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Abstract
Background: After menopause, reductions in ovarian hormones increase the risk of cardiovascular disease. Aerobic 
exercise training has been shown to reduce cardiovascular risk in older adults, but its effectiveness in postmenopausal 
females is less definitive.
Objectives: The objectives of this study were to examine the: (1) effects of aerobic training, and (2) association 
between aerobic training intensity and cardiometabolic health outcomes in postmenopausal females.
Design: Systematic review and meta-analysis of randomized controlled trials.
Data Sources and Methods: Six electronic databases were searched from inception to July 21, 2023 for aerobic training 
interventions reporting cardiometabolic outcomes in postmenopausal females. Data were synthesized qualitatively and 
random-effects meta-analyses and subgroup analyses (light, moderate, and vigorous intensity) were performed. Grading 
of Recommendations, Assessment, Development and Evaluation was used to assess the certainty of evidence.
Results: Fifty-nine studies (n = 4,225; 45–78 years old) were identified, 53 (n = 3,821) were included in the quantitative 
analyses. Aerobic training interventions varied in frequency (3–21×/week), intensity, type, time (8–60 min/session), and 
duration (3–52 weeks). Aerobic training improved systolic blood pressure (mean difference (MD) = −4.41 mmHg, 95% 
confidence interval (95%CI) [−7.29, −1.52], p = 0.01), resting heart rate (MD = −3.08 bpm, 95%CI [−5.11, −1.05], p < 0.01), 
body mass index (BMI, MD = −0.65 kg/m2, 95%CI [−0.99, −0.31], p < 0.01), waist circumference (MD = −2.03 cm, 95%CI 
[−2.65, −1.41], p < 0.01), body fat (MD = −2.57 kg, 95%CI [−3.65, −1.49], p < 0.01), low-density lipoprotein cholesterol 
(MD = −10.46 mg/dL, 95%CI [−16.31, −4.61], p < 0.01), high-density lipoprotein cholesterol (MD = 3.28 mg/dL, 95%CI 
[0.20, 6.36], p = 0.04) and cardiorespiratory fitness (standardized MD = 1.38, 95%CI [1.13, 1.64], p < 0.01). There was a 
very low certainty of evidence for all outcomes. In subgroup analyses, light- and vigorous intensities were beneficial for 
BMI with no effect for moderate-intensity exercise (p < 0.01). Light intensity showed a beneficial effect (p = 0.02) for 
glucose levels (p < 0.01) and triglycerides; there was no effect with moderate or vigorous intensities.
Conclusion: Aerobic training may improve cardiometabolic health outcomes in postmenopausal females. There may be 
differential effects of exercise intensity on BMI, blood triglycerides, and blood glucose; however, this warrants further 
investigation.
Registration: PROSPERO—CRD42022313350
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Introduction

Menopause is the permanent cessation of menstruation 
due to ovarian follicular depletion, with females consid-
ered postmenopausal after 12 consecutive months of 
amenorrhoea.1,2 Following menopause, there is a reduction 
in estrogen and its cardioprotective effects,3 which can 
lead to worsening cardiovascular health, characterized by 
increased blood pressure, body fat, dyslipidemia, and 
reduced glucose tolerance.4 Postmenopausal females are at 
a two-fold higher risk for cardiometabolic disease com-
pared to premenopausal females5 and the risk of stroke 
nearly doubles in the 10 years following menopause.6

Although pharmacological treatments may be used to 
mitigate cardiometabolic decline, their effectiveness attenu-
ates with duration of use; thus, alternative strategies to sus-
tain long-term cardiometabolic health are needed.7 Aerobic 
exercise training is an increasingly popular,8 and effective9,10 
strategy to promote cardiometabolic health. A systematic 
review of 93 trials with 5,223 males and females >18 years 
of age with normal blood pressure, prehypertension, and 
hypertension found that exercise, including aerobic exer-
cise, decreases systolic blood pressure (SBP) and diastolic 
blood pressure (DBP).11 In other reviews of individuals who 
are overweight or obese,12 living with metabolic syndrome13 
and type 2 diabetes,14 aerobic exercise training is effective 
for improving SBP,14 DBP,13 body composition,12–14 high-
density lipoprotein cholesterol (HDL-C),13 serum triglycer-
ides,13,14 blood glucose,13 and cardiorespiratory fitness 
(CRF).13 Importantly, the American College of Sports 
Medicine suggests that intensity may be the most important 
exercise training parameter for improving CRF,15,16 which 
has been corroborated by evidence for individuals undergo-
ing cardiac rehabilitation17 and in middle-aged sedentary 
adults.18

