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Abstract  Background: hypertension is a complex disorder involving multiple organ systems represents the most 

prevalent cardiovascular risk factor in the population. Several studies revealed that more than 50% of the populations over 

age 65, are likely to have hypertension. Although both men and women develop hypertension, distinct gender differences in 

the incidence of hypertension are well established where males have a higher incidence of hypertension compared to females 

of the same age until the sixth decade of life. Also, several studies shown obesity as an increasing factor with regard 

hypertension incidence. Methods: here, we proposed an associative survey by combining age and weight parameters, with 

the purpose to characterize hypertensive patient gender. For this purpose, we collected data apropos 386 hypertensive patients 

from the Regional Hospital (RH) of Korhogo in northern of Cote d’Ivoire (2015-2016). Next, data were analyzed by 

performing several descriptive and analytical statistical tests. Results: our results suggested low susceptibility of young 

women (age < 40 year) developing hypertension with respect to young men. Chi squared test supposed the combination 

between age and weight parameters as a reasonable scheme in discriminating male hypertensive patients. ROC analysis 

reinforced age and weight features combination as a good practice for discriminating hypertensive male patients as opposed 

to female patients. The same survey (ROC), also, highlighted age and weight features as exhibiting high sensitivity in 

discerning (i) women (old female hypertensive patients) and (ii) men (male patients with normal weight) hypertensive 

patients respectively and suggested age impact on hypertension incidence. Conclusion: in conclusion the present study 

revealed a conflicting aptitude between age and weight parameters in discriminating hypertensive patient genders. Weight 

features displayed high sensitivity in predicting men hypertensive patients, while age parameter exhibited an acceptable 

aptitude via-à-vis of female hypertensive patients calling. Finally, this study identifies key factors that contribute to observed 

gender disparities in hypertensive population in northern locality of Cote d’Ivoire. 
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1. Introduction 

Cardiovascular Diseases involve any medical conditions 

related to the heart and blood vessels and remain the biggest 

cause of deaths worldwide according to World Health 

Organization (WHO) report [1]. Hypertension represents a 

major and correctable cardiovascular risk factor. The right 

diagnosis of hypertension and accurate assessment of 

cardiovascular  risk  are  essential  to give  appropriate  
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treatment to hypertensive patients [2, 3] Public urban and 

rural opinion in its great majority, in many underdeveloped 

countries (i.e. Cote d’Ivoire) ignores the bases of public 

health education vis-à-vis of hypertension troubles 

prevention [3]. Regardless of years of public health 

education in developed countries, hypertension awareness 

remains still problematic, with only a weak proportion with 

regard of adults and the elderly aware of their hypertension 

status [4, 5]. Several studies evoked gender difference 

between men and women in hypertension troubles incidence 

[4, 6, 7]. While hypertension prevalence is highest in older 

populations, almost 20 percent of young adults are 

hypertensive [8]. Henceforth, we believe that hypertensive 

patient age parameter can be useful to efficiently predict and 

interpret hypertension gender status in a hypertensive 

population. Few studies, however, have examined the 

http://creativecommons.org/licenses/by/4.0/
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influence of both age and weight features in discerning 

gender status differences in hypertension or hypertension 

awareness among hypertensive population. Further, several 

surveys showed linear relationship between age and 

hypertension incidence and as well suggested men having a 

higher propensity in manifesting hypertension troubles as 

opposed to women, in primary prevention services [9, 10]. 

The most recent recommendations for the management of 

hypertension were published recently. While there are 

age-dependent recommendations for blood pressure (BP) 

goals, the guidelines remain the same irrespective of gender, 

despite the abundance of evidence supporting sex and gender 

differences in hypertension [2, 11]. Although both men and 

women develop hypertension, distinct gender differences  

in the incidence and severity of hypertension are well 

established where males have a higher incidence of 

hypertension compared to females of the same age until the 

sixth decade of life [12, 13]. Also, obesity predisposes to 

hypertension and alters the course of hypertensive 

cardiovascular disease in ways that are only now coming to 

be appreciated. The strong association of obesity with 

hypertension and diabetes further complicates the picture in 

patients with such conditions and complicates the design of 

effective therapeutic interventions. However difficult to 

realize, weight loss must be the first line of therapy [14]. 

