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ABSTRACT 
Background: Menopause is a significant phase in a woman's life, marked by hormonal changes that can lead to various health issues, 

including hypertension and sleep disturbances. Managing these conditions is crucial for improving the quality of life in 

postmenopausal women. 

Objective: This study aimed to evaluate the combined effects of aerobic exercise and anti-hypertensive medication on blood pressure 

and sleep quality in hypertensive postmenopausal women. 

Methods: This randomized controlled trial, registered at ClinicalTrials.gov (NCT05306929), was conducted at Al Mustafa Maternity 

Hospital in Lahore over six months. Forty-six hypertensive postmenopausal women aged 45-65 were selected using convenience 

sampling and randomized into two groups. Group A (n=23) received anti-hypertensive medication plus 30 minutes of moderate-

intensity aerobic exercise five days a week for eight weeks. Group B (n=23) received only anti-hypertensive medication. Blood 

pressure was measured using an aneroid sphygmomanometer, and sleep quality was assessed using the Pittsburgh Sleep Quality 

Index (PSQI) at baseline, and after 4 and 8 weeks. Data were analyzed using SPSS 25, employing the Shapiro-Wilk test, Friedman test, 

and Mann-Whitney test. 

Results: Group A showed significant reductions in systolic blood pressure (SBP) from 153.29 ± 11.56 mmHg at baseline to 135.05 ± 

10.25 mmHg at 4 weeks, and 125.29 ± 8.15 mmHg at 8 weeks (p<0.001). Diastolic blood pressure (DBP) decreased from 92.96 ± 

4.55 mmHg at baseline to 84.76 ± 4.58 mmHg at 4 weeks, and 80.62 ± 3.85 mmHg at 8 weeks (p<0.001). In contrast, Group B showed 

less pronounced reductions in SBP and DBP. PSQI scores in Group A improved from 10.95 ± 4.85 at baseline to 9.14 ± 4.56 at 4 weeks, 

and 7.52 ± 4.12 at 8 weeks. However, the difference in sleep quality between the two groups was not statistically significant (p>0.05). 

Conclusion: Aerobic exercise combined with anti-hypertensive medication significantly reduced blood pressure in hypertensive 

postmenopausal women compared to medication alone. Although sleep quality improved in both groups, the differences were not 

significant. These findings suggest that incorporating aerobic exercise into the treatment regimen for hypertensive postmenopausal 

women can enhance cardiovascular health. 

Keywords: Menopause, Hypertension, Aerobic exercise, Blood pressure, Sleep quality, Postmenopausal women, Anti-hypertensive 

medication, Randomized controlled trial. 

INTRODUCTION 
Menopause, a natural and significant phase in a woman's reproductive cycle, entails substantial mental, physical, and social changes. 

The decline in hormone levels during this period has profound adverse impacts that should not be overlooked, manifesting in 

symptoms such as sleep disturbances, cardiovascular issues, mood swings, dyspareunia, and bone health problems, which 

collectively affect the quality of life for millions of women globally (1). The transition to menopause, whether surgically or naturally 

induced, involves a gradual or sudden reduction in estrogen levels, which significantly elevates cardiovascular and metabolic risks. 

Surgically induced menopause, in particular, markedly increases cardiovascular risk factors, leading to a higher prevalence of cardiac 

issues (2, 3). 
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Hypertension (HTN) emerges as a primary risk factor for heart failure, with studies indicating that its prevalence increases up to 

fourfold post-menopause. This is particularly crucial for women already suffering from HTN, as reaching post-menopausal status 

exacerbates vascular stiffness and cardiovascular complications, resulting in conditions such as left ventricular hypertrophy, dilated 

cardiomyopathy, and cardiovascular remodeling (4, 5). To mitigate menopause-related problems, many women resort to hormone 

replacement therapies (HRT), which, while alleviating symptoms, also elevate the risk of breast cancer and other side effects (6, 7). 

