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Abstract Cardiovascular diseases (CVD) are one of the leading causes of death in developed countries and their
incidence is increasing in developing countries. Recently other biological markers are an alternative in the assessment of
cardiovascular risk in particular: ultra-sensitive CRP. The CRP control of the inflammatory reaction essential component in
the process of atherogenesis has a lower limit of detection than the conventional dosage of CRP. It is in this context that the
present study was conducted with the objective of showing the interest of CRPus in the assessment of cardiovascular risk in
the population of Saint-Louis. This was a prospective cross-sectional analytical study and involved 90 patients including 45
patients and 45 controls. Socio-demographic, clinical and paraclinical data were collected from a questionnaire and biological
data from blood samples. Our study population had an average age of 60+ 14 for patients and 56.7+18 for controls. There was
also female predominance in both patients. The most predominant cardiovascular risk factor was hypertension with 86.4%.
The most observed electrocardiographic abnormalities in patients were dominated by ST excess shift (26.7%) unlike controls
where they were dominated by rhythm disorders (8.9%). The average CRPus was relatively higher in patients than in controls
with respectively (20.3mg/l vs 13.7mg/l). A relationship between elevated CRPus and cardiac impact was observed in
patients with 2 cardiovascular risk factors. Based on these preliminary results, CRPus could be a promising marker for early
detection of patients at risk but also for follow-up.

Keywords Assessment, Ultrasensible Reactive Protein C, Cardiovascular risk, Senegal

obstacle to the emergence of our countries [3]. Cardiovascular
diseases have a pathophysiology related to atherosclerosis
which is a multifactorial disease in which inflammation
plays a key role both in the pathogenesis of the disease and in
the weakening of plague and thrombo-events occlusive
conditions that follow [4]. The appearance of atheroma is
related to the presence of several risk factors that can be
physiological such as age, sex or pathological such as
hypertension, dyslipidemia, diabetes. Among the classic risk
factors, lipids and especially hypercholesterolemia play an

1. Introduction

Cardiovascular diseases (CVD) according to the HAS
(High Health Authority) correspond to various chronic
pathologies or events having in common a pathophysiology
related to atherosclerosis [1]. According to the World Health
Organization (WHO), cardiovascular diseases are the
leading causes of death worldwide with nearly 17.9 million
victims each year [2]. About 80% of deaths occur in low- and
middle-income countries, and many of them involve adults

[2]. CVD is currently a public health problem especially in
developing countries where financial resources are lacking.
They kill as much as AIDS, malaria, cancer, diabetes,
pneumonia, tuberculosis. As a result, they constitute a real
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important role in triggering lesions [5]. High triglyceride
levels are also associated with an increased risk of
cardiovascular disease [5,6]. Recently other biological markers
are an alternative in the assessment of cardiovascular risk in
particular: ultra-sensitive CRP.

The CRPus control of the inflammatory reaction, an
essential component in the atherogenesis process, has a
lower limit of detection than the conventional dosage of
CRP.
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Ultrasensitive CRP (CRPus) is mainly proposed in the
screening and evaluation of cardiovascular risk in primary
prevention. Numerous descriptive epidemiological investigations
have highlighted the existence of a relationship between this
marker and the increase in the incidence of cardiovascular
diseases, however, the pathophysiological mechanisms of
this association are not clearly established and their
relevance at the individual level remains controversial.
In recent years there has been significant progress in the
field of research on cardiovascular diseases in the world,
nevertheless this field remains poorly explored in our
countries. It is in this context that this study proposes to show
the interest of CRPus in the evaluation of cardiovascular risk
in the population of Saint-Louis with the specific objectives
of:

o describing elements of cardiovascular risk in the Saint
Louis population,

o assessing cardiovascular impact of study patients

e correlating cardiovascular impact with ultra-sensitive
CRP (CRP us).

2. Methodology

» Type of study

This is a prospective case-control study conducted in the
cardiology department of the Saint-Louis Regional Hospital
Center (CHRSL) from 16/01/23 to 21/02/23.