Obesity increases the risk of the development of 

hypertension. This relationship has been the subject of 

several surveys [15, 16]. Taking together, these studies 

evoked and suggested overweight feature as favoring and/or 

as a source of hypertension as well as other metabolism 

diseases incidence. Here, we combined both age and weight 

features because of their well-established involvement 

explaining hypertension troubles incidence, with the purpose 

to predict and characterize a hypertensive patient population 

gender and sex. Several descriptive as well as analytical 

statistical and Receiver Operating Characteristic (ROC) 

performance tests [17, 18] were realized for this purpose. 

2. Material and Method 

2.1. Study Sample and Data Structuration 

This study used data from the cardiology department of 

the Regional Hospital (RH) of Korhogo. Data were collected 

from that unity (cardiology department and/or services of 

Korhogo RH) during years 2015-2016. So, patients selected 

as hypertensive after clinical diagnosis were taken into 

account in this study. Next, we checked carefully for age 

(years) and weight (kg) parameters for each carefully chosen 

hypertensive patients. We prospectively studied 386 subjects 

(188 men/198 women), 50.51 ±  2.48 yrs of age, 63.31 ±  2.28 

kg of weight. Data have been organized in class interval 

basing on Sturge formula: 1 + (3.3 log n); where “n” 

represents analyzed sample size. Class interval amplitude 

has been calculated as following:   
         

            
; where 

xmax and xmin indicate maximum and minimum value of 

considered statistical parameters and/or variables 

(hypertensive patient’s age and/or weight features). Next, 

calculated class number and interval amplitude have been 

rearranged to make straightforward subjacent statistical 

analysis. In total eleven (11) and nine (9) class with an 

interval amplitude; a = 10 each, were calculated and 

considered for weight and age statistical variables 

respectively.  

2.2. Statistical Survey 

The software Microsoft Office Excel 2007 was used for 

above mentioned collected data pre-treatment, as well as for 

some descriptive statistical analysis. So, radar-plot graphic 

allowed to assess male and female patients aptitude vis-à-vis 

of age (years) and weight (kg) features. Spasio-temporal 

graphic by combining age and weight features permitted to 

characterize hypertensive patient population distribution, 

with the purpose to highlight that population gender 

differences. Analytical statistical surveys mainly were 

performed by R (version 3.5.1) software [19]. Then, Chi 

square test and Fisher exact test and as well Receiver 

Operating Characteristic (ROC) statistic performance test 

were executed in R programing environment by using 

appropriated scripts and/or functions. It is noteworthy to 

notify that ROC performance test, here, based exclusively on 

the detection of True Positive Fraction (TPF) or sensitivity 

and False Negative Fraction (FNF) or 1-sensitivity 

parameters. ROC performance test parameter were 

calculated as following: 

(i)  Sensitivity (TPF) = True Positive (TP)/ [True Positive 

(TP) + False Negative (FN)]; 

(ii)  1- Sensitivity (FNF) = False Negative (FN)/ [True 

Positive (TP) + False Negative (FN)]. 

Threshold cut-off setting for ROC survey were recognized 

and/or considered basing on well-established evidence 

concerning age and weight parameters inference in 

discriminating hypertensive patient’s gender. Here, we were 

just able through this survey to characterize TPF and FNF, 

since all considered patients were acknowledged as 

hypertensive. 

3. Results 

3.1. Hypertensive Patient Population Distribution by 

Combining Age and Weight Features 

Figure 1 shown an apparent difference with regard female 

and male hypertensive patient population dispersion by 

merging age and weight parameters. Indeed, Fisher test for 

assessing that population data dispersion exhibited a relative 

no-significant difference between male and female patients 

(p=0.39). Further, performed Pearson correlation test    

(R2= 0.68, p <0.05) confirmed that relative no significant 

difference (moderate agreement) between male and female 

hypertensive patients by merging both age and weight 

features. Considering as a whole the combination of age and 
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weight features, appears as an inadequate scheme and/or 

methodology for discriminating presently analyzed 

hypertensive population gender. Also, figure 1 displayed a 

high hypertensive population density (regardless patient 

gender) for weight parameter interval 50-89kg, as well as 

revealed 45-54 and 55-64 age intervals as a crucial period for 

manifesting hypertension trouble, suspecting age dynamism 

on the hypertension incidence for both women and men 

genders (Figure 1).  