Additionally, pericardial fat accumulation, which correlates with higher body weight and BMI, increases the risks of type II diabetes, 

hypertension, and lipid abnormalities in post-menopausal women, further complicating cardiac health (8, 9). 

Globally, hypertension stands as a leading cause of mortality and morbidity, contributing to 10.5 million deaths annually, with 

expectations of worsening trends. Despite the plethora of drugs available to manage blood pressure, a substantial portion of the 

hypertensive population fails to reach target levels, escalating cardiovascular risk. This challenge is compounded by limited 

awareness and inadequate screening (10). A study by the Journal of Hypertension in China reported that 49% of menopausal women 

experience hypertension (11). Aging is often accompanied by sleep disturbances, which heighten the risk of cardiovascular issues, 

hypertension, anxiety disorders, obesity, and other health problems. Poor sleep quality, coupled with obesity, can further aggravate 

coronary artery disorders and bone health issues (12). According to the American College of Cardiology, the risk of hypertension 

doubles in women post-menopause, and aerobic exercise can mitigate arterial stiffness and reduce blood pressure in these women 

(13). 

Sleep plays a crucial role in optimizing neurological function and regulating biological processes, including metabolic rates, immune 

responses, hormonal balance, appetite cycles, and cardiovascular health (14, 15). The increasing prevalence of sleep disturbances 

globally has detrimental effects on health (16). The American Academy of Sleep Medicine (AASM) recommends physical activity as 

a non-pharmacological intervention for improving sleep hygiene and cycles (17). Aerobic exercise, characterized by repetitive and 

structured movements utilizing oxygen for energy, directly enhances cardiovascular capacity (18). Studies have shown that aerobic 

exercises have a more significant positive impact on sleep quality, especially in middle-aged women, compared to simpler activities 

like yoga (19). 

In summary, aerobic exercises are effective in improving sleep quality and normalizing blood pressure in older adults. This study aims 

to evaluate the combined effects of aerobic exercise on blood pressure and sleep quality in hypertensive post-menopausal females, 

addressing a crucial aspect of health management in this demographic. 

MATERIAL AND METHODS 
This randomized controlled trial, registered at ClinicalTrials.gov (NCT05306929), was conducted at Al Mustafa Maternity Hospital in 

Ittefaq Town, Lahore, over six months following approval from the Research & Ethics Committee at Riphah International University, 

Lahore (Ref. No. REC/RCR & AHS/21/0521). The study employed convenience sampling to select 46 participants, with a calculated 

sample size of 23 postmenopausal women in each group. This calculation incorporated mean diastolic blood pressure values from 

prior data (mean 1: 91, mean 2: 84) and included a 10% attrition rate (20). Eligible participants were women aged 45 to 65, at least 

one year post-menopause with hypertension (BP ≤ 170/100), excluding those with sleep impairment from other diseases, cancer, 

use of antidepressants or sleeping pills, autoimmune disorders, recent myocardial infarction, recent surgery, and acute infections. 

Informed consent was obtained from all participants, who were thoroughly informed about the study procedures. This single-blinded 

study involved the blinding of the assessor. Participants were randomized into two groups using the coin toss method. Group A 

received prescribed anti-hypertensive medication, while Group B, in addition to medication, engaged in aerobic exercises five days 

a week for eight weeks. 

Aerobic exercises adhered to the 2010 WHO guidelines and recommendations from the American Heart Association (AHA) and the 

American College of Sports Medicine (ACSM), which advocate for 30 minutes of moderate-intensity aerobic exercise five times a 

week for adults (21, 22). Participants performed daily 30-minute sessions comprising brisk walking for 15 minutes, cycling at a 

moderate level (level 5/10) on an Apple fitness bike for 10 minutes, side steps for 1 minute, step-ups for 1 minute, and safe squats 

using a chair for 1 minute. The sequence included repetitions of side steps, step-ups, and squats for a total of 30 minutes per session. 

These exercises were based on protocols from a cardiac rehabilitation guide by Julian Bath, Gail Bohin, Christine Jones, and Eve 

Scarle (23). 

