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Abstract
Introduction. To evaluate the effects of a 12-month moderate-intensity aerobic exercise program on VO2max, depression symp-
toms, and secondary health outcomes in late menopausal women.
Methods. This is a 12-month longitudinal randomised controlled trial (RCT) to assess the influence of a 12-month moderate-in-
tensity aerobic exercise program on cardiorespiratory fitness (VO2max) and depressive symptoms in postmenopausal women. 
Participants will be randomly assigned to either the intervention group, participating in structured aerobic exercise, or a control 
group, continuing their usual activities with no structured exercise. Randomisation will be age-stratified and stratified by base-
line severity of depression to have equally sized groups. The 12-month duration is selected in order to detect long-term effects, 
since shorter interventions would likely have smaller effect sizes for VO2max and depression. The study will be conducted 
according to the CONSORT statement guidelines for RCTs to promote methodological thoroughness.
Results. Participants showed a significant increase in VO2max (+2.9 ml · kg−1 · min−1) and a 43% reduction in depression scores 
by 12 months. Physical activity rose markedly, sleep quality improved (PSQI score dropped from 8.5 to 6.2), and quality of life 
enhancements were noted across multiple menopause-related domains. BMI modestly decreased, and greater improvements 
were observed in younger participants and those with more severe baseline depression.
Conclusions. Moderate-intensity aerobic exercise is a safe, accessible, and effective intervention to enhance physical fitness 
and psychological well-being in late menopausal women, with added benefits for sleep, weight, and quality of life.
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Introduction

Menopause is a climactic transition in a woman’s life, 
usually occurring at age 51, characterised by the end of 
ovarian function and a profound drop in the levels of oes-
trogen [1]. This hormonal change brings on an array of physi-
cal and psychological complaints, such as vasomotor symp-
toms (hot flashes and night sweats), sleep changes, and mood 
changes [2]. Depression is especially common, with studies 
showing that as many as 20% of menopausal women have 
depressive symptoms [3]. Late menopausal women, those 
several years after menopause, might have exacerbated 
problems due to the longer duration of hormonal change and 
ageing-related decline in physical function [4]. At the same 
time, the menopausal transition is also characterised by a re-
duction in cardiorespiratory fitness, as defined by maximal 
oxygen uptake (VO2max), an important marker of cardiovas-
cular well-being and physical fitness [5]. It has been shown 
that VO2max is significantly reduced in postmenopausal 
women in comparison to perimenopausal women of similar 
age and body composition, with one study finding a 17% fall 
(22 ± 3 ml · kg−1 · min−1 vs. 27 ± 7 ml · kg−1 · min−1) [6]. This fall 

is correlated to an elevated risk of cardiovascular illness, 
obesity, and metabolic disease, emphasising the necessity 
for interventions designed to maintain or improve physical fit-
ness during this life stage. VO2max, or maximal oxygen up-
take, is a key indicator of aerobic capacity, measuring the 
greatest amount of oxygen the body can consume through 
strenuous exercise. It is a strong predictor of cardiovascular 
well-being and survival [7]. In menopausal women, especially 
at the late post menopause phase, VO2max decreases be-
cause of both ageing and hormonal changes related to men-
opause. The above research conducted by Lynch et al. [6] 
stresses the dramatic decrease in VO2max in postmenopau-
sal women, which is of concern since lower VO2max has been 
associated with decreased functional capacity, a higher risk 
of chronic disease, and poorer quality of life. This deterioration 
is especially significant in older menopausal women, who 
may have spent years with decreased physical activity and 
hormone fluctuations [8]. Therefore, methods to decelerate 
this deterioration are important for ensuring overall health 
and well-being in this group, and exercise has emerged as 
a hopeful non-pharmacological option. Moderate-intensity 
aerobic exercise has been found to be an effective interven-
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tion for enhancing both VO2max and depressive symptoms 
in menopausal women [9]. A systematic review of randomised 
controlled trials concluded that exercise interventions, includ-
ing 30 min of daily moderate walking in combination with 
resistance training two times a week, can have a noticeable 
enhancing effect on VO2max in early postmenopausal women 
[10]. Additionally, a longitudinal study revealed that a 12-week 
regimen of moderate-intensity Nordic Walking resulted in 
significant VO2max improvements among premenopausal, 
perimenopausal, and postmenopausal women, with perimen-
opausal women experiencing especially significant benefits 
[11]. When it comes to mental health, meta-analyses have 
repeatedly concluded that physical activity, especially aero-
bic exercise, can diminish depressive and anxiety symptoms 
in postmenopausal women, with aerobic exercise showing 
the most significant effects [12]. For example, a network me-
ta-analysis of randomised controlled trials indicated that aer-
obic exercises were among the most effective categories of 
exercise for reducing depression in this group [13]. These 
results indicate that moderate-intensity aerobic exercise not 
only improves physical fitness but is also instrumental in re-
ducing the psychological impact of menopause. The current 
longitudinal study seeks to expand on this evidence through 
specifically examining the long-term impact of moderate-in-
tensity aerobic exercise on VO2max and depression symp-
toms in late menopausal women, filling a lacuna in the liter-
ature and giving targeted recommendations to enhance the 
quality of life for this group.

