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Abstract: Background: Traditional risk factors (RFs), such as obesity, family history of premature coronary heart disease
(CHD), hypertension, diabetes mellitus, and cigarette smoking have been shown to be significantly associated with early-onset
CHD. Familial hypercholesterolemia (FH) is also a major genetic risk factor of premature CHD. Methods: This study was
conducted on 100 patients with premature CHD (age<55 years in males and<60 years in females) who were admitted to
hospital with acute coronary syndrome or stable coronary artery disease referred for coronary angiography, with a focus on
RFs. Results: Male patients constituted 74% of the patients. In all patients, smoking (64%), obesity (64%), abdominal obesity
(71%), increased LDL cholesterol (67%), hypertension (54%), positive family history of CHD (43%), and diabetes mellitus
(34%) were the most prevalent risk factors. There were 26 patients diagnosed as having definite/probable FH (26%) using
DLCNC score. The most common diagnosis was St-elevation myocardial infarction (STEMI) (53%) which was more prevalent
in males compared to females [(60.8%) vs (30.8%), (p<0.001)]. Female patients had higher prevalence of hypertension
[(73.1%) vs (47.3%), (p=0.023)], diabetes mellitus [(53.8%) vs (27%), (p=0.013)], Obesity [(80.8%) vs (58.1%), (P=0.038)]
and definite/probable FH [(46.1%) vs (18.9%), (p=0.024)] as compared to male patients. On the other hand, male patients had
higher prevalence of smoking [(85.1%) vs (3.8%), (p<0.001)] and reduced HDL cholesterol levels [(73%) vs (42.3%),
(»=0.005)] compared to female patients. Conclusions: Traditional risk factors and FH were significantly related to premature
CHD. Significant sex differences were also observed for multiple RFs.
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hypertension, obesity, diabetes mellitus, and cigarette
smoking have been shown to be significantly associated with
early CHD. [3-5] Familial hypercholesterolemia (FH) is also

1. Introduction

Coronary heart disease (CHD) is the most common

contributing factor of cardiovascular morbidity and mortality
worldwide. [1] Incidence of premature coronary heart disease
is quiet high. It is estimated that 1 to 7% of patients with
atherosclerosis are young adults, depending on the age limit
used to determine premature atherosclerosis. [2] The
incidence of premature CHD increases in many regions of
the world and starts even at earlier age, despite major
advances in the prevention and treatment of atherosclerosis.
In many studies, traditional risk factors (RFs), such as
family history of premature CHD, dyslipidemia,

a major genetic risk factor of premature CHD, due to
persistent and lifelong elevation of plasma low-density
lipoprotein (LDL) cholesterol levels. [6] Once diagnosed,
heterozygous FH usually can be treated with cholesterol
lowering therapies and hence decelerate the progression of
premature atherosclerosis. However, FH 1is still under
diagnosed because there is still deficient awareness among
the general population and pediatricians about FH, so the
diagnosis is often settled late after atherosclerosis has been
established.
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There are, however, few studies that focus on the
prevalence of these RFs in young adults in the Egyptian
population. In these younger groups of patients, preventive
measures are likely to be effective and early diagnosis of the
disease is of great importance, which if happens, would
reduce its morbidity and mortality. [5S] The primary objective
of this study was describing the pattern of different risk
factors including familial hypercholestrolemia among
Egyptian patients with premature coronary heart disease. A
secondary aim was to explore gender differences regarding
different risk factors.

2. Methods

The study was approved by the hospital’s Ethical Review
Board (Menofia university hospitals, faculty of medicine,
Menofia, Egypt). Detailed information was given to each
patient prior to enrolment in this study, and data were
included only after obtaining signed informed consent from
all patients.

We studied 100 consecutive available patients (age<60
years in females and<55 years in males) admitted to Menofia
University Hospitals Coronary care unit and presented with
acute coronary syndrome or referred for coronary
angiography with proven CHD in 2 predetermined days per
week (Saturday & Monday). The study was conducted over a
period of 6 months (from November 2019 to April 2020).

