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Abstract 

Background & Objectives: The aim of the present study was to study the sex differences in Systolic Blood Pressure (SBP) 

responses to Exercise in healthy, non- athletic adult’s. SBP during exercise have been found to predict hypertension, coronary 

heart disease and cardiovascular disease (CVD). Materials & Methods: One hundred normal, healthy, non-smoking subjects 

(50 Male & 50 Female) of Dr. PSIMS& RF are selected based on healthy life style, Body mass index, resting blood pressure 

& resting heart rate. Results: Age, BMI and pre-exercise heart rate showed no significant differences between genders. 

During the exercise test, males showed extremely significant % rise in SBP & HR than females. % HR decline in 1st min and 

3rd min has got extremely statistical significance between males and females. Systolic blood pressure recovery ratio shows 

extremely significant increase from 1st min to 3rd min in males. The % HR decline in the 3rd min showed extremely 

significant increase in males when compared to females. SBP responses during and after maximal exercise were estimated 

using percentage SBP rise (%SBP rise) and SBP ratio in 3 minutes of recovery relative to 1 minute (SBPR2). Males showed a 

significantly higher %SBP rise (34.75± 6.32; p<0.001) and lower SBPR2 (0.90± 0.04; p<0.001) in comparison to females. 

Conclusion: Exercise SBP testing provide an important clue to identify the subjects at risk for developing hypertension 
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Introduction 

Researchers found that normotensive people who are at 

high risk of developing systemic hypertension had greater 

cardiovascular reactivity to physical stress. This 

normotensive’s show an exaggerated blood pressure 

response to exercise test 1. A rise in the SBP and a normal 

(or) low DBP is a normal response to isotonic exercise 2. 

Studies have shown that persons with high-normal resting 

BP (or) unusually high BP response to exercise are prone 

to develop hypertension 3. An elevated SBP at the 3rd 

minute of recovery and elevated exercise SBP response 

were also predictors of new onset hypertension 4. 

Increase in resting BP levels 5 plays an important role in 

early detection & identification of individuals with risk of 

developing Hypertension. Studies demonstrated that   

increase in BP that occurs during dynamic exercise is 

greater in Hypertensive’s than in normotensive’s 6. In  
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normal individuals SBP increase with dynamic exercise 

whereas DBP remains the same (or) falls slightly. In 

hypertensive individuals, rise in SBP& DBP tends to be 

greater than in normal individuals7. 

Considering the differences in blood pressure during 

exercise, systolic and diastolic pressure show different 

changes. With whole-body endurance activity, systolic 

blood pressure increases in direct proportion to increased 

exercise intensity. Increased systolic blood pressure 

results from the increased cardiac output that accompanies 

increasing rates of work. This helps to drive the blood 

quickly through the vasculature. Increased systolic 

pressure facilitates the delivery process. The 

vasoconstriction produced in the inactive tissues by the 

sympathetic nervous system and to some extent by the 

release of catecholamine’s from the adrenal medulla is 

important for the maintenance of normal or increased 

blood pressure. Diastolic blood pressure changes little 

during endurance exercise, regardless of the intensity. 

When females and males are exposed to an acute bout of 

exercise, responses differ between the sexes in terms of 



November- December, 2013/ Vol 1/ Issue 5                                                                                                ISSN 2321-127X 

                                                                                                                                                                             Research Article                                                                                                        

International Journal of Medical Research and Review             Available online at: www.ijmrr.in       234 | P a g e              

strength, cardiovascular, respiratory responses and 

metabolic responses. 

Exercise cardio acceleration results from release of 

parasympathetic inhibition at low exercise intensities and 

from both parasympathetic inhibition and sympathetic 

activation at moderate intensities1. 

