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	 The objective of this study is to investigate the correlation between cardiovascular 
risk factors and levels of high-density lipoprotein (HDL), low-density lipoprotein (LDL), 
apolipoprotein A, and apolipoprotein B. This study included two groups: The first group 
consisted of 147 patients diagnosed with cardiovascular diseases, including heart failure 
(HF), myocardial infarction (MI), and ischemic stroke (IS). These patients were recruited 
from the Cardiology Department of the Ibn Rochd University Hospital Center in Casablanca, 
Morocco. The second group comprised 140 healthy individuals recruited from the Biomedical 
Center of the Pasteur Institute in Casablanca, Morocco. These individuals showed no signs of 
cardiovascular disease and were not undergoing any medical treatment. The mean ages of the 
patients and the control group were 62.15 ± 11.02 years and 54.74 ± 6.59 years, respectively. 
The levels of apolipoprotein A and B were 1.23 ± 0.31 g/L and 0.93 ± 0.21 g/L in patients and 
1.45 ± 0.19 g/L and 0.92 ± 0.10 g/L in healthy individuals, respectively. The results showed 
significantly lower levels of apolipoprotein A in patients compared to the control group (p < 
0.001). Although apolipoprotein B levels varied between the two groups, the difference was not 
statistically significant. Risk factors such as smoking, diabetes, and hypertension were found to 
play a major role in the development of cardiovascular diseases. This study confirms that LDL 
levels and apolipoprotein A, along with cardiovascular risk factors, contribute to the severity 
of cardiovascular diseases.

Keywords: Atherosclerosis; Apolipoprotein; Cardiovascular disease;
Lipoprotein; North Africa; Risk factors.

	 Cardiovascular disorders (CVD), 
including heart failure, myocardial infarction, 
ischemia, and arterial blood vessel disease, are 
among the most dangerous medical conditions 
affecting the heart. CVD and coronary artery 

disease are major public health issues and 
leading causes of death worldwide.¹,² CVD is a 
significant global health problem, with over three 
million deaths occurring before age 60 in 2008 
and 17.3 million deaths from vascular diseases.³ 
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In developing countries, an epidemiological 
transition has been observed, characterized by an 
increase in vascular diseases and atherosclerosis 
development.t ,u 
	 Atherosclerosis, a chronic inflammatory 
process caused by excess cholesterol, evolves 
gradually from childhood due to interactions 
between the arterial wall and genetic factors.v ,w  
Traditional CVD risk factors include hypertension, 
dyslipidemia, and smoking.x  Recent studies, 
such as Ramezankhani et al. (2023), emphasize 
the importance of assessing lifetime risk (LTR) 
of CVD, particularly in populations with high 
metabolic risk factors, like those in North Africa 
and the Middle East.y  Individuals with multiple 
risk factors (e.g., obesity, diabetes, hypertension) 
have a significantly higher lifetime risk of 
CVD, highlighting the need for early prevention 
strategies.
	 Hypercholesterolemia, particularly 
elevated LDL-C, is a primary CVD risk factor and 
a leading cause of mortality and morbidity globally, 
affecting approximately one in twenty individuals.¹p  
Higher LDL levels increase atherosclerosis risk, 
while higher HDL levels reduce it.¹¹ Dyslipidemia 
is critical in the development of arterial diseases, 
such as CAD and CVD.¹² Regression of coronary 
plaque depends on low LDL-C, high HDL-C, and 
apolipoprotein B (ApoB) levels.¹³
	 Elevated cholesterol levels are statistically 
correlated with increased cardiovascular risk, as 
confirmed by the SCORE¹t  and Framingham 
studies.¹u  Oxidized LDL plays a significant 
role in atherosclerotic lesion progression,¹v  
and dyslipidemia can lead to CAD, stroke, and 
peripheral vascular disease.¹w  Ramezankhani et 
al. (2023) further demonstrated that individuals 
with optimal traditional risk factors, such as 
normal cholesterol levels, lived significantly longer 
without CVD, underscoring the importance of 
maintaining healthy lipid profiles throughout life.y 

