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30.1	 �Introduction

Physical activity is the antidote to sedentary lifestyle and its consequences, and 
includes all forms of muscle movement. Physical activity may range from ordinary 
activities such as walking or household tasks up to other hard tasks, such as sports 
or several active leisure pursuits. Exercise refers to physical activity specifically 
intended to improve health and/or fitness. There are three main types of exercise: 
stretch, strength, and aerobic exercises. Stretch exercising allows avoiding injury 
and ameliorates performance; strength exercise helps control weight and also avoid 
injury while stimulating bone formation; and aerobic exercise protects cardiovascu-
lar health, that consumes fat mass and contributes at maintaining a healthy weight 
and fitness.
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Physical activity induces cardiocirculatory, endocrine, and metabolic benefits. 
Scientific research during the last three decades has demonstrated that exercise is a 
countermeasure against obesity, cancer, cardiovascular disease, and even mortality. 
It seems that exercise stimulates the immune system [1], mobilizes and delivers 
oxygen and substrate to maintain energy turnover [2] and modifies genetic suscep-
tibility to obesity [3]. In addition, myokine and myometabolites may interfere 
against degenerative diseases and the ageing of systems [4]. The term exercise cor-
responds to physical activity aimed at improving health and fitness. Programmed 
exercise has been used to study different health outcomes. Programmed exercise is 
frequently recommended for peri-, postmenopausal and older women. Although 
programmed exercise may have benefits, some recommendations have been based 
on the results from observational studies, and thus clinical effects are less than 
expected.

The menopausal transition is associated with endocrine adjustments and changes 
in social environment. During this stage, several symptoms and co-morbid compli-
cations are frequent and may vary in intensity and duration. Although vasomotor 
symptoms are perhaps the most frequent during those years, others may prevail for 
longer periods and can be more prevalent than vasomotor symptoms, such as 
changes in body composition and metabolic outcomes, depressive symptoms, mus-
culoskeletal pain, insomnia or sleep disturbances, and both muscle mass and perfor-
mance [5–10]. Despite several studies, it has been difficult to establish the  true 
relationship between the benefits of exercise on these symptoms or conditions dur-
ing the second half of female life. The purpose of this chapter is to review current 
data from selected observational studies, randomized controlled trials (RCTs), and 
meta-analyses regarding the effects of programmed exercise on body composition, 
insulin sensitivity and metabolic endpoints, vasomotor symptoms, sleep quality, and 
emotional prevalent conditions (depressive symptoms, anxiety, and perceived 
stress) in women during the second half of life.

30.2	 �Changes in Body Composition and Physical Activity 
in Mid-Aged and Older Women

Ageing and menopause have impact on body composition, physical fitness, and 
exercise. Changes in body composition is also a marker of the risk of chronic dis-
eases. Around the menopause, there are changes in body composition, although 
weight may stay stable. Total fat mass progressively increases, with a selective 
accumulation in the intra-abdominal compartment, whereas subcutaneous fat may 
stay stable [11]. During early postmenopausal years, the level of physical activity is 
responsible for the variations of fat distribution that occured during the menopausal 
transition, while the menopause onset, per se, has a secondary role [12].

Longitudinal studies in perimenopausal women have shown that there is some 
reduction in energy balance which contributes to total and abdominal fat accumula-
tion. In general, body fat and weight increased significantly over time only in those 
women who became postmenopausal. Using dual-energy X-ray absorptiometry 
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(DEXA) one study reported  [13] that 2 years before the onset of the menopause, 
physical activity decreased and remained low. Follow-up studies using magnetic reso-
nance imaging (MRI) indicate that during the menopausal transition, total abdominal 
fat increases despite no changes in body weight, waist circumference, and physical 
activity, and this evolution was not related to the menopause [14]. In non-obese pre-
menopausal women (mean age 49 years at baseline), a longitudinal study showed that 
there is an increase in fat mass, fat mass percentage, trunk fat mass, visceral fat, 
plasma glucose, and high-density lipoprotein cholesterol (HDL-C). However, women 
did not have metabolic deterioration during the 5-year follow-up [15].

Using MRI, Withaker et al. [16] reported that body mass index (BMI), visceral 
adipose tissue (VAT), and subcutaneous adipose tissue (SAT) accrual in adult men 
and women increased over a 7-year period. Changes in BMI were smaller than those 
observed for VAT, SAT, and VAT/SAT ratio. In addition, VAT, SAT, and VAT/SAT 
gain decreased linearly, and this deceleration was greater in men than in women.

The main objective of physical activity and programmed exercise is to maintain 
a healthy body composition and functional/physical independence. Physical activity 
can improve body composition, although it can be masked if only body weight or 
BMI is measured, and the benefits of exercise are more pronounced in postmeno-
pausal women than in premenopausal ones. In addition, estrogen hormone therapy 
can also provide benefits to body composition [17]. Walking interventions produce 
beneficial changes in body composition in peri- and postmenopausal women. A 
meta-analysis of RCTs reported that walking for at least 4 weeks produced a signifi-
cant reduction in BMI, body weight, and body fat percentage [18].

In young people, strength training improves body composition. In middle-aged 
women, body fat is reduced 1.3% and fat-free mass increased 656 g for each day per 
week of training. Therefore, this type of exercise has a better impact on body com-
position while age, energy, and protein consumption have small effects. Despite 
this, when results are adjusted for differences in physical activity and menopausal 
status the correlations weakened significantly [19].

A RCT regarding a 12-month exercise program, including aerobic and muscle 
strength training in sedentary postmenopausal women (50–69 years), was not asso-
ciated to changes in weight, BMI, and hip circumference although total body fat and 
percentage of body fat were reduced when compared to the control group [20]. 
Therefore, exercise induced changes in body composition and had a positive effect 
on fat distribution. A meta-analysis of RCTs of menopausal women reported a mod-
erate effect of short-term exercise on body fat mass, waist circumference, triglycer-
ide levels, and bone mineral density as compared to women who did not perform 
exercise [21].