Based on patient presentations, electrocardiogram (ECQG)
and cardiac troponins, patients were classified as having: ST-
Elevation Myocardial Infarction (STEMI), Non-ST-Elevation
Myocardial Infarction (NSTEMI), Unstable Angina (UA) or
Stable coronary artery disease (SCAD). Patients who were
receiving any type of lipid lowering drugs in past 6 weeks
before admission were excluded from the study.

Clinical data including socio-demographics, history of co-
morbidities, presenting symptoms, cardiovascular risk factors
and laboratory data were obtained from all patients.
Hypertension was defined as having a history of hypertension
or systolic/diastolic blood pressure > 140/90 mmHg. [7]
Diabetes mellitus (type 1 or 2) were defined as having a
history of diabetes or fasting plasma glucose>126 mg/dl. [8]
Dyslipidemia was considered when total cholesterol (TC)
level was exceeding (>200 mg/dl), or high triglycerides (TG)
(>150 mg/dl), or high low density lipoprotein cholesterol
(LDL-C) (>130 mg/dl), or low high density lipoprotein
(HDL-C) (<40 mg/dl). [9] Body weight and height were
measured while the patients were barefoot and wearing light
clothes. Body mass index (BMI) was calculated as weight
(kg)/height squared (m?). Patients were considered obese if
they had a BMI > 30 kg/mz. [10] Waist circumference was
measured with a non-stretchable measuring tape at the level
of the umbilicus. Abdominal obesity was defined as a waist-
hip ratio above 0.90 for males and above 0.85 for females.
[11] Blood samples were collected within 24 hours of
hospital admission and were analyzed in accredited
laboratories of our hospital.

Clinical FH was diagnosed using the Dutch Lipid Clinic

Network Criteria (DLCNC) score. Numerical scores were
assigned as follows: (1) family history of a first-degree
relative with known premature CHD or vascular disease (<55
years for males,<60 years for females) (1 point) and/or a
first-degree relative with known hypercholesterolemia (1
point) or xanthomas and/or arcus cornealis (2 points) or
offspring (s) with known hypercholesterolemia (2 points). (2)
Personal history of premature CHD-ages as above-(2 points)
or premature cerebral/peripheral vascular disease (1 point).
(3) Physical examination of the patient shows xanthomas (6
points) or arcus cornealis<45 years (4 points). (4) Untreated
LDL-C>8.5 mmol/L (8 points), 6.5~8.4 mmol/L (5 points),
5.0~6.4 mmol/L (3 points), or 4.0~4.9 mmol/L (1 point).
Genetic diagnosis was not available, and this missing
information was counted as zero. Finally, a diagnosis of
definite FH was considered if the total score was>8 points,
probable if the score was 6~8 points, possible if the score
was 3~5 points and unlikely if the score was<3 points. [12]

Primary outcomes of interest were the overall prevalence
of different RFs in the studied patients and sex differences in
RFs prevalence.

3. Statistical Analysis

All data analysis was performed using Statistical Program
for Social Science (SPSS) version 26. [13] Qualitative data
were presented as frequency and percentage. Quantitative
data were presented as meantstandard deviation (SD). A one-
way analysis of wvariance (ANOVA) was used when
comparing between more than two means if data was
normally distributed. Kruskal-Wallis test was used when the
normality, homogeneity of variance, or outliers’ assumptions
for One-way ANOVA were not met whereas Chi-square (X2)
test of significance was used in order to compare proportion
between two qualitative parameters. Results with (p-
value<0.05) were considered significant and results with (p-
value>0.05) were considered insignificant.