Materials and Methods

	 This retrospective epidemiological study 
involved two groups. The first group consisted of 
healthy subjects recruited from the Biomedical 
Center of the Pasteur Institute in Casablanca, 
Morocco. The second group consisted of patients 
suffering from cardiovascular diseases, including 

heart failure (HF), myocardial infarction (MI), 
and ischemic stroke (IS), who were recruited from 
the Cardiology Service of the University Hospital 
Center in Casablanca, Morocco. For each subject, a 
questionnaire was developed to collect information 
about age, height, weight, smoking habits, dietary 
habits, blood pressure, and other relevant factors. 
All participants in this study provided both oral 
and written informed consent.
Subjects
	 A total of 287 subjects were included in 
the study:
• 147 patients with cardiovascular disease (HF, MI, 
and IS): Diagnosis was confirmed using ECGs, 
angiography, and echocardiography. Pregnant 
women and patients with renal failure were 
excluded.
• 140 healthy subjects: These individuals exhibited 
no clinical signs of cardiovascular disease and were 
not receiving any medical treatment.
Blood sample collection and lipid profile 
measurement
	 Blood samples were collected in the 
morning after an 8-hour fast. Venous blood was 
drawn into specialized tubes to ensure compliance 
with international standards. The samples were 
centrifuged at 3000 × g for 10 minutes, and aliquots 
of plasma were immediately stored at “80 °C until 
analysis.
The following parameters were measured
• Glycemia (Gj)
• Lipid profile, including total cholesterol (TC), 
triglycerides (TG), and high-density lipoprotein 
(HDL), using standard enzymatic colorimetric 
methods.
• Low-density lipoprotein (LDL) cholesterol levels 
were calculated using the Friedewald formula.
	 Measurements were performed using a 
Vitros 250 automated analyzer, which employs 
both dry and liquid chemistry techniques. In this 
study, dry chemistry plates were used, with a 
processing capacity of 250 tests per hour.
Dosage of Glycated Hemoglobin (HbA1c)
	 The measurement of glycated hemoglobin 
(HbA1c) was performed using the Bio-Rad 
D-10™ Dual Program. This method is based on 
the separation of whole blood samples using high-
performance liquid chromatography (HPLC) with 
ion exchange.
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Measurement of Apolipoprotein AI and 
Apolipoprotein B
	 The concentrations of apolipoprotein 
AI (Apo AI) and apolipoprotein B (Apo B) were 
determined using an immunological assay on the 
BN ProSpec system. This method utilizes specific 
antibodies that bind to Apo AI and Apo B, initiating 
an antigen-antibody reaction. The resulting 
complexes are quantified based on their turbidity, 
which is proportional to the concentration of the 
apolipoproteins in the sample.
Research Strategy
	 A systematic literature search was 
conducted to identify relevant articles, including 
review studies, from databases such as Embase, 
PubMed, Scopus, and Web of Science.
Statistical analysis
	 Continuous variables were expressed as 
mean ± standard deviation (SD), and categorical 

variables as frequencies and percentages. Group 
comparisons were made using the Student’s t-test 
for normally distributed data.
	 Logistic regression was used to assess 
associations between risk factors (e.g., smoking, 
diabetes, hypertension) and cardiovascular 
disease (CVD), with odds ratios (OR) and 97.5% 
confidence intervals (CI) reported. Variables with 
p < 0.05 in univariate analysis were included in 
multivariate models to adjust for confounders.

Results

	 The study population was divided into 
two groups:
• Group 1 (Patients): 40.81% women and 59.18% 
men.
• Group 2 (Healthy Subjects): 54.28% women and 
45.71% men.

Table 1. Demographic and clinical characteristics of patients and healthy subjects

Parameter	 Patients (n = 147) 	 Healthy subjects (n = 140) 	 P values

Mean age (years)	 62.15±11.02	 54.74±6.59	 <0.001***
Systolic blood pressure TAS (mm Hg) 	 129.04±24.13	 122.80±17.19	 0.0049*
Diastolic blood pressureTAD (mm Hg) 	 73.79±14.17	 73.45±7.11	 0.784
Glycemia (g/l)	 1.56±0.73	 0.96±0.17	 <0.001***

Table 2. Apolipoproteins AI, B and other lipid parameters of the population studied