A high adherence to a healthy dietary pattern (Mediterranean diet) is inversely 
associated with overweight/obesity in peri- and postmenopausal women. The occur-
rence of low to severe problems during female midlife is positively associated with 
overweight/obesity. It seems that a high adherence to the Mediterranean diet pattern 
and a body mass index of 25 kg/m2 or lower may improve quality of life in peri- and 
postmenopausal women [22]. Dietary and exercise intervention may reduce body 
weight and improve body composition in obese peri- and postmenopausal women. 
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A meta-analysis of RCTs showed that a combination of diet and exercise was asso-
ciated with greater weight loss than dietary intervention alone. In addition, diet 
combined with exercise produced greater fat and lean mass loss than diet alone. It 
seems that exercise may enhance the changes produced by diet over body weight 
and composition [23].

In healthy older women (aged 61–81), combined aerobic and low- to moderate-
intensity exercise for 10 weeks increased muscle strength and gait speed, indepen-
dent of the order of the exercise combination. In addition, there was improvement in 
dynamic balance with moderate-intensity combined training [24].

There is a great discussion regarding the importance of lifestyle and exercise in 
older subjects with sarcopenic obesity in terms of improving muscle mass and per-
formance, and therefore indirectly preventing falls (and thus fractures). A recent 
meta-analysis of RCTs reported that exercise alone or combined with dietary sup-
plementation for at least 6 weeks in elder individuals increased grip strength (upper 
extremity performance), gait speed (lower extremity performance), and appendicu-
lar skeletal muscle mass. In addition, both interventions were associated with a 
reduction of waist circumference, total and trunk fat mass. Therefore, exercise may 
improve both body composition and muscle performance even in that particular 
population [10].

30.3	 �Effect of Exercise on Insulin Sensitivity, Anthropometry, 
and Metabolic Outcomes in Postmenopausal Women

Physical activity and regular exercise may improve different endocrine endpoints, 
including insulin sensitivity, glucose homeostasis, and lipid metabolism. Physical 
activity and exercise (all types of muscular activity) are key factors at maintaining 
glycemic control and insulin sensitivity. Physical activity may also contribute at 
avoiding excessive body weight and co-morbidities such as hypertension, dyslipid-
emia, the metabolic syndrome, and some cancers related to insulin resistance.

Data regarding the effects of exercise on insulin sensitivity in postmenopausal 
women is controversial. We recently performed a systematic review and meta-
analysis of seven RCTs regarding the effects of programmed exercise for at least 12 
weeks of duration on insulin and related outcomes, anthropometric endpoints, and 
metabolic blood variables [25]. Displayed in Table  30.1 are the effects of pro-
grammed exercise on circulating levels of insulin, insulin growth factor 1 (IGF-1), 
IGF-binding protein 3 (IGFBP-3), and values of the homeostatic model assessment-
insulin resistance (HOMA-IR). The duration of programmed exercise was classified 
as “mid-term exercise intervention” (MTEI) for 3–4 months; and “long-term exer-
cise intervention” (LTEI), corresponding to 6 to 12 months of duration. Among the 
most important findings were that exercise for 3–4 months was associated with 
significant lower circulating insulin levels and a reduction of the HOMA-IR values 
when compared to controls; while there were no significant effects of exercise inter-
vention of 6–12 months in comparison to controls. In addition, there were no sig-
nificant differences for circulating levels of IGF-1, glucose, and triglycerides with 
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Table 30.1  Meta-analysis of randomized controlled trials: mean differences (and 95% confi-
dence intervals) between baseline and post-intervention regarding primary and secondary hormone 
and metabolic outcomes

Outcome

Exercise 
interventions 
(n)

Exercise 
(n = women)

Control 
(n = women)

Mean 
difference 
(95% CI)

I2 
(%) P

Insulin (pmol/L)
 � – � Mid-term 

EXE 
intervention

3 110 109 −6.50 (−11.19; 
−1.82)

0 0.006

 � – � Long-term 
EXE 
intervention

4 269 222 −6.73 (−16.91; 
3.44)

0 0.19

HOMA-IR
 � – � Mid-term 

EXE 
intervention

3 110 109 −0.18 (−0.34; 
−0.03)

0 0.02

 � – � Long-term 
EXE 
intervention

3 229 199 −0.13 (−0.76; 
0.50)

39 0.68

IGF-1 (ng/mL)
 � – � Mid-term 

EXE 
intervention

2 109 107 30.98 (−41.68; 
103.64)

87 0.40

 � – � Long-term 
EXE 
intervention

2 204 173 0.66 (−12.09; 
13.41)

0 0.92

IGFBP-3 (ng/mL)
 � – � Long-term 

EXE 
intervention

2 204 173 −307.15 
(−848.62; 
234.33)

64 0.27

BMI (kg/m2)
 � – � Mid-term 

EXE 
intervention

3 45 44 −1.48 (−2.48; 
−0.48)

0 0.004

 � – � Long-term 
EXE 
intervention

3 182 136 −0.72 (−1.92; 
0.48)

0 0.24

Waist circumference (cm)
 � – � Mid-term 

EXE 
intervention

3 45 44 −1.87 (−3.02; 
−0.72)

0 0.001

 � – � Long-term 
EXE 
intervention

3 182 136 −3.74 (−6.68; 
−0.79)

0 0.01

Weight (kg)
 � – � Long-term 

EXE 
intervention

3 182 136 −1.67 (−5.40; 
2.06)

0 0.38

(continued)
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both MTEI and LTEI. On the other hand, there was a significant reduction in BMI 
and body fat percentage after MTEI, and in waist circumference after both MTEI 
and LTEI [25].

Postmenopausal women have lower body fat oxidation and lower energy expen-
diture during exercise, and some four kg less of lean body mass (LBM) than pre-
menopausal women [26]. In non-obese late premenopausal and early postmenopausal 
women, performing high-intensity aerobic exercise for 3 months reduced body 
weight, waist circumference, and fat mass while increasing lean body mass. This 
programmed exercise reduced diastolic blood pressure, total cholesterol, low-
density lipoprotein-cholesterol (LDL-C), and improved insulin response during the 
oral glucose tolerance test [27]. Training increased insulin sensitivity by several 
mechanisms, including augmented expression of hexokinase and glycogen syn-
thase, and the dephosphorylation of glycogen synthase [28].

