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parameters as cardiovascular risk indicators
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Abstract

Background Cardiovascular diseases (CVDs) are the leading cause of death worldwide, with their prevalence
continuing to rise each year. Adiposity indexes and hemodynamic parameters have been established as effective
predictors of CVDs when analysed separately. However, the impact of sex differences on the distribution and
combined use of these predictors remains largely unexplored, particularly in Sub-Saharan Africa. This study aimed
to investigate the sex differences in the distribution of adiposity indexes (Al) and hemodynamic parameters (HP), as
well as their associated indicators of cardiovascular diseases risks among staff members at Walter Sisulu University
(WSU).

Methods This cross-sectional descriptive quantitative study was conducted on 100 healthy adults (50 males, 50
females) aged 18-65 years. Al were assessed using a stadiometer, body composition monitor, and tape measure, while
HP were measured with a stethoscope and sphygmomanometer.

Results The study’s findings revealed that mean values for Al, including height, visceral adiposity index, and waist
circumference, were higher in males compared to females, while weight, body mass index, and hip circumference
were greater in females. Additionally, the study indicated that mean values for HP, such as systolic blood pressure,
diastolic blood pressure, and mean arterial pressure, were elevated in males, whereas pulse pressure was higher in
females. Notably, heart rate was consistent across both sexes.

Conclusion This study provides useful information about the sex-based patterns of adiposity indices and
hemodynamic distribution among selected South African populations.
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Introduction

Cardiovascular diseases (CVDs) are the leading cause of
death worldwide and have emerged as a significant pub-
lic health concern with serious implications [1]. These
diseases affect the heart that pumps blood and the blood
vessels that carry blood [1, 2]. Among many others,
most of these diseases are myocardial infarction, periph-
eral artery diseases, stroke, cardiomyopathy, rheumatic
heart disease, aortic aneurysm and dissection, heart fail-
ure, coronary artery diseases, cerebrovascular disease,
arrhythmia, hypertension, and congenital heart defects
[3-5]. Available data revealed that CVDs cause 20 million
deaths in 2024, indicating 34% of all deaths worldwide
[6]. This trend shows that the global crude prevalence will
increase from the current 598 million in 2025 to 1.14 bil-
lion in 2050, with the global death rates projected to be
increased to 35.6 million (73.4%) by 2050 [6]. In sub-
Saharan Africa, more than 1 million CVD-related deaths
were recorded in 2019, accounting for 5.4% of the deaths
caused by CVDs [7, 8]. More so, South Africa is usually
regarded as the epicenter of human immunodeficiency
virus (HIV)/AIDS and tuberculosis [9, 10]. The prevail-
ing data have shown that CVDs remain a major health
concern ranking second leading cause of death in South
Africa responsible for over 1 in 6 deaths in the country,
22.4% of death in South Africa is attributed to CVDs [11].

Several predisposing factors to CVDs have been
recorded, and these include: unhealthy dietary habits,
smoking, physical inactivity, sedentary lifestyle, and alco-
hol consumption [12, 13]. More so, age, diabetes mellitus,
genetic disposition, dyslipidemia, socioeconomic status,
and gender have been highlighted as other predisposing
factors to CVDs, especially in sub-Saharan Africa [14,
15]. Some of the risk factors, like metabolic syndromes,
have been linked to the changes from rural to urban shift,
which is now evident in most countries in sub-Saharan
Africa, including South Africa [16]. Consequently, this
has brought about dietary changes, sedentary lifestyles,
and contributed to an increase in the cases of overweight
and obesity among adults and adolescents in South
Africa [16].

The predictors of CVDs include HP and Al as well as
the visceral adiposity index (VAI), which are more sensi-
tive and specific in terms of cardiovascular risk. They also
serve as important indicators of central obesity, which
is considered a more reliable predictor of cardiovascu-
lar diseases [17]. The hemodynamic parameters such as
total peripheral resistance (TPR), systolic blood pressure
(SBP), diastolic blood pressure (DBP), Heart rate (HR),
stroke volume (SV), cardiac output (CO), Pulse Pressure
(PP), and electrocardiogram (ECG) have been recorded
as appropriate predictors of CVDs [18]. Also, body mass
index (BMI), waist circumference (WC), waist-hip-ratio
(WHR), waist-height ratio (WHtR), visceral adiposity
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index (VAI), body adiposity index (BAI), lipid accumula-
tion product index (LAPI) are the most widely used adi-
posity indices [19].