To date, four systematic reviews have focused specifi-
cally on postmenopausal females and reported that aerobic 
or resistance training interventions were effective in 
improving SBP,19,20 DBP,19,20 CRF (n = 398),20,21 waist cir-
cumference (WC) (n = 711),19,21,22 blood triglycerides,19 and 
blood glucose (n = 568).21 Three of the reviews excluded 
studies involving females with conditions commonly seen 
postmenopause, such as metabolic syndrome,23 hyperten-
sion,24 diabetes mellitus,25,26 obesity,27,28 and dyslipi-
demia,29 limiting the generalizability of their findings. To 
date, only one review15 examined the potential influence of 
exercise intensity on outcomes in postmenopausal females, 
a potent variable in the exercise prescription for optimizing 
dose-related benefits.16 We note however that this review 
focused specifically on metabolic syndrome risk factors 
(blood glucose, HDL-C, triglycerides, SBP, DBP, WC), and 
aggregated aerobic and resistance training together.19 We 
also note that all previous reviews carefully defined meno-
pausal status (i.e., confirmed/self-reported postmenopausal 
status) but may have missed the body of evidence from 

studies including older females of postmenopausal age 
where postmenopausal status may not have been con-
firmed. Last, these reviews did not conduct an analysis of 
the certainty of evidence, making it challenging to evaluate 
the true effectiveness of exercise on these cardiometabolic 
outcomes. There is an opportunity to build upon these pre-
vious reviews by synthesizing a broader body of literature 
on older females at postmenopausal ages, including those 
with common metabolic conditions, and conducting an 
analysis of the certainty of evidence.

Thus, the primary objective of this systematic review 
was to examine the effects of aerobic exercise training on 
traditional cardiometabolic health measures in a broad 
population of postmenopausal females. Based on the 
importance of exercise intensity, the secondary objective 
was to examine the association between different aerobic 
exercise intensities and traditional cardiometabolic health 
measures.

Methods

This systematic review and meta-analysis was conducted 
following Cochrane guidelines for Systematic Reviews of 
Interventions,30 and reported based on the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
guidelines.31 The protocol is registered in the PROSPERO 
International Prospective Register of Systematic Reviews 
(CRD42022313350).

Eligibility criteria

This review was restricted to peer-reviewed, published 
randomized controlled clinical trials in English. Non-
randomized trials, conference abstracts, cross-sectional 
studies, study protocols, and ongoing trials were excluded.

In this review, we considered the study sample to repre-
sent postmenopausal females if they met at least one of the 
following three criteria: (1) explicitly confirmed partici-
pants to be postmenopausal (e.g., via self-report); (2) if 
postmenopausal status was not explicitly reported but age 
range was, a conservative lower bound of age ⩾55 years 
old, or (3) if age range was not reported, mean age 
⩾63 years old. The latter two criteria were based on data 
from large population-based studies that report the average 
age of menopause to be 50–52 years old,32–36 with onset of 
menopause varying by 1 or 2 years due to factors such as 
race, body composition, physical activity levels, diet, soci-
oeconomic status, and smoking.37 Furthermore, a mean 
age of 63 with an estimated standard deviation (SD) of 
4 years yields a 95% confidence interval (95% CI) with a 
lower limit age of 55 years. Lastly, to increase the general-
izability of our findings, we included studies of partici-
pants with hypertension, diabetes mellitus, obesity, and 
dyslipidemia, as these metabolic conditions are common 
postmenopause.23–29 Participants with a history of overt 
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cardiovascular events were excluded (e.g., stroke and 
myocardial infarction).