Metabolic and endocrine effects may vary depending on the type of exercise. For 
instance, a 60 min session of Nordic walking intervention, three times/week, for 12 
weeks produced beneficial changes on BMI, fat mass, insulin levels, blood pressure, 
and probably on endothelial function in healthy postmenopausal women [29].

Di Blasio et al. [30] reported that supervised walking training for 13 weeks in 
postmenopausal women produced a significant reduction of the plasmatic ratio of 
cortisol/dehydroepiandrosterone-sulfate (DHEA-S), which is related to the volume 
of exercise. A minimum training is needed to obtain the significant endocrine ben-
efit. This kind of programmed exercise also influenced inflammatory markers [31].

Table 30.1  (continued)

Outcome

Exercise 
interventions 
(n)

Exercise 
(n = women)

Control 
(n = women)

Mean 
difference 
(95% CI)

I2 
(%) P

Body fat (%)
 � – � Mid-term 

EXE 
intervention

3 45 44 −2.99 (−4.85; 
−1.14)

0 0.002

Glucose (mmol/L)
 � – � Mid-term 

EXE 
intervention

3 110 109 −0.38 (−0.88; 
0.11)

66 0.13

Long-term EXE 
intervention

4 269 222 0.00 (−0.13; 
0.14)

12 0.97

Triglycerides (mmol/L)
 � – � Mid-term 

EXE 
intervention

3 110 109 −0.13 (−0.30; 
0.03)

0 0.12

 � – � Long-term 
EXE 
intervention

3 152 135 −0.07 (−0.26, 
0.12)

0 0.47

Heterogeneity of studies as measured by I2. Data from Bueno-Notivol et al. [25]
BMI body mass index, CI confidence interval, EXE exercise, HOMA-IR homeostasis model assess-
ment of insulin resistance, IGF-1 insulin growth factor 1, IGFBP-3 insulin growth factor binding 
protein
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30.4	 �Vasomotor Symptoms

Vasomotor symptoms, especially hot flashes and night sweats, sometimes associ-
ated with difficulty or disrupted sleep and depressive symptoms, are very common 
in peri- and postmenopausal women [32]. Duration and severity of hot flashes and 
night sweats are quite variable and more intense in obese women [33]. In general, 
these symptoms are related to estrogen changes and respond to hormone therapy. 
As adiposity increases during the menopause transition so do hot flashes, night 
sweats, and sleep disturbances. While adiposity increases insulin resistance, 
weight gain after menopause increases the prevalence of sleep apnea that may 
contribute to poorer sleep and a higher perception of nocturnal hot flashes and 
sweats [34].

In African American and Latin American women, vasomotor symptoms may 
persist for a median of 7 years during the menopausal transition, and may last 
for a longer time if there are negative affective factors, perceived stress, and a 
history of psychiatric consultation [35, 36]. Some women may complain of 
vasomotor symptoms even after their sixties. In Australian community-dwelling 
older women, vasomotor symptoms were associated with depressive symptoms 
[32].

The effect of physical activity and exercise over vasomotor symptoms is 
erratic or nil. Luotto et al. [37] reported that aerobic training may reduce hot 
flushes. The meta-analysis of the few available RCTs suggests that exercise 
versus no physical activity may have not benefit over the frequency or intensity 
of vasomotor symptoms. In addition, there were no differences between groups 
regarding the frequency or intensity of vasomotor symptoms when exercise 
was compared with yoga [38]. The Active Women Trial reported that a 6-month 
exercise intervention, with a further 6-month follow-up, reduced the weekly 
frequency of vasomotor symptoms; although the reduction was not statistically 
significant [39]. However, there were improvements in secondary outcomes 
such as depressive symptoms and anxiety, sleep quality, and sexual behavior, 
despite the fact that these improvements were not significantly different as 
compared to the control group. Therefore, the evidence suggests that exercise 
may have no benefits and thus no increase of physical activity should be advised 
[38, 39].

Yoga has been recommended for the management of vasomotor symptoms. 
Despite this, a RCT reported that Yoga among healthy women for a 12-week period 
did not improve vasomotor symptoms as compared to usual activity; although it 
may reduce insomnia as measured by the Insomnia Severity Index (ISI) [40]. 
Therefore, exercise, yoga, and other relaxation techniques are not recommended 
for the management of vasomotor symptoms [41]. In women with excessive body 
weight, exercise may initiate hot flashes in order to compensate the  increase of 
body temperature. The final consequence is that exercise may be disappointing, 
and full belly breath and hydration  are recommended to reduce exercise heat-
induced hot flashes.

30  Effects of Exercise on Menopausal Prevalent Conditions
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30.5	 �Sleep Quality and Insomnia

Insomnia and sleep disorders are very common in peri- and postmenopausal women, 
reaching in some populations up to 30–40% [5–7, 9]. Sleep disturbances may affect 
45% of women aged more than 65 years, being associated with higher BMI and 
waist circumference. The presence of insomnia was inversely associated with physi-
cal fitness, and women without sleep disturbances showed better quality of life [42].

Insomnia is associated with sleepiness, fatigue, inability to concentrate in daily 
tasks, higher chances of accidents, tendency to gain weight, damage of personal or 
professional relationships, irritability and anxiety during the daytime [6]. Some 
sleep alterations may be related to hormone imbalances and menopause-related 
symptoms (mostly vasomotor symptoms and nocturia). However, women with 
mood disorders, particularly those with depressive symptoms and anxiety may have 
difficulty to fall asleep and/or early awakenings. In addition, chronic insomnia in 
mid-aged women may also be associated to different co-morbid conditions, includ-
ing obstructive sleep apnea and the restless legs syndrome which require an appro-
priate assessment and treatment [43]. The consequences of poor nocturnal sleep are 
fatigue, sleepiness, irritability, and poor work efficacy. In postmenopausal women, 
the long-term consequences of poor quality of sleep and insomnia include increased 
morbidity and mortality [44, 45].

Menopause hormone therapy may improve both vasomotor symptoms and sleep 
disorders. However, the current use of hormones has decreased during the last 
decade or so. Hence, currently, the management of sleep disorders and insomnia can 
be approached by changes in lifestyle, specific pharmacologic medications, and 
alternative therapies [46].