Parameter	 Patients (n=147)	 Healthy subjects (n = 140)	 p values

Apo AI	 1.23±0.31	 1.45±0.19	 <0.001***
Apo B	 0.93±0.21	 0.92±0.10	 0.65
CT (g/L)	 1.91±0.36	 1.64±0.46	 0.003**
HDL (g/L)	 0.48±0.16	 0.49±0.10	 0.53
LDL (g/L)	 1.53±0.52	 1.17±0.27	 <0.001***
TG (g/L)	 1.91±0.65	 1.64±0.38	 0.003

*p<0.05      **p<0.01    ***p<0.001                odds ratios and 97.5% IC  OR : Odds ratio

Table 3. Multivariate study by logistic regression of risk factors for cardiovascular diseases

Parameter	      OR     2.5 %    97.5 %               	 p values

Gender 	 0.3627 [0.5807-0.9253] 	 0.0228 *
Mean age (years)	 0.8826[0.9116-0.9389]    	 <0.001 ***
Systolic blood pressure TAS (mm Hg) 	 0.9677[0.9815-0.9944]  	 0.00721 **
Diastolic blood pressure TAD (mm Hg) 	 0.9751[0.9969-1.0191]	 0.786

HDL-C (HDL-cholesterol), LDL-C (LDL-cholesterol), TC (total cholesterol),  TG (triglycerides).
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Table 4. Multivariate study by logistic regression of 
risk factors for cardiovascular diseases

Parameter	  OR     2.5 %    97.5 %               	p values

Smoking	 6.8137[16.1413-47.6599]	 <0.001 ***
Drinking	  0.8017[1.0144-1.2838]	 0.1
Activity	 0.6011[0.9560-1.5197]	 0.087
Obesity	  0.4461[0.7263-1.1785]	 0.29

Table 5. Multivariate study by logistic regression of risk factors for 
cardiovascular disease

Parameter	 OR     2.5 %    97.5 %               	 p values

Glyc (g/l)        	  0.0011[0.0095-0.0237]	 <0.001 ***
HbA1c     %                 	0.1678[2.4647-3.4344]	 <0.001 ***
Apo AI	 9.7302[27.2278-84.6921]	 <0.001 ***
 Apo B	  0.1852[0.7363-2.8745]	 0.33

Graph 1. Comparison of anthropometric parameters between healthy subjects and patients

	 The mean age of patients was 62.15 
± 11.02 years, significantly higher than that of 
controls (54.74 ± 6.59 years; p < 0.001), as shown 
in Table 1. Males predominated in the patient group 
(59.18% vs. 40.81% females).
Key findings
• Apolipoprotein AI (Apo AI) levels were 
significantly lower in patients compared to controls 
(Table 2; p < 0.001). Apo AI is the primary protein 
component of high-density lipoprotein (HDL) and 
plays a critical role in reverse cholesterol transport, 
a process by which excess cholesterol is removed 
from peripheral tissues and transported to the liver 

for excretion. Lower Apo AI levels impair this 
process, leading to cholesterol accumulation in 
arterial walls and contributing to atherosclerosis.
• LDL and total cholesterol levels were significantly 
higher in patients (p < 0.001). Elevated LDL levels 
are a major driver of atherosclerosis, as LDL 
particles can infiltrate the arterial wall, become 
oxidized, and trigger an inflammatory response, 
leading to plaque formation.
• No significant differences were observed in HDL 
or apolipoprotein B (Apo B) levels. Apo B is the 
main structural protein of LDL and very-low-
density lipoprotein (VLDL). It plays a key role in 
the delivery of cholesterol to peripheral tissues. 
While Apo B levels did not differ significantly, the 
higher LDL levels in patients suggest increased 
atherogenic potential.
	 These findings are consistent with a study 
conducted on the Tunisian population.¹x 
Hypertension and smoking prevalence
• Hypertension prevalence in patients (55.78%) 
is consistent with findings from the Tunisian 
population (31%)¹y  and other Tunisian studies 
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Table 6. Prevalence of major cardiovascular risk 
factors in patients

Characteristics	 Patients 	 Patients 
	 (n)	 (%)