4. Results

This study was carried out on 100 patients with premature
CHD (74 males & 26 females). Their mean age was
(49.17+£6.86) years. Divisions of patients were made
according to gender into males and females and age into 4
groups; group 1 (<35 years) had a total of 2 patients (1 male
& 1 female), group 2 (36-45 years) had a total of 21 patients
(18 males and 3 females), group 3 (46-55 years) had a total
of 67 patients (51 males and 16 females) and group 4 (56-60
years) had a total of 10 patients (4 males and 6 females).
Majority of patients were in group 3 (67%).

Education status was higher in males, as secondary school
and higher education levels were higher in males (48.6%)
and (32.4%) compared to females (30.8%) and (15.4%),
respectively (p<0.001). The most common presentation of
premature CHD among study population was STEMI (53%)
and this diagnosis was more prevalent in males compared to
females [(60.8%) vs (30.8%), (»<0.001)]. Meanwhile,
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NSTEMI diagnosis was more prevalent in females compared
to males [(53.8%) vs (20.3%), (p=0.008)]. (Table 1)

Sixty four patients were obese (64%). Fifty four patients
had hypertension (54%). Thirty four patients had diabetes
(34%). Smoking was documented in 64 patients (64%).
Seventy one patients had increased waist/hip ratio (71%).
Positive family history of premature CHD was present in
(43%) of the participants. There were 26 patients identified
as having definite/probable FH (26%) using DLCNC score.
Mean values (mg/dl) for TC, HDL-C, LDL-C and TG were
(226.48), (37.81), (159.96) and (169.01) respectively.
Hypercholesterolemia was present in (62%) of patients, Low
HDL-C in (65%) of patients, increased LDL-C in (67%) and
increased TG in (47%) of patients. (Table 2-Table 3)

Prevalence of hypertension, diabetes mellitus and obesity
were higher in older age group 4, (80%), (70%) and (80%),
respectively. There was a trend for an increase in metabolic
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risk factors with advancing of age. On the other hand,
prevalence of smoking was higher in middle age groups 2
and 3. (Table 2) Female patients had increased prevalence of
hypertension [(73.1%) vs (47.3%), (p=0.023)], diabetes
mellitus [(53.8%) vs (27%), (p=0.013)], Obesity [(80.8%) vs
(58.1%), (p=0.038)] and definite/probable FH [(46.1%) vs
(18.9%), (p=0.024)] as compared to male patients. On the
other hand, male patients had increased prevalence of
smoking [(85.1%) vs (3.8%), (P<0.001)] and reduced HDL-C
[(73%) vs (42.3%), (p=0.005)] compared to female patients.
However, there was no significant difference between male
and female patients in presence of family history of CHD
[(40.5%) vs (50%), (p=0.402)], increased waist/hip ratio
[(68.9%) vs (76.9%), (p=1.000)], hypercholesterolemia
[(60.8%) vs (65.4%), (p=0.679)], increased TG [(45.9%) vs
(50%), (P=0.722)] and increased LDL-C [(66.2%) vs
(69.2%), (p=0.779)]. (Table 3)

Table 1. Socio-demographics and clinical characteristics at presentation between males and females.