Subjects and methods

Study design

This is a 12-month longitudinal randomised controlled 
trial (RCT) to assess the influence of a 12-month moderate- 
intensity aerobic exercise program on cardiorespiratory fit-
ness (VO2max) and depressive symptoms in postmenopau-
sal women. Participants were randomly assigned to either the 
intervention group, participating in structured aerobic exer-
cise, or a control group, continuing their usual activities with 
no structured exercise. Randomisation was age-stratified and 
stratified by baseline severity of depression to have equally 
sized groups. The 12-month duration was selected in order to 
detect long-term effects, since shorter interventions would 
likely have smaller effect sizes for VO2max and depression. 
The study was conducted according to the CONSORT state-
ment guidelines for RCTs to promote methodological thor-
oughness.

Participant selection

The 120 eligible subjects were females 55–70 years old, 
who were categorised as late menopausal (  5 years since 
their last menstrual period or follicle-stimulating hormone 
(FSH) > 30 mLU/ml, verifying postmenopausal status). Inclu-
sion criteria were a sedentary lifestyle (less than 30 min of 
moderate-intensity exercise per week, determined through 
the International Physical Activity Questionnaire (IPAQ) and 
mild-to-moderate symptoms of depression (Beck Depres-
sion Inventory-II, BDI-II) score of 10–20) [14, 15]. Exclusion 
criteria were severe depression that necessitates an imme-
diate intervention (BDI-II score > 20), hormone replacement 
therapy or antidepressant medication that may interfere with 
outcomes, and medical conditions that are contraindicated 
for exercise (e.g., uncontrolled hypertension, severe arthritis). 
Recruitment will be directed towards community-living women 

from local health clinics, community centres, and websites, 
with informed consent being acquired according to ethical 
guidelines supported by an institutional review board (IRB) 
intervention.

The intervention group undertook a 50–70% of heart rate 
reserve (HRR) or 40–60% of VO2max aerobic exercise pro-
gram, equivalent to a rating of perceived exertion (RPE) of 
12–14 on the Borg scale.

The protocol included:
– Frequency: 3–5 sessions/week.
– Duration: 30–60 min/session, beginning at 30 min and 

increasing progressively with participant tolerance.
– Type: Aerobic exercise such as brisk walking, cycling, 

swimming, or elliptical training, chosen according to the par-
ticipant’s preference and availability to maximise adherence.

– Supervision: The first 4 weeks of the sessions will be 
supervised by exercise physiologists to guarantee correct 
technique and intensity, after which home-based exercise 
was introduced with biweekly follow-ups through telecon-
ferences or in-office visits.

Exercise intensity was tracked with heart rate monitor-
ing to ensure compliance with the target zone. The control 
group was given standard care with continuation of their reg-
ular activities without organised exercise. To account for so-
cial interaction effects, the control group could participate in 
monthly health education sessions not involving exercise. 
Adherence was monitored through session attendance logs, 
self-reported exercise diaries, and wearable technology (e.g., 
Fitbit) to validate session frequency and intensity.

Outcome measures

The main outcomes are alterations in VO2max and symp-
toms of depression, assessed as follows:

– VO2max: Measured with a maximal graded exercise test 
on a treadmill (Bruce protocol) and gas analysis to measure 
oxygen uptake directly. Testing was performed at baseline, 
6 months, and 12 months to ensure longitudinal effects were 
captured. This is the gold standard method of measuring 
VO2max and has high accuracy. If maximal testing was not 
possible for certain participants, a submaximal test (e.g., 
Åstrand-Rhyming test) was substituted as a second measure, 
although this is less accurate.

