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Abstract: Introduction: Arterial hypertension and obesity are two major risk factors for cardiovascular
morbidity and mortality closely linked. The objective of this study was to describe the epidemiological and
clinical characteristics of hypertensive patients according to their level of obesity as proposed by the
classification of the World Health Organization (WHO). Patients and Methods: Retrospective study (January
2022-April 2023) involving 230 hypertensive and obese adult patients whose mean age was 52.5 + 12.05 years
[Extremes: 24-85 years] followed on an outpatient basis and classified into 3 Classes according to their body
mass index (BMI). Epidemiological, clinical parameters and cardiovascular risk stratification were analyzed.
The relevance of the risk stratification method was analyzed by area under the curve (AUC). Statistical analysis
was performed using SPPS version 26 software (SPSS Inc., Chicago, IL, USA). Results: Classes 1 (n=170; 73.9%),
2 (n=43; 18.7%) and 3 (n=17; 7.4%) were identified. There were significantly more women than men in Class 3
(9.7% versus 2.7%; p=0.001). The risk of being diabetic (OR=0.135;95%CI=0.034-0.541;p=0.005), of having angina
pain (OR=0.084;95%CI=0.009-0.790;p=0.030) or developing chronic renal failure (OR=2.416,95%CI=1.471-
85.268;p=0.020) was significantly higher in Class 3 than in Class 1. According to cardiovascular risk
stratification, 152 patients (66.1%) were at high and very high risk. The level of cardiovascular risk of our
patients was not related to the degree of obesity based on body mass index (p=0.32). The risk stratification
method was relevant (AUC>0.70;p<0.001). Conclusion: Morbid obesity exposes hypertensives more to
cardiovascular, renal and metabolic complications.

Keywords: obesity; hypertension; risk factor; cardiology

Introduction

Arterial hypertension and obesity are 2 major risk factors for cardiovascular morbidity and
mortality which are closely linked [1-3]. According to current global statistics, these 2 conditions are
on the rise with forecasts of approximately 30% of hypertensives by 2025 [1] and 1.12 billion obese
people in 2030 out of the entire world population [4,5]. The arterial hypertension-obesity association
known from the literature since the 20th century [6] therefore represents a veritable pandemic and
remains a major public health problem [7]. According to the literature, there is a strong relationship
between body mass index, variation in blood pressure and the occurrence of cardiovascular disease
[7-9]. Indeed, an increase of 1.71 mm Hg per 1 kg of weight/m2 in systolic BP has been clearly
described in West Africa [1]. Also, a weight gain of 10 kg was associated with an increase of 3 mm
Hg for systolic blood pressure and 2.3 mm Hg for diastolic blood pressure, resulting in an increased
risk of occurrence of cardiovascular diseases such as coronary artery disease and cerebrovascular
accident (CVA) [10,11]. Several other studies [12-14] also demonstrated that obese subjects have a 2
to 3 times greater risk of developing arterial hypertension and approximately 60% of the incidence of
arterial hypertension is attributable to the increase in fat reserves. This epidemiological and clinical
observation suggests a more in-depth analysis of these 2 conditions within our populations. It is in
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this perspective that we carried out this study which aimed to describe the epidemiological and
clinical characteristics of hypertensives according to their level of obesity according to the WHO
classification.

Patients and Methods

Population and Study Period

This is a study conducted over a period of 16 months involving 230 adult, hypertensive and
obese patients followed on an outpatient basis in the Cardiology department of the Bouake
University Hospital. The following inclusion criteria were applied to select the participants in the
study: Were included, adult patients over the age of 18, all hypertensive under treatment and
followed by Medical Specialists in Cardiology and presenting obesity whatever either the grade, with
a BMI = 30 kg/m?. Pregnant women were not included. These patients have been grouped into 3
categories according to the classification of the World Health Organization (WHO) [15] which
designates obesity as a complex and multifactorial disease due to an abnormal or excessive
accumulation of fat capable of altering the health of individuals [15-18]. Thus, three levels of obesity
severity were distinguished: People with a BMI of 30.0 to 34.9 kg/m? were considered to have class I
obesity, those with a BMI of 35 to 39, 9 kg/m? corresponding to class II obesity, and those with a BMI
of 40 kg/m? and more corresponding to class III obesity, ie severe obesity, formerly called morbid
obesity. Abdominal obesity, the best reflection of the risk, is generally assessed using a tape measure
graduated in cm, by measuring the waist circumference (WC) or the abdominal perimeter [19,20]
while considering abdominal obesity such as a Waist Circumference > 102 cm for men and a WC > 88
cm for women) [21,22].