Variables Total population (n=100) Males (n=74) Females (n=26) p-value
Age, years (49.17+6.86) (49.17+6.86) (50.81+7.94) 0.244
Married 98 (98%) 73 (98.6%) 25 (96.2%) 0.201
Education
None 12 (12%) 1 (4.1%) 11 (34.6%)
Primary School 16 (16%) 11 (14.9%) 5 (19.2%) <0.001
Secondary School 44 (44%) 36 (48.6%) 8(30.8%) ’
University/college 28 (28%) 26 (32.4%) 2 (15.4%)
Presenting diagnosis
STEMI 53 (53%) 45 (60.8%) 8(30.8%) <0.001
NSTEMI 29 (29%) 14 (20.3%) 15 (53.8%) 0.008
UA 9 (9%) 6 (8.1%) 31 (1.5%) 0.599
SCAD 9 (9%) 9 (12.2%) 0 (0%) 0.062
Table 2. Prevalence of risk factors by age.
Variables Total population (n=100)  Group 1 (n=2) Group 2 (n=21) Group 3 (n=67)  Group 4 (n=10) p-value
Males 74 (74%) 1 (50%) 18 (85.7%) 51 (76.1%) 4 (40%) 0.041
Females 26 (26%) 1 (50%) 3 (14.3%) 16 (23.9%) 6 (60%) 0.041
HTN 54 (54%) 0 (0%) 4 (19.1%) 42 (62.7%) 8 (80%) 0.044
DM 34 (34%) 0 (0%) 5(23.8%) 22 (32.8%) 7 (70%) 0.036
Smoking 64 (64%) 1 (50%) 16 (76.2%) 45 (67.2%) 2 (20%) 0.012
Obesity 64 (64%) 0 (0%) 8 (38.1%) 48 (71.6%) 8 (80%) 0.06
Family history of CHD 43 (43%) 1 (50%) 9 (42.9%) 31 (46.3%) 2 (20%) 0.477
Table 3. Risk factors, anthropometric measures and serum biochemical parameters in males and females.
Total population (n=100) Males (n=74) Females (n=26) p-value
Traditional cardiovascular risk factors
HTN 54 (54%) 35 (47.3%) 19 (73.1%) 0.023
DM 34 (34%) 20 (27%) 14 (53.8%) 0.013
Smoking 64 (64%) 63 (85.1%) 1 (3.8%) <0.001
Obesity 64 (64%) 43 (58.1%) 21 (80.8%) 0.038
Family history of CHD 43 (43%) 30 (40.5%) 13 (50%) 0.402
DLCNC score
Less than 3 (unlikely) 33 (33%) 29 (39.2%) 4 (15.4%)
3-5 (possible) 41 (41%) 31 (41.9%) 10 (38.5%) 0.024
6-8 (probable) 21 (21%) 12 (16.2%) 9 (34.6%) ’
More than 8 (Definite) 5 (5%) 2 (2.7%) 3 (11.5%)
Serum Biochemical parameters
Total Cholesterol, mg/dl (mean+SD) 226.48+56.18 226.01+52.94 227.81+65.67 0.889
HDL cholesterol, mg/dl (meantSD) 37.81+8.94 36.43+8.94 41.73+7.85 0.009
LDL cholesterol, mg/dl (mean+SD) 159.96+54.71 154.14450.32 176.54+63.82 0.072
Triglycerides, mg/dl (mean+SD) 169.01+85.35 172.19+90.33 159.96+70.02 0.532
Total Cholesterol>200 mg/dl 62 (62%) 45 (60.8%) 17 (65.4%) 0.679
HDL cholesterol<40 mg/dl 65 (65%) 54 (73%) 11 (42.3%) 0.005
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Total population (n=100) Males (n=74) Females (n=26) p-value
LDL cholesterol>130 mg/dl 67 (67%) 49 (66.2%) 18 (69.2%) 0.779
Triglycerides>150 mg/dl 47 (47%) 34 (45.9%) 13 (50%) 0.722
Hb (gm/dl) (mean+SD) 14.02+2.01 14.68+1.70 12.13+1.59 <0.001
Serum creatinine (mg/dl) (mean+SD) 0.96+0.22 0.98+0.21 0.87+0.24 0.02
Anthropometric measures
Weight (Kg) (mean+SD) 93.77+13.15 93.39+12.78 94.854+34.36 0.630
Height (cm) (mean+SD) 171.314£8.75 172.68+8.63 167.4248.04 0.008
BMI (Kg/m2) (mean+SD) 29.8+3.5 29+3.3 32.9+4.1 0.040
Waist circumference (cm) (mean+SD) 102+10.2 100.8+7.1 101+£8.7 0.679
Waist/ hip ratio (mean+SD) 0.98+0.17 0.97+0.16 0.99+0.16 0.550
Obesity (BMI>30) 64 (64%) 43 (58.1%) 21 (80.8%) 0.038
Abnormal waist/hip ratio 71 (71%) 51 (68.9%) 20 (76.9%). 1.000
premature CHD (74 males & 26 females) aged from 24 years
OFemale OMale to 59 years. We found that male to female ratio was (2.8:1),
while other studies conducted worldwide reported
HDL-C <40 mg/dl :l—\ significantly higher male to female ratio. Egiziano et al.
LDL.C> 130 mgal | conducted a study including 10619 patients with premature
' CHD and reported a males to female ratio of 4.5:1. [14] The
TG > 150 mg/dl : lower ratio in the Egyptian population denotes that female
patients with early onset CHD need to be further studied to
Tez200mga n address the different risk factors.
. | We noticed that in age group 2 (36-45 years) males
— constituted (85.7%) of the patients compared to females
Family history of CHD | (14.3%). Meanwhile, (60%) of patients in age group 4 (56-60
- | years) were female compared to males (40%). Endogenous
) Estrogen is believed to protect younger females through its
Obesity : | effect on fat distribution, blood lipids and coagulation. [15]
- While the increased prevalence of CHD in older females may
Smoking | | be attributed to inadequacy in risk factor control (like
0% 2006 40% 0% 80% 100% hypertension, diabetes mellitus and obesity).