3.2. Statistical Estimation of the Influence of Patients 

Age Parameter on Hypertension Incidence  

A weak overlapping with regard male and female 

hypertensive patient population dispersion has been 

observed by processing age parameter with the purpose to 

assess hypertension incidence (Figure 2). High similitude 

have been observed between female and male hypertensive 

patients for age feature < 30 years. Then, for patient with age 

< 30 year, our analysis exhibited no significant difference 

between processed patient gender features. Indeed, for this 

age interval parameter, descriptive statistical analysis (Table 

1) revealed an apparent difference in term of patient 

proportion between men (22.66) and women (23.66) gender 

(p=0.4). Heterogenic behavior with regard hypertensive 

population gender being evident for patient’s age higher than 

40 years (Figure 2). In the other word, findings suspected a 

proportion difference with regard hypertensive patient 

gender features by processing age parameter > 40 (Figure 2 

and Table 1). For that parameter and/or interval (patient 

age >40 years), our performed Fisher exact test relatively 

supported that gender difference (p=0.1). Indeed, high 

proportion with regard age parameter referred to men and 

women hypertensive patients were recorded for 44-54 and 

65-74 year intervals respectively. Taking together, these 

results suspected younger women’s as less influenced by 

hypertension disorders risk with respect to younger men. 

Further, the proportion of the hypertensive women patients 

substantially increased more than those of men patients for 

age parameter >50 year (Figure 2 and Table 1). Considering 

as a whole, hypertension troubles appear to become 

problematic and recurrent for old women as opposed to old 

men (p≤0.1). 

Table 1.  Descriptive statistic survey vis-à-vis of hypertensive population 
gender, by processing patient’s year parameter 

 
From year >25 to 

year 44 

From year > 44 to 

year ≤95 

Hypertensive 

Patient Genders 
Men Women Men Women 

Mean 23.66* 22.66* 23.2** 25.6** 

Standard deviation 18.32 16.14 21.64 19.99 

Maximum 30 39 56 43 

Minimum 8 11 0 1 

 **
p ≤0.1 and 

*
p ≥ 0.1 

3.3. Hypertensive Patient Weight Parameters in 

Assessing Hypertension Troubles Incidence 

Although women and men patients displayed an apparent 

comparable dispersion behavior for little weight value, the 

present radar plot survey (Figure 3) recorded a relative 

considerable number of hypertensive women patients with 

low weight (weight interval: to < 40 kg from 59 kg) as 

opposed to men patients (p=0.2). Weight increasing 

triggered a heterogeneous dynamism with regard the 

dispersion of hypertensive patient population gender features 

(Figure 3). Interestingly, findings seemed to indicate an 

apparent concordance between men patients weight 

parameter and hypertension incidence as opposed to women 

patients (p=0.39). In the other word, weight increasing 

appear to relatively influence hypertension trouble incidence 

in men patients with respect to in women patients (Figure 3, 

Table 2). Further, findings suggested high proportion with 

regard women and men hypertensive patients in term of 

gender parameter density dispersion for weight intervals 

40-59 and 60-80 respectively (Figure 3). This result is in 

agreement with previous mentioned observations (Figure 1).  

 

Figure 1.  Male (A) and female (B) hypertensive patient’s population dispersion by combining weight and age parameters in assessing processed patient’s 

gender features 
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Table 2.  Descriptive statistical analysis characterizing hypertensive 
population genders by processing patients weight feature 

 From > 40kg to 59 kg From 60 kg to 110 kg 

Hypertensive 

Patients Gender 
Man Woman Man Woman 

Mean 26.33** 35** 13.62* 11.62* 

Standard deviation 12.42 11.53 10.91 16.06 

Maximum 34 46 41 33 

Minimum 12 23 0 1 

 **p ≤0.2 and *p ≥ 0.2 

 

Figure 2.  Radar plot assessing patient gender dispersion analysis by age 

(years) features on the incidence of hypertension trouble 

 

Figure 3.  Radar plot assessing hypertensive patient gender qualitative data 

distribution by measuring weight (kg) parameter 

3.4. Chi Square Statistical Analysis Weighting Age and 

Weight Parameters Integration in Discriminating 

Hypertensive Patient Gender 

We performed a Chi square test to assess the impact of 

both age and weight features on hypertension incidence with 

the purpose to discriminate patient gender differences. 