Methodology

This is a retrospective, cross-sectional study with a descriptive and analytical purpose. We
analyzed the variation in the epidemiological and clinical parameters of our patients according to
their level of obesity in univariate and multivariate analysis. We then studied cardiovascular risk
stratification of our patients according to grade and stage of hypertension as proposed by the ESH
2023. The study of the area under the curve (AUC) allowed us to analyze the relevance of the
quantitative parameters used for this risk stratification (systolic blood pressure (SBP), diastolic blood
pressure (DBP) and Cardiovascular risk (CVRF) number) for our population.

Measures

Mass anthropometric parameters (height and weight) were measured separately in patients
wearing more or less light clothing [23] and barefoot for the calculation of BMI. The abdominal
circumference was also measured. Body mass index (BMI) was calculated as weight in kilograms
divided by the square of height in meters [19-20,23-26], is used to screen for obesity in adults, with
a threshold set at 30 kg/m? in adults by the Centers for Disease Control and Prevention (CDC) [19,27].

Assessment of Blood Pressure and Hypertension

Blood pressure was measured using an electronic tensiometer based on American and European
International recommendations [28-30]. Arterial hypertension was defined as systolic blood pressure
>140 mm Hg and/or diastolic blood pressure = 90 mm Hg. We analyzed epidemiological and clinical
characteristics in obesity subgroups.

Cardiovascular Risk Level Stratification [30]

To perform the cardiovascular risk stratification, we used the 2023 ESH Cardiovascular risk
according to grade and stage of hypertension which classifies patients into 4 groups namely Low
Risk, Moderate Risk, High Risk and Very High Risk. This classification is based on the grade of
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hypertension, the number of risk factors, Hypertension-mediated organ damage (HMOD), Diabetes
mellitus and established cardiovascular and kidney disease.

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics software, version 26 (SPSS Inc.,
Chicago, IL, USA). P values (two-sided) <0.05 were considered statistically significant. Continuous
variables were expressed as mean + standard deviation (SD) or median with interquartile range (25%,
75%) and categorical variables were presented as percentages (%). Student’s t-test and Chi-square
test were used for continuous and dichotomous variables, respectively. Regression tests were used
to analyze associations between variables. Data were summarized as Odd Ratio (95% CI). To assess
the discriminating power of the cardiovascular risk classification model for our population, we
constructed the Receiver -operating curve (ROC) and calculated the area under the curve (area under
the curve=AUC). Discriminatory power was defined as acceptable if the AUC > 0.5 [31].

Ethics

This research followed the ethical guidelines established in the Declaration of Helsinki [32].

Results

We collected 230 patients including 75 (32.61%) male patients and 155 (67.39%) female patients.
The average age was 52.5 + 12.05 years [Extremes: 24-85 years] with 93 (40.4%) patients from rural
areas and 137 (59.6%) patients from urban areas. The Body Mass Index (BMI) and abdominal
circumference were, respectively, on average 33.59 + 4.20 Kg/m? [Extremes: 30-53.99 Kg/m?] and 103,
71+ 10.66 cm [Extremes: 69-150 cm]. These patients were all hypertensives Grade 1 (n=123; 53.5%) or
Grade 2 (n=47; 20.4%) or Grade 3 (n= 60; 26.1%). These hypertensives had an average of 2.8 + 0.81
cardiovascular risk factors [Extremes: 2-6]. We counted 28 (12.2%) type 2 diabetic patients; 10 (4.3%)
smoking patients and 37 (16.1%) patients with dyslipidemia. Seventeen (7.4%) patients presented
with anginal chest pain on admission and twenty-nine patients (12.60%) presented with dyspnea.
The mean abdominal circumference was 103.71+10.66cm [ Extremes: 69-150]. One hundred and
eighty-nine patients (82.17%) presented with abdominal obesity and 18 (7.8%) patients presented
with left ventricular hypertrophy on electrocardiographic evaluation. Heart failure, Chronic Kidney
Failure and stroke were 19 (8.26%), 5 (2.2%) and 18 (7.82%) respectively (Table 1). In univariate
analysis, Classes 1 (n=170;73.9%), 2 (n=43;18.7%) and 3 (n=17;7.4%) were identified. There were
significantly more women than men in Class 3 (9.7% versus 2.7%; p=0.001). There were more diabetic
patients (29.4% versus 10%; p=0.048) and renal failure patients (11.8% versus 1.2%; p=0.035) in Class
3 than in Class 1. Class 3 patients have more angina pain (23.5% versus 7.1%; p=0.017) compared to
Class 1 patients. In multivariate analysis, the risk of being diabetic (OR=0.135; 95% CI=0.034-0.541;
p=0.005), of having angina pain (OR=0.084; 95% CI=0.009-0.790; p=0.030) and developing chronic
renal failure (OR=2.416; 95% Cl=1.471-85.268; p=0.020) was significantly higher in Class 3 than in
Class 1 (Table 2). According to cardiovascular risk stratification (Table 3), 152 patients (66.1%) were
at high and very high risk. The level of cardiovascular risk of our patients was not related to the
degree of obesity based on body mass index (p=0.32). The quantitative parameters used to classify
the cardiovascular risk within our study population were relevant for systolic blood pressure
(AUC=0.830; 95%CI=0.776-0.883; p<0.001), diastolic blood pressure (AUC=0.724; 95%CI=0.659-0.790;
p<0.001) and the number of cardiovascular risk factors (AUC=0.710; 95%CI=0.642-0.779; p<0.001)
(Figure 1).