There is a correlation between regular exercise and the reduction of insomnia 
mediated  by a  decrease  of tension and body temperature, hence contributing to 
sleep and staying asleep. This is a reasonable alternative to the use of pharmaco-
logic drugs. Full benefits may be obtained for instance by jogging up to five miles/
week or by spending some time in the gym, and sometimes the best time for exer-
cise is not later in the day. However, exercise in the evening may be associated with 
the benefits related to dietary habit modification [47].

Rubio-Arias et al. [48] reported a meta-analysis of RCTs assessing the effect in 
mid-aged women of programmed exercise for at least 8 weeks on sleep quality, 
sleep disturbance, and/or insomnia, using respectively the Pittsburgh Sleep Quality 
Index (PSQI) and the Insomnia Severity Index (ISI) (Table 30.2). Low-moderate 
levels of programmed exercise decreased the PSQI score as compared with controls. 
In a subgroup analysis, moderate aerobic exercise had a positive effect on sleep 
quality while programmed yoga did not have a significant effect on sleep quality. In 
three studies (two studies of yoga and one of aerobic exercise), there was a non-
significant reduction in the severity of insomnia when compared to controls as mea-
sured with the total ISI score (Table 30.2).

A RCT reported that yoga and aerobic exercise interventions had no significant 
effects on sleep actigraphic sleep parameters in menopausal women with hot flashes 
and poor self-reported sleep quality [49]. Another RCT reported that progressive 
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relaxation exercises (once a week, for 8 weeks) and sleep hygiene training may 
improve insomnia in postmenopausal women as measured with the Women’s Health 
Initiative Insomnia Rating Scale [50].

30.6	 �Effect of Exercise on Depressive Symptoms, Anxiety, 
and Perceived Stress

Reports indicate that exercise has benefits on the mental health, by creating a sub-
jective sensation of well-being, but also through brain mechanisms improving the 
production of some neurotransmitters and neurotrophic factors that favor neuronal 
function and their connections. In addition, exercise may also contribute by regulat-
ing emotions and the respiratory function which may be positive for the anxious 
status [50]. However, clinical results cannot be generalized to different ages or con-
ditions. We reviewed the most recent evidence from RCTs and meta-analyses 
related to women during their second half of life (Table 30.3).

30.6.1	 �Depressive Symptoms and Exercise

Depending on the diagnostic procedure, the  prevalence of depressive symptoms 
may increase two-fold in women during their second half of life as compared to men 
[8, 53, 54]. It is important to consider that a large proportion of women with depres-
sive disorders may have autoimmune thyroiditis [55]. In addition, depressive symp-
toms are more common among women who take antidepressants, are obese or 
tobacco consumers, live in insecure economic situations, have lower educational or 
economical level, have menopause-related symptoms (vaginal atrophy or vasomo-
tor symptoms) or pelvic floor symptoms, and lack regular physical exercising. 
Contrary to this, having a partner and a paid job exerted a protective role [8, 32, 56].

Table 30.2  Meta-analysis of randomized controlled trials: mean differences (and 95% confi-
dence intervals]) in sleep quality as assessed with the Pittsburgh Sleep Quality Index (overall effect 
and subgroup by type of physical activity), and insomnia with the Insomnia Severity Index

Outcome
Exercise 
interventions (n)

Exercise 
(n = women)

Control 
(n = women)

Mean difference 
(95% CI)

I2 
(%) P

Pittsburgh Sleep Quality Index
 � – � Overall 

effect
5 354 396 −1.34 (−2.67; 

0.00)
68 0.05

 � – � Aerobic 
activity

3 198 226 −1.85 (−3.62; 
−0.07)

73 0.04

 � –  Yoga 2 156 170 −0.46 (−1.79; 
0.88)

0 0.50

Insomnia 
Severity Index

3 194 275 −1.44 (−3.28; 
0.40)

0 0.13

Heterogeneity of studies as measured by I2. Data from Rubio-Arias et al. [48]
CI confidence interval
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Depressive mood affected 36% of mid-aged South American women (peri- and 
postmenopausal), with a higher rate observed among minorities (Afro-Colombian 
or Quechua women) due to ethnicity or other social discriminatory factors, hot flush 
severity, hormone therapy use, sedentary lifestyle, perceived unhealthy status, and 
lower educational level. Contrary to this, higher coital frequency and having a 
healthy partner without premature ejaculation were associated to less depressed 
mood [57].

The meta-analysis of few small RCTs reported that exercise may be mildly effec-
tive at reducing symptoms of depression, and compared to psychological or phar-
macological treatments exercise seems to be  less effective in adults aged 18 and 
over [58]. Exercise may be beneficial for people with mild and moderate depression 
and mood swings, if they are healthy enough to perform physical activity [59, 60]. 
A recent meta-analysis of RCTs suggests that exercise may be recommended in 
women during the second half of life with mild to moderate depressive symptoms, 
and the benefits may be obtained with exercise of low to moderate intensity 
(Table 30.3). The benefit of exercise was similar to physical activity of low and 
moderate intensity. Therefore, women with co-morbid conditions would benefit 
even with low-intensity physical activity [51].

It is likely that exercise be an opportunity for recreation and social meeting in 
women with depressive symptoms in their second half of life. In addition exercise 
improves motor and cognitive functions, and may be as effective as antidepressants 
[61]. Endorphins, cytokines, and other inflammatory markers have not been studied 
in peri- and postmenopausal women before, during, or after physical activity. 

Table 30.3  Meta-analysis of randomized controlled trials: standardized mean differences (and 
95% confidence intervals) between baseline and post-intervention regarding depressive and anxi-
ety symptoms

Outcome

Exercise 
interventions 
(n)

Exercise 
(n = women)

Control 
(n = women)

Mean 
difference 
(95% CI)

I2 
(%) P

Depressive symptoms
 � – � Mid-term 

EXE 
intervention

7 368 441 −0.44 (−0.69; 
−0.18)

64 0.0008

 � – � Long-term 
EXE 
intervention

6 602 573 −0.29 (−0.49; 
−0.09)

57 0.005

Anxiety symptoms
 � – � Mid-term 

EXE 
intervention

8 437 502 −0.42 (−0.81; 
−0.02)

87 0.04

 � – � Long-term 
EXE 
intervention

7 536 477 −0.03 (−0.18; 
0.13)

29 0.74

Heterogeneity of studies as measured by I2. Data from Pérez-Lopez et  al. [51] and Martínez-
Domínguez et al. [52], respectively
CI confidence interval
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Exercise may also improve serotonin secretion since physical exercise modulates 
neurogenesis which is associated with mood improvement and changes in serotonin 
levels, tryptophan metabolism, and insulin sensitivity [25, 62, 63]. It is also possible 
that some muscle biochemical signals may improve central nervous system func-
tions and reduce depressed mood [64].

