalence of

diabetes in the community-based Coronary
Artery Disease in Saudis Study (CADISS). More
than a decade later, the present study demon-
strates that there has been little change in the
prevalence of diabetes in the Saudi population.
Similar observations were noted regarding dia-
betes control. Thus, there is an urgent need for a
national prevention program that targets high-
risk groups in an attempt to achieve better risk
factor and diabetes control. In contrast, there has
been a significant increase in the rate of hyperten-
sion, from 26.1% in the CADISS study [17,26] to
more than 40% in the present study. In addition,
hypertension control is suboptimal in all outpa-
tients. Thus, public health programs are needed
to reduce salt intake and improve physical fitness,
measures that have been shown to reduce hyper-
tension incidence and improve BP control.
Several studies [18,27,28] have reported that

patients with traditional cardiovascular risk fac-
tors have poor risk factor control. Numerous
potential reasons could explain this, including
limited assessment by healthcare workers, acces-
sibility of healthcare facilities, and level of compli-
ance. Furthermore, limited knowledge of some
primary care physicians about cardiovascular risk
factor management, advanced therapies, and new
tools to help achieve better risk factor manage-
ment may contribute to suboptimal risk factor
management.
Public health approaches can be adopted by a

number of organizations and associations and
may play an important role in reducing the inci-
dence of modifiable traditional cardiovascular risk
factors. Variable reduction rates in prevalence of
these risk factors may significantly reduce health
expenditure and as a consequence, develop and
provide a well-structured primary course of pre-
vention. For example, increase in tobacco-free
environments, establishment of additional taxes
on smokers, restricted roles of manufacturers of
tobacco-based products, and support and rehabil-
itation programs to those willing to quit. Further-
more, promoting healthy diet and physical
activity through community-based awareness ini-
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Figure 5. Box plot of lipid profile, blood pressure, fasting plasma glucose, and waist circumference measures across patients with metabolic
syndrome. HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol; SA = Saudi Arabia.
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tiatives, including social media interaction will
further contribute to risk reduction. Increased
consumption of important food classes accompa-
nied by a reduced intake of harmful substitutes
like saturated fatty acids and drinks with high
calorie intake are measures that will prove benefi-
cial. Furthermore, adoption and supplementation
of National Guidelines on physical activity to sup-
port and encourage physical activity for all age
groups will be key to improving overall health
outcomes [29].
Our analysis is a subgroup of the main ACE

study including only patients recruited from
Saudi sites. Few points are addressed in this anal-
ysis that are unique and were not studied in the
entire cohort. First, our analysis showed individu-
alized detailed estimates of the prevalence of car-
diovascular risk factors and metabolic syndrome
precisely for the population of Saudi Arabia. Sec-
ond, we compared the risk factors burden
between expatriates and SA nationals, which was
very important for resource allocation, especially
in regards to healthcare transformation planning.
Finally, our paper highlights the patients’ eligibil-
ity to lipid-lowering medications according to the
recent 2013 ACC/AHA guidelines, which were
not previously studied in a Saudi population.
Our study is not without limitations. The ACE

Saudi Arabia substudy enrolled outpatients that
were randomly selected from different clinics in
Saudi Arabia. Multiple attempts were made to
obtain a representative sample. However, it is still
possible that there might be some selection bias
limiting the generalizability of the study findings.
Further national surveys for traditional
atherosclerotic heart disease, including larger
sample size and with a structured database and
periodically monitoring assessment, are needed.
Although our study presented the situation of
patients attending healthcare, the distribution of
cardiovascular risk factors among study cohorts
cannot represent the general population and only
population-based surveys. Additionally, the anal-
ysis was an exploratory one; thus, the p values
published may not be indicative of statistical sig-
nificance, rather limited to identifying variables
for further exploration in a properly designed ran-
domized clinical trial.
Conclusion

This analysis clearly shows that there is a high
prevalence of cardiovascular risk factors in the
Saudi population. In addition, a significant pro-
portion of patients with risk factors have poor
overall control. Programmed community-based
screening is needed for all cardiovascular risk fac-
tors in Saudi Arabia. Increased awareness and
improved primary care services may decrease
the incidence of coronary artery disease and
improve overall quality of life.
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