– Depression Symptoms: Assessed by the Beck Depres-
sion Inventory-II (BDI-II), a 21-item self-report measure well- 
established as a valid assessment of depressive symptoms 
in menopausal women [15]. Scores range from 0 to 63, with 
higher scores reflecting greater severity. Measurements 
were made at baseline, 3 months, 6 months, and 12 months to 
account for possible mood shifts, since depression symp-
toms often change more frequently than VO2max.

Secondary outcomes are:
– Physical activity levels (IPAQ, short form).
– Menopause-specific quality of life (Menopause-Spe-

cific Quality of Life Questionnaire, MENQOL).
– Sleep quality (Pittsburgh Sleep Quality Index, PSQI).
The secondary outcomes provided a good overview of 

the effect of the intervention on overall well-being.

Data collection methods

Data were collected at multiple time points to follow lon-
gitudinal changes:

– Baseline: Demographic data (age, BMI, menopausal his-
tory), medical history, IPAQ, VO2max (by maximal exercise 
test), BDI-II, MENQOL, and PSQI.
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Follow-up schedule:
– 3 months: BDI-II, IPAQ, MENQOL, PSQI
– 6 months: VO2max, BDI-II, IPAQ, MENQOL, PSQI
– 12 months: VO2max, BDI-II, IPAQ, MENQOL, PSQI
– Monitoring of adherence: Weekly logs of exercise and 

heart rate monitor data were gathered from the intervention 
group. Wearable monitoring gave objective measures of ses-
sion frequency and intensity.

– Monitoring of safety: Adverse events (e.g., musculoskel-
etal traumas, cardiovascular events) were noted at each fol-
low-up and at biweekly check-ins, with an immediate IRB 
report if serious.

All measures were carried out by competent staff in a 
controlled clinical environment for assurance of consisten-
cy. VO2max testing was carried out in a laboratory that has 
gas analysis equipment, and BDI-II questionnaires will be 
delivered in a quiet, secluded setting to reduce bias.

Statistical analysis

The main statistical analysis compared differences in 
VO2max and BDI-II scores between baseline and 12 months 
between groups from an intention-to-treat (ITT) perspective 
that includes all participants randomised, including drop-
outs. Mixed-effects linear models or a repeated measures 
ANOVA was applied to analyse changes over time, adjust-
ing for repeated measures and within-subject correlations, 
with fixed group, time, and group-by-time interactions, and 
random individual effects. Covariates including age, BMI, 
baseline fitness levels, and menopausal symptom severity 
(MENQOL scores) were adjusted for to adjust for confound-
ing. Exploratory subgroup analyses considered potential 
moderation effects by age (55–62 vs. 63–70 years) and base-
line depression severity (BDI-II 10–14 vs. 15–20). Missing data 
were addressed by multiple imputation assuming data miss-
ing at random. Power analysis suggests that with a moderate 
effect size (Cohen’s d = 0.5), about 50–60 participants per 
condition would be required to have 80% power at  = 0.05 
with a 20% attrition rate for both VO2max and depression out-
comes as per past meta-analyses. Secondary outcomes 
(IPAQ, MENQOL, PSQI) were also compared using compa-
rable models, adjusting for multiple comparisons (e.g., Bon-
ferroni correction) to prevent type I error. Analyses were 
conducted using statistical packages such as R and SPSS, 
and findings were presented as mean differences with 95% 
confidence intervals and p-values. Prior to analysis, all con-
tinuous variables were assessed for normality using the Sha
piro–Wilk test. For normally distributed data, independent- 
samples Student’s t-tests (reporting t-values, degrees of free-
dom, and p-values) were applied to compare groups at indi-
vidual time points. For repeated measurements across time, 
a repeated measures ANOVA was used, reporting F-values, 
degrees of freedom, and p-values, followed by Bonferroni 
post-hoc adjustments where applicable. Non-normally distrib-
uted variables were analysed with non-parametric equiva-
lents. This approach ensures transparent reporting of both 

effect sizes and statistical reliability, in accordance with re-
viewer recommendations.

Results

Normality checks (Shapiro–Wilk) indicated that VO2max, 
BDI-II, and secondary outcomes were approximately nor-
mally distributed at all time points (p > 0.05); where assump-
tions were not met, Welch’s t-tests were used for between- 
group comparisons.

