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Abstract

Background and aims: One of the most common causes of death worldwide is cardiovascular diseases (CVDs). This
study evaluated the prevalence of CVDs risk factors (RFs) and their constellation electively among the Jordanian
population and, assessing the most prevalent RF interplay with the rest of CVDs RFs as well as the impact of age and
gender dimorphism on the frequencies of coexistence of multiple CVDs risk factors (RFs) among the Jordanian
population.

Methods and results: In this observational multicenter study, a total of 1449 subjects were enrolled. The mean age (+SD)
was 44.35 + 14.46 years; 796 (54.9%) of them were females and 801 (55.28%) of the whole study pool had no family history
of premature CVDs. Only 5.9% of the population did not have any of these RFs. The prevalence of CVDs MRFs within-
affected subjects was as follows: there were 1081 (74.6%) subjects with overall dyslipidemia, 471 (32.51%) with obesity,
456 (31.47%) were smokers, and at the first diagnostic encounter 541 (37.47%) were with elevated blood pressure and, 310
(21.51%) were with elevated random blood sugar. The coexistence of > two, > three and, > four RFs was observed in
75.7%, 44.4%, and 21.4% of the subjects, respectively. The constellation of multiple RFs was more frequent in men than
that in women, where the presence of > two RFs for men was at 86.18% vs. 67.09% for women. Similarly, the appearance
of multiple RFs increases with age, starting from the existence of > three, and four RFs respectively. Most notably the
clustering of > five RFs in the age group of 45—59 years showed the greatest frequency vs. any other age group.

Conclusions: CVDs risk factors (RFs) and clusters of them are extremely prevalent in the Jordanian population. Overall
dyslipidemia is the most prevalent MRF and the most favors clustering with other CVDs RFs. Combined two RFs had
the highest proportional frequency between all six RFs clusters. The constellation of at least two, three, and four CVDs
RFs presented at almost three-fourth, half, and around one-fourth; respectively, Middle-aged males presented signifi-
cantly higher rates of > five RFs occurrences than females.

1. Introduction Amongst these; cardiovascular diseases (CVDs)

account for most deaths (17.9 million), followed

he non-communicable chronic diseases
(NCDs) showed a sustainable elevation in
deaths number in addition to significant patient's
quality of life deterioration [1]. According to the
World Health Organization (WHO), more than 36
million people die annually from chronic NCDs,

by cancer (9.0 million), chronic respiratory tract
illnesses (3.9 million), and diabetes (1.6 million)
[2]. Deaths from CVDs, cancer, chronic respira-
tory tract illness, and diabetes represent over 80%
of all premature NCDs deaths worldwide [3];
where mostly low and middle-income countries
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accounted for over three-quarters of CVDs deaths
[4]. Global major burdens on the total costs of
medical care are caused by CVDs [5]. Risk factors
(RFs) of CVDs can be categorized into three
groups: non-modifiable RFs, modifiable RFs
(MRFs), and emerging RFs or psychosocial fac-
tors, including workplace stress. The pattern of
CVDs RFs distribution is often as clusters that
incrementally culminate into CVDs in a multi-
plicative rather than in an additive manner
[pa—6d]. The non-modifiable risk elements
include age, gender, and family history of pre-
mature CVDs [6a,7,8]. Elevated blood pressure,
dyslipidemias, diabetes mellitus, obesity, smok-
ing and lack of physical activity are all included
under modifiable risk elements [6a]. In the
INTERHEART study from 52 countries, the po-
tential relation between modifiable risk factors,
including smoking, elevated ApoB/ApoAl ratio,
history of elevated blood pressure, abdominal
obesity, psychosocial matters, and regular alcohol
ingestion and myocardial infarction was sub-
stantiated [9a—9g]. Psychosocial factors like
stressful life calamities, multiple stress, animosity,
depression, and anxiety are also emerging as RFs
for CVDs [10a—10d]. The objectives of this study
were to evaluate the prevalence of CVDs RFs and
RFs clusters among the Jordanian population also
to assess the most prevalent RF interplay with the
rest of CVDs RFs in addition to the impact of age
and gender on the coexistence frequencies of
multiple CVDs RFs.