30.6.2	 �Anxiety Symptoms and Exercise

Anxiety symptoms (ASs) are very prevalent among mid-aged and older women 
although there is no clear relationship with the menopausal transition. Available stud-
ies were characterized as having poor measurement of both menopausal status and 
anxiety symptoms; in addition, confounding factors such as severity of vasomotor 
symptoms or sleep disorders were not clearly assessed [65]. It has been postulated that 
the severity of the majority of menopausal symptoms, including anxiety symptoms, 
are related to the way recent life conditions and events are perceived during the midlife 
and later years [66]. It has been repeatedly reported that anxiety symptoms can be 
reduced by regular exercise, especially if having time to focus on breathing [67].

Several meta-analyses have studied the effect of exercise or physical activity on 
mild to moderate anxiety symptoms in the general population [68, 69]. However, a 
recent meta-analysis of RCTs including mid-aged and older women reported that 
mid-term (12 weeks to 4 months) programmed exercise of low to moderate intensity 
was associated with a mild and significant reduction of anxiety symptoms as com-
pared to controls (Table 30.3). However, long-term exercise interventions for 6–14 
months were not associated with a reduction of anxiety symptoms [52]. It seems 
that the benefits of exercise on anxiety symptoms are limited in time, becoming less 
effective over time. It remains to be demonstrated if more intense exercise can pro-
long or maintain the reduction of anxiety in long-term programmed exercise.

The aforementioned meta-analysis had some limitations, including the heteroge-
neity of analyzed RCTs, the use of small samples of subjects, limited information 
regarding secondary outcomes and confounding factors, and the lack of more objec-
tive endpoints including inflammatory markers.

30.6.3	 �Perceived Stress and Exercise

Perceived stress is a reaction to environmental conditions associated with the activa-
tion of the nervous system, negative sensations and, if sustained, with adverse health 
consequences. In addition, perceived stress is influenced by family and social fac-
tors, general health, smoking and other drug use, insomnia and anxiety, education, 
and financial difficulties. Different approaches have recommended including physi-
cal activity and exercise, psychological technique, relaxation, behavioral therapies, 
and programmed exercise.

Perceived stress is more prevalent in women than in men, with high rates among 
women during the second half of life [70]. Factors related with higher perceived 
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stress include female age, lower education, lower psychological and urogenital 
quality of life, and financial difficulties [7]. Stress in premenopausal women is asso-
ciated with a reduction in cognitive parameters such as attention, fluency, and lan-
guage ability without affecting memory; while in postmenopausal women the 
majority of cognitive functions are reduced [71]. Longitudinal studies also showed 
that perceived stress is associated to increased C-reactive protein levels in women, 
but not in men [72].

According to observational studies,  physical activity and exercise are recom-
mended to reduce perceived stress [73, 74]; although there are controversial results 
in women during their second period of life (midlife and older women) [75–77]. We 
performed a meta-analysis of five RCTs regarding the effect of exercise on perceived 
stress, as measured with the Cohen Perceived Stress Scale, in middle-aged and older 
women [78]. Programmed exercise did not have any significant effect on measured 
perceived stress in mid-term and long-term interventions as compared to controls.

30.7	 �Effect of Exercise on Bone Mineral Density

There are several meta-analyses reporting the effect of exercise on bone mineral 
density (BMD) indicating a significant increase on femoral neck and lumbar spine 
BMD [79–81]. Contrary to this, another meta-analysis reported that in premeno-
pausal women high-intensity progressive resistance training increased BMD at the 
lumbar spine but not at the femoral neck [82]. Future studies should provide better 
information on the effect of exercise at different ages and with different intensity 
and duration of physical activity.

30.8	 �Limitations of Current Evidence and Future Directions

The World Health Organization recommends that adults should engage in at least 
150  min of moderate-intensity aerobic physical activity throughout the week or 
engage in at least 75 min of vigorous-intensity aerobic physical activity throughout 
the week or an equivalent combination of moderate- and vigorous-intensity activity 
[83]. However, sedentary women can incorporate walking into their everyday life 
and progressively move to more intense exercise for major muscle groups. Daily 
activities, such as walking and climbing, have also shown health benefits and are 
consistent when people exercise over longer periods of time [84]. Despite this, there 
are also biased information from observational studies favoring exercise as the pan-
acea for many aspects [85] which are not confirmed by RCTs.

The available evidence included a variety of types of exercise by intensity and 
frequency which are not comparable and do not allow a systematic assessment in 
order  to define risks and benefits. The American College of Sport Medicine has 
Guidelines for Physical Activity in Adults with general recommendations for physi-
cal activity, aerobic activity, and strength activity [86]. Clinicians should counsel 
postmenopausal and older women on how much physical activity and programmed 
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exercise is needed to maintain a healthy status, to promote weight loss and to main-
tain weight and obtain realistic expectations on the different outcomes reviewed in 
this manuscript.

Although the minimum recommended aerobic physical activity (150  min of 
moderate or 75  min of vigorous exercise per week) can improve cardiovascular 
health [87], the levels of programmed exercise should be tailored according to the 
outcomes to be corrected (insulin sensitivity, blood metabolic endpoints, emotional 
complaints), and according to the individual health status, age, and clinical goals. 
New alternatives to conventional programmed exercise, such as whole body electro-
myostimulation, or complements, such as adequate dietary supplementation, need 
to be assessed in postmenopausal women [10, 88].

Futures studies should incorporate more sophisticated and well-defined clinical 
and metabolic outcomes in order  to improve the current limitations of available 
studies and define the effect of exercise on different prevalent conditions during the 
second half of life.

Competing Interest  None to declare
Funding: None.

References

	 1.	Pedersen BK, Akerström TC, Nielsen AR, Fischer CP.  Role of myokines in exercise and 
metabolism. J Appl Physiol (1985). 2007;103:1093–8.