These parameters have been widely employed as pre-
dictors of the occurrence and severity of CVDs in various
populations [20-22]. Nevertheless, the current trends
show that most AI and HP have been used independently
to predict the incidence and severity of cardiovascular
diseases [23], suggesting that important pathophysiologi-
cal indicators of cardiovascular diseases may have been
overlooked. This is on account that adiposity param-
eters predominantly reveal body fat distribution but not
cardiovascular function, while hemodynamic indices
measure the blood circulation system, not fat-related
function [24, 25]. Consequently, results in weaker sensi-
tivity and predictability of CVDs and inappropriate treat-
ment [26—28]. This gap in knowledge on underexplored
combination utilization and sex distribution of these two
indices (AI and HP) spurred this investigation that seeks
to explore the distribution of these markers among Wal-
ter Sisulu University staff in the Eastern Cape province of
South Africa.

Materials and methods

Study location

This study was carried out at Walter Sisulu University,
both Nelson Mandela Drive and the Faculty of Medicine
and Health Science, Sissong Street campus, located in a
town called Mthatha, one of the Universities in the East-
ern Cape Province.

Research approach

In this cross-sectional descriptive quantitative study,
sex differences in the distribution of adiposity indexes,
hemodynamic parameters [Systolic blood pressure
(mmHg), Diastolic blood pressure (mmHg), Heart rate
(bpm), Pulse pressure (mmHg), Mean arterial pressure
(mmHg)], among Walter Sisulu University staff mem-
bers were investigated using a cross-sectional descriptive
quantitative study design to collect data from partici-
pants at a specific time.

Methodological design

The study was performed between July and September
2024, and the measurements of the Al and HP were taken
between 09:00 h and 11:00 h daily in the month of July,
2024 from volunteered participants.

Population and sampling
The sample size was calculated using the below formular;

n = no/(1+no/N) (1)

where:
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where 7 is the adjusted sample size, N is population
size and n, is initial sample size based on 95% level of
confidence.

Both males and females were considered in this study
and 100 staff members (50 male and 50 female) of Wal-
ter Sisulu University were recruited by verbal invitation
and visiting them in their offices and residences. The
quota sampling method was used for this study because
this was an efficient method for recruiting participants
because of the criteria that we had. Only staff members
who were willing to participate in the study were used; no
participant was forced to participate.

Research instruments

An Omron Digital sphygmomanometer (3 Series® Upper
Arm Blood Pressure Monitor BP7150 by Omron Health-
care Inc.”) was used to measure hemodynamic parame-
ters such as blood pressure (systolic and diastolic blood
pressure), heart rate, pulse rate (PR) and mean arterial
pressure (MAP).

A body composition analyser (Omron BF511 Body
Composition Monitor) was used to measure adiposity
indexes such as body mass index (BMI), visceral adipos-
ity index (VAI), and weight (W). Also, a stadiometer was
used for height (H) measurements, while tape measure
was used for waist circumference and hip circumference.

Data collection procedure

A cross-sectional study design was used, and data were
collected from participants at a specific time of the day
(9:00-11:00 AM). The participants were asked to rest
on a comfortable chair with their arms resting on a table
and their feet resting flat on the floor. The cuff was placed
around the arm, ensuring that it was at the same level as
the participant’s heart. For adiposity indexes, an Omron
body composition monitor was used; the participant had
to stand on the analyzer’s footpads and grip the handgrips.

Inclusion and exclusion criteria
Inclusion criteria

+ Adult males and females of Walter Sisulu University
employees between the ages of 18 and 65 years were
considered in this study.

«+ The participant’s medical conditions were intact for
him/her to participate in the study.

Exclusion criteria

+ No student or community member was allowed to
participate in this study.

« Staff members of other universities were not allowed
to participate in this study even if they were willing
to participate.
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+ Pregnant women were not allowed to participate.

