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1  | INTRODUC TION

Menopause in women is associated with significant cardiometabolic 
changes, which increase the risk for cardiovascular diseases and pre-
mature death. Most of these cardiometabolic changes are attributed 
to the decrease in the estrogen levels, which confer cardiovascular 
protection during their younger reproductive age.1 Among the main 
cardiometabolic changes are increases in body weight, insulin resis-
tance, T2DM, cholesterol, and glucose levels, and obesity-related 
hypertension.2 In addition, menopause and physical inactivity lead 
to dyslipidemia (increased total cholesterol, LDL-C, triglycerides, and 
low HDL-C), atherosclerosis and consequent cardiovascular disease 
(CVD), and coronary heart disease (CHD), and cardiovascular (CV) 
death.3 Another serious non-cardiovascular complication of meno-
pause especially in sedentary postmenopausal women is bone and 
muscle mass loss leading to osteoporosis and sarcopenia.4 All these 
cardiometabolic changes are the result of a significant decrease in 
estrogen levels associated with menopause, but treatment with hor-
mone replacement therapy (HRT), although beneficial, is associated 
with an increase in breast cancer.5 Therefore, alternative means of 
treatment have been sought and one of them is physical exercise. 
In this issue of the journal, Stamatelopoulos et al6 present interest-
ing data from a large cohort study of 625 Greek postmenopausal 
women defined by low estradiol levels (<50 pg/mL) and increased 
follicle-stimulating hormone levels (>25 mIU/mL) on the effects of 
physical activity in decreasing atherosclerosis and reducing arterial 
stiffness. They found that physical activity dose-responsively was 
associated with weight and body fat loss (by BMI and waist circum-
ference), as well as decreases in blood pressure (BP), pulse wave 
velocity (PWV), insulin resistance, lipid levels (cholesterol, LDL-C, 
Triglycerides), and increase in HDL-C. In this study, the physical ex-
ercise was associated with improved functional vascular changes 
(decrease in BP and PWV), but not organic changes (IMT, athero-
sclerotic plaque). It appears that physical exercise improved the 

arterial elasticity as a first stage, because organic changes like IMT 
and carotid plaque regression require longer duration of physical ex-
ercise and in a retrospective study is difficult to assess the level and 
duration of exercise due to memory recall problems. Overall this is 
an important study enhancing the knowledge on the beneficial car-
diometabolic effects of exercise in postmenopausal women.

2  | BENEFICIAL C ARDIOMETABOLIC 
EFFEC TS OF E XERCISE IN 
POSTMENOPAUSAL WOMEN: MECHANISM 
OF AC TION

Many studies have demonstrated the cardiometabolic benefits of 
regular exercise in both men and women, and it is recommended 
by the American College of Cardiology/American Heart Association 
(ACC/AHA) guideline for the primary prevention of cardiovascular 
disease. Postmenopausal women are at an increase risk of CVD and 
other important clinical maladies that can significantly be prevented 
or improved with regular physical exercise. These adverse effects 
of menopause are summarized in Table 1 and they will, briefly, dis-
cussed here.

2.1 | Hypertension

Regular physical exercise can either, prevent or improve preexist-
ing hypertension through weight reduction and peripheral vasodila-
tation through improvement in endothelial dysfunction, release of 
nitric oxide (NO), and cyclic guanosine monophosphate (cGMP), as 
well as improvement of oxidative stress. In addition, the exercise-
induced cardiac output and blood flow and the shear stress are addi-
tional factors for NO release and improvement in autonomic system 
function through an increase in parasympathetic nerve function and 
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increase in peripheral vasodilation.8 The antihypertensive benefits 
of exercise can be better improved with a combination of dynamic 
and isometric exercise.8,9

2.2 | Obesity

Most menopausal women gain weight after menopause, which is ac-
companied by several changes in their body composition. Increased 
body weight is associated with an increased in total body fat content 
that includes visceral as well as epicardial fat resulting in myocar-
dial dysfunction, metabolic syndrome, insulin resistance, T2DM, and 
dyslipidemia.10 In such cases, moderate physical exercise at 60%-
70% of maximum heart rate has been shown to produce significant 
beneficial effects on body mass index (BMI), fat mass, lean body 
mass, visceral fat, adiponectin levels, serum lipids, and the metabolic 
status of postmenopausal women.11,12

2.3 | Lipid levels

Menopause is also associated with adverse changes in the lipid pro-
file with increases in total cholesterol, LDL-C, TGs, and decrease in 
HDL-C in postmenopausal women, and physical exercise can lead 
to beneficial lipid changes. A recent study in a small number of 
postmenopausal women showed that a 3-month aerobic treadmill 
training of moderate intensity, of 30 minutes, three times/week was 
associated with an increase in HDL-C by approximately 30% and a 
decrease in LDL-C and TGs by approximately 27% and 18%, respec-
tively, in addition to cholesterol treatment.13