	 2.	Ball D. Metabolic and endocrine response to exercise: sympathoadrenal integration with skel-
etal muscle. J Endocrinol. 2015;224:R79–95.

	 3.	Ochs-Balcom H, Preus L, Jing N, et al. Physical activity modifies genetic susceptibility to 
obesity in postmenopausal women. Menopause. 2018;25:1131–7.

	 4.	Rai M, Demontis F. Systemic nutrient and stress signaling via myokines and myometabolites. 
Annu Rev Physiol. 2016;78:85–107.

	 5.	Chedraui P, Pérez-López FR, Mendoza M, Leimberg ML, Martínez MA, Vallarino V, Hidalgo 
L. Factors related to increased daytime sleepiness during the menopausal transition as evalu-
ated by the Epworth sleepiness scale. Maturitas. 2010;65:75–80.

	 6.	Arakane M, Castillo C, Rosero MF, Peñafiel R, Pérez-López FR, Chedraui P. Factors relating 
to insomnia during the menopausal transition as evaluated by the Insomnia Severity Index. 
Maturitas. 2011;69:157–61.

	 7.	Cuadros JL, Fernández-Alonso AM, Cuadros-Celorrio AM, Fernández-Luzón N, Guadix-
Peinado MJ, del Cid-Martín N, Chedraui P, Pérez-López FR, MenopAuse Risk Assessment 
(MARIA) Research Group. Perceived stress, insomnia and related factors in women around 
the menopause. Maturitas. 2012;72:367–72.

	 8.	Llaneza P, García-Portilla MP, Llaneza-Suárez D, Armott B, Pérez-López FR. Depressive dis-
orders and the menopause transition. Maturitas. 2012;71:120–30.

	 9.	Ornat L, Martínez-Dearth R, Chedraui P, Pérez-López FR.  Assessment of subjective sleep 
disturbance and related factors during female mid-life with the Jenkins Sleep Scale. Maturitas. 
2014;77:344–50.

	10.	Hita-Contreras F, Bueno-Notivol J, Martínez-Amat A, Cruz-Díaz D, Hernandez AV, Pérez-
López FR. Effect of exercise alone or combined with dietary supplements on anthropometric 
and physical performance measures in community-dwelling elderly people with sarcopenic 
obesity: a meta-analysis of randomized controlled trials. Maturitas. 2018;116:24–35.

30  Effects of Exercise on Menopausal Prevalent Conditions



480

	11.	Toth MJ, Tchernof A, Sites CK, Poehlman ET. Effect of menopausal status on body composi-
tion and abdominal fat distribution. Int J Obes Relat Metab Disord. 2000;24:226–31.

	12.	Kanaley JA, Sames C, Swisher L, Swick AG, Ploutz-Snyder LL, Steppan CM, Sagendorf KS, 
Feiglin D, Jaynes EB, Meyer RA, Weinstock RS. Abdominal fat distribution in pre- and post-
menopausal women: the impact of physical activity, age, and menopausal status. Metabolism. 
2001;50:976–82.

	13.	Lovejoy JC, Champagne CM, de Jonge L, Xie H, Smith SR. Increased visceral fat and decreased 
energy expenditure during the menopausal transition. Int J Obes (Lond). 2008;32:949–58.

	14.	Franklin RM, Ploutz-Snyder L, Kanaley JA. Longitudinal changes in abdominal fat distribu-
tion with menopause. Metabolism. 2009;58:311–5.

	15.	Abdulnour J, Doucet E, Brochu M, Lavoie JM, Strychar I, Rabasa-Lhoret R, Prud’homme 
D. The effect of the menopausal transition on body composition and cardiometabolic risk fac-
tors: a Montreal-Ottawa New Emerging Team group study. Menopause. 2012;19:760–7.

	16.	Whitaker KM, Choh AC, Lee M, Towne B, Czerwinski SA, Demerath EW. Sex differences 
in the rate of abdominal adipose accrual during adulthood: the Fels Longitudinal Study. Int J 
Obes (Lond). 2016;40:1278–85.

	17.	Guo SS, Zeller C, Chumlea WC, Siervogel RM. Aging, body composition, and lifestyle: the 
Fels Longitudinal Study. Am J Clin Nutr. 1999;70:405–11.

	18.	Gao HL, Gao HX, Sun FM, Zhang L. Effects of walking on body composition in perimeno-
pausal and postmenopausal women: a systematic review and meta-analysis. Menopause. 
2016;23:928–34.

	19.	Burrup R, Tucker LA, LE Cheminant JD, Bailey BW. Strength training and body composition 
in middle-age women. J Sports Med Phys Fitness. 2018;58:82–91.

	20.	Velthuis MJ, Schuit AJ, Peeters PH, Monninkhof EM. Exercise program affects body compo-
sition but not weight in postmenopausal women. Menopause. 2009;16:777–84.

	21.	Yeh ML, Liao RW, Hsu CC, Chung YC, Lin JG. Exercises improve body composition, cardio-
vascular risk factors and bone mineral density for menopausal women: a systematic review and 
meta-analysis of randomized controlled trials. Appl Nurs Res. 2018;40:90–8.

	22.	Sayón-Orea C, Santiago S, Cuervo M, Martínez-González MA, Garcia A, Martínez 
JA.  Adherence to Mediterranean dietary pattern and menopausal symptoms in relation to 
overweight/obesity in Spanish perimenopausal and postmenopausal women. Menopause. 
2015;22:750–7.

	23.	Cheng CC, Hsu CY, Liu JF. Effects of dietary and exercise intervention on weight loss and 
body composition in obese postmenopausal women: a systematic review and meta-analysis. 
Menopause. 2018;25:772–82.

	24.	Shiotsu Y, Yanagita M. Comparisons of low-intensity versus moderate-intensity combined 
aerobic and resistance training on body composition, muscle strength, and functional perfor-
mance in older women. Menopause. 2018;25:668–75.

	25.	Bueno-Notivol J, Calvo-Latorre J, Alonso-Ventura V, Pasupuleti V, Hernandez AV, Pérez-
López FR, Health Outcomes and Systematic Analyses (HOUSSAY) Project. Effect of pro-
grammed exercise on insulin sensitivity in postmenopausal women: a systematic review and 
meta-analysis of randomized controlled trials. Menopause. 2017;24:1404–13.