+ The staff members on chronic medication were
excluded, because it may create a bias in the data.

+ Participants who did not sign the consent form were
excluded.

Ethical considerations

Ethical approval was sought and obtained from the
Human Research Ethics Committee (HREC) of Wal-
ter Sisulu University (WSU) with approval number:
070/2024 before the commencement of this study. Also,
necessary gatekeeper permissions were obtained before
the start of this study. All the experiments were per-
formed in accordance with the Helsinki declaration.

Permission for inclusion as a participant
Permission to be included in this study was obtained ver-
bally from the prospective participant.

Anonymity and confidentiality
Anonymity and confidentiality of the medical informa-
tion of the participant were always maintained.

Rights of participants

« DParticipants were given the right to leave if they felt
uncomfortable during the study.

+ Every participant was given the right to ask questions
if they did not understand what had already been
explained to them.

Informed consent
The informed consent was sought and obtained from the
participant.

Statistical analysis

All the collected information (Adiposity indexes and Hae-
modynamic parameters) was entered into Microsoft Excel
for storage and analysis. Descriptive statistics were pre-
sented as means* SD. An independent T-test was used to
compare the means of adiposity indexes and haemodynamic
parameters between males and females of participants. Sta-
tistically significant data was considered at p<0.05.

Results

Demographics

The study included 100 participants, with an equal distribu-
tion of 50 males, age 31+ 10 and 50 females, age 32+ 10, all
of whom were staff members at Walter Sisulu University.

Adiposity index and hemodynamic parameters
assessments for males and female

The study’s findings indicated that the mean values
for adiposity indexes in males were as follows: height
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Table 1 The sex differences in the distribution of adiposity
indexes in males and female of Walter Sisulu university staff
members

Adiposity indexes Males Females P values
(n=50) (n=50)
Mean+SD Mean+SD
Height (cm) 171+ 6 158+ 6 0.00002™"
Weight (kg) 7T+ 2 79+ 2 0.6011
Body Mass Index (kg/m2) 26+ 5 31+ 7 0.000022™
Visceral Adiposity index 9+ 6 8+ 2 0.3578
Waist circumference (cm) 91+ 1 90 + 2 0.8228
Hip circumference (cm) 103+ 1 114+ 1 0.03282"

Pvalues <0.05
""extreme significant
“highly significant
“significant difference

171+ 6 cm, weight 77 +18 kg, body mass index 26+ 5 kg/
m?, visceral adiposity index 9+6, waist circumfer-
ence 91+14 cm, and hip circumference 103+12 cm
(see Table 1). Also, the study’s findings revealed that
the recorded data for adiposity indexes in females were
as follows: height 158+6 cm, weight 79+19 kg, body
mass index 31+7 kg/m? visceral adiposity index 8+2,
waist circumference 90+18 cm, and hip circumfer-
ence 114+11 cm (see Table 1). The mean hemody-
namic parameters recorded were systolic blood pressure
129+ 21 mmHg, diastolic blood pressure 82+13 mmHg,
heart rate 71 +7 bpm, pulse pressure 71 +11 mmHg, and
mean arterial pressure 58 + 0.1 mmHg (refer to Table 2).
In addition, the hemodynamic parameters recorded for
females were: systolic blood pressure 120+17 mmHg,
diastolic blood pressure 78+9 mmHg, heart rate
71+6 bpm, pulse pressure 77+11 mmHg, and mean
arterial pressure 53 + 6 mmHg (Table 2).

Discussions

The global prevalence of cardiovascular diseases has risen
significantly, posing a major public health challenge [29].
Key factors contributing to this increase include popu-
lation growth, aging, and escalating levels of modifiable
risk factors such as high blood pressure, high cholesterol,
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poor diet, tobacco use, alcohol consumption, physical
inactivity, and air pollution [30]. While the AI and HP
are effective and sensitive markers for predicting the
risk of cardiovascular diseases, they have typically been
used independently, neglecting many of the pathophysi-
ological indicators associated with these conditions [23].
In addition, hemodynamic parameters differ between
males and females due to variations in body composi-
tion, hormones, and cardiovascular structure, which may
impact ischemic and bleeding risks in each sex [31, 32].
Furthermore, the sex-based distribution of these mark-
ers remains underexplored, particularly in sub-Saharan
Africa. Therefore, this study aims to investigate the sex
differences in the distribution of these markers within
this study population.