Table 1. Epidemiological and clinical characteristics of obese hypertensives in univariate analysis.

Average values Class 1 obesity Class 2 obesity Class 3 obesity p-
(N=230) (n=170) (n=43) (n=17) value
52.5 + 12.05 [Extremes:
24-85]

Variables

Age, years 51 50 56.5 0.77

d0i:10.20944/preprints202409.0503.v1
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Sex
Male 75(32.61%) 67(39.4%) 6(14%) 2(11.8%)  0.001
Female 155 (67.39%) 103 (60.6%) 37 (86%) 15 (88.2%)
Origin
rural 93(40.4%) 74(43.5%) 13(30.2%) 06(35.3%)
Urban 137(59.6%) 96(56.5%) 30(69.8%) 11647%)
CVRF 2.8+0.81 [Extremes:2-6] 2.6 2.8 3 0.82
Type 2 diabetes 28 (12.2%) 17 (10%) 6 (14%) 5(29.4%)  0.048
Dyslipidemia 37(16.1%) 26(15.3%) 6(14%) 5(29.4%)  0.29
Active smoking 10(4.3%) 7(4.11%) 3(6.97%) 000%)  0.506
Angina Pain 17(7.4%) 12(7.1%) 1(2.3%) 4(235%)  0.017
Dyspnea 29(12.60) 16(9.41) 7(16.27) 3(17.64) 0577
Arterial
hy}éijgzsllon 123(53.5%) 91(53%) 22(51.2%) 10(8.8%) 510
s 47(20.4%) 33(19.4%) 10(23.3%) 4235%)
o 60(26.1%) 46(27.1%) 11(25.6%) 3(17.6%)
33.59+ 4.20 [Extremes:
2 - - - -
BMI, Kg/m 30-53.99]
) 103.71+ 10.66[ Extremes:
Al?dommal 69-150] - - - -
perimeter, cm
Abdominal Obesity 189(82.17) - - - -
CKF 5 (2.2%) 2 (1.2%) 1(2.3%) 2(11.8%)  0.035
HVG 18(7.82%) 13(7.6%) 4(9.3%) 1(5.9%) g‘zg
Stroke 18(7.82%) 15(8.82) 3(6.97) 0(0%) ‘
. 0.54
Heart failure 19(8.26%) 15(8.82%) 2(4.65%) 2(11.76%)
0.99
Cancer 02(0.86%) 2(1.17%) 0(00%) 0(00%)

CVREF: Cardio-Vascular Risk Factor; BMI: Body Mass Index; CKF: Chronic Kidney Failure; LVH: Left Ventricular
Hypertrophy.

Table 2. Epidemiological and clinical characteristics of obese hypertensives in multivariate analysis.

Average Grade 1 Grade 3

Variables values obesity obesity ;'):t(iis 95% CI p-value
(N=230) (n=170) (n=17)
Abdominal o o
Obesity 189(82.17)  132(77.64%) 16(94.11%)
Type2diabetes 0 1000y 17(10%)  5(294%) 0135  0.034-0541 0.005
Dyslipidemia 37 (16.1%)  26(153%)  5(29.4%)  0.458 0.052-4.063 0.48

Angina Pain 17 (7.4%) 12(7.1%) 4 (23.5%) 0.084 0.009-0.790 0.030

Arterial

.602 157-2. A4
hypertension 123(53.5%) 91(53%) 10(58.8%) 060 0.157-2.305 045
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Grade 1 47 (20.4%) 33(19.4%) 4(23.5%)
Grade 2 60 (26.1%) 46(27.1%) 3(17.6%)
Grade 3
Chronic Kidney
Failure 5(2.2%) 2 (1.2%) 2 (11.8%) 2,416  1.471-85.268 0.020
LVH

18 (7.8%) 13 (7.6%) 1(5.9%) 1,255  0.152-10.389 0.83

LVH: Left ventricular hypertrophy.

1,0
Source of the
Curve
— SBF
os _DBP

CWVRF_Mumber
Reference Line

Sensitivity

00 p<0.001
0,0 02 04 0,5 0,8 1,0

1 - Specificity

Figure 1. Plots of Receiver operating curve (ROC) curves for analyzing the performance of
quantitative cardiovascular risk stratification parameters according to the 2023 ESH, namely systolic
blood pressure (SBP), diastolic blood pressure (DBP) and Cardiovascular risk number (CVRF). These
parameters classify patients according to whether or not they belong to the class of patients at high
cardiovascular risk.