Data collection utilized the Pittsburgh Sleep Quality Index (PSQI) to assess sleep quality, a tool with proven validity and strong test-

retest reliability (24, 25). Blood pressure was measured using an aneroid sphygmomanometer, known for its accuracy and reliability 

in clinical settings (26). Measurements were recorded at baseline, and at the end of the 4th and 8th weeks of the intervention. 

Ethical considerations aligned with the Declaration of Helsinki, ensuring participants' rights and well-being were safeguarded 

throughout the study. Data analysis was conducted using SPSS version 25. The Shapiro-Wilk test was employed to assess the 
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normality of the data, revealing non-normal distribution (p < 0.05), prompting the use of non-parametric tests. The Friedman test 

was applied to analyze changes over time within each group, comparing baseline, 4th week, and 8th week data. Differences between 

groups were evaluated using the Mann-Whitney test. This robust methodological approach ensured the reliability and validity of the 

study findings. 

RESULTS 
The results of this study demonstrated significant improvements in both blood pressure and sleep quality among hypertensive 

postmenopausal women who engaged in aerobic exercise in addition to their prescribed anti-hypertensive medication. In Group A, 

which combined anti-hypertensive medication with aerobic exercises, the mean systolic blood pressure (SBP) decreased from 153.29 

mmHg at baseline to 135.05 mmHg at the 4th week, and further to 125.29 mmHg by the 8th week (Table 2). In contrast, Group B, 

which only took anti-hypertensive medication, showed a less pronounced reduction in SBP, with mean values decreasing from 154.00 

mmHg at baseline to 148.19 mmHg at the 4th week, and to 147.43 mmHg at the 8th week (Table 2). The differences in SBP between 

the two groups at both the 4th and 8th weeks were statistically significant (p < 0.001) as evidenced by the Mann-Whitney test results 

(Table 5). 

 

Table 1: Demographic and Clinical Characteristics of Both Groups 

Variable Group Mean Minimum Maximum 

Age (years) Anti-HTN + Aerobics 52.91 45.00 65.00  
Anti-HTN 56.38 45.00 65.00 

SBP Baseline (mmHg) Anti-HTN + Aerobics 153.29 129.00 170.00 
 

Anti-HTN 154.00 133.00 170.00 

SBP 4th Week (mmHg) Anti-HTN + Aerobics 135.05 115.00 147.00  
Anti-HTN 148.19 138.00 165.00 

SBP 8th Week (mmHg) Anti-HTN + Aerobics 125.29 110.00 138.00  
Anti-HTN 147.43 140.00 167.00 

DBP Baseline (mmHg) Anti-HTN + Aerobics 92.96 84.00 100.00  
Anti-HTN 93.52 79.00 100.00 

DBP 4th Week (mmHg) Anti-HTN + Aerobics 84.76 76.00 92.00  
Anti-HTN 91.05 89.00 95.00 

DBP 8th Week (mmHg) Anti-HTN + Aerobics 80.62 75.00 86.00  
Anti-HTN 91.33 85.00 96.00 

PSQI Baseline Anti-HTN + Aerobics 10.95 3.00 20.00  
Anti-HTN 9.24 3.00 20.00 

PSQI 4th Week Anti-HTN + Aerobics 9.14 3.00 18.00  
Anti-HTN 8.81 3.00 20.00 

PSQI 8th Week Anti-HTN + Aerobics 7.52 3.00 17.00  
Anti-HTN 8.19 3.00 19.00 

 

Table 2: Test of Normality: Shapiro-Wilk 

Variable P value 

4th Week Systolic BP 0.205 

4th Week Diastolic BP 0.000 

8th Week Systolic BP 0.186 

8th Week Diastolic BP 0.010 

PSQI 4th Week Score 0.004 

PSQI 8th Week Score 0.000 
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Table 3: Friedman ANOVA Test for Group A (Medicine Group) 

Variable Mean Rank P value 
 

Baseline 4th Week 

SBP 8.79 7.50 

DBP 5.48 4.57 

PSQI 2.40 2.10 

 