2.4 | Cardiovascular disease

The decrease in estrogen levels in postmenopausal women in com-
bination with the various risk factors such as inflammation, hyper-
tension, dyslipidemia, obesity, and T2DM, lead to atherosclerotic 
cardiovascular disease (ASCVD), CHD, myocardial infarction (MI), 
and eventually to CV death.14 It is hypothesized that all these ad-
verse cardiometabolic changes in postmenopausal women are due 
to the loss of the atheroprotective effects estrogen through their E2 

receptors and are sex specific.15 In addition to their atheroprotective 
effects, estrogen also mediates the protection against the ischemia 
reperfusion injury following a period of vascular ischemia from MI, 
and postmenopausal women lose this protection.16 Another cardi-
ovascular adverse effect of estrogen decrease in postmenopausal 
women is the oxidative mediated fibrous tissue accumulation, which 
together with the obesity and hypertension could lead left ventricu-
lar hypertrophy, left ventricular dysfunction, and the development 
of heart failure with preserved ejection fraction.17,18

2.5 | Osteporosis and sarcopenia

This is another serious adverse effect in sedentary postmenopausal 
women. The lack of estrogen protection and exercise lead to bone 
and muscle bulk loss and the development of osteoporosis and sar-
copenia. These adverse effects lead to bone fractures, muscle weak-
ness and decreased mobility and quality of life.4,19 These changes 
can be either prevented or reversed with a combination of dynamic 
and isometric exercise, which has been shown to increase bone den-
sity and muscle mass and improve mobility and quality of life.20

3  | COMMENT

From the data presented, it is clearly demonstrated that the lack of 
estrogen support and inactivity in postmenopausal women is as-
sociated with several cardiovascular risk factors, such obesity, the 
metabolic syndrome. T2DM, hypertension, and dyslipidemia which 
predispose the postmenopausal women to increased incidence of 
C VD and HF. In addition, the combination of decrease of estrogen 
levels and sedentary existence predispose the postmenopausal 
women to bone and muscle loss and the development of osteopo-
rosis and sarcopenia leading to bone fractures, weakness, decreased 
mobility, and quality of life. All these adverse effects can be pre-
vented or reversed with exercise as has been demonstrated from the 
study by Stamatelopoulos et al6 as well as by several other studies. 
However, the sad part is that although physical activity is so impor-
tant for the maintenance of healthy life and cardiorespiratory fitness 
(CRF), people do not exercise enough or not at all today. As is shown 
from Figure 1 by the 2019 ACC/AHA guidelines for the primary 

Risk factor Benefit

Hypertension Reduces BP through vasodilation from release of NO, improves endothelial 
dysfunction, vagal nervous system stimulation

Obesity Improves obesity through weight and body fat loss

Dyslipidemia Improves dyslipidemia through decrease in total cholesterol, LDL-C, TGs, and 
increase in HDL-C

CVD, HF Prevents primary and secondary CVD and atherosclerosis through favorable 
lipid changes, weight loss insulin resistance, T2DM, and hypertension

Osteoporosis-
sarcopenia

Prevents or improves these conditions by preventing or improving bone and 
muscle loss, prevents fractures and increases mobility

TA B L E  1   Cardiometabolic benefits 
of physical exercise in postmenopausal 
women
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prevention of cardiovascular disease, Americans today spent only 
0.2 hours/d for either moderate or vigorous physical activity.7 Part 
of this problem is the increased technology and the time spent in 
front of the computer either for work or recreation, watching TV, or 
playing video games, or driving to work.21 In order to maintain good 
health and good CRF, the ACC/AHA guidelines recommend about 
150 minutes/wk of moderate physical activity or 75 minutes/wk of 
vigorous physical activity. It is very critical that physicians caring for 
postmenopausal women to stress the importance of physical activ-
ity of any kind (walking, running, bicycling, or gardening) in combina-
tion with some weight bearing, together with healthy eating for the 
maintenance of quality of life. All these recommendations will go a 
long way in the prevention and reversal of the adverse cardiometa-
bolic risk factors associated with menopause and inactivity.
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F I G U R E  1   Daily hours spent by Americans on various states 
of physical activity. Figure demonstrates that Americans spent the 
majority of their time (≥7 h) in sedentary activities and only 0.2 h 
on moderate or vigorous activity. Adapted from Arnett et al7 [Color 
figure can be viewed at wileyonlinelibrary.com]
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