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Abstract: Background: Mean Arterial Pressure (MAP) and Pulse Pressure (PP) are both key parameters to diagnose and manage cardiovas-
cular diseases and hypertension, a leading cause of mortality and morbidity globally. Men and women are physically different from each other. 

Objective: Is to evaluate gender-based comparison of MAP and PP of healthy adults after stress induction.

Material and Methods: This cross-sectional study was designed and conducted in the Institute of Basic Medical Sciences (IBMS) at Khyber 
Medical University (KMU) from January 2022 to April 2022. A total of fifty-two participants including twenty-six males and twenty-six 
females were selected using convenience sampling. Sample size estimation was carried out using G*Power. Healthy adults between the age of 
18-40 years were included in the study. Blood Pressure (BP) and Heart Rate (HR) were checked both before and after the stress induction. MAP 
and PP were calculated using the formulas obtained from the literature i.e., MAP = DP + 1/3 (PP) and PP = SBP-DBP. 

Result: The mean age of males was 27.16 ± 4.28 years and that of females was 23.15 ± 2.86 years. Both pre and post stress comparison of 
mean difference between healthy adult males and females, revealed no significant difference between MAP (Post-Stress p=0.97 and Pre-Stress 
p=0.61), PP (Post-Stress p=0.18 and Pre-Stress p=0.05) and HR (Post-Stress p=0.11 and Pre-Stress p=0.57). Males had a higher PP than females 
in both pre and post stress phase. Females had a slightly higher MAP than males in the pre stress phase. In the post stress phase, MAP showed 
a positive correlation with HR and PP. While in the pre stress phase, all the variables (MAP, PP and HR) showed no correlation with each other. 

Conclusion: MAP and PP show no significant difference between healthy adult males and females, after stress induction.
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INTRODUCTION

The Pulse Pressure (PP) is the difference of systolic minus dia-
stolic BP i.e., the pressure exerted by the heart in the arterial 
tree per heartbeat. It is a key parameter to diagnose and manage 
cardiovascular diseases and hypertension. Various studies have 
reported the gender based differences in PP. Females were gen-
erally found to have higher PP values when compared to males 
[1, 2].

The Mean Arterial Pressure (MAP) is the estimate of mean pres-
sure in the arterial vasculature during one cardiac cycle. It is a 
key parameter to diagnose and manage cardiovascular diseases 
and hypertension, a leading cause of mortality and morbidity 
globally. Gender-based differences in MAP have been reported 
in literature. Females were generally found to have lower MAP 
values when compared to males [3-7]. 

A thorough search of the literature reveals that the current evi-
dence of the impact of gender-based differences in blood pres-
sure indices of healthy adults after stress induction (exercise), 
remains poor. There is no published data on the gender-based 
comparison of MAP and PP in our study population. Increased 
sympathetic tone also occurs during exercise and in times of 
stress. These events increase both cardiac output and systemic 
vascular resistance thereby affecting MAP and PP [8, 9]. Hence, 
the measurement of both MAP and PP before and after stress 
via 6-Minute Walk Test (6-MWT) was taken into account in 
our study.

This study was planned to assess the effect of the stress induc-
tion i.e., 6MWT on Blood Pressure Indices (BPI) i.e., MAP and 
PP to asses the gender based differences between healthy adult 
males and females.

MATERIALS AND METHODS

This study was designed and conducted in the Institute of Basic 
Medical Sciences (IBMS) at Khyber Medical University from 
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January 2022 to April 2022, to assess the effect of the stress 
induction i.e., 6 minute walk test (6MWT) on BPI. A total of 
fifty-two participants including twenty-six males and twenty-six 
females were selected using convenience sampling. Sample 
size estimation was carried out using G*Power. Statistical test 
adopted was: difference between two independent means, test 
family was Paired Sample T test. A priori analysis was per-
formed by keeping power at 95% (1-β) and 5% margin of error. 
Effect size was taken as 0.93. Allocation ratio was taken as 1. 
Sample size for group 1 was derived as 26 and group 2 was 26. 
Total sample size came out to be 52. Healthy adults between the 
age of 18 to 40 years both males and females were included in the 
study. The participants were enrolled from the varsity campus 
and constituted students, administrative staff and faculty fulfill-
ing the inclusion criteria. Those with any cardiovascular or respi-
ratory medical condition were excluded. Professional athletes 
and smokers were also excluded. Informed written consent was 
taken from all the study participants. Blood Pressure and Heart 
Rate were checked both before and after the stress induction. 
This was performed using the Omron M3 digital blood pressure 
monitor. 