Figure 1. Gender-specific prevalence of traditional cardiovascular risk
factors, n=74 males and 26 females.

OProbable FH O Definite FH
100%

80%

60%

11.5%

40%

34.6% 27%
20%

16.2%

0%

Female Male

Figure 2. Prevalence of clinical familial hypercholesterolaemia among
males and females with premature CHD.

5. Discussion

Our study was carried out on 100 patients presented with

Education status was higher in males, with only (4.1%)
and (14.9%) reporting no education and having completed
primary school, respectively, compared to (34.6%) and
(19.2%) in females (p-value<0.001). That was in agree with
the results of CardioRisk project which showed that among
1681 Egyptian patients presented with ACS, males were only
(7%) and (17%) reporting no education and having
completed primary school only, respectively, compared to
(26%) and (25%) of females. [16]

The most common presentation of premature CHD in our
study population was STEMI (53%) and this diagnosis was
more prevalent in males compared to females [(60.8%) vs
(30.8%), (p<0.001)]. Meanwhile, NSTEMI diagnosis was
present in (29%) of patients and was more prevalent in
females compared to males [(53.8%) vs (20.3%), (p=0.008)].
Earlier studies have stated that the most common
presentation of premature CHD was STEMI and that it was
more prevalent in males compared to females. [17, 18]
Currently, there are multiple ongoing prospective studies to
evaluate subclinical markers of atherosclerosis that may be
responsible for this finding.

Diabetes mellitus (DM), hypertension (HTN), obesity,
dyslipidemia, cigarette smoking and past family history of
premature CHD, are well-known risk factors for early onset
CHD development. [19-21] Our study showed the same
pattern of high prevalence of these risk factors among the
studied population. We also noticed that there was an
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incremental rise in prevalence of metabolic risk factors with
age, as older age groups showed higher prevalence of DM,
HTN and obesity. This was also evident in previous studies
of premature CHD. [22-24]

Gender difference in the rates of risk factors was clearly
evident, as males had higher rates of smoking, whereas
females had higher rates of metabolic risk factors; DM, HTN,
obesity and FH. (Figure I)-(Figure 2) These findings were
also evident in multiple previous studies. [20, 21, 25] The
"Role of Gender on Outcomes of Young Acute MI Patients"
(VIRGO) study which enrolled 3,501 AMI patients aged 18-
55 years to assess sex difference in risk factors also showed
higher prevalence of metabolic risk factors among females
compared to males. [18]

Smoking is important and modifiable risk factor known for
premature CHD. Several previous studies have shown
smoking as the most important risk factor among patients
with premature CHD. [20, 21] Our study showed that
smoking was the dominant risk factor (64%). Aggarwal et al.
reported even higher prevalence of cigarette smoking
(74.3%) in patients with premature CHD. [26] The
INTERHEART study stated that the ACS risk attributable to
smoking is markedly higher in younger age groups and that
young male current smokers have the highest risk for
coronary artery disease. [27]