Included trials were aerobic exercise training interven-
tions (i.e., activities that use large muscle groups that are 
maintained continuously and in a rhythmic nature)38 that 
reported at least two of the following training parameters: 
frequency, intensity, type, and duration. There was no 
restriction to the frequency, intensity, type, and duration of 
aerobic interventions. To better isolate the effect of aerobic 
exercise training, co-interventions, and non-aerobic exer-
cise interventions, such as resistance training, yoga, tai chi, 
virtual reality, pharmacological, or nutritional interven-
tions were excluded. Control groups included non-exer-
cise, non-diet, or non-pharmacological interventions, such 
as health education or stretching.

We included trials that examined the most prominent 
modifiable cardiometabolic health outcomes in females, 
(1) Resting SBP and DBP39,40; (2) resting heart rate 
(HR)41,42; (3) body composition and anthropometric meas-
ures43,44 (body mass index (BMI),45 body fat,46 waist-to-
hip ratio (WHR) and WC47); (4) blood lipids (low-density 
lipoprotein cholesterol (LDL-C),48 HDL-C,49 and blood 
triglycerides50); (5) blood glucose51,52 and (6) CRF.53–55

Studies not reporting at least one of these traditional 
cardiometabolic outcomes were excluded.

Information sources

The initial search of six electronic databases (OVID 
MEDLINE, EMBASE, CINAHL, CENTRAL, 
SPORTDiscus, and Web of Science) was conducted from 
inception to April 25, 2022 and updated on July 21, 2023. 
The search strategy was developed in consultation with a 
research librarian and included terms related to “cardio-
metabolic health,” “aerobic exercise,” “older adults,” and 
“menopause.” The final search strategies are displayed in 
Supplemental File 1.

Data extraction

Two sets of independent reviewers (EH and EW, EH and 
KSN) assessed study eligibility based on titles and abstracts 
followed by full-text review. All reviewers (EH, EW, 
KSN) piloted title and abstract screening by screening two 
sets of abstracts independently (n = 100). Disagreements 
were resolved by discussion and if necessary, resolution 
with a third reviewer (AT).

Data was extracted into Covidence systematic review 
manager (Covidence systematic review software; Veritas 
Health Innovation, Melbourne, Australia) by three sets of 
independent reviewers (EH and EW, EH and KSN, EH and 
HF) and included lead author name, year of publication, 
summary of participant eligibility criteria, population char-
acteristics, control group characteristics, exercise interven-
tion parameters (i.e., frequency, intensity, type, and duration), 

qualitative summary of effect on cardiometabolic health out-
come, sample size and change in outcome (pre- to post-inter-
vention) in intervention and control groups, respectively.

Statistical analysis

To assess the effects of aerobic exercise training on meas-
ures of cardiometabolic health (objective 1), random-
effects meta-analyses and inverse variance-weighted 
estimation were used. Mean difference (MD) or standard-
ized mean difference (SMD) in change scores from pre- to 
post-intervention with 95%CIs were used to determine the 
effect of aerobic exercise training on outcomes of interest.30 
Pooled SDs were calculated. Studies that contained two or 
more intervention groups were combined, outcome meas-
ures reported in median (interquartile range), mean (stand-
ard error) or mean (95%CI) were transformed to mean and 
SDs, and SDs for change scores were calculated per 
Cochrane guidelines.30 Corresponding authors were con-
tacted for studies with missing pre- and post-intervention 
means and SDs; otherwise, these studies were excluded. 
Forest plots were created to visually display the overall 
effects of aerobic exercise on outcomes of interest.

A priori subgroup analyses were conducted to compare 
the individual effects of different intensities (light, moder-
ate, and vigorous) of aerobic exercise on cardiometabolic 
health (objective 2). Subgroups were categorized accord-
ing to the American College of Sport Medicine criteria.56 
To preserve number of studies in each intensity category, 
categories of very-light and light, and vigorous and near-
maximal to maximal were combined. For studies that pro-
gressed exercise intensity throughout the intervention 
period, studies were categorized based on the intensity 
performed at ⩾50% of the total intervention duration.