The sympathetic control of the microcirculation has been 

suggested to play an important role in the origin of Blood 

Pressure Variability 8, 9. In addition, blood pressure is 

regulated by baroreflex, a buffering mechanism that 

opposes increase or decrease of blood pressure by changes 

in heart rate, myocardial contractility, and peripheral 

resistance 10. The arterial baroreflexes are reset to function 

at the prevailing arterial blood pressure of exercise.   

The BP of exercise was probably the result of 

hemodynamic (Cardiac Output & Total Peripheral 

Resistance) responses, which were regulated by two 

neural control systems, Central command and the 

Exercise pressor reflex. 

Materials &methods 

One hundred normal, healthy, non-smoking subjects 

(students and staff) of Dr. PSIMS& RF are selected based 

on healthy life style, body mass index measurement 

(computed as weight in kilograms divided by height in 

meters squared), resting blood pressure & resting heart 

rate measurements.     

Inclusion criteria : subjects who were non-athletic, non-

obese (body mass index is <25) ,non-hypertensive 

(Systolic blood pressure should be in the range of 100-120 

mm of Hg, Diastolic blood pressure should be in the range 

of 70-80 mm of Hg, non-smokers, non-alcoholics. 

Exclusion criteria: subjects who were hypertensive 

(systolic blood pressure >120 and diastolic blood pressure 

>90mm of Hg), athletes, obese (body mass index >25) 

and those taking medications that affect cardiovascular 

functions. 

 Subjects were informed of the experimental procedure 

and their consent was obtained before participation. The 

study was approved by the Institutional Ethics Committee. 

The resting blood pressure is measured using the Omron 

automatic blood pressure monitor with arm cuff (model 

HEM-711AC).The subject was instructed to rest for 

10min and the first reading was taken. After 15 minutes, 

the second reading was taken.  

The average of the two values obtained was the resting 

blood pressure. The selected subjects underwent exercise 

test in the Clinical physiology lab. The exercise test was 

performed between 8:00 & 11:00 AM in a well-ventilated 

room using a mechanically braked bicycle ergometer. 

Participants were instructed not to consume beverages 

containing alcohol, or coffee and not to eat a heavy meal 

or participate in any vigorous activity 24hrs before test. 

On the test day subject’s pre-exercise heart rate and blood 

pressure were measured twice. The subject was instructed 

to sit and rest on bicycle ergometer for 5min and the first 

reading of blood pressure and heart rate reading was 

taken. After 10min, the second blood pressure and heart 

rate reading were taken using the electronic monitor.  

The mean of the values was used as pre-exercise heart rate 

and blood pressure. 

The exercise test protocol consisted of an initial 2min 

warm up exercise at a work load of 180kg-m/min (30 

watts workload). This was followed by an increase in 

workload of 120kg-m/min (20watts) every minute till the 

subject complains of exhaustion.  

 During exercise the blood pressure and heart rate were 

measured for every 2 min. The peak systolic blood 

pressure (peak SBP) and the peak heart rate (peak HR) are 

the highest values achieved during the test. 

% rise of SBP           =        Peak SBP – Pre exercise SBP/   

Pre-exercise SBP x 100 

% rise in HR  = Peak HR -   Pre exercise HR/ Pre-exercise 

HR x 100 

Post Exercise Protocol: Systolic BP was measured in 1st, 

2nd & 3rd min intervals after exercise. Post exercise SBP 

to peak exercise SBP ratio was calculated for 1st& 3rd min 

intervals.  

Post exercise SBP after 1 min of recovery to peak exercise 

ratio (SBPR1) 

SBPR1       =   Post SBP at 3rd min/ Peak SBP. 

 Post exercise SBP after 3 min of recovery to peak 

exercise ratio (SBPR2)    

SBPR2        =   Post SBP at 3rd min/Post SBP at 1st min. 

% decline of SBP during recovery was calculated as % 

SBP decline   =    Peak SBP – Post exercise SBP / Peak 

SBP   x 100. 