Gender (male) n(%)	 87	 (59.18) *
Gender (female)	 60	 -40.81
Smokers n(%)	 55	        (37.41) ***
No Smokers	 92	 -62.58
Obesity n(%): 		
Overweight	 52	 -35.37
Obese	 48	 -32.65
Normal	 47	 (31,97)
Activity n(%)	 72	 -48.97
Without activity	 75	 -51.02
Diabetes n(%)	 78	        (53.06) ***
No Diabetes	 69	 -46.93
DT1 n(%)	 2	 -1.36
DT2	 73	         (49.65) ***
DT1-DT2	 3	 (2,04)
Hypertensive n(%)	 82	    (55.78) **
Non hypertensive	 65	 -44.21
Dyslipidemia n(%)	 21	 -14.28
No Dyslipidemia	 126	 -85.71
With Family history n(%)	 39	 -26.53
Without  Family history	 108	 -73.46
Drinking (%) n(%)	 9	 -6.12
No Drinking (%) 	 138	 -93.87

Table 7. Prevalence of cardiovascular risk factors in 
controls

Characteristics	 Healthy 	 Healthy 
	 subjects (n)	 subjects (%)

Gender (male) n(%)	 64	 -45.71
Gender (female)	 76	 -54.28
Smokers n(%)	 5	 -3.57
No Smokers	 135	 -96.42
Obesity n(%): 		
Overweight	 71	 -50.71
Obese	 14	 -10
Normal	 55	 -39.28
Activity n(%)	 67	 -47.85
No activity	 73	 -52.14
Diabetes n(%)	 0	 0
No Diabetes		
DT1 n(%)	 0	 0
DT2		
DT1-DT2		
Hypertendu n(%)	 0	 0
Non Hypertendu		
Dyslipidémia n(%)	 0	 0
No Dyslipidémia		
With Family history n(%)	 0	 0
Without  Family history		
Drinking n(%)	 0	 0
No Drinking (%)		

Graph 2. Comparison of lipid parameters between healthy subjects and patients.

reporting hypertension prevalence rates of 29–
37%.²p ,²¹. 
• Smoking prevalence (37.41%) was consistent 
with the rate reported in the Tunisian population 
(30%).¹x 

• Smoking was more prevalent among males, 
aligning with other studies.22,23

Anthropometric and biochemical parameters
• Significant differences were observed in age, 
weight, BMI, and systolic pressure (Graph 1).
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• No significant difference was found in diastolic 
pressure.
• Blood sugar and lipid parameters (Gj, CT, TG, 
LDL, HbA1c) were significantly higher in patients 
(Graph 2).
• Apolipoprotein A1 (Apo A1), a key marker of 
lipid dysregulation, was lower in patients. Apo 
A1 is essential for HDL formation and function. 
Reduced Apo A1 levels impair HDL’s ability to 
mediate reverse cholesterol transport and exert 
anti-inflammatory and antioxidant effects, further 
exacerbating CVD risk.
• HDL levels showed no significant difference 
between the groups. However, the functional 
quality of HDL (e.g., its ability to promote 
cholesterol efflux) may be compromised in 
patients due to lower Apo A1 levels, even if HDL 
concentration remains unchanged.
Global context
	 The high prevalence of hypertension and 
smoking in the patient group aligns with studies 
conducted in both developed and developing 
countries.24,25 These studies underscore the global 
burden of cardiovascular risk factors and their 
consistent association with CVD across diverse 
populations.

Discussion

Lipid Profile and Cardiovascular Risk
• HDL levels were lower in patients than in 
controls, though the difference was not statistically 
significant (Table 2). In contrast, LDL cholesterol 
levels were significantly higher in patients (p < 
0.001).²v ,²w  Both elevated LDL and reduced 
HDL are recognized as independent risk factors 
for cardiovascular disease.²v ,²w 
• HDL plays a critical role in reverse cholesterol 
transport, a process by which excess cholesterol is 
removed from peripheral tissues and transported 
to the liver for excretion.²x  The protective role 
of HDL is diminished in patients, while elevated 
LDL levels may result from dysregulated lipid 
metabolism.
• Recent data from the Global Burden of Disease 
Study 2019 highlight that high LDL cholesterol 
remains a significant contributor to cardiovascular 
disease burden in North Africa and the Middle East, 
with a 26.5% decrease in age-standardized death 