The robustness of the findings was tested with four a 
priori sensitivity analyses excluding studies of (1) older 
age females without confirmed postmenopausal status; (2) 
females with reported chronic conditions (i.e., reported 
hypertension, diabetes mellitus, dyslipidemia, and obe-
sity); (3) outliers where high heterogeneity was observed; 
and (4) comparator groups of stretching, health education, 
relaxation, and placebo drug interventions.

Heterogeneity was assessed using Higgins I2 statistic30 
and all analyses were conducted using Review Manager 
(RevMan version 5.3).

Quality appraisal

The methodological quality of included studies was evalu-
ated by three sets of two independent reviewers (EH and 
EW, EH and KSN, EH and HF) using the Cochrane Risk of 
Bias 2 tool57 (low, high, some concerns) for domains of 
random sequence generation, allocation concealment, 
blinding of participants and personnel, blinding of out-
come assessment, incomplete outcome data and selective 



4	 Women’s Health ﻿

reporting. Certainty of evidence was evaluated using the 
Grading of Recommendation, Assessment, Development 
and Evaluations (GRADE) tool for high, moderate, low, or 
very low certainty, based on assessments of risk of bias, 
imprecision, inconsistency, indirectness, and publication 
bias.58 Publication bias was assessed using visual inspec-
tion of funnel plots and the Egger’s test conducted using 
Stata statistical software (Version 16.1; Stata CorpLLC, 

College Station, TX, USA). Disagreements were resolved 
by discussion and if necessary, resolution with a third 
reviewer (AT).

Results

Study flow diagram is displayed in Figure 1. Fifty-nine 
articles59–117 from 57 trials were included in this review. Of 

Figure 1.  Study flow diagram.
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these 59 articles, 6 were excluded from the quantitative 
synthesis due to incomplete reporting of means and/or 
SDs.59–63,118 Thus, 53 articles65–117 from 51 trials were 
included in the meta-analysis. Thirteen articles119–131 were 
also excluded from the meta-analysis as the data were 
already represented by the primary trial article which had 
the largest sample for the reported outcomes of interest.

Qualitative synthesis

Details of all included studies are summarized in 
Supplemental Table S1.

Participant characteristics.  A total of 4,225 participants 
were included in this review, with study sample sizes 
ranging from 1468 to 464.105 Participants’ ages ranged 
from 45 years old73 with confirmed postmenopausal status 
to 78 years old.93 Forty-eight studies (81%) reported men-
opausal status, and 11 studies were included based on age 
criteria.62,66,68,71,79,93,101,104,108,116,117 Forty studies (68%) 
included sedentary postmenopausal females without 
reported chronic disease, and 19 studies included post-
menopausal females living with 1 or more cardiometa-
bolic conditions.59,60,67,71,72,76,86–89,94,95,100,104,105,108,110,113,117

Aerobic exercise intervention.  Aerobic exercise intervention 
durations ranged from 396 to 52 weeks,86,90,98–100,106,107 with 
8 to 60 min per session, except four studies87,105,111,112 that 
had a calorie or step goal. Interventions took place 3 to 21 
times per week (3 times/day × 7 days). Aerobic interven-
tions consisted of treadmill or cycle ergometer training, 
aquatic aerobic training, outdoor walking, and bench step-
ping. Forty-nine studies (83%) contained 1 aerobic inter-
vention group, whereas 10 studies59,78,87,90,92,103,105,111–113 
contained multiple intervention groups that varied in 
intensity, duration, or type.

Comparator.  Fifty-one studies compared aerobic exercise 
with no intervention (maintain usual diet and activity), and 
eight studies used stretching,77,111,112,116 health education,60,117 
relaxation,104,116 or placebo drug interventions65 as the control 
group.