Post exercise HR was determined at 1min of recovery and   

subsequently for every 2min interval and discontinued as 

soon as SBP returns to pre exercise value. %   HR decline 

after exercise will be calculated as: % HR decline     =   

Peak HR – Post exercise HR   /   Peak HR x 100 
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Results  

Statistical analysis was done using Graphpad prism 6 

software. Unpaired and paired t tests were used. 

During the exercise test males showed extremely 

significant % rise in SBP & HR than females (% SBP rise 

in Males - 34.75 ± 6.32; Female -24.95 ± 6.88, % HR rise 

in Males -103.7 ± 12.98; Female-74.97±18.61, p value < 

0.0001). No correlation was observed between % rise in 

SBP and HR in males and females.  

At post-exercise test males showed extremely significant 

higher values in % SBP decline in 1st and 3rd min ( % 

SBP decline in 1 min & 3 min in Males -13.76 ± 3.80 & 

21.44 ± 3.72 , % SBP decline in 1 min & 3 min in 

Females -7.73 ± 4.41 & 12.26 ± 4.37, p <0.0001). % HR 

decline in 1st min and 3rd min has got extremely  

 

statistical significance between males and females (% HR 

decline in 1 min & 3 min in Males-22.53 ± 6.21 & 32.06 

±7.53, % HR decline in 1 min & 3 min in Females - 14.69 

± 4.99 & 22.77 ± 5.56, p <0.0001). Males showed lower 

SBPR2 values than women (Male - SBPR2- 0.9 ± 0.04; 

Female- SBPR2- 0.95 ± 0.03) indicating that decline is 

more in 3rd min than females. Systolic blood pressure 

recovery ratio shows extremely significant increase from 

1st min to 3rd min in males. Likewise, females also 

showed extremely significant increase in systolic blood 

pressure recovery ratio from 1st min to 3rd min. The % 

HR decline in the 3rd min showed extremely significant 

increase in males when compared to females. 

The results of our study showed gender differences in 

SBP responses, males exhibiting higher SBP response 

during and after exercise than females. 

Table 1: Base line characteristics of the subjects 

CHARACTERISTICS MALES  FEMALES 

AGE ( years )   

BMI  ( kg/m2) 23.08 ± 3.82 21.63 ± 3.79 

SBP PRE (mmHg ) 121.7 ± 110.5 ± 

DBP PRE (mmHg ) 79.3 ± 68.66 ± 

HR PRE ( bpm ) 79.04 ± 7.76 81.14 ± 8.27 

 

Age, BMI and pre-exercise heart rate showed no significant differences between genders. Pre-exercise diastolic blood 

pressure is found to be extremely significant between males and females (Male DBP – 80.19 ± 5.26; Female 72.22 ± 7.43, p 

value < 0.0001) 

 

Table 2: Exercise test characteristics of the subjects 

Characteristics MALES FEMALES 

HR peak ( bpm) 152.62 ±13.85 151.98 ± 12.80 

SBP peak ( mmHg) 164.12 ± 12.68 146.52 ± 11.71 

DBP peak (mmHg) 86.5 ± 9.09 79.4 ± 9.19 

% SBP rise 34.75 ±6.32 24.45 ± 6.88 

% HR rise 103.7 ± 12.98 74.97 ± 18.61 
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Table 3: Post Exercise characteristics of the subjects 

 MALES FEMALES 

SBP 1min 141.64 ± 12.10 127.6±11.00 

SBP 3min 128.78 ± 9.20 121.12±9.98 

HR 1 min 117.7 ± 12.29 121.06±11.88 

HR 3 min 102.4 ± 11.92 110.08±11.38 

% SBP decline in 1 min 13.76 ±3.80 7.73±4.41 

% SBP decline in 3 min 21.44 ± 3.72 12.26±4.37 

% HR decline in 1 min 22.53 ± 6.21 14.69±4.99 

% HR decline in 3 min 32.06 ± 7.53 22.77±5.56 

SBPR1 0.78±0.04 0.85±0.13 

SBPR2 0.9±0.04 0.95±0.03 

 

Discussion 

We studied about the assessment of Sex differences in 

SBP Responses to Exercise in Healthy Non-Athletic 

young adults. SBP and HR were measured during exercise 

at 2 min intervals, and post exercise at 2 min intervals, 

until SBP recovered to baseline. SBP responses during 

and after Bicycle Ergometer exercise (maximal)  were 

assessed using % SBP rise and SBP ratio in 3 min of 

recovery relative to 1 min (SBPR2).  