» Study population

The study was conducted on patients received in
consultation or hospitalized in the cardiology department of
the Saint-Louis Regional Hospital Center (CHRSL) and
described two types of populations:

o Patients: patients with at least one cardiovascular event
such as myocardial infarction, stroke, peripheral arterial
disease (PAD) and cardiovascular risk factors.

o Controls: patients with cardiovascular risk factors but
without cardiovascular events such as myocardial
infarction; stroke, PAD.

> Inclusion criteria

Included in this study were:

e patients with cardiovascular risk factors with or without
cardiovascular events.

e 16 years of age at least.

o volunteers to participate in the study according to the
Helsinki 1l amendments and criteria with signature of
the consent form.

o follow study protocol (at least 12 hours of fasting
mandatory).

» Non-inclusion criteria

o all persons refusing to sign the consent form.
o people who were not fasting at the time of the study.

» Sampling
The recruitment was exhaustive including systematically
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all admitted during the study period and fulfilling the
inclusion criteria defined above.

> Data collection

Data were collected using a questionnaire with the
following parameters

¥’ Socio-demographic data

The socio-demographic data used were: age, sex, marital
status, occupation, level of education, locality.

v" Personal history

e Modifiable cardiovascular risk factors: dyslipidemia;
hypertension  (hypertension); diabetes; smoking;
sedentary lifestyle.

o History of stroke (stroke), peripheral arterial disease,
myocardial infarction

v Clinical data

e Clinical and anthropometric data were collected:
weight, height, body mass index, right and left arm
blood pressure.

e Some symptoms such as: anginal chest pain, pain in the
calf, the presence of headaches, blurred vision, dyspnea
were sought at the interrogation.

v Paraclinical data
The paraclinical data included in this study were:

Ultrasensitive Reactive Protein C (CRPus)
Fasting blood glucose

Total cholesterol

Triglyceridemia

HDL cholesterol

LDL-cholesterol

Electrocardiogram

The parameters of the biological balance that are: total
cholesterol, HDL-Cholesterol, triglycerides, blood sugar
were measured by the usual enzymatic methods. The reading
is made on spectrophotometer using the Biosystems Kit
and the results expressed in (g/l). Serum LDL-cholesterol
concentrations were obtained by calculation using the
Friedewald Method [7]. When the triglyceride level was
above 3.4 g/l, the LDL was determined by the direct method.
CRPus was assayed by immunoturbidimetric method on
multiparameter ARCHITECT

» Data entry and analysis

Data capture and analysis was performed using Excel 2013
and SPSS VERSION 22. Qualitative variables were expressed
in frequency and quantitative on average, with description of
the standard deviation. Averages and percentages were
compared using the Chi2 test. Any difference lower than
0.05 was considered statistically significant.

> Ethical considerations

The data collection was authorized by the head of the
cardiology department. The management of the information
was done in strict respect of medical secrecy and anonymity.
Ethical principles were applied throughout this study.
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3. Results patients and 84.1% for controls, respectively (Table 2).
90 individuals were included in our study including 45 Table 2. Risk factors in the study population
ggtlfnts and 415:1 controls._;he average age offpatleznés wg; Controls Patients
+
. years_(_ ) years with extremes ranging from 26 to Effective (%) Effective (%)
years, while the average age of controls was 56.7 years =y p= 519 p 56 4%
(+18.10) years with extremes ranging from 16 to 85 years. -7 o
. 1 0, 0,
The most representative age group was the one whose age Sedentary lifestyle 34 7.7% 87 84.1%
was between 66 and 70 years in both patients and controls ~ Hypercholesterolemia 10 22.7% 1n 25%
(Figure 1)_ Hypertriglyceridemia 1 2.3% 2 4.5%
Hyper LDLemia 5 11.4% 9 20.5%
30.0% E n Hypo HDLemia 6 13.6% 13 29.5%
25.0% Diabetes 8 18.2% 4 9.1%
Obesity 8 18.2% 5 11.4%
20.0% )
smoking 0 0.0% 4 9.1%