2. Method
2.1. Study population

In this observational multicenter study, combined
samples of 1449 were enrolled from different cities
in the South, Middle, and North of Jordan over the
last two weeks of August 2018, in collaboration with
the general medical practitioners and physicians
society. Based on determining sample size for a
survey using Mendenhall (1983) equation [11], we
need not > 385 replicates as a representative sample
from overall Jordan population which is around 10
million but to have stratified random samples from
all Governorates of Jordan we increased the sample
size to 1449. Jordanian subjects with age >20 years
signed an informed consent form before participa-
tion, only mentally or physically handicapped

Abbreviations

CVDs  Cardiovascular diseases

CAD Coronary artery disease

MRFs  Modifiable risk factors

TC Total cholesterol

HDL-C High-density lipoprotein cholesterol
LDL-C  Low-density lipoprotein cholesterol

TG Triglycerides

HTN Hypertension

DM Diabetes mellitus

FH

pCVD  Family history of premature cardiovascular
disease

Overall

Dys Overall dyslipidemias

NCD Non communicable diseases

BMI Body mass index

BP Blood pressure

SBP Systolic blood pressure
DBP Diastolic blood pressure
BS Blood sugar

SD Standard deviation

AfME  Africa and the middle East

people and pregnant females were excluded. The
presence of the following six CVDs RFs, five MRFs;
hypertension (HTN), diabetes mellitus (DM), ciga-
rette smoking, dyslipidemia, obesity; and one non-
modifiable RF; family history of premature CVDs;
were assessed in every subject questionnaire, and.
Further assessment of the following demographic
data was undertaken as age and gender, educational
level, height and weight. An average of three read-
ings of blood pressure was measured by trained
investigators, and a blood sample was collected by
the laboratory specialized practitioners to analyze
for random lipid profile and random blood sugar.
The enrolled subjects have been educated about the
significance of CVDs RFs. Collected data were
coded and filed. This study was approved by the
Institutional Review Board (IRB) of King Abdullah
University Hospital.

2.2. Study measures

All RFs were defined by internationally approved
standard references. Principally normal lipid profile
defined as per the Adult Treatment Panel III [12]:
TC < 200 mg/dL (5.2 mmol/L), LDL-C<130 mg/dL
(3.36 mmol/L), TG < 150 mg/dL (1.69 mmol/L), HDL-C
>50 mg/dL (1.04 mmol/L) in women, HDL-C>40 mg/
dL (1.04 mmol/L) in men.We defined the case where at
least one variable of lipid profile parameters is
abnormal as Overall dyslipidemia, and when all var-
iables of lipid profile parameters are abnormal as
mixed dyslipidemia. According to the International
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Society of Hypertension [13], HTN definition is when
systolic blood pressure (SBP) > 140 mmHg and Dia-
stolic BP (DBP) > 90 mmHg. One of ADA [American
Diabetes Association; 14] criteria for diabetes diag-
nosis is random BS > 200 mg/dL (>11.1 mmol/L) with
hyperglycemia symptoms. Enrolled nonsmokers
were past smokers at least a month before enrollment
or never smoked otherwise the subject was consid-
ered a smoker. A family history of premature CVDs
defined as myocardial infarction, coronary revascu-
larization or sudden death before 55 years of age in
father or any other male first-degree relative, or before
65 years of age in mother or any other female first-
degree relative. BMI calculated by dividing body-
weight in kg by the square of height in meters. Body
weight categorized according to BMI [15] as the
following: Underweight had 13.0 < BMI < 184,
normal body when weight had is 18.5—24.9, Over-
weight had has 25 < BMI < 29.9 and the Obesity had
BMI > 30.0.

2.3. Statistical analysis

The Statistical Analysis System (SAS, 2011) was
used for data entry and analysis. Frequencies and
percentages were used to describe categorical vari-
ables. The differences in percentages of RFs among
men and women, and among the four pre-specified
age groups were analyzed using Chi square test. A
P-value of <0.05 was considered statistically
significant.

3. Results

The demographics of the study population were
presented in Table 1, showing that the studied
population had almost equal proportions of males
and females. Also, from the four age groups, two-
third of subjects' age was between 30 and 60 years
and the rest at the age extremes. Such nature
of replicates distribution between the subgroups
indicates the random sampling of subjects. The
frequency of six CVDs RFs evaluated as shown

Table 1. Demographics of this study population.