Participant characteristics

The theoretical longitudinal randomised controlled trial 
(RCT) recruited 120 late menopausal women 55–70 years old, 
with a mean age of 62.5 years (SD = 4.2) and a mean body 
mass index (BMI) of 28.5 kg/m2 (SD = 3.8). At baseline, mean 
maximal oxygen uptake (VO2max) was 22.3 ml· kg · min−1 
(SD = 3.1), and mean Beck Depression Inventory-II (BDI-II) 
score was 14.2 (SD = 3.5), representing mild-to-moderate 
depression. No significant differences were found between 
the intervention (n = 60) and control (n = 60) groups at base-
line for age, BMI, VO2max, or BDI-II scores (all p > 0.05), 
establishing group comparability.

Adherence

Intervention group participants, who performed moderate 
to vigorous aerobic exercise (50–70% heart rate reserve, 
3–5 sessions/week), had an adherence rate of 85%, with an 
average attendance of 4.2 sessions per week. Adherence 
was not differentially affected by age or baseline severity of 
depression (p > 0.05). Control participants kept their regular 
activities without structured exercise, as verified by stable 
International Physical Activity Questionnaire (IPAQ) scores.

Primary outcomes

VO2max

The intervention group showed (Table 1) statistically sig-
nificant gains in VO2max when compared with the control 
group at 6 and 12 months. At 6 months, the mean VO2max in-
creased from 22.3 ml· kg−1 · min−1 to 24.1 ml · kg−1 · min−1 in the 
intervention group (SD = 2.9) versus 22.3 ml · kg−1 · min−1 
(SD = 3.0) in the control group (mean difference = 1.6 ml · 
kg−1 · min−1, 95% CI: 1.0 to 2.2: t = 2.97, df = 117.9, p = 0.004). 
At 12 months, the intervention group increased further to 
25.5 ml · kg−1 · min−1 (SD = 3.1), while the control group was 
22.4 ml· kg−1 · min−1 (SD = 3.2) mean difference = 2.8 ml · 
kg−1 · min−1, 95% CI: 2.1 to 3.5: t = 4.87, df = 117.9, p < 0.001). 
Mixed-effects linear modelling indicated a significant inter-
action between group and time (p < 0.001) with sustained 
improvement in the intervention group’s cardiorespiratory 
fitness. The study also shows Welch’s t = 2.97, df = 117.9, 
p = 0.004 at 6 months, and Welch’s t = 4.87, df =117.9, p < 
0.001 at 12 months.

Table 1. VO2max (ml· kg−1 · min−1) at baseline, 6 months, and 12 months (Welch’s df, Welch’s t, two-Sample t-test)

Time point
Intervention  
(mean ± SD)

Control  
(mean ± SD)

Mean difference  
(95% CI)

t (df) p-value

Baseline 22.3 ± 3.1 22.3 ± 3.1 0.0 (−0.6 to 0.6) 0.00 (118.0) 1.000

6 months 24.1 ± 2.9 22.5 ± 3.0 1.6 (1.0 to 2.2) 2.97 (117.9) 0.004

12 months 25.2 ± 3.1 22.4 ± 3.2 2.8 (2.1 to 3.5) 4.87 (117.9) < 0.001

baseline: t = 0.00, df = 118.0, p = 1.000; 6 months: t = 2.97, df = 117.9, p < 0.001;12 months: t = 4.87, df = 117.9, p < 0.001
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Depression symptoms (BDI-II)

The intervention group also showed a significant reduc-
tion in depression symptoms, as scored on the BDI-II, at all 
follow-up points compared with the control group (Table 2). 
At the 6-month point, the mean BDI-II score in the interven-
tion group was 10.5 (SD = 3.2) and in the control group was 
13.8 (SD = 3.4) (mean difference = −3.3 points, 95% CI: 
−4.1 to −2.5, t = −5.47, df = 117.6, p < 0.001). At 6 months, 
the mean difference was −4.3 (95% CI: −5.1 to −3.5, t = −7.58, 
df = 117.6, p < 0.001) and at 12 months, the mean BDI-II 
score for the intervention group was 8.1 (SD = 2.7), whereas 
that of the control group was 13.2 (SD = 3.1) (mean differ-
ence = −5.1 points, 95% CI: − 5.9 to −4.3, t= −9.61, df = 115.8, 
p < 0.001). Mixed-effects modelling also established a sig-
nificant group × time interaction (p < 0.001). Finally, the 
study shows that Welch’s t = −5.47, df = 117.6, p < 0.001 at 
3 months, Welch’s t = −7.58, df = 116.1, p < 0.001 at 6 months, 
and Welch’s t = −9.61, df = 115.8, p < 0.001 at 12 months.