	26.	Abildgaard J, Pedersen AT, Green CJ, Harder-Lauridsen NM, Solomon TP, Thomsen C, 
Juul A, Pedersen M, Pedersen JT, Mortensen OH, Pilegaard H, Pedersen BK, Lindegaard 
B. Menopause is associated with decreased whole body fat oxidation during exercise. Am J 
Physiol Endocrinol Metab. 2013;304:E1227–36.

	27.	Mandrup CM, Egelund J, Nyberg M, et al. Effects of high-intensity training on cardiovascular 
risk factors in pre- and postmenopausal women. Am J Obstet Gynecol. 2017;216:384e1–384.
e11.

	28.	Mandrup CM, Egelund J, Nyberg M, Enevoldsen LH, Kjær A, Clemmensen AE, Christensen 
AN, Suetta C, Frikke-Schmidt R, Steenberg DE, Wojtaszewski JFP, Hellsten Y, Stallknecht 
BM. Effects of menopause and high-intensity training on insulin sensitivity and muscle metab-
olism. Menopause. 2018;25:165–75.

S. J. Martínez-Domínguez et al.



481

	29.	Pospieszna B, Karolkiewicz J, Tarnas J, Lewandowski J, Laurentowska M, Pilaczyńska-
Szcześniak Ł. Influence of 12-week Nordic Walking training on biomarkers of endothelial 
function in healthy postmenopausal women. J Sports Med Phys Fitness. 2017;57:1178–85.

	30.	Di Blasio A, Izzicupo P, Di Baldassarre A, Gallina S, Bucci I, Giuliani C, Di Santo S, Di Iorio 
A, Ripari P, Napolitano G. Walking training and cortisol to DHEA-S ratio in postmenopause: 
an intervention study. Women Health. 2018;58:387–402.

	31.	 Izzicupo P, D’Amico MA, Bascelli A, Di Fonso A, D’Angelo E, Di Blasio A, Bucci I, 
Napolitano G, Gallina S, Di Baldassarre A. Walking training affects dehydroepiandrosterone 
sulfate and inflammation independent of changes in spontaneous physical activity. Menopause. 
2013;20:455–63.

	32.	Zeleke BM, Bell RJ, Billah B, Davis SR. Vasomotor symptoms are associated with depressive 
symptoms in community-dwelling older women. Menopause. 2017;24:1365–71.

	33.	Fernández-Alonso AM, Cuadros JL, Chedraui P, Mendoza M, Cuadros AM, Pérez-López 
FR. Obesity is related to increased menopausal symptoms among Spanish women. Menopause 
Int. 2010;16:105–10.

	34.	Gao CC, Kapoor E, Lipford MC, Miller VM, Schroeder DR, Mara KC, Faubion SS. Association 
of vasomotor symptoms and sleep apnea risk in midlife women. Menopause. 2018;25:391–8.

	35.	Avis NE, Crawford SL, Greendale G, Bromberger JT, Everson-Rose SA, Gold EB, Hess R, 
Joffe H, Kravitz HM, Tepper PG, Thurston RC, Study of Women’s Health Across the Nation. 
Duration of menopausal vasomotor symptoms over the menopause transition. JAMA Intern 
Med. 2015;175:531–9.

	36.	Blümel JE, Chedraui P, Baron G, Belzares E, Bencosme A, Calle A, Danckers L, Espinoza 
MT, Flores D, Gomez G, Hernandez-Bueno JA, Izaguirre H, Leon-Leon P, Lima S, Mezones-
Holguin E, Monterrosa A, Mostajo D, Navarro D, Ojeda E, Onatra W, Royer M, Soto E, 
Tserotas K, Vallejo S, Collaborative Group for Research of the Climacteric in Latin America 
(REDLINC). A large multinational study of vasomotor symptom prevalence, duration, and 
impact on quality of life in middle-aged women. Menopause. 2011;18:778–85.

	37.	Luoto R, Moilanen J, Heinonen R, Mikkola T, Raitanen J, Tomas E, Ojala K, Mansikkamäki 
K, Nygård CH. Effect of aerobic training on hot flushes and quality of life—a randomized 
controlled trial. Ann Med. 2012;44:616–26.

	38.	Daley A, Stokes-Lampard H, Thomas A, MacArthur C. Exercise for vasomotor menopausal 
symptoms. Cochrane Database Syst Rev. 2014;(11):CD006108.

	39.	Daley AJ, Thomas A, Roalfe AK, Stokes-Lampard H, Coleman S, Rees M, Hunter MS, 
MacArthur C. The effectiveness of exercise as treatment for vasomotor menopausal symp-
toms: randomised controlled trial. BJOG. 2015;122:565–75.

	40.	Newton KM, Reed SD, Guthrie KA, Sherman KJ, Booth-LaForce C, Caan B, Sternfeld B, 
Carpenter JS, Learman LA, Freeman EW, Cohen LS, Joffe H, Anderson GL, Larson JC, Hunt 
JR, Ensrud KE, LaCroix AZ. Efficacy of yoga for vasomotor symptoms: a randomized con-
trolled trial. Menopause. 2014;21:339–46.

	41.	NAMS.  Nonhormonal management of menopause-associated vasomotor symptoms: 2015 
position statement of The North American Menopause Society. Menopause. 2015;22:1155–72.

	42.	Moreno-Vecino B, Arija-Blázquez A, Pedrero-Chamizo R, Gómez-Cabello A, Alegre LM, 
Pérez-López FR, González-Gross M, Casajús JA, Ara I, EXERNET Group. Sleep distur-
bance, obesity, physical fitness and quality of life in older women: EXERNET study group. 
Climacteric. 2017;20:72–9.

	43.	Attarian H, Hachul H, Guttuso T, Phillips B. Treatment of chronic insomnia disorder in meno-
pause: evaluation of literature. Menopause. 2015;22:674–84.

	44.	Pérez-López FR, Chedraui P, Gilbert JJ, Pérez-Roncero G. Cardiovascular risk in menopausal 
women and prevalent related co-morbid conditions: facing the post-Women’s Health Initiative 
era. Fertil Steril. 2009;92:1171–86.