Feature N %
Overall population 1449

Gender

Men 653 45.1
Women 796 54.9
Age groups (y), mean + SD 44.35 + 14.46

20—29 272 18.8
30—44 459 31.7
45—59 487 33.
60—90 231 15.9

N: number of replicates, %: percentage, SD = standard deviation.

in Fig. 1, Overall Dyslipidemia being most preva-
lent CVDs RF, followed by FH pCVD, initial
encounter HTN, obesity, smoking and finally
initial encounter DM. Fig. 2 displays the preva-
lence of random clustering pattern of six CVDs
RFs. One-third of subjects had any two random
RFs of the assigned six RFs. Each clustering group
includes the random probability from the six RFs
assigned. Calculated frequencies of >two, >three
and >four RFs, were observed in 75.71%, 44.41%
and, 21.44% of subjects, respectively.The following
are the detailed numbers of results (frequency) of
each CVDs MRF: A) lipid profile variables:the
mixed dyslipidemia 133 (9.18%), elevated TC 510
(35.2%), elevated TG 679 (46.86%), elevated LDL-C
407 (28%) and reduced HDL-C 697 (48.1%). B)
Elevated blood pressure at the first diagnostic
encounter: 338 (23%) showed high SBP; on the
other hand 323 (22%) showed high DBP and 188
(13.0%) had both C) Elevated random blood Sugar
at the first diagnostic encounter 102 (7%),
210(14.5%) were already diabetic. D) Body weight
categories: 35 (2%) underweight, 213 (15%) lean,
566 (41%) overweight and 471 (33%) obese. Over-
weight and obese represent 74% of subjects. E)
Smokers represented one-third of subjects: 993
(69%) subjects were none smokers. F) The educa-
tional level may relate inversely to the work stress
that is a surrogate marker for the emerging CVDs
RFs, 235 (16%) had non-elementary school educa-
tion, 586 (40%) have Junior high - high school ed-
ucation and 628 (43%) diplomas and beyond. We
studied the prevalence of overall dyslipidemia in
relation to all other CVDs RFs since it showed the
highest frequency between them and was noticed
the following: A) statistically significant (P-Value
<0.0001) gender dimorphism was noticeable
where: overall dyslipidemia for men 90.66% versus
61.43% for women, mixed dyslipidemia for men
16.08% versus 3.52% for women, elevated TG for
men 58.19% versus 37.56% for women, reduced
HDL-C for men 82.08% versus 20.23% for women
and the elevated TC/HDL-C ratio for men 34.61%
versus 18.22% for women. B) Age effect on dysli-
pidemia started from early twenties and continued
worsening significantly with age. The age group of
45—59 years can be considered the plateau for
dyslipidemia deterioration as seen in Table 2. C)
Dyslipidemia worsens proportionally with body
weight increase, but marked deterioration starts
from the overweight group as seen in Table 3. D)
The reciprocal decreases of dyslipidemia with the
increase in the educational level were statistically
significant in the overall dyslipidemia only as
shown in Table 4.
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% 32.5 %315
I l )
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Fig. 1. Overall prevalence of the five modifiable and one none modifiable cardiovascular risk factors. DM: first encounter diabetes mellitus; HTN: first
encounter hypertension; Overall Dys: Overall Dyslipidemias FH pCVD: Family History Of Premature Cardiovascular Disease.

E) The smoking habit negatively and pro-
nouncedly impacted dyslipidemia as shown in
Table 5.

Table 6 demonstrates RFs coexistence frequency
(smoking, DM, HTN, obesity, FH pCVD and overall

dyslipidemias) with one RF specified at each time.
The results showed Overall Dyslipidemias had the
highest tendency to cluster with other RFs. The
prevalence of RFs clustering was evaluated accord-
ing to age (Fig. 3). The presence of zero or one RF

%31.3

=

%23.0
184
%15.3
%5.9

Zero RF One RF Two RFs

Three RFs

%5.3
%0.8
I
Four RFs Five RFs Six RFs

Fig. 2. Proportions of subjects who have one or more of the six risk factors (hypertension, diabetes mellitus, Overall Dyslipidemia's, obesity, cigarette

smoking, and family history of premature cardiovascular disease).
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Table 2. Dyslipidemia Variation according to age.