For the purpose of stress induction, an exercise based, simple 
and affective test called the Six-minute walk test (6MWT) was 
used. It is very safe and well established self-paced assessment 
tool to measure the capacity of exercise in an individual [10]. 
This test is carried out by making the participant/patient walk in 
straight laps, on a flat surface and as fast as possible.

The difference of systolic minus diastolic BP is defined as PP, it 
is the pressure exerted by the heart in the arterial tree per heart-
beat. While MAP is the estimate of mean pressure in the arte-
rial vasculature during one cardiac cycle. MAP and PP were 
calculated using the formulas: MAP = DP + 1/3 (PP) and PP = 
SBP-DBP [1, 4]. 

STATISTICAL ANALYSIS

 All THE data was processed in SPSS version 26.0. for MacBook 
Pro. The statistical test applied was “Paired Sample T Test” and 
all the data both pre and post stress was organised in a tabulated 
form. Matrix scatter plot was obtained for the data to check for 
correlation between the variables.

RESULT

A total of fifty-two healthy young adults were included in this 
research. Twenty-six males and twenty-six females. The mean 
age of males was 27.16±4.28 and that of females was 23.15±2.86 
years. The average height of males was 165.15±5.23 cm and 
females were 158.20±24 cm. Both the parameters were signifi-
cantly different in both the genders, p<0.01.

Both pre and post stress comparison of mean difference between 
healthy adult males and females, was no significant difference 
between MAP (Post-Stress p=0.97 and Pre-Stress p=0.61), PP 
(Post-Stress p=0.18 and Pre-Stress p=0.05) and HR (Post-Stress 

p=0.11 and Pre-Stress p=0.57) (Tables 1, 2).

Table 1. Comparison of Blood Pressure Indices (MAP and 
PP) between Healthy Adult Males vs Females after Stress.

Group Statistics (Post Stress)

Gender
Mean± Std. 
Deviation

Mean 
Differ-
ence

Sig. 
(2-tailed)

95% CI of 
the Mean 
Difference

Mean 
Arterial 
Pressure 
(MAP) 
DP + 

1/3(PP)

Male 101.31±10.23

-0.12 0.97
-7.13, 
6.88 Female 101.18±11.4

Pulse 
Pressure

Male 45.3±8.9
-3.72 0.18

-9.33, 
1.88Female 41.6±8.9

Heart 
Rate

Male 103.79±15.98
9.2 0.11

-2.38, 
20.8Female 113±18.95

Table 2. Comparison of Blood Pressure Indices (MAP and 
PP) between Healthy Adult Males vs Females before Stress.

Group Statistics (Pre Stress)

Gender
Mean± Std. 
Deviation

Mean 
Differ-
ence

Sig. 
(2-tailed)

95% CI of 
the Mean 
Difference

Mean 
Arterial 
Pressure 
(MAP) 
DP + 

1/3(PP)

Male 99.1±11.09

1.75 0.61
-5.15, 
8.65 Female 100.85±11.85

Pulse 
Pressure

Male 40.24±6.63
-4.84 0.06

-10.05, 
0.36Female 35.4±11.96

Heart 
Rate

Male 89.85±13.03
-1.93 0.57

-8.86, 
5.01Female 87.93±9.72

Although the variables were statistically insignificant but upon 
comparison of the means, males had a higher PP than females 
in both pre and post stress phase. Post stress PP for males was 
45.3±8.9 while for females it was 41.6±8.9 with a mean dif-
ference of -3.72 (p=0.18). While pre stress PP for Males was 
40.24±6.63 mm Hg while for Females was 35.4±11.96 with a 
mean difference of -4.84 (p=0.06).