15.0%
The majority of our study population had between 4 and 5

10.0% cardiovascular risk factors. The distribution of the number of
5.0% II II I I I risk factors is grouped in the (Figure 3).
w0 1 Il ol ll s

35.6% 35.6%
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Figure 1. Distribution of the population by age 24.4% ’
There was also female predominance with a sex ratio (H/F) 17.8% 15.69
of 0.9 in patients and 0.6 in controls, respectively (Figure 2).
6.79.7% T% I

1RF 2RF

3RF
.. . o

Women Figure 3. Population distribution by number of risk factors

Figure 2. Distribution of population by sex The interview revealed that headaches were the most
predominant symptoms in both patients and controls with 50

The anthropometric characteristics of our study and 67.99% respectively as illustrated in (Table 3).
population were grouped in the (Table 1).
Table 3. Distribution of the population by observed symptoms

Table 1. Characteristics of the population

Controls Patients
1 0, 0,
Meaﬁ Patients (%) Controls (%) Effective (%) Effective (%)
Effective 4 45 Headaches 19 67.9% 16  50.0%
Age 60.4(x14) 56.7(+18.10) )
; Calf pain 1 3.6% 2 6.3%
Weight 70.62(+15) 73.64(16.16) )
. Chest pain 13 46.4% 19 59.4%
height 1.69(0,07) 1.68(x0.007)
0, 0,
IMC (kg /m2) 24.19(+5,38) 25.56(+4.96) Dyspnea S w4 125%
PAS (mm Hg) 142.49(+19,6) 147.7(+2.57) Visual blurs 8 286% 6  188%
PAD (mm Hg) 83.29(+15) 82.13(+23.57) Oedema in the lower limbs 4 14.3% 3 9.4%

The most predominant cardiovascular risk factor in our The biological parameters carried out in this study were
study population was high blood pressure with 86.4% for grouped in the (Tables 4 and 5).
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Table 4. Changes in population biological parameters
Controls Patients
Effective (%) Effective (%)
glucose Normal 33 73.3% 32 71.1%
. High 35 77.8% 34 75.6%
Cholesterolemia
Normal 10 22.2% 11 24.4%
. o High 44 97.8% 43 95.6%
Triglyceridemia
Normal 1 2.2% 2 4.4%
HDL Low 6 13.3% 13 28.9%
Cholesterol Normal 39 86.7% 32 71.1%
LDL High 5 11.1% 9 20.0%
Cholesterol Normal 40 88.9% 36 80.0%

Table 5. Change in CRPus rates in the population

Controls Patients
Effective (%) Effective (%)
Normal 22 48.9% 18 40.0%
CRPus
High 23 51.1% 27 6.0%

Table 6. Cardiovascular impact of the population

Controls Patients
Effective (%) Effective (%)
Sinus and regular 38 84.4% 20 44.4%
rhythm

Sus offset ST 0.0% 12 26.7%

Under ST offset 0 0.0% 0 0.0%

Conduction 2 4.4% 9 20.0%
disturbances

Rhythm disturbances 4 8.9% 4 8.9%

Left ventricular 2 4.4% 9 20.0%
hypertrophy

Left atrial 0 0.0% 2 4.4%
hypertrophy

Right atrial 0 0.0% 2 4.4%
hypertrophy

Right ventricular 0 0.0% 1 2204
hypertrophy

Sinus tachycardia 2 4.4% 4 8.9%

Table 7. Relationship between CRPus elevation, number of risk factors
and cardiac impact

Variables P-value
1FR CRPus elevated ECG 0.22
) 2FR CRPus elevated ECG 0.007
N;‘arg‘t?)er'; c(’;f:')s" 3FR  CRPuselevated ECG  0.161
4FR CRPus elevated ECG 0.243
5FR CRPuselevated ECG  0.143

The electrocardiographic abnormalities found in our study
population are grouped in the (Table 6).

Bivariate analysis between elevated CRPus and cardiac
echo revealed that the combination of two factors was
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significantly associated with high cardiovascular risk (p 0.05)
as illustrated in (Table 7).