Considering female hypertensive patients, we calculated Χ2 

= 82.29 at a freedom degree =70. Theoretical Chi square (Χ2) 

value for that mentioned freedom degree value (70); Χ2 = 

90.53 at 95% confidence interval (p<0.05). This test 

suggested non-significant interdependence between age and 

weight features in predicting and/or discerning women 

patient gender vis-à-vis of the incidence of hypertension 

pathology (Χ2 
calculated=82.29 < Χ2 

theoretical=90.53). Further, 

spatio-temporal distribution graph (Figure 4A) by exhibiting 

heterogenic behavior with regard that hypertensive women 

patient population, supported this evidence. The same 

analysis (Figure 4A) curiously evoked good aptitude of age 

parameter in discriminating female hypertensive patients as 

opposite to weight parameter. Calculated Chi square (Χ2) 

coefficient with the purpose to evaluate interdependence 

relationship between age and weight parameters with regard 

male hypertensive patient’s gender is as following: Χ2 = 

107.47 (freedom degree = 70). This results suggested a 

significant interdependence at 95% confidence interval 

(p≤0.05) between age and weight features in predicting men 

hypertensive patients’ gender (Χ2 
calculated=107.47 > Χ2 

theoretical 

= 90.53). In addition, figure 4B relatively supported that  

Chi square test results. Indeed, Figure 4B exhibited a relative 

homogeneity with regard patient’s data dispersion in 

comparison to data distribution reported in Figure 4A. 

Although statistical test proposed age and weight 

combination as explaining hypertension incidence in 

processed male patients, weight parameter dynamism for  

this category of patient exhibit a considerable contribution to 

that prediction (Figure 4B). Taking together, our findings 

suggested an overlapping (concordance) in predicting 

hypertension troubles incidence between male and female 

patient genders by processing age feature as well as a 

difference in that predicting procedure in calling 

hypertensive patient genders when we combined both age 

and weight features.  

3.5. ROC Survey Evaluating the Combination between 

Age and Weight in Predicting Hypertension 

Incidence on Patient Gender 

Our previous findings discriminated 40-59 kg (weight) 

and 65-74 year (age) intervals as including the highest 

number of female hypertensive patients (Figures 2 and 3). In 

the same tendency 60-80 kg (weight) and 44-54 year (age) 

weight and intervals have been recorded as including the 

highest number of male hypertensive patients. Here we 

focused on a ROC analysis (performance statistical test) 

assuming above mentioned intervals as threshold (cutoff) 

parameter values with the purpose to assess hypertension 

diagnostic procedure sensitivity (True Positive Fraction - 

TPF) and False Negative Fraction (FNF= 1- sensitivity) 

performances. ROC survey revealed a low TPF and/or 

sensitive performance with regard the combination between 

age and weight features in discerning patient gender (Table 

3). However, ROC survey suspected the combination of 

these components as exhibiting a relative good sensitivity 

performance in discerning hypertension troubles incidence 
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in men as opposite to women patients (Table 3). An 

extension with regard previous processed intervals allowed 

to increase the true positive fraction (TPF) parameter in 

discriminating both female (from 0.2 to 0.27) and male (from 

0.22 to 0.51) hypertensive patients especially for male 

patients (p=0.13). Considering as a whole, our findings 

proposed age and weight combination as favoring the 

prediction of hypertension incidence in male patient 

population as opposed to female patients. These findings 

were in agreement with our previous results that suggested 

age as a good predicting factor with regard hypertension 

incidence in female patient of the presently processed 

hypertensive population. 

Table 3.  Performance test discerning true positive fraction (TPF) and false negative fraction (FNF) parameters in discriminating hypertensive population 
gender by combining patients age and weight features 

 

Female Male 

True Positive 
Fraction (TPF) or 

Sensitivity 

False Negative 
Fraction (FNF) or 

1-Sensitivity 

True Positive 
Fraction (TPF) 
or Sensitivity 

False Negative 
Fraction (FNF) or 

1-Sensitivity 

(i) 40-59 kg and 65-74 years 
(female interval) and (ii) 60-80 kg 
and 44-54 years (male interval) 

0.2* 0.8 0.22* 0.78 

(i) <59 kg and > 65 years (female 
intervals) and (ii) < 80 kg and > 44 
years (male intervals) 