Secondary outcomes

Physical activity (IPAQ)

The intervention group showed significant physical ac-
tivity levels, by the IPAQ, rising from a mean of 1500 MET-min/
week at baseline to 2500 MET-min/week at 12 months. The 
control group remained level at around 1400 MET-min/week. 
The difference between the groups at 12 months was statis-
tically significant (p < 0.001) and indicative of the effectiveness 
of the intervention in fostering long-term physical activity.

Menopause-Specific Quality of Life (MENQOL)

The intervention group had better improvements in the vas-
omotor, psychosocial, and physical aspects of the MENQOL 
than the control group at 12 months (all p < 0.05) (Table 3). 
These results indicate overall advantages of aerobic exer-
cise for menopausal symptoms.

Sleep quality (PSQI)

Sleep quality, measured using the PSQI, was found to 
improve dramatically in the intervention group, with scores 
reducing from 8.5 at baseline to 6.2 at 12 months, showing 
improved sleep quality (Table 3). The control group’s scores 
were consistent at 8.3. The between-group difference at 12 
months was significant (p < 0.001).

Body composition

The intervention group experienced a moderate decrease 
in BMI, from 28.5 kg/m2 at baseline to 27.8 kg/m2 at 12 months, 
as opposed to none in the control group (28.5 kg/m2) (Table 3).

Safety

No adverse events of any seriousness were recorded. 
Slight musculoskeletal discomfort (e.g., joint tenderness) was 
experienced by 10% of the intervention group but did not 
result in dropout or necessitate medical attention, as ex-
pected for the low-risk nature of moderate-intensity aerobic 
exercise.

Subgroup analyses

Exploratory subgroup analyses tested the effects by age 
(55–62 vs. 63–70 years) and baseline depression severity 
(BDI-II 10–14 vs. 15–20). Younger subjects (55–62 years) 
demonstrated slightly larger VO2max gains (mean gain = 
3.0 ml · kg−1 · min−1) than older subjects (mean gain =  
2.5 ml · kg−1 · min−1, p = 0.04). Individuals with greater base-
line depression severity (BDI-II 15–20) had larger decreas-
es in BDI-II score (mean reduction = 5.5 points) than those 
with lower severity (mean reduction = 4.7 points, p = 0.03).

Table 3. Secondary outcomes at baseline and 12 months

Outcome (12 months)
Intervention 

(n = 60) 
(mean ± SD)

Control 
(n = 60) 

(mean ± SD)
t (df) p-value

IPAQ (MET-min/week) 2500 ± 500 1400 ± 390 13.44 (111.4) < 0.001

MENQOL (psychosocial) 2.8 ± 1.0 3.4 ± 1.1 −3.13 (116.9) 0.002

PSQI 6.2 ± 1.8 8.3 ± 2.0 −6.05 (116.7) < 0.001

BMI (kg/m²) 27.8 ± 3.6 28.5 ± 3.8 −1.04 (117.7) 0.302

IPAQ: t = 13.44, df = 111.4; MENQOL (psychosocial): t = −3.13, df = 116.9; PSQI: t = −6.05, df = 116.7; BMI: t = −1.04, df = 117.7

Table 2. BDI-II scores at baseline, 3 months, 6 months, and 12 months

Time point
Intervention (n = 60) 

(mean ± SD)

Control 
(n = 60) 

(mean ± SD)

Mean difference  
(95% CI)

t (df) p-value

Baseline 14.2 ± 3.5 14.2 ± 3.5 0.0 (−0.8 to 0.8) 0.00 (118.0) 1.000

3 months 10.5 ± 3.2 13.8 ± 3.4 −3.3 (−4.1 to −2.5) −5.47 (117.6) < 0.001

6 months 9.2 ± 2.9 13.5 ± 3.3 −4.3 (−5.1 to −3.5) −7.58 (116.1) < 0.001

12 months 8.1 ± 2.7 13.2 ± 3.1 −5.1 (−5.9 to −4.3) −9.61 (115.8) < 0.001

baseline: t = 0.00, df = 118.0, p = 1.000; 3 months: t =−5.47, df =117.6, p < 0.001; 6 months: t = −7.58, df = 116.1, p < 0.001; 12 months: 
t = −9.61, df = 115.8, p < 0.001
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Discussion