4. Discussion

> Age

Our study population had an average age of 60.4 years for
patients and 56.7 years for controls. The 66-70 age group
was the most represented in our population. These results are
similar to those found by: Hira and al [13] with 58 years for
cases and 50 years for controls, ElI Oudi and al [14] 61.5
years for patients and 52.4 years for controls, in their Tunis
studies. Schulze et al [15] in America had a mean age of 65.4
years for patients and 62.7 years for controls.

Our results confirm that patients who had a cardiovascular
event were older than those who had not. This could be
explained by the fact that the frequency of cardiovascular
diseases increases with age.

> Sex

A female predominance was observed in our study with a
sex ratio of 0.9 in patients versus 0.6 in controls. Our results
are superimposed with those of Doupa and al (Senegal) [16]
and El Oudi et al (Tunisia) [14] which found respectively a
sex ratio M/F 0.60 and 0.66. This same trend was found by
Hrira et al [13] with a sex ratio of 0.8 [46]. However, Gupta
et al [17] found in their study, a male predominance with an
M/F sex ratio of 5.74.

This female predominance in most studies could be
explained by the emigration of men to the capital on the one
hand, and by the interest that women give to these types of
surveys on the other.

> Cardiovascular risk factors

High blood pressure was the predominant risk factor in
our two populations with patients and controls respectively:
86.4% versus 84.1%; followed by sedentary lifestyle with
84.1% versus 77.7%; and hypercholesterolemia, with 25%
versus 22.7%.

In the work of M Oudi and al (Tunisia) [14], hypertension
was also recognized as the most frequent risk factor with
66%, followed by obesity, 37.5% and hypercholesterolemia
20.83%. These results are also superimposed on those
performed by Pessinaba et al (Saint-Louis, Senegal) [18]
where high blood pressure (46%) was the most predominant
factor.

However, Gupta et al (India) [17] and Doupa and al
(Senegal) [16] found dyslipidemia in the foreground. Amit
Khera et al (Dallas) [8] reported smoking (29.9%) as the
predominant risk factor, followed by high blood pressure
(21.6%). then diabetes (5.6%).

This heterogeneity in the prevalence of risk factors could
be explained on the one hand by lifestyles and habits that
vary from one country to another and on the other hand by
the lack of awareness of populations about the impact of poor
eating habits on the occurrence of cardiovascular diseases.
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» Cardiac abnormalities

The patients who did not have a cardiovascular event, had
mostly a normal electrocardiogram (84.5%) unlike the cases
that they had cardiovascular abnormalities in the ECG (55.6%).
The electrocardiographic abnormalities found were:

o ST offset (26.7%) in patients;

o Conduction disorders (26.7%) in patients versus (4.4%)
in controls;

¢ Rhythm disorders (8.9%) in both populations;

e Sinus tachycardia (8.9%) in patients vs. (4.4%) in
controls;

o Left ventricular hypertrophy (20.0%) in cases vs (4.4%)
in controls.

Our results are comparable to those of Kafata et al
who found (Brazzaville) [19] as abnormalities in the
electrocardiogram: left ventricular hypertrophy (9%);
conduction disorders (9%); ST sus shift (8%). Kouchab et al
(Morocco) [20] mainly found rhythm disorders followed by
left ventricular hypertrophy, ST sus shift and conduction
disorders as abnormalities on the ECG. These cardiovascular
abnormalities at the electrocardiogram could be explained
by the accumulation of cardiovascular risk factors in our
populations.

The majority of controls and patients had at least two
cardiovascular risk factors.

> Symptoms

Symptoms frequently encountered in our study were
approximately similar in patients and controls with headache
type (50.0%) vs (67.9%); chest pain (59.4%) vs (46.4%);
visual blurring (18.8%) vs (28.6%).

These symptoms found in the majority of patients in our
study are also described in the study of Damourou et al [21],
with a predominance of chest pain (16.2%), headache
(11.1%), visual disorders (0.4%).

These symptoms could be related to complications of high
blood pressure; which for the most part, is not monitored or
treated in our populations.

> Biological parameters
v" CRPus

Patients had higher CRPus (60%) compared to controls (51%).