0.27* 0.73 0.51* 0.49 

 *
p=0.1 

Table 4.  Performance test (TPF and FNF) in discriminating patients genders by processing separately and/or independently age and weight parameters 

 

Female Male 

True Positive 

Fraction (TPF) or 

Sensitivity 

False Negative 

Fraction (FNF) or 

1-Sensitivity 

True Positive 

Fraction (TPF) or 

Sensitivity 

False Negative 

Fraction (FNF) or 

1-Sensitivity 

Hypertensive Patients Age 0.65 0.35 0.62 0.38 

Hypertensive Patients Weight 0.54 0.46 0.59 0.41 

 

Figure 4.  Spatio-temporal dispersion clustering graph of female (A) and male (B) hypertensive patients from Regional Hospital (RH) of Korhogo 

(2016-207) by combining age and weight features in assessing hypertension incidence 

3.6. Performance Assessment of Age and Weight 

Features Discerning Hypertensive Patient Genders  

Here we performed a performance test with the purpose  

to highlight the link between hypertensive population age 

and weight features with patient genders. ROC analysis by 

processing (i) women (age ≥50 year) and men (age ≥ 44 year) 

age parameters and (ii) women (weight ≤59 kg) and men 

(weight > 60 kg) weight features. Sensitivity parameter 

discerning hypertensive female gender (TPF=0.65) is 

comparable with those discerning male patients (TPR=0.62) 

when age features as has been processed (Table 4). This 
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findings confirmed age features as a good predictive factor 

discerning older hypertensive female patients (threshold age 

interval minimum value: 50) as well as younger hypertensive 

male patients (threshold age interval minimum value: 44). In 

the other words, our findings suggested high susceptibility  

of older women (age ≥50 year) manifesting hypertension 

disorder with respect than older men (age ≥50 year). The 

same analysis advised a low susceptibility with regard young 

female patients (age < 44 year) in manifesting hypertension 

trouble when compared to young male patients (age < 44 

year). Sensitivity parameter by processing weight parameter 

in discerning patient’s gender, relatively fit for male 

hypertensive gender with respect to female hypertensive 

gender (male weight TPF =0.58 vs. male weight TPF =0.54) 

hypertensive patients (Table 4). Consequently this result 

proposed hypertensive patient population weight feature as 

an acceptable parameter in discriminating and in selecting 

male hypertensive patient in the present analyzed 

hypertensive population. Considering as a whole, the present 

findings highlighted patient age and weight parameters as 

satisfactory factors in calling female and male patient gender 

respectively.  

4. Discussion and Conclusions 

In the present study we were interested to assess gender 

difference in a hypertensive population in northern of Cote 

d’Ivoire, by merging patient’s age and weight features since, 

arterial hypertension one of the major coronary risk factors 

for increasing morbidity and mortality from cardiovascular 

diseases [20] has been recorder among the recurrent 

pathologies in that geographic area [21]. According to some 

hypothesis, sustained hypertension can happen only when 

the relationship between arterial pressure and natriuresis is 

abnormal. If a normal relationship between pressure and 

renal sodium excretion pertains, increased pressure will 

result in increased sodium excretion and lowering of 

pressure [22, 15]. Hypertension is a major and frequent risk 

factor for many cardiovascular or related diseases such as 

ischemic heart disease, stroke, heart failure, lower extremity 

arterial disease, end-stage renal disease. Previous studies 

have stated sex differences in the pathophysiology of 

hypertension and responses to blood pressure lowering 

medications. Also, several clinical surveys suggested men as 

exhibiting typically higher blood pressure than women, the 

differences being greater for systolic than diastolic blood 

pressure [22]. These differences become apparent during 

adolescence and remain significant at least until 55-60 years 

of age. Our findings supposed age features as an adequate 

factor discerning hypertensive patient population gender. 