Outcomes.  SBP and DBP were investigated in 26 of 59 
studies (44%), and 16 studies (27%) examined HR. 
Among body composition and anthropometric measures, 
BMI was the most frequently investigated outcome 
(n = 36, 61%), followed by body fat (n = 15, 25%), WC 
(n = 13, 22%), and WHR (n = 6, 10%). Regarding blood 
lipids, 19 studies (32%) investigated LDL-C and 21 stud-
ies (36%) investigated HDL-C and blood triglycerides. 
Blood glucose was investigated in 11 studies (19%), 
whereas CRF was investigated in 33 studies (56%) (Sup-
plemental Table S1).

Quality assessment

From the quality assessment using the Cochrane Risk of 
Bias 2 tool, most studies were determined to be at high risk 
of bias due to failure to report participant attrition data 
(drop-out, reasons for drop-out) or had missing outcome 
data with failure to estimate intervention effects (intention-
to-treat analyses) (Supplemental Table S2).

Adverse events

Thirty (51%) of the 59 studies did not report monitoring of 
adverse events.59,61–63,65,66,68,70,73–76,78–80,84–86,88,91,93–96,101,102, 

110,113,117,118 Of the studies that monitored adverse events, 19 
(32%)67,69,71,72,77,81–83,89,92,97–100,103,104,107–109 reported no occur-
rence of adverse events, 4 (7%)87,105,112,116 studies reported 
adverse events unrelated to the exercise intervention, 3 
(5%)60,114,115 studies reported adverse events but did not spec-
ify its relation to the intervention, and 3 (5%)90,106,111 studies 
reported adverse events due to the intervention.

Quantitative synthesis

Fifty-three studies (n = 3,821 participants) were included 
for meta-analysis. Nine studies reported outcome data 
from two or more intervention groups. All outcomes 
were reported as MD, except CRF where 12 stud-
ies61,68,69,88,91,99,101,108,109,115–117 measured CRF using dif-
ferent submaximal tests (e.g., 1-mile walk test, Astrand 
test, and Blake test) and therefore was reported as SMD.

Table 1 provides a summary of findings from the meta-
analyses to examine the exercise-related effects on cardio-
metabolic outcomes of interest with the GRADE certainty of 
evidence. There were beneficial effects of aerobic exercise 
on all measures of cardiometabolic health except DBP, 
WHR, blood triglycerides, or blood glucose. Forest plots for 
beneficial effects are displayed in Figures 2 to 9; non-signif-
icant findings are displayed in Supplemental Figures S1–S4. 
All outcomes were downgraded from high to very low cer-
tainty of evidence due to multiple factors, including “very 
serious” or “serious” risk of bias, heterogeneity, indirectness, 
imprecision, and the suspicion of publication bias (Table 2).

Positive effects in all outcomes were maintained fol-
lowing sensitivity analyses removing studies of (1) older 
age females without confirmed postmenopausal status; (2) 
females with reported chronic conditions; (3) outliers 
where high heterogeneity was observed; and (4) compara-
tor groups of stretching, health education, relaxation, and 
placebo drug interventions.

Subgroup analyses

To conduct subgroup analyses based on intensity, 5 
(10%)71,73,91,94,108 studies were categorized as light intensity, 
25 (51%)65,67,68,72,74,76–80,87–89,93,96,103–105,107,109,111–115 were 
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moderate intensity, and 19 (39%)66,69,75,81,82,84,86,90,92,95,97–

102,106,110,116 were vigorous intensity. Forest plots for the sub-
group analyses are displayed in Supplemental Figures 
S5–S7. There was significant subgroup effect for BMI 

Table 1.  Effect of aerobic exercise on traditional cardiometabolic health measures in postmenopausal females.

Cardiometabolic health measure Mean difference [95%CI] p-value Certainty of 
evidence

Systolic blood pressure (23 studies, n = 1,246) −4.41 mmHg [−7.29, −1.52] <0.01 ⊕◯◯◯
Very low

Diastolic blood pressure (23 studies, n = 1,246) −2.32 mmHg [−4.76, 0.11] 0.06 ⊕◯◯◯
Very low

Resting heart rate (14 studies, n = 489) −3.08 bpm [−5.11, −1.05] <0.01 ⊕◯◯◯
Very low

Body mass index (33 studies, n = 1,887) −0.65 kg/m2 [−0.99, −0.31] <0.01 ⊕◯◯◯
Very low