Females had a slightly higher MAP than males in the pre stress 
phase. HR was higher in males in comparison to females in the 
pre stress phase while in the post stress phase, HR was higher in 
females than males.

In the post stress phase, matrix scatter plot between variable 
shows that MAP is positively correlated to HR and PP. HR is 
negatively correlated to PP. While the pre stress matrix scatter 
plot showed that all the variables (MAP, PP and HR) had no 
correlation with each other (Figs. 1, 2).
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Fig. (1). Matrix Scatter Plot between Variables Post Stress 
Shows that MAP is Positively Correlated to HR and PP. HR is 
Negatively Correlated to PP.

 

Fig. (2). Matrix Scatter Plot between Variables Pre Stress 
Show that All the Variables (MAP, PP and HR) Showed no 
Correlation with each other.

DISCUSSION

Although the variables were statistically insignificant but upon 
comparison of the means, males had a higher PP than females 
in both pre and post stress phase. These are in somewhat in cor-
roboration to the already available evidence. It has been reported 
that females tend to have a lower PP than males in the early 
adulthood but increases as women age [11, 12]. This results in 
a raised PP in females in comparison to males at older ages. 
The findings highlight that the possible mechanisms behind the 
high PP in aging women differs from those in men. Estrogen is 
thought to protect women against hypertension and postmeno-
pausal women don’t have this protection [13].  However, a study 
carried out by Sakboonyarat et al. examined the PP in 62,113 
active-duty Royal Thai Army personnel, reporting no statisti-
cally significant difference in PP between males and females. 
Males had a PP of 50.2 ± 11.1 mm Hg, while for females it was 
49.3 ± 11.9 mm Hg and a p-value of 0.001 [14]. 

The pathophysiology behind the gender-based differences in PP 
isn’t fully known. Several factors contribute to the difference. 
One such factor is arterial stiffness. This hardening of arteries is 

more prevalent in females [15]. It leads to quick pressure wave 
transmission from the heart into the peripheral arteries. Thus, 
resulting in raised PP [16]. Estrogen is another factor to have an 
effect on arterial hardening and may contribute to higher PP in 
women [17]. 

The results, although insignificant, reported a lower pre stress 
MAP for Males in comparison to Females. However, several 
studies have reported that females had lower MAP than males. 
Research conducted on Japanese population reported a statisti-
cally significant difference in MAP between males and females. 
Males had a MAP of 94.0 ± 6.6 mm Hg, while for females it was 
91.8 ± 6.5 mm Hg and a p-value of 0.03 [18]. The gender-based 
difference in MAP has also been observed in young adults, with 
girls having lower MAP than boys [4]. 

The exact mechanism leading to gender-based differences in 
MAP isn’t completely identified. Several factors contribute to 
the difference. One such factor is body size and composition. 
This smaller body size may lead to low cardiac output and BP 
[19]. Another factor is the vasodilatory effect of estrogen, result-
ing in low levels of MAP in females [20]. This gender-based dif-
ference in MAP has important clinical implications. The raised 
MAP in men may explain why men tend to have higher incidence 
cardiovascular diseases [21].

In conclusion, gender-based difference in blood pressure should 
be taken into account in the diagnosis and management of hyper-
tension.

LIMITATIONS

Our study does have some limitations. Firstly, the grades of 
stress could have been defined and their effect on BPI studied. 
Secondly, a larger sample size with equal proportions of male 
and female participants would be better in studying gender dif-
ferences. Lastly, it was a single centre study, which is another 
potential limitation to consider.

CONCLUSION

BPI i.e., MAP and PP show no significant difference between 
healthy adult males and females, after stress induction.
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