In the present study, we calculated SBP response between 

males and females during maximal exercise using 

percentage SBP rise. Males experienced a significantly 

higher % SBP rise (34.75+ 6.32) and lower SBPR2 (0.90 

+ 0.04) in comparison to females. Age, Sex, education, 

Body weight, alcohol consumption, physical fitness, and 

medication have all been shown to affect the BP response 

to exercise independently and significantly 11. 

Normotesive individuals with a hypertensive response to 

exercise have an increased risk at developing 

Hypertension in future 12;13. Dimpka U et al14 studied 

about the assessment of Sex differences in SBP Responses 

to Exercise in Healthy Non-Athletic young adults. They 

measured the SBP and HR during exercise at 2 min 

intervals, and post exercise at 2 min intervals, until SBP 

recovered to baseline.   

They observed that males experienced a significantly 

higher % SBP rise (39.82 ± 9.52) and lower SBPR2 (0.92 

± 0.06) in comparison to females. Also, they found a 

correlation between % SBP rise and % HR rise; SBPR2 & 

VO2 max; SBPR2 and % HR decline in 1 min and SBPR2  

 

& % HR decline in 3 min were 27%, 59%, 32%, 24% in 

males and 4%, 34%, 25%, 23% in females.  They 

concluded that males exhibited higher SBP response 

during and after exercise than females. The results of our 

study correlate with this study. A rise in SBP during 

exercise is mainly due to increase in cardiac output & 

reflects the level of sympathetic and parasympathetic 

drive 15 .  

Changes in the BP are usually mediated by the baroreflex 

mechanism via HR changes 16.This baroreflex mediated 

response of HR to changes in arterial BP indicate the 

capacity of reflex cardiac autonomic modulation17. 

Fletcher GF, Balady GJ et al 18 prescribed exercise 

standards for testing and training.  They stated that in the 

early phases of exercise in the upright position, cardiac 

output is increased by an augmentation in stroke volume 

mediated through the use of frank-starling mechanism and 

heart rate.   

The increase in Cardiac Output in the later phases of 

exercise is primarily due to an increase in Heart Rate. As 

exercise progresses, skeletal muscle blood flow is 

increased, oxygen extraction increases as much as 3 fold; 

total calculated peripheral resistance decrease and SBP, 

MAP & PP usually increases. DBP may remain 

unchanged (or) decrease to a minimal degree. Normal 

values of SBP for men are directly related to Age.   

Laitinen T et al 19evaluated the correlates of Baroreflex 

sensitivity (BRS) & the role of sympathovagal balance in 

healthy subjects. They concluded that physiological 
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factors age and gender have significant impact on BRS in 

healthy subjects.  Impaired BRS has been suggested to 

play a role in the development of Hypertension. Reduced 

arterial compliance and increased sympathetic activity has 

been suggested to be responsible for the decreased BRS in 

Hypertension.  

They also observed a positive correlation between BP & 

Rhythmic Blood Pressure Variability (BPV) in healthy 

normotensive subjects and found that both systolic & 

diastolic BPV were higher in women than in men. 

Salonen SK et al 20 examined the relationship of exercise 

cardiac power (ECP), defined as a ratio of VO2 max with 

peak SBP during exercise, with the risk for stroke.  