Waist circumference (12 studies, n = 1,254) −2.03 cm [−2.65, −1.41] <0.01 ⊕◯◯◯
Very low

Waist-to-hip ratio (6 studies, n = 196) −0.01 [−0.02, 0.00] 0.06 ⊕◯◯◯
Very low

Body fat (15 studies, n = 1,008) −2.57 kg [−3.65, −1.49] <0.01 ⊕◯◯◯
Very low

Low-density lipoprotein cholesterol (19 studies, 
n = 1,079)

−10.46 mg/dL [−16.31, −4.61] <0.01 ⊕◯◯◯
Very low

High-density lipoprotein cholesterol (19 
studies, n = 1,079)

3.28 mg/dL [0.20, 6.36] 0.04 ⊕◯◯◯
Very low

Blood triglycerides (19 studies, n = 1,079) −11.59 mg/dL [−25.82, 2.65] 0.11 ⊕◯◯◯
Very low

Blood glucose (10 studies, n = 875) −0.92 mg/dL [−2.79, 0.95] 0.33 ⊕◯◯◯
Very low

Cardiorespiratory fitness (32 studies, n = 2,656) SMD: 1.38 [1.13, 1.64] <0.01 ⊕◯◯◯
Very low

95%CI: 95% confidence interval; SMD: standardized mean difference.
Bold values donote statistical significance at p < 0.05.

Figure 2.  Forest plot of the effect of aerobic exercise on systolic blood pressure.

(χ2 = 9.79, df = 2, p < 0.01), blood triglycerides (χ2 = 7.70, 
df = 2, p = 0.02), and blood glucose (χ2 = 20.98, df = 2, 
p < 0.01). For BMI, light (n = 5 studies, MD = −1.17 kg/m2, 
95%CI [−1.88, −0.47], p < 0.01) and vigorous (n = 12 
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studies, MD = −1.02 kg/m2, 95%CI [−1.74, −0.29], 
p < 0.01) intensities were beneficial, while there was no 
effect of moderate intensity (n = 14 studies, MD = −0.21 kg/
m2, 95%CI [−0.45, −0.03], p = 0.09). Light intensity also 
showed a significant effect on blood triglycerides (n = 3 
studies, MD = −35.39 mg/dL, 95%CI [−57.09, −13.70], 
p < 0.01) and blood glucose (n = 1 study, MD = −18.36 mg/
dL, 95%CI [−26.04, −10.68], p < 0.01); there was no effect 
observed for moderate and vigorous intensities (Table 3). 

There were no other statistically significant subgroup 
effects observed.

No significant differences were found in the effects 
of exercise intensities on BMI and blood triglycerides 
when studies involving females with comorbidities 
were excluded. The results of the subgroup analyses 
remained after excluding studies that (1) did not explic-
itly report menopausal status; (2) studies with high het-
erogeneity; and (3) studies with comparator groups of 

Figure 3.  Forest plot of the effect of aerobic exercise on resting heart rate.

Figure 4.  Forest plot of the effect of aerobic exercise on body mass index.
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Figure 5.  Forest plot of the effect of aerobic exercise on waist circumference.

Figure 6.  Forest plot of the effect of aerobic exercise on body fat.

Figure 7.  Forest plot of the effect of aerobic exercise on low-density lipoprotein cholesterol.
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stretching, health education, relaxation, and placebo 
drug interventions.

Discussion

This systematic review is the first to examine the effects of 
aerobic exercise in older postmenopausal females and 

those with common metabolic conditions. It is also the 
first to complete a comprehensive assessment of the cer-
tainty of evidence using the GRADE assessment, allowing 
clinicians and guideline developers to consider this infor-
mation in their knowledge utilization and translation.

The positive effects of aerobic exercise on body fat, 
WC, LDL-C, HDL-C, and CRF found in this review are 

Figure 8.  Forest plot of the effect of aerobic exercise on high-density lipoprotein cholesterol.