rates (ASDR) from 1990 to 2019, despite a 5.5% 
increase in exposure.²y 
Apolipoproteins and Cardiovascular Disease
• The study identified a correlation between 
apolipoprotein AI (Apo AI) levels and the 
development of cardiovascular diseases (Table 2). 
Apo AI levels were significantly lower in patients 
compared to healthy individuals, while Apo B 
showed less variation.
• Apo AI is a key component of HDL and is 
essential for its function in reverse cholesterol 
transport. Lower Apo AI levels impair HDL’s 
ability to protect against atherosclerosis, while Apo 
B, the main structural protein of LDL, contributes 
to the delivery of cholesterol to peripheral tissues.
• These findings align with regional trends showing 
that dyslipidemia, characterized by low HDL 
cholesterol and elevated LDL cholesterol, is a 
critical factor in the progression of cardiovascular 
diseases.³p 
Non-Modifiable and Modifiable Risk Factors
• Among non-modifiable risk factors, age and sex 
were associated with increased coronary risk, with 
a highly significant p-value for age (p< 0.001) and 
a significant p-value for sex (0.0228).
• Tobacco use was a highly significant risk factor 
(p < 0.001), with 37.41% of patients being smokers 
compared to only 3.57% of controls.
• Elevated blood sugar and HbA1C levels 
significantly contribute to cardiovascular disease 
development. Among patients, 50.34% had type 
2 diabetes, 2.72% had type 1 diabetes, and only 
46.93% were non-diabetic.
• Diabetes, particularly type 2 diabetes, is a major 
contributor to cardiovascular disease. Elevated 
HbA1C, along with increased LDL, decreased 
HDL, hypertension, age, male sex, and smoking, 
were identified as independent risk factors for 
coronary artery disease.31

Obesity and Dyslipidemia
• Obesity is a major risk factor for cardiovascular 
disease, and its atherogenic effects are partly 
mediated by dyslipidemia, characterized by low 
HDL cholesterol (HDL-C) and apolipoprotein AI 
levels.32

• Cardiovascular risk and disease progression 
remain poorly understood in diabetic patients, 
particularly those with type 2 diabetes.33
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Conclusion

	 The findings of this study indicate that 
dyslipidemia is significantly associated with an 
increased risk of cardiovascular disease (CVD) 
in the studied patient population. Specifically, 
lower levels of apolipoprotein AI (Apo AI) and 
elevated LDL cholesterol levels were identified 
as critical factors contributing to the development 
of atheromatous plaques and the progression of 
atherosclerosis. These results are consistent with 
established mechanisms linking dyslipidemia to 
CVD pathogenesis.
	 The study population exhibited several 
modifiable and non-modifiable risk factors 
associated with CVD severity, including:
• Advanced age,
• Smoking,
• Diabetes, and
• Elevated systolic blood pressure.
	 Notably,  dyslipidemia was more 
pronounced in diabetic patients, characterized by 
elevated levels of atherogenic lipoproteins, such 
as LDL cholesterol.
	 Within the context of the Moroccan 
population, these findings suggest a high prevalence 
of cardiovascular risk factors, potentially 
influenced by ongoing epidemiological and 
lifestyle transitions, including changes in dietary 
habits. However, it is important to note that these 
observations are specific to the studied cohort and 
may not be generalizable to the entire Moroccan 
population without further research.
	 The study also highlights the role of 
metabolic syndrome (MetS) in CVD development, 
with contributing factors such as:
• Obesity,
• Hyperglycemia,
• Hypertriglyceridemia,
• Low HDL levels, and
• Hypertension.
	 These factors are influenced by a 
combination of genetic predisposition and 
environmental influences, underscoring the 
multifactorial nature of CVD risk.34

	 Recent evidence from a systematic review 
and meta-analysis conducted in Africa supports 
these findings, demonstrating that dyslipidemia is 
prevalent among individuals with:
• A body mass index (BMI) >25.0 kg/m²,

• A waist circumference (WC) >94 cm, and
• Diabetes mellitus (DM) or hypertension (HTN).35

	 These associations emphasize the need 
for targeted public health interventions to address 
dyslipidemia and other modifiable risk factors in 
high-risk populations.36 However, further studies 
are required to confirm these findings in broader 
and more diverse populations.
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