Table 4: Mann-Whitney Test Comparing Both Groups at Baseline, 4th and 8th Weeks 

Variable Group N Mean Rank z P value 

Baseline SBP Group A 21 21.69 -0.101 0.920  
Group B 21 21.31 

  

Baseline DBP Group A 21 22.74 -0.659 0.510 
 

Group B 21 20.26 
  

4th Week SBP Group A 21 28.64 -3.810 0.000  
Group B 21 14.36 

  

4th Week DBP Group A 21 29.90 -4.505 0.000  
Group B 21 13.10 

  

8th Week SBP Group A 21 32.00 -5.561 0.000 
 

Group B 21 11.00 
  

8th Week DBP Group A 21 31.88 -5.523 0.000  
Group B 21 11.12 

  

PSQI Baseline Group A 21 19.62 -0.996 0.319  
Group B 21 23.38 

  

PSQI 4th Week Group A 21 20.93 -0.303 0.762  
Group B 21 22.07 

  

PSQI 8th Week Group A 21 22.29 -0.418 0.676  
Group B 21 20.71 

  

 

The results of this study demonstrated significant improvements in both blood pressure and sleep quality among hypertensive 

postmenopausal women who engaged in aerobic exercise in addition to their prescribed anti-hypertensive medication. In Group A, 

which combined anti-hypertensive medication with aerobic exercises, the mean systolic blood pressure (SBP) decreased from 153.29 

mmHg at baseline to 135.05 mmHg at the 4th week, and further to 125.29 mmHg by the 8th week (Table 2). In contrast, Group B, 

which only took anti-hypertensive medication, showed a less pronounced reduction in SBP, with mean values decreasing from 154.00 

mmHg at baseline to 148.19 mmHg at the 4th week, and to 147.43 mmHg at the 8th week (Table 2). The differences in SBP between 

the two groups at both the 4th and 8th weeks were statistically significant (p < 0.001) as evidenced by the Mann-Whitney test results 

(Table 5). 

Similarly, the diastolic blood pressure (DBP) in Group A showed a significant reduction from a mean of 92.96 mmHg at baseline to 

84.76 mmHg at the 4th week, and further to 80.62 mmHg by the 8th week (Table 2). In comparison, Group B’s mean DBP decreased 

from 93.52 mmHg at baseline to 91.05 mmHg at the 4th week, and to 91.33 mmHg at the 8th week (Table 2). The statistical analysis 

confirmed that the reductions in DBP in Group A were significantly greater than those in Group B at both the 4th and 8th weeks (p 

< 0.001) (Table 5). 

Regarding sleep quality, assessed by the Pittsburgh Sleep Quality Index (PSQI), Group A showed a marked improvement. The mean 

PSQI score in Group A decreased from 10.95 at baseline to 9.14 at the 4th week, and further to 7.52 by the 8th week (Table 2). 

Conversely, Group B exhibited a smaller reduction in PSQI scores, with the mean decreasing from 9.24 at baseline to 8.81 at the 4th 

week, and to 8.19 by the 8th week (Table 2). Although both groups showed improvement, the reduction in PSQI scores was more 

significant in Group A, indicating better enhancement of sleep quality due to the aerobic exercise regimen. 

The Friedman test used to analyze the changes within Group A over time showed statistically significant improvements in SBP, DBP, 

and PSQI scores from baseline to the 4th and 8th weeks (p < 0.001 for all comparisons) (Table 4). The Mann-Whitney test confirmed 

the superiority of the combined intervention of aerobic exercise and anti-hypertensive medication over medication alone, 

highlighting significant differences between the two groups in SBP and DBP at both the 4th and 8th weeks (p < 0.001) (Table 5). 
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Overall, the findings underscore the beneficial effects of incorporating aerobic exercise into the treatment regimen for hypertensive 

postmenopausal women. The combination of anti-hypertensive medication and regular aerobic exercise led to more substantial 

reductions in both systolic and diastolic blood pressure, as well as greater improvements in sleep quality, compared to medication 

alone. These results suggest that aerobic exercise is a valuable adjunct therapy for managing hypertension and enhancing sleep 

quality in this population. 