Figure 9.  Forest plot of the effect of aerobic exercise on cardiorespiratory fitness.
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aligned with previous reviews,21,22 and is the first to report 
improvements in HR, and BMI. Moreover, these benefi-
cial effects are consistent with reviews in adults with obe-
sity and type 2 diabetes, which included combined 
interventions of aerobic training and diet,132 and aerobic 
and resistance training.133 There was little to no effect 
observed for DBP, WHR, blood triglycerides, and blood 
glucose, although the evidence is very uncertain. We note 
that many outcomes that demonstrated positive effects had 
a large proportion of studies with baseline values outside 
of desired levels and thus had greater potential for improve-
ment. For example, most studies had participants who 
began the interventions in prehypertensive or hypertensive 
ranges (⩾120 mmHg) for SBP (68%),134 or with high rest-
ing HR (50%),135 BMI ⩾25 kg/m2 (84%),136 WC ⩾90 cm 
(91%),136 LDL-C ⩾100 mg/dL (89%)137 and HDL-C 
⩽50 mg/dL (44%).138 This is likely a product of the broader 
range of studies eligible for this review, which included 
participants with common metabolic conditions and may 
explain, in part, the expanded positive effects observed in 
comparison to prior reviews. This approach, nonetheless, 
enables a more comprehensive representation of postmen-
opausal females, thereby increasing the generalizability of 
findings to underscore the benefit of aerobic exercise for 
individuals at higher risk for cardiovascular disease.

The null effect of aerobic exercise on DBP may be 
attributed to low baseline levels making it challenging to 
induce further reductions. The age of participants may 
play a factor; we note that >70% of studies in our review 
had a mean age of greater than 58 years old, and previous 
research has reported that DBP increases with age until 
approximately 58 years for females, after which it tends to 
decline,139 possibly contributing to the normotensive DBP 
observed. We also did not observe an effect of aerobic 

exercise on WHR, although this analysis may have been 
underpowered due to the small number of participants 
included in the analysis (n = 196). Additionally, consider-
ing that adipose tissue is typically stored in the gluteofem-
oral regions for females,140 it is plausible that simultaneous 
reductions in both waist and hip circumference may have 
occurred thus resulting in no change in the overall ratio. 
Lastly, aerobic exercise training did not have an impact on 
blood triglyceride levels or blood glucose levels, however, 
mean blood triglyceride was in normolipidemic levels 
(⩽150 mg/dL)141 at baseline for 68% of studies and blood 
glucose in normoglycemic levels (63–100 mg/dL) for 70% 
of studies).142

The physiological mechanisms that underlie the positive 
effects of aerobic exercise training on cardiometabolic health 
are well supported. Aerobic exercise training decreases sym-
pathetic nerve activity and increases parasympathetic activ-
ity leading to long-term peripheral vasodilation.143 Exercise 
may also improve SBP by attenuating age-related decreases 
in arterial elasticity and compliance through increased pulse 
pressures and mechanical distension of collagen fibers.144 
Moreover, exercise-induced enhancements in stroke volume, 
leading to increased cardiac output during rest, can poten-
tially contribute to a reduction in HR.145 Aerobic exercise can 
improve body composition through increased total energy 
expenditure,146 leading the body to rely on adipose tissue for 
energy.147 Additionally, the upregulation of Proprotein 
Convertase Subtilisin/Kexin Type 9 due to aerobic exercise 
may accelerate the absorption and excretion of LDL-C, and 
upregulation of the liver X receptor gene has a strong effect 
on the formation of HDL-C.148 CRF may be increased 
through changes to cardiac output by improved stroke and 
blood volumes,145,149 and arteriovenous oxygen content 
difference.149

Table 3.  Comparison between aerobic exercise intensity subgroups on cardiometabolic health measures.