Age groups (y)  Overall Dyslipidemia ~ Mixed Dyslipidemia ~ High TC High TG High LDL-C  Low HDL-C  High TC/HDL-C

N (%) N (%) N (%) N (%) N (%) N (%) N (%)
P-Value* <0.0001 0.0203 <0.0001 <0.0001 <0.0001 0.0233 <.0001
20—29 158 (58.1) 12 (4.4) 52(19.1) 70 (25.7) 45 (16.5) 115 (42.3) 35 (12.9)
30—44 328 (71.5) 44 (9.6) 159 (34.6) 209 (45.5) 124 (27.0) 216 (47.1) 117 (25.5)
45-59 401 (82.3) 54 (11.1) 214 (43.9) 265 (54.4) 175 (35.9) 237 (48.7) 155 (31.8)
60—90 194 (84.00) 23 (10.00) 85(36.8)  135(584) 63 (27.3) 129 (55.8) 64 (27.7)

*P-value according to Chi-square test of different age groups.
TC: Total Cholesterol, TG: Triglycerides, HDL-C: High-Density Lipoprotein Cholesterol; LDL-C: Low -Density Lipoprotein Cholesterol,
N: number of replicates, %: percentage.

Table 3. Dyslipidemia Variation according to body mass index (BMI).
BMI Variable Overall Dyslipidemia Mixed Dyslipidemia High TC  High TG N (%) High LDL-C Low HDL-C High TC/HDL-C

N (%) N (%) N (%) N (%) N (%) N (%)
P-Value* <0.0001 0.0006 <0.0001  <0.0001 0.0008 0.0001 <.0001
Underweight 17 (48.6) 0 (0) 3 (8.6) 5(14.3) 3 (8.6) 13 (37.1) 2(5.7)
normal body weight 213 (60.0) 16 (4.5) 92 (25.9) 104 (29.3) 79 (22.3) 136 (38.3) 57 (16.1)
Overweight 460 (78.2) 65 (11.1) 218 (37.1) 294 (50) 175 (29.8) 304 G1.7) 157 (26.7)
Obesity 391 (83.0) 52 (11.0) 197 (41.8) 276 (58.6) 150 319 244 (51.8) 155 (32.9)

*P-value according to Chi-square test of different BMI groups.
TC: Total Cholesterol, TG: Triglycerides, HDL-C: High-Density Lipoprotein Cholesterol; LDL-C: Low -Density Lipoprotein Cholesterol,
N: number of replicates, %: percentage.

Table 4. DyslipidemiaVariation according to the educational status.

Educational level Variable Overall Dyslipidemia Mixed Dyslipidemia High TC  High TG  High LDL-C Low HDL-C High TC/HDL-C

N (%) N (%) N (%) N (%) N (%) N (%) N (%)
P-Value* 0.0198 0.9909 0.3954 0.1226 0.3144 0.5009 0.427
None - Elementary school 185 (78.7) 22 (9.4) 91 (38.7) 116 (49.4) 72 (30.6) 120 (51.1) 66 (28.1)
Junior high - high school 450 (76.8) 54 (9.2) 207 (35.3) 288 (49.1) 171 (29.2) 284 (48.5) 154 (26.3)
Diploma — and above 446 (71.0) 57 (9.1) 212 (33.8) 275 (43.8) 164 (26.1) 293 (46.7) 151 (24.0)

*P-value according to Chi-square test of different educational status groups.
TC: Total Cholesterol, TG: Triglycerides, HDL-C: High-Density Lipoprotein Cholesterol; LDL-C: Low -Density Lipoprotein Cholesterol,
N: number of replicates, %: percentage.

Table 5. Dyslipidemia Variation according to smoking status.