They observed that the association between ECP and 

increased risk of stroke was due to elevated after load and 

peripheral resistance. Exercise induced elevation of SBP 

has been found to be an independent predictor of stroke, 

hypertension, CHD and CVD death. 

Singh JP 21 studied about the BP Response during 

treadmill testing as a risk factor for new onset 

hypertension - The Framingham Heart study. They 

observed that the mean resting, exercise and recovery 

SBP and DBP were higher in men than in women and 

they concluded that   an exaggerated DBP response to 

exercise was predictive of risk for new-onset HTN in 

normotensive men and women.  An elevated recovery 

SBP was predictive of HTN in men.  Amon KW et al 22 

reviewed about the usefulness of post exercise response of 

SBP in the diagnosis of CAD.  

They concluded that the normal decline in SBP during the 

recovery phase of treadmill exercise does not occur in 

some patients with CAD. They observed that the resting 

SBP were not significantly different between the two 

groups i.e., CAD group & normal.  But were significantly 

different during maximal exercise.  Mean SBP recovery 

ratios at all 3 min of recovery were significantly different 

between the patients and the normal subjects.  Scott AM 

et al23 reviewed about the delayed SBP recovery after 

graded exercise an independent correlate of angiographic 

coronary disease.  

They concluded that adults showed delayed decline in 

SBP after exercise which was predictive of Coronary 

Artery Disease, even after taking into account the increase 

in BP during exercise.  Gleim GW et al 24 studied about 

the Gender differences in the systolic BP response to 

exercise.  Men had significantly higher absolute SBP 

responses at 50%, 75% and 100% peak Heart rate on all 

modalities and they observed that this difference is absent 

when SBP is adjusted for Body Surface Area and is 

reduced when adjusted for body weights and reversed 

when SBP is adjusted for lean body mass. Stewart KJ et 

al25 studied about the blood pressure measures during 

exercise. They concluded that increase in Pulse Pressure 

is an indicator of Blood vessel stiffening.  Drayer IM et 

al26 reviewed about BP as a determinant of cardiac left 

ventricular muscle mass.  They concluded that the cardiac 

wall stress was the main determinant for the development 

of hypertrophy, and concluded that cardiac wall stress is 

in turn directly related to SBP. The Hemodynamic 

responses to leg cycling were typical for dynamic exercise 

of a large muscle mass.  

This was marked by a widened pulse pressure, increase in 

cardiac output with HR & Stoke Volume contributing to 

the effect and decrease in total peripheral resistance. 

Bezucha GR et al 27 reported that increase in cardiac 

output mediated by Heart Rate may be a major 

determinant of the pressor response. Shiomi T et al  28  

highlighted the physiological responses and mechanical 

efficiency during different types of ergometric exercise, 

bilateral leg pedalling; (BLP); unilateral leg pedalling 

(ULP), bilateral Arm cranking (BAC) and unilateral arm 

cranking were due to disparities in the exerted muscle 

mass . Karen AM and Catherine MS 29 reported that Men 

had greater SBP responses to all stressors than did 

women. Early rise of SBP during exercise adds prognostic 

information on cardio vascular mortality among healthy 

middle aged men with mildly elevated casual BP 30. Males 

have a preponderance of sympathetic over vagal control 

of cardiac function compared with females (31 - 33). 

Conclusion 

 Blood pressure is determined by a complex interplay 

between cardiac output, which is related to left ventricular 

systolic function, and peripheral vascular resistance .The 

rate at which SBP decreases after exercise reflects a 

person’s level of physical activity and fitness. Higher 

level of physical fitness was associated with more rapid 

decline of SBP and a greater decrease in SBP from peak 

exercise to the recovery reflects good aerobic capacity.  

Persons with high normal resting blood pressure / an 

elevated response of BP to dynamic (or) isometric 

exercise were more prone to develop hypertension.  

Exercise SBP testing may provide an additional tool to 

identify subjects at risk for developing hypertension in 

future. 
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