This study found no statistically significant dif-
ference between age and sex, which aligns with the
findings of Ball, Lachen [33], who also reported no sig-
nificant relationship between age and sex, although the
average age for females was slightly higher than that
for males. This result suggests that age did not influ-
ence the sex-based distributions of the adiposity index
and hemodynamic parameters in this study popula-
tion; however, other factors may serve as major deter-
minants. Height is one of the most critical adiposity
parameters, and this study identified a significant dif-
ference in mean height between males and females,
which is consistent with previous research [34]. Yusuf,
Hawken [34] demonstrated a significant difference
in height between males and females, indicating that
height can be used to assess body fat distribution,
making it a better predictor of cardiovascular diseases.
This significant difference in height may be attributed
to hormonal, genetic, and evolutionary factors. Empir-
ical evidence suggests that sex-determining genes
located on the Y chromosome play a role in control-
ling male development and differences in stature [35].
Additionally, this significant difference may be linked
to the effects of testosterone, which has been shown to
exert a more effective anabolic effect on bones, thereby
increasing bone density and length [36].

Table 2 The sex differences in the distribution of hemodynamic parameters in males and female of Walter Sisulu university staff

members

Hemodynamic parameters Males (n=50) Mean+SD Females (n=50) Mean+SD P values
Systolic blood pressure (mmHg) 129 + 2 120 + 2 0.001233™
Diastolic blood pressure (mmHg) 82+ 1 78+ 9 0.07026
Heart Rate (bpm) 1+ 7 71+ 6 0.06991
Pulse pressure (mmHg) 71+ 1 T+ 1 0.0231"
Mean arterial pressure (mmHg) 88+ 0 83+ 6 001344

P values <0.05
““extreme significant
“highly significant
“significant difference
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Although the mean weights of males and females
were not significantly different, a slight difference was
observed, with females exhibiting a slight increase in
weight. This finding is consistent with similar investiga-
tions that attribute such slight differences to the distri-
bution of fat in areas such as the breasts, buttocks, and
thighs, which are typically more pronounced in females
[37]. This factor may contribute to the slight increase in
weight observed in females compared to males. Exces-
sive weight gain and fat accumulation have been linked
to an increased risk of atherosclerosis and cardiovascu-
lar diseases, particularly acute coronary diseases [38].
Furthermore, a significant difference in mean body mass
index (BMI) was found in females, indicating excessive
body fat. A similar study by Schorr, Dichtel [39] reported
higher BMI in females, linking it to excessive body fat
deposition with detrimental health effects. Recently,
research by Fahed, Aoun [40] associated higher BMI with
an increased risk of developing hypertension and car-
diovascular diseases. Previous studies have documented
patterns of body fat distribution in both sexes, reveal-
ing that males tend to accumulate fat around the trunk
and abdominal organs, while females typically have more
body fat around the hips and thighs [41].

In this study, the mean visceral adiposity index and
mean waist circumference were not found to be signifi-
cant, suggesting that the pattern of distribution may be
specific to this population. These findings regarding the
mean visceral adiposity index does not agree with pre-
vious studies, which reported a significant difference in
visceral adiposity, indicating that males are more likely
to develop central obesity due to increased fat distribu-
tion around abdominal organs [42, 43]. This discrepancy
highlights the need for further research to understand the
factors influencing adiposity patterns in different popula-
tions. Consequently, males with greater percentages of
visceral adiposity have been associated with higher levels
of triglycerides (TG), free fatty acids (FFAs), postpran-
dial insulin and at high risk of developing CVDs [44]. The
insignificant results obtained on mean waist circumfer-
ence concurs with a similar investigation which reveals
that the waist in both males and females contribute simi-
larly to predicting cardiovascular diseases, but males
tend to have large waist than females as they have more
body fat distribution in the trunk and abdominal organs
[45]. Furthermore, significant differences obtained on the
mean hip circumference between males and females in
this study revealed a sex-specific adiposity index distri-
bution. Similar studies have documented larger mean hip
circumference in females compared to males and attri-
butes these differences to the high fat distribution around
thighs, and buttocks in females [39, 46, 47].