Egypt is one of the 21 countries and territories of Middle
East and North Africa (MENA) Region representing 29
diabetes organizations. Egypt currently has one of the highest
prevalence of obesity in the MENA region, only after Saudi
Arabia and the United Arab Emirates. [28] Obesity has been
extensively studied as a risk factor for premature CHD.
Marcial et al. stated that obesity was present in (45.9%) in
patients with premature CHD and the study concluded that
obesity was the most important treatable predictor of
premature CHD in young adult population. [29] Our study
showed increased prevalence of obesity (64%) and even
higher prevalence of abdominal obesity (71%).

According to Framingham study, diabetic patients have a 2
to 4 fold increased risk for developing of premature CHD and
death. [30] We found that prevalence of diabetes mellitus was
(34%). This prevalence of DM in our patients with premature
CHD was more than twice the prevalence seen in in the
general Egyptian population. According to the last update of
International Diabetes Federation (IDF) MENA published in
25-2-2020, prevalence of DM in adult population in Egypt
was (15.2%). [31]

Positive family history is an important risk factor and a
finding that suggests the importance of genetic predisposition of
CHD. Compared to older populations, those with early onset
CHD seemed to have double the prevalence of family history of
CHD. [32] The prevalence of a positive family history in
patients presented with premature CHD was up to (75%) in
some studies [32]; however, it was (43%) in our study.

Another premature CHD risk factor studied was
dyslipidemia, which increased the risk of premature CHD by
twofold. [33, 34] A correlation has been found between the
blood concentration of lipids and the risk of cardiovascular

disease. Studies have shown that a reduction in the TC and
LDL-C levels of (1%) is associated with a reduction in the
risk of coronary heart disease by (2%). [35]
Hypercholesterolemia was present in (62%) of patients, Low
HDL-C in (65%), increased LDL-C in (67%) and increased
TG in (47%) of patients.

The prevalence of definite/probable FH among patients
with early CHD is not clear as it is widely variable among
different studies. According to Dorsch et al., their Study
included 292 patients younger than 60 years old with ACS
and the prevalence of definite/probable FH was (12.3%). [36]
While in EUROASPIRE IV survey which enrolled 7,044
patients across 24 European countries who had been admitted
for a coronary event, the prevalence of definite/probable FH
was widely variable among different countries; prevalence of
definite/ probable hypercholesterolemia in Bosnia reached
(20.8%) while in Finland was estimated (3.4%). [25] In our
study, prevalence of definite/probable FH was estimated as
(26%). This wide variation in the prevalence of FH may be
due to variable criteria defining cut-off age of premature
CHD in males and females, difference of inclusion criteria
between studies, different ethnicities and differences in the
diagnostic criteria used. This might also be explained by
differences between the centers participating in different
studies, as tertiary centers recruiting more severely affected
patients have much higher chance of diagnosing FH.

6. Conclusion

Among patients with premature CHD, the prevalence rate
of different risk factors, such as smoking, obesity,
hyperlipidemia, central obesity, HTN, DM and family history
of premature CHD were high. Smoking, obesity and
dyslipidemia seem up until now the most likely causes of
premature onset CHD. Familial hypercholesterolemia is
frequent among patients with premature CHD. This may
advocate for better screening of FH during the hospital stay,
in order to plan specific referral to lipid clinics for diet
counselling, extended maintenance of high dose statin
therapy, and identification of family members. Gender
difference in the rates of risk factors was clearly evident, as
males had higher rates of smoking, whereas females had
higher rates of metabolic risk factors; DM, HTN, obesity and
FH. Our data can be used to plan different preventative
strategies in selected younger populations to help decrease
the burden of premature CHD and close the current gap in
coronary heart disease prevention.
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