Cardiometabolic 
health measure

Studies n participants Mean difference [95%CI] p Pearson chi-square

χ2 Degrees of 
freedom

p

Body mass index
  Light 5 134 −1.17 kg/m2 [−1.88, −0.47] <0.01 9.79 2 <0.01*
  Moderate 14 801 −0.21 kg/m2 [−0.45, −0.03] 0.09
  Vigorous 12 896 −1.02 kg/m2 [−1.74, −0.29] <0.01
Blood triglycerides
  Light 3 75 −35.39 mg/dL [−57.09, −13.70] <0.01 7.70 2 0.02*
  Moderate 9 738 −3.11 mg/dL [−10.78, −4.57] 0.43
  Vigorous 6 240 −12.75 mg/dL [−44.03, −18.53] 0.42
Blood glucose
  Light 1 31 −18.36 mg/dL [−26.04, −10.68] <0.01 20.98 2 <0.01*
  Moderate 4 549 0.40 mg/dL [−2.72, 3.51] 0.80
  Vigorous 3 245 −0.45 mg/dL [−1.52, 0.62] 0.62

95%CI: 95% confidence interval.
*Denotes p < 0.05.
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The studies included in our review found either benefi-
cial or null effects, and the 95%CIs encompassed clini-
cally important values for most outcomes, but we 
acknowledge that the positive effects observed are very 
uncertain based on the GRADE assessment. Exercise 
intervention trials are often poorly reported across a range 
of health conditions,150 and the overall quality is inferior to 
pharmacological trials.151 Nonetheless, we propose that 
clinicians should consider recommending aerobic exercise 
to improve cardiometabolic health and mitigate meno-
pause-related cardiovascular risk. This conservative prop-
osition also considered in part that postmenopausal females 
have shown interest in physical activity including aerobic 
exercise to improve body composition152 and subsequently 
cardiometabolic health, and that some aerobic exercise 
training interventions such as walking are both feasible 
and low in cost making them a practical option.153

In our secondary analyses, we observed that both light 
and vigorous intensities were effective in reducing BMI 
compared to moderate intensity, and light-intensity exer-
cise for improving blood triglycerides and blood glucose 
levels. The positive benefits of light-intensity exercise but 
not moderate-intensity exercise were unexpected but may 
be a product of exercise volume,154–156 which was not 
examined in this review. The small number of studies in 
the low-intensity category may have contributed to type I 
error, although we note that the baseline characteristics of 
the study samples were elevated in terms of cardiometa-
bolic disease risk factors and thus may have been more 
responsive to change. For example, the light-intensity sub-
group showed the largest effect on BMI but comprised a 
single study of overweight or obese females, two out of the 
three studies on blood triglycerides focused on females 
with hyperlipidemia, and the only study in the light-inten-
sity subgroup for blood glucose specifically targeted 
females with type 2 diabetes mellitus. In sensitivity analy-
ses with studies of overweight and obese females and 
females with hyperlipidemia removed, subgroup differ-
ences in exercise intensity on BMI and blood triglycerides 
were no longer observed. Hence, the positive effects of 
light aerobic exercise should be interpreted with caution.

Limitations

We acknowledge the limitations of this review. We only 
included studies published in English; there may have 
been potentially eligible studies from the 31 papers pub-
lished in other languages. Moreover, while we used con-
servative age criteria to ensure with a degree of confidence 
that the females included were postmenopausal, there is a 
small possibility of including premenopausal females and 
excluding postmenopausal females who did not meet our 
age criteria. Next, although we conducted a sensitivity 
analysis excluding studies of older females to confirm our 
results, we were underpowered to perform a split analysis 

to observe the true effects of the influence of age. Finally, 
recent evidence suggests that while females with lifelong 
exercise behaviors accrue the greatest benefit to vascular 
health,157 exercises initiated early in the menopause transi-
tion may mitigate age-related declines in vascular health 
more so than later in life.158 Our review however was not 
designed to assess the influence of lifetime exercise pat-
terns. Future work should incorporate data such as age and 
duration since the final menstrual period, and consider per-
forming a split analysis or meta-regression to better under-
stand the influence of these factors on the effects of aerobic 
training.

Conclusion

Aerobic exercise training may be an important strategy to 
mitigate the increased cardiometabolic risk that occurs fol-
lowing menopause. Aerobic exercise should be considered 
by clinicians and clinical practice guidelines for postmeno-
pausal females as a non-pharmacological and non-diet pri-
mary preventative approach for cardiometabolic disease.
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