The significant difference in mean systolic blood pres-
sure between male and female participants in this study
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aligns with previous research that attributes higher mean
systolic blood pressure in males to variations in hor-
monal, genetic, and anatomical factors [48]. Additionally,
it has been shown that blood pressure tends to increase
with age in both normotensive individuals, regardless of
sex [49]. Generally, males exhibit higher blood pressure
than females until older age, at which point the values
tend to converge. In females, the rise in blood pressure is
often associated with menopause and estrogen depletion
[49, 50].

Conversely, the mean diastolic blood pressure for males
and females was not significantly different in this study,
suggesting that the participants may have similar levels
of systemic vascular resistance, a key marker in diastolic
pressure, as previously reported [51]. These results imply
that while factors such as environmental influences,
genetics, and lifestyle may be comparable, sex may not
be a relevant determinant in the regulation of diastolic
blood pressure [49].

The results regarding the mean heart rate of males and
females in this study indicate no significant difference,
suggesting that there are sex-based similarities in sympa-
thetic and parasympathetic activities within this popula-
tion. This finding implies that sex may not be a critical
factor in assessing resting heart rate, consistent with pre-
vious reports [52]. However, these findings contrast with
those of Koenig and Thayer [53], who documented a
greater mean heart rate in female participants, attribut-
ing their results to sex-based differences in autonomic
activities. It is important to note that a higher heart rate
has been associated with an increased risk of develop-
ing cardiovascular diseases and abnormal functioning
of heart muscles [54]. This discrepancy highlights the
need for further investigation into the factors influencing
heart rate variations across different populations and the
potential implications for cardiovascular health.

In this study, both mean pulse rate and mean arterial
pressure were found to be significant among male and
female participants, indicating a sex-based difference in
these cardiovascular markers. The mean pulse rate was
higher in females, which aligns with previous research
[55]. Factors such as hormonal influences, autonomic
activities, and heart size have been linked to these sex-
based differences in mean pulse rate [56, 57]. This sug-
gests that females may experience greater aortic stiffness,
potentially leading to an increased pulse rate and a higher
risk of developing cardiovascular diseases as they age
[58].

Additionally, the significant difference observed in
mean arterial pressure between males and females, with
males exhibiting higher mean values, further underscores
the sex-based differences in arterial blood pressure. This
finding is consistent with previous studies that attribute
these differences to vascular and hormonal factors [49].
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The higher mean arterial pressure in males increases
their likelihood of developing cardiovascular diseases
compared to females, as mean arterial pressure is associ-
ated with target organ damage and cardiovascular disor-
ders [59].

Conclusion

This study provides useful information about the sex-
based patterns of adiposity indices and hemodynamic
distribution among selected South African populations,
an area that remains underexplored. This substantiates
the need for sex-tailored evaluation and management
modalities for CVDs, especially in this study population.
Further studies are necessary to establish the correlation
between the patterns of distribution and its use in pre-
dicting the risk of cardiovascular diseases.

Limitations

The primary limitation of this study was small sample
size, hence, a large sample size with more than two racial
groups for future studies. The study was not specific to
race, and exercise. Also performing this investigation
outside Walter Sisulu University such as in the Eastern
Cape Province or all over South Africa will be of great
interest. More so, this study did not consider sex differ-
ences in chest shape conformation. However, previous
studies indicate that individuals with a concave-shaped
chest wall conformation and/or narrow antero-poste-
rior thoracic diameter are predominantly females with
increased prevalence of mitral valve prolapse and good
outcome over mid-to-long-term follow-up [60, 61].
Based on this evidence, further studies are needed for
evaluating the prognostic role of chest shape conforma-
tion in South African males vs. females.
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HP Hemodynamic Parameters
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TPR Total Peripheral Resistance
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HR Heart Rate
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co Cardiac Output
PP Pulse Pressure
ECG Electrocardiogram
BMI Body Mass Index

WC Waist Circumference

WHR Waist-Hip-Ratio
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BAI Body Adiposity Index

LAPI Lipid Accumulation Product Index
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