The mean CRPus in patients was 20.27 mg/l and 13.28mg
for controls. Our results were similar to those of Hrira and al
[13], which showed that the average CRPus levels were in
the order of 3 mg/L and 6.9mg/L respectively in controls and
cases. Another study by M Oudi et al [14] found that patients
who developed cardiovascular complications had higher
values of ultra-sensitive CRP compared to patients who had
no complications. Similarly, Paul Ridker and David Morrow
in their work in Boston found that initial concentrations of
CRPus, were significantly higher in people who suffered a
stroke than in those who did not [4].

These high levels of CRPus in patients, could be explained
by the pro-inflammatory properties of ultra-sensitive CRP on
monocytes and macrophages, thus inducing a deleterious

effect on the vascular wall.
v" Blood glucose

Average blood glucose was 1.02 in patients and 1.06 in
controls.

Hyperglycemia (>1.10 ¢/ 1) was found in 26.7% of
controls and 28.9% of patients.

In the Hrira and al [13] study, hyperglycemia was found in
22% of controls and 54% of patients. As for Rizzo et al [22],
they found hyperglycemia in 17% of the controls and 35% of
the cases.

This low prevalence of hyperglycemia in our study could
be explained by the policy of awareness and promotion of
diabetes screening conducted in the commune of Saint-Louis.

v Lipid profile

Hypercholesterolemia was the most common dyslipidemia
in both populations. The prevalence of hypercholesterolemia
was higher in patients (24.4%) than in controls (22.2%). El
Oudi et al in their study in Tunisia found a prevalence of
hypercholesterolemia lower than ours (20.83%) [14].
Pessinaba et al showed in their study in Saint-Louis; a high
prevalence of hypercholesterolemia (36.3%) [18].

These results could be explained by the westernization of
the way of life of our African populations which, marked by
a dietary change favoring diets rich in saturated fatty acids,
cholesterol at the expense of traditional diets [56].

v CRPus and cardiac abnormalities

In our study, elevated CRPus in patients and controls was
significantly associated with cardiac echo (P=0.00). Other
studies have shown that CRPus is not only a marker of
inflammation but also, was a direct cause of cardiovascular
disease [23,24]. An eight-year study of 543 men with MI,
cerebral infarction or thrombosis compared to 543 apparently
healthy men, showed that increased CRPus was associated
with increased risk of cardiovascular complications. Other
studies have confirmed that high CRPus is an independent
risk factor for cardiovascular disease [25].

It is possible to explain this correlation between CRPus
and cardiac echo, by the fact that CRPus could be a predictive
element of the occurrence of cardiovascular events.

v" Relationship between CRPus elevation,
number of risk factors and cardiac impact

In our study, only the increase in the rate of ultrasensitive
CRP combined with two risk factors, were associated with
cardiac impact, with a statistically significant difference
(p=0.007).

While Hrira et al in Tunis, in their study of 146 subjects,
divided into two groups, showed that the increase in the rate
of CRPus was related to the association of several risk
factors [13]. Other authors such as Yu and Rifai [60]
demonstrated that the rate of CRPus was associated with the
number of risk factors and correlated with cardiovascular
complications. Our results are partially in agreement with
those of the literature and would be explained by our low
sampling, the age difference and the general health status of
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our populations.
» Limits of the study
This preliminary work has a number of limitations:

o a larger sample and longitudinal follow-up would have
helped to better highlight the impact of elevated CRPus
on cardiovascular complications;

o the association of CRPus with other biological markers
such as troponin, homocysteine, D-dimers would have
been more relevant to assess cardiac impact;

o paraclinical tests such as: cardiac ultrasound, arterial
echodoppler in all patients in the study, would have
improved the assessment of cardiovascular impact.

5. Conclusions

This study confirms the high prevalence of cardiovascular
risk factors in the population of Saint-Louis. Because of the
high mortality associated with these diseases, early diagnosis
is therefore necessary. Based on these preliminary results,
CRPus could be a promising marker for early detection of
patients at risk but also for follow-up. However, additional
studies with a large cohort would support these preliminary
results.
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