Table 3. Cardiovascular risk stratification according to ESH.

Average values Grade 1 obesity Grade 2 obesity Grade 3 obesity p-

Variables (N=230) (n=170) (n=43) (n=17) value
Cardiovascular Risk
Stratification
Low Risk 28(12.2) 20(11.76%) 5(11.62) 3(17.64) 052
Moderate Risk 50(21.7) 41(24.11%)) 9(20.93) 0(0%) '
High Risk 103(44.8) 73(42.94%) 20(46.51) 10(58.82)

Very High Risk 49(21.3) 36(21.17%) 9(20.93) 4(23.52)
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Discussion

Epidemiology and Prevalence of Obesity-Related Hypertension

Data from the literature confirm a close link between obesity and hypertension [1,33,34]. This
link was demonstrated in 1960 prospectively in the Framingham study [6,32]. Indeed, 40-67.3% of
hypertensives worldwide are obese [1,6,13,33]. This hypertension-obesity association is stronger in
women than in men in our study (67.39% versus 32.61%; p=0.001). This finding was corroborated by
Zhang et al. [13] in 2022 in China who reported a higher prevalence of obese hypertensives in women
than in men (26.2% versus 18.8%; P < 0.001). In our series, around 59.6% versus 40.4% of obese
hypertensive patients come from urban areas (p= 0.25). These results, even if not significant, were
confirmed by the work of Zhang et al. [13] in 2022 in China who found a higher prevalence of obese
hypertensive patients in urban areas (26.5% versus 21.5%; P <0.001), this could be explained by the
fact that patients in cities would be more sedentary living with socio-professional stress.

The Pathophysiology of Obesity-Related Hypertension [6,12,36]

Obesity-related hypertension results from several complex mechanisms: insulin resistance,
alteration of adipokines; dysfunction of the Sympathetic Nervous System and the Renin Angiotensin
Aldosterone system; metabolic, endothelial and vascular dysfunctions, neuroendocrine imbalances,
sodium retention, glomerular hyperfiltration, proteinuria and inappropriate immune and
inflammatory responses. These mechanisms will be responsible for two consequences: on the one
hand, high cardiovascular morbidity and mortality, due to the occurrence of coronary heart disease,
congestive heart failure, sudden cardiac death, chronic renal failure (CRI), and strokes and on the
other hand, resistant hypertension.

Joint Effects of Obesity and Hypertension on Cardiovascular Risk

In our study, class 3 obese hypertensives had a 3 times greater risk of developing type 2 diabetes
(Table II). This observation is consistent with data from the literature [6]. Obesity associated with
type 2 diabetes and hypertension increases the risk of occurrence of cardiovascular diseases [37-39].
In addition, hypertensive patients with morbid obesity in our series were more likely to present with
angina pain or chronic renal failure. This would be explained by the pathophysiological disorders
[10,12,33] due to the “cursed couple” hypertension-obesity and also confirmed by data from the
literature [40,41]. The level of cardiovascular risk of our patients was not related to the degree of
obesity based on body mass index (p=0.32). This surprising result seems to be explained by the fact
that the WHO classification of obesity used in our study was based on the measurement of BML
However, the best predictive factor of cardiovascular risk is Waist circumference and not BMI [42—
45]. Hence the absence of relation between the level of cardiovascular risk of our patients and their
degree of obesity. Indeed, body mass index (BMI) is the most widely used method to determine the
prevalence of overweight and classify obesity. However, in recent years it has been suggested that
primarily waist circumference is higher closely associated with cardiovascular morbidity and
mortality [42].

Therapeutic Implications
The therapeutic management of obese hypertensives is based on lifestyle and dietary measures
and pharmacological means.

Hygieno-Dietary Measures [6]

It consists of lifestyle changes including: the (DASH) Dietary Approaches to Stop Hypertension
diet, weight loss, weight loss diet low in saturated fat, low sodium diet, regular physical activity,
reduction of alcohol and smoking cessation.

Pharmacological Means
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Target blood pressure should be <140/90 [28]. To achieve this blood pressure target,
antihypertensive treatment will be based on angiotensin-converting enzyme inhibitors, angiotensin
receptor blockers and thiazide diuretics, while (-blockers should be avoided unless specifically
cardiac indicated. This antihypertensive treatment will be combined with bariatric medical treatment
and bariatric surgery [6].

Conclusion

Hypertensives with class 3 obesity have a higher risk of developing type 2 diabetes, presenting
with angina pain or chronic renal failure with, therefore, a higher risk of cardiovascular disease. The
cardiovascular risk was not related to the degree of obesity based on body mass index.

Conflicts of Interest: no-financial interests that are directly or indirectly related to this manuscript.
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