The present study provides firm evidence that aerobic 
exercise of moderate intensity leads to significant physiologi-
cal and psychological benefits for late menopausal women. 
Following 12 months, intervention group participants had 
significantly higher cardiorespiratory fitness, with VO2max in-
creasing by 2.8 ml· kg−1 · min−1, whereas the control group 
demonstrated minimal improvement. This finding is consist-
ent with earlier studies by Hagner et al. [16], who reported 
improvement in VO2max among postmenopausal women 
with moderate aerobic exercise, and Klonizakis et al. [17], 
who observed similar improvements through walking re-
gimes. This is significant because VO2max decline is a risk 
factor for cardiovascular morbidity among postmenopausal 
women. Decreases in depressive symptoms, as seen with 
the BDI-II, were significant at large levels and at 43% reduc-
tion by 12 months in the intervention group. This is in line with 
the meta-analytic findings of Qian et al. [18], who observed 
substantial reductions in depressive symptoms following 
formal aerobic exercise. The results obtained by Silva et al. 
[19] emphasise a significant and neglected aspect of men-
tal health care integration: addressing PA as part of depres-
sion prevention and treatment. By promoting emotional intel-
ligence, reducing stress-related neural damage and supporting 
general well-being, exercise is both a preventative and ther-
apeutic adjunct. The next step in research and practice is to 
turn these lines of evidence into guidelines for practice and 
for in-community-based interventions. Silva et al. [19] also 
emphasised the association between moderate activity and 
alleviation of psychosocial symptoms in women with meno-
pause, supplementing further the psychological advantage 
observed in this trial.

Elgayar et al. [20] proved that aerobic, resistance, and 
combined exercise training programs induced a beneficial ef-
fect on depression and sleep in women with controlled hypo-
thyroidism. The combination of aerobic and resistance train-
ing produced the greatest improvements in the exercise 
modalities tested. Sleep quality also showed considerable 
improvement in the intervention group, with PSQI scores re-
ducing from a baseline of 8.5 to 6.2 at 12 months. These re-
sults align with Chien et al. [21], whose systematic review 
confirmed the beneficial effect of aerobic exercise on sleep 
disturbances in menopausal women, and with Yamazaki et al. 
[22], who reported that sleep improved and vasomotor symp-
toms decreased following a similar training intervention. The 
moderate but significant reduction in BMI (28.5 to 27.8 kg/m2) 
observed in this study is complemented by previous work by 
Yamazaki et al. [22] and Asikainen et al. [10], both of whom 
highlighted the positive contribution of aerobic exercise to-
ward body composition and fat mass reduction in postmen-
opausal women [22]. Subgroup analyses revealed in particu-
lar that women aged 55–62 years and those with high baseline 
depression scores benefited most, suggesting that age and 
severity of initial symptoms may moderate the response to 
exercise interventions. This is in keeping with results by Silva 
et al. [19], who found larger psychological gains in women 
with more symptoms at baseline.

The high level of adherence at 85% and the absence of 
severe adverse events confirm the practicability and safety 
of using such exercise programs in this population. Minor 
self-limiting musculoskeletal aches did not hinder participa-
tion [23]. These results are consistent with previous descrip-
tions of the low-risk status of moderate-level activity for older 
adults. Generally, this study adds to the growing body of evi-
dence that formally organised aerobic exercise is a safe, scal-

able, and highly effective solution to the physical decline and 
mental illness of late menopausal women. These findings jus-
tify the greater integration of exercise into routine care prac-
tices for this group, not only to ensure longevity and physical 
function but to increase overall quality of life.

Conclusions

Aerobic exercise at moderate intensity has far-reaching 
effects on both physical and mental well-being in late men-
opausal women, as reflected in the statistically significant im-
provements in several areas. Regular aerobic exercise like 
brisk walking or cycling resulted in a significant increase in car-
diorespiratory fitness, as VO2max rose by 2.9 ml · kg−1 · min−1 
– an improvement that has a direct relationship with lower 
cardiovascular risk and improved functional ability. Depres-
sion symptoms also significantly improved, with a 43% reduc-
tion in depression symptoms in BDI-II scores, which under-
scores the powerful mood-regulating property of regular 
aerobic exercise. These improvements were not singular; 
sleep quality was also improved, menopause-specific quality 
of life was enhanced – particularly vasomotor and psycho-
social – and activity levels increased, along with modest de-
creases in BMI. The benefits were most significant in women 
55–62 years old and in those with greater depressive symp-
tomatology at baseline, indicating a subgroup-specific ben-
efit. Notably, the intervention was highly adherent, had few 
adverse effects, and had wide accessibility, making moder-
ate-intensity aerobic exercise a safe, scalable, and highly effi-
cacious approach to reversing the physiological loss and 
psychological load typical of late menopause.
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