Smoking Variable Overall Dyslipidemia Mixed Dyslipidemia High TC  High TG ~ High LDL-C N (%) Low HDL-C High TC/HDL-C

N (%) N (%) N (%) N (%) N (%) N (%)
P-value* <.0.0001 0.0004 0.8593 0.0825 0.9081 <0.0001 <0.0001
No Smoking 708 (71.3) 73 (7.5) 351 (35.4) 450 (45.3) 278 (28.0) 404 (40.7) 217 (21.9)
Smoker 373 (81.8) 60 (13.2) 159 (34.9) 229 (50.2) 129 (28.3) 293 (64.3) 154 (33.8)

*P-value according to Chi-square test of smoking vs. nonsmoking groups.
TC: Total Cholesterol, TG: Triglycerides, HDL-C: High-Density Lipoprotein Cholesterol; LDL-C: Low -Density Lipoprotein Cholesterol,
N: number of replicates, %: percentage.

observed to decline with increasing the participants
age. The presence of two RFs was observed to be the
lowest in the middle age group participants (45—59
Y). Furthermore, the presence of three, four and five
RFs was observed to elevate aging. Finally, the
presence of six RFs was observed to be the highest
in the middle age group participants (45—59 Y). The
presence of >2, 3, 4 RFs increases with age but the
presence of >5 RFs peaked in the middle age group
of 45-59Y), vseither older (60-90Y) or younger

subjects (20-44Y). The prevalence of RFs coexistence
in 796 women was compared with that in 635 men
(Fig. 4). The absence of any RF was observed more
women than men. Men were more likely than
women to have > three, four, five RFs than women.

4. Discussion

The major outcomes of this study are:Dyslipide-
mias was the most prevalent CVDs RF among
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Table 6. Number of coexisting cardiovascular diseases risk factors (RF)
with each specified CVDs RF.

Specified CVDs Risk Factor No of coexisting risk factors
1(%) 2(%) 3 (%) 4% 5 (%)

Smoking 125 353 393 403 416
FH pCVD 238 339 553 760 89.6
Overall Dyslipidemias 491 765 915 941 100.0
Obesity 5.3 233 408 634 138
Diabetes mellitus 0.8 104 233 466 909
Hypertension 8.7 206 499 796 935

FH pCVD: family history of premature cardiovascular disease.
CVDs: cardiovascular diseases, %: percentage.

Jordanians; Gender dimorphism was delineated
where higher prevalence was among males vs. fe-
males. Dyslipidemias start from the early twenties
and continue worsening with age progression.
Dyslipidemias worsen proportionally with weight
gain, but the flare up of dyslipidemia begins at the
overweight category. Dyslipidemias prevalence
decreased proportionally with the increase in
educational level that suggested relating inversely
with work stress. Smoking related to a higher
prevalence of dyslipidemia. (2) Clusters prevalence
had an ascending order from highest > two
then > three, followed by > four RFs; Overall dys-
lipidemia had the greatest tendency to coexist with
other CVDs RFs. The Clustering of CVDs RFs was
more common in men than in women and > five
RFs grouping was most common at age group 45—65
years compared with younger or older age intervals.
Mitigation of CVDs risk can be attained by

managing the MRF studied in this study; overall
Dys, HTN, DM, obesity and smoking, properly un-
like the non-modifiable RFs as of age, gender and,
FH pCVD. The MRFs can be elaborated to include
sedentary lifestyle, unhealthy dietary behavior low
socioeconomic level, regular alcohol consumption,
urbanization, and pollution [16,17a—17c]. Different
studies stated that these modifiable RFs are related
to a large number of premature CV deaths globally
[18,19]. In this study, CVDs RFs prevalence results
demonstrated similar results of a study performed
in Africa and the Middle East (AfME) region [20].
This study revealed prevalence of overall dyslipi-
demias within the Jordanian population reflective of
other Jordanian reports [21]. Fasting lipid profile is
not routinely included within the Jordanian
screening program unlike BP and BS despite the
international recommendation of consistent
screening [22]. Multiple RFs are more prevalent
among men, lower socioeconomical status, singles,
and less prevalent among homeowners and older
age groups as concluded from past studies [23].
Clustering of RFs differs across investigated pop-
ulations according to geographic regions, urban vs
rural communities, different ethnic groups, in-
dividuals who do not have overt CVDs compared
with those who have symptomatic CVDs, men vs.
women and old vs. young individuals [24a—24c]. An
outpatient clinic-based study in 14 Middle Eastern
and African nations estimated the clustering of
three or more RFs in more than half (53%) of the
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Fig. 3. Proportions of subjects in four age groups (20—29Y, 30—44 Y, 45—59 Y and 60—90 Y) who have one or more of the six risk factors (smoking,
DM, HIN, obesity, family history of premature cardiovascular disease and Overall Dyslipidemias). RF = risk factor. P-value<0.0001, P-value