Our results in agreement with those of [23] and others [24], 

advised gender disparities in hypertension among young 

adults patient (age < 44 years). [23] findings showed the 

gender disparities in hypertension status were already 

evident among men and women in their twenties: women 

were far less to be hypertensive compared to men. Observed 

gender differences in hypertension, which exist in human 

and animal populations, are due to both biological and 

behavioral factors [7]. The biological factors include sex 

hormones, chromosomal differences, and other biological 

sex differences that are protective against hypertension in 

women [5, 7]. These biological factors become evident 

during adolescence and persist through adulthood until 

women reach menopause, at which point gender differences 

in hypertension become correspondingly smaller or 

nonexistent. Considering as a whole, this investigation 

shown a low susceptibility of younger women vis-à-vis of 

hypertension incidence as opposed to younger men (Figure 

2). Indeed, ROC analysis highlighted a high sensitivity 

performance in discriminating women hypertensive patient 

for age > 50 years. Also, for age > 50 year, women and men 

exhibited a comparable sensitivity performance with regard 

hypertension incidence. Interestingly, our results revealed 

non-significant difference (high agreement; R2= 0.68, p 

<0.05) between female and male hypertensive patients 

(Figure 1), categorizing presently analyzed hypertensive 

population as old (age average > 50 years; see material and 

method chapter). The present results are in accordance with 

the findings of our previous work that discriminated 

hypertension as recurrent disease in northern of Cote 

d’Ivoire and suggested age increasing as impacting 

hypertension incidence among processed sick population 

[21]. However, despite significant gender differences in 

blood pressure regulation, a study suggested ambulatory 

blood pressure monitoring thresholds for diagnosis of 

hypertension do not differentiate between men and women 

[2]. Next, performed Chi square test recommended a 

significant interdependence between age and weight features 

for discerning men hypertensive patients as opposed to 

women (p<0.05). Further, our findings by merging age and 

weight parameters supported a relative homogeneous 

spasio-temporal data dispersion in men hypertensive 

population in comparison with those of women (Figure 4). 

Also, weight feature exhibited a high sensitivity in calling 

male hypertensive patients as opposite to female 

hypertensive patients. Radar plot survey, furthermore, 

confirmed weight features as impacting considerably 

hypertension incidence in men population with respect to 

women (Figure 3). Indeed, ROC test by combining age and 

weight parameters as well as by processing weight feature 

alone, recorded weak sensitivity (TPF) in calling female 

hypertensive patients (TPF =0.27, p=0.1). This result 

suggested weight feature as inadequate factor characterizing 

women gender in the presently processed hypertensive 

population. Several studies revealed in contrast to the impact 

risk factor on hypertension, obesity and exercise had only a 

minor impact in determining hypertension awareness [4].   

In addition, the same analysis proposed that the greater 

anti-inflammatory immune profile in females during 

hypertension may act as a compensatory mechanism to limit 

increases in blood pressure compared to males who exhibit a 

more pro-inflammatory immune profile. Arterial pathology 

is a major contributor to cardiovascular disease, morbidity 

and mortality. Women are at higher risk of cardiovascular 
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disease after menopause. Arterial stiffness determined by 

pulse wave velocity, increases with age both in men and 

women, whereas arterial compliance in premenopausal 

women is greater than in men of similar age [20]. Recently, 

convincing evidence supports the idea that the different 

impact of cardiovascular disease and the differences in 

vascular biology in men and women may be, at least in part, 

linked to the cardiovascular and metabolic effects of sex 

steroid hormones. Indeed, androgens and estrogens influence 

a multitude of vascular biological processes and their 

cardiovascular effects are multifaceted. While in women the 

effects of androgens mainly depend upon estrogens’ levels, 

the effects of androgens in men generally relate to their 

aromatization into estrogens [20, 5]. Estrogens exert 

potential beneficial effects on the cardiovascular system in 

both sexes. However, the results of the present investigation 

may be limited by processed sample small size (386 

hypertensive patients). Then, we are planning to continue our 

collaboration with the cardiology department and/or service 

of the RH of Korhogo, with the purpose to enlarge our data 

set. So, the conclusions were that the combination between 

age and weight features in characterizing patient gender in 

hypertension incidence have led to conflicting interpretation. 

Indeed, that combination appeared to clearly discriminate 

male hypertensive patients as opposed to female, while the 

results in the present study revealed age feature as exhibiting 

higher sensitivity in female hypertensive patients calling, in 

comparison to male subjects. Also, this study identifies 

simple key factors that contribute to observed gender 

disparities in hypertensive population in northern locality of 

Cote d’Ivoire. To sum up, the findings of the present study 

provided simple averting tool (age and weight features) in 

preventing hypertension incidence for both female and male 

gender.  
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