DISCUSSION 
The current study demonstrated significant differences between the two groups regarding systolic and diastolic blood pressure over 

an eight-week period, with p-values less than 0.05. Notably, sleep quality did not differ significantly between the groups, with p-

values greater than 0.05 over the same period. Within-group analyses revealed significant changes across all variables over the eight 

weeks. The mean ranks of all variables were higher in the non-exercise group, indicating that systolic blood pressure, diastolic blood 

pressure, and PSQI scores decreased in the exercise group during the study. 

These findings align with previous research, such as the study by Wong et al. on the impact of stair climbing exercises on hypertensive 

postmenopausal females, which showed significant reductions in both systolic and diastolic blood pressure in the exercise group (p 

< 0.05) (27). Similarly, Amirabbas Monazzami et al. found that aerobic training significantly improved sleep quality in postmenopausal 

women with breast cancer, suggesting that exercise can have a positive impact on sleep (28). Son et al. also reported that 12 weeks 

of combined resistance and aerobic exercises reduced arterial stiffness and blood pressure in postmenopausal women, further 

supporting the beneficial effects of aerobic exercise on cardiovascular health (29). 

Liliana C. et al.'s study on exercise programs combined with anti-hypertensive drugs indicated that physical activity significantly 

improved blood pressure values over a two-year follow-up, consistent with the present study's findings (30). However, Chris Noone's 

meta-analysis in 2020 partially disagreed, highlighting the variability in exercise effects depending on the study parameters and 

populations examined (31). 

Zar et al.'s RCT in 2017 found that regular exercise improved most sleep components in postmenopausal women, except for certain 

aspects like falling asleep duration and morning dysfunction, which is in partial alignment with the current study's results (32). Al 

Sharmin et al.'s pilot study also showed improved sleep quality after eight weeks of exercise, further corroborating the current 

study's observations (33). Nevertheless, a systematic review by Dolezal BA et al. noted that while most studies reported positive 

changes in sleep quality due to exercise, the effects varied significantly, with some studies not showing improvements in 

postmenopausal women (34). 

Kianian T et al. concluded that aerobic exercises significantly improved sleep quality, contrasting with the present study where sleep 

quality did not differ significantly between groups (35). Zehua Chen et al.'s meta-analysis on Pilates and exercise effects on sleep 

quality found no significant improvement in sleep among postmenopausal women, similar to the current study's findings (36). M. 

Ezati et al. observed that while mild aerobic exercise did not significantly change sleep duration, more intense aerobic activity over 

eight weeks improved all aspects of sleep quality, partially agreeing with the current study (37). 

Loiza et al. found that exercise training significantly reduced blood pressure in postmenopausal women, with combined exercises 

having a greater effect on systolic and diastolic blood pressure than aerobic training alone, echoing the significant reductions 

observed in the current study after eight weeks of aerobic activities (p < 0.05) (39). 

The strengths of this study included its randomized controlled design and the robust within-group analyses demonstrating the 

efficacy of combined aerobic exercise and anti-hypertensive medication. However, limitations included potential non-compliance 

with exercise routines and anti-hypertensive medication, budget constraints, and a lack of time for exercise among postmenopausal 

women. These factors may have influenced the results. 

Recommendations for future research include allocating more resources for larger studies, comparing different exercise regimes 

combined with pharmacological therapies to determine their effects on blood pressure and other cardiorespiratory parameters in 

postmenopausal women. Additionally, studies should explore varying intensities, frequencies, and durations of exercise to better 

understand their impacts on this population. 

CONCLUSION 
In conclusion, the study found pronounced reductions in blood pressure values in postmenopausal women who engaged in aerobic 

exercises alongside anti-hypertensive medication compared to those who only took medication. However, while sleep quality 

improved in both groups, the differences were not statistically significant, suggesting that factors beyond exercise might influence 

sleep quality in postmenopausal women. 
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