calculated according to Chi-square test between different age groups.
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Fig. 4. Proportions of men and women who have one or more of the six risk factors (hypertension, diabetes mellitus, hypercholesterolemia, obesity,
cigarette smoking, and family history of premature cardiovascular disease). RF = risk factor. P-value < 0.0001. P_Value according to Chi-square test

between different gender groups.

overall cohort [20]. The observation of a decreasing
prevalence of RFs clustering among the older age
group compared with those aged 45—69 years might
have been result from: age effecting per se steady
increase of the absolute baseline risk of CAD inde-
pendent of the conventional RFs. It also might be
related to inherent survivor bias as subjects with
MREFs tend to die at a considerably younger age
[25,26]. Results from gender-specific relation with
CVDs RF are contradictory, one have illustrated that
although men and women share common MRFs for
CVDs, such as cigarette smoking, DM, depression,
and other psychosocial MRFs, a more negative
health impact was observed in women [26]. On the
contrary a recent study concluded that the preva-
lence of major RFs of NCDs was greater among
more elderly persons and male participants [27].
This study showed that men were more likely than
women to have > three, four and five RFs.
Furthermore, the sudden drop in frequency of one
or more RFs to a single-digit observed in both
women and men. We can predict the reason of the
high prevalence of multiple RFs coexistence to so-
ciety growth, age profile variation, low education
levels, lifestyle changes, dietary habits, lack of
adoption of regular physical activity, ineffective
anti-tobacco campaigns, and rise of prevalence rates
of DM, metabolic syndrome, and obesity [28a—28e].
Subjects with multiple RFs were prone to higher
probability developing coronary artery calcification,
and premature mortality and morbidity [29]. In
Jordan CVDs RFs clustering is higher than it is in

other regions of the world, enhancing the potential
benefits expected from aggressive preventive mea-
sures. The major starting strategy is the rapid
detection and proper control of MRFs thereby
reducing substantially CVDs burdens. This study
contains a few limitations that have to be discussed
Exactly like all studies [30], this study is subject to
selection bias, and missing or incomplete informa-
tion, this study might has a selection bias since the
subjects who heard about the study announcement
via the social media and newspapers came to the
nearest general practitioner clinic and participated
in this study Since the data were self-reported from
enrolled subjects not the clinician supervising their
health status, information and/or recall bias might
occur for some of the CVDs, despite the interviews
were carried out by well-trained personnel, the
potential for bias was present (e.g. over or under-
diagnosed due to recall issues or subjectivity in the
reporting of symptoms). Using BMI, not the waist
circumference, was the definition of overweight and
obesity strata within study pool of participants.
Although BMI is easy to calculate and more
commonly used, it is a simple and imperfect
anthropometric biomarker that does not possess the
discriminating power in differentiating between
lean body mass and fat mass. Despite these limita-
tions, this study maintains several strengths. It uti-
lized substantial data that is representative of the
entire Jordanian population in a short time frame of
only two weeks. It used standardized data collection
tools, for example; the interviews were performed
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by trained investigators, the way they measured
height, weight, and blood pressure and blood sugar
follows a similar procedure. This study is unique in
that it evaluated the prevalence and coexistence of
six RFs in a relative large, young (over 20 year), and
CVDs free Jordanians.

5. Conclusion

CVDs RFs and constellation of > two, three and
four RFs are extremely prevalent in the Jordanian
population. The most frequent MRF is Overall
dyslipidemia also it is the most favors clustering
with CVDs RF. Randomly combined two RFs
cluster has the highest proportional frequency than
other clustered groups. Middle-aged males pre-
sented significantly higher rates of > five RFs oc-
currences than females. Suggestively mitigation of
CVDs morbidity and mortality in the Jordanian
population can be attained by initiating primary
cardiovascular medical and behavioral in-
terventions to control the CVDs MRFs frequencies
and constellation.
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