	45.	Javaheri S, Redline S. Insomnia and risk of cardiovascular disease. Chest. 2017;152:435–44.
	46.	Maness DL, Khan M.  Nonpharmacologic management of chronic insomnia. Am Fam 

Physician. 2015;92:1058–64.

30  Effects of Exercise on Menopausal Prevalent Conditions



482

	47.	Di Blasio A, Di Donato F, Mastrodicasa M, Fabrizio N, Di Renzo D, Napolitano G, Petrella 
V, Gallina S, Ripari P.  Effects of the time of day of walking on dietary behaviour, body 
composition and aerobic fitness in post-menopausal women. J Sports Med Phys Fitness. 
2010;50:196–201.

	48.	Rubio-Arias JÁ, Marín-Cascales E, Ramos-Campo DJ, Hernandez AV, Pérez-López FR. Effect 
of exercise on sleep quality and insomnia in middle-aged women: a systematic review and 
meta-analysis of randomized controlled trials. Maturitas. 2017;100:49–56.

	49.	Buchanan DT, Landis CA, Hohensee C, Guthrie KA, Otte JL, Paudel M, Anderson GL, Caan 
B, Freeman EW, Joffe H, LaCroix AZ, Newton KM, Reed SD, Ensrud KE. Effects of yoga and 
aerobic exercise on actigraphic sleep parameters in menopausal women with hot flashes. J Clin 
Sleep Med. 2017;13:11–8.

	50.	Duman M, Timur TS. The effect of sleep hygiene education and relaxation exercises on 
insomnia among postmenopausal women: a randomized clinical trial. Int J Nurs Pract. 
2018;4:e12650.

	51.	Pérez-López FR, Martínez-Domínguez SJ, Lajusticia H, Chedraui P. Effects of programmed 
exercise on depressive symptoms in midlife and older women: a meta-analysis of randomized 
controlled trials. Maturitas. 2017;106:38–47.

	52.	Martínez-Domínguez SJ, Lajusticia H, Chedraui P, Pérez-López FR, Health Outcomes and 
Systematic Analyses (HOUSSAY) Project. The effect of programmed exercise over anxi-
ety symptoms in midlife and older women: a meta-analysis of randomized controlled trials. 
Climacteric. 2018;21:123–31.

	53.	Mitchell AJ, Vaze A, Rao S. Clinical diagnosis of depression in primary care: a meta-analysis. 
Lancet. 2009;374:609–19.

	54.	Pérez-López FR, Pérez-Roncero G, Fernández-Iñarrea J, Fernández-Alonso AM, 
Chedraui P, Llaneza P, MARIA (MenopAuse RIsk Assessment) Research Group. 
Resilience, depressed mood, and menopausal symptoms in postmenopausal women. 
Menopause. 2014;21:159–64.

	55.	Siegmann EM, Müller HHO, Luecke C, Philipsen A, Kornhuber J, Grömer TW. Association of 
depression and anxiety disorders with autoimmune thyroiditis: a systematic review and meta-
analysis. JAMA Psychiat. 2018;75:577–84.

	56.	Tsai KW, Lin SC, Koo M. Correlates of depressive symptoms in late middle-aged Taiwanese 
women: findings from the 2009 Taiwan National Health Interview Survey. BMC Womens 
Health. 2017;17:103.

	57.	Salazar-Pousada D, Monterrosa-Castro A, Ojeda E, Sánchez SC, Morales-Luna IF, Pérez-
López FR, Chedraui P, Research Group for the Omega II Womenʼs Health Project. Evaluation 
of depressive symptoms in mid-aged women: report of a multicenter South American study. 
Menopause. 2017;24:1282–8.

	58.	Cooney GM, Dwan K, Greig CA, Lawlor DA, Rimer J, Waugh FR, McMurdo M, Mead 
GE. Exercise for depression. Cochrane Database Syst Rev. 2013;(9):CD004366.

	59.	Moilanen JM, Mikkola TS, Raitanen JA, Heinonen RH, Tomas EI, Nygård CH, Luoto 
RM.  Effect of aerobic training on menopausal symptoms--a randomized controlled trial. 
Menopause. 2012;19:691–6.

	60.	Josefsson T, Lindwall M, Archer T.  Physical exercise intervention in depressive disorders: 
meta-analysis and systematic review. Scand J Med Sci Sports. 2014;24:259–72.

	61.	Netz Y.  Is the comparison between exercise and pharmacologic treatment of depression in 
the clinical practice guideline of the american college of physicians evidence-based? Front 
Pharmacol. 2017;8:257.

	62.	Melancon MO, Lorrain D, Dionne IJ.  Changes in markers of brain serotonin activity in 
response to chronic exercise in senior men. Appl Physiol Nutr Metab. 2014;39:1250–6.

	63.	Yuan TF, Paes F, Arias-Carrión O, Ferreira Rocha NB, de Sá Filho AS, Machado S. Neural 
mechanisms of exercise: anti-depression, neurogenesis, and serotonin signaling. CNS Neurol 
Disord Drug Targets. 2015;14:1307–11.

	64.	Agudelo LZ, Femenía T, Orhan F, Porsmyr-Palmertz M, Goiny M, Martinez-Redondo V, 
Correia JC, Izadi M, Bhat M, Schuppe-Koistinen I, Pettersson AT, Ferreira DMS, Krook A, 

S. J. Martínez-Domínguez et al.



483

Barres R, Zierath JR, Erhardt S, Lindskog M, Ruas JL.  Skeletal muscle PGC-1α1 modu-
lates kynurenine metabolism and mediates resilience to stress-induced depression. Cell. 
2014;159:33–45.

	65.	Bryant C, Judd FK, Hickey M. Anxiety during the menopausal transition: a systematic review. 
J Affect Disord. 2012;139:141–8.

	66.	Pimenta F, Leal I, Maroco J, Ramos C. Menopausal symptoms: do life events predict severity 
of symptoms in peri- and post-menopause? Maturitas. 2012;72:324–31.

	67.	Mansikkamäki K, Raitanen J, Malila N, Sarkeala T, Männistö S, Fredman J, Heinävaara S, 
Luoto R. Physical activity and menopause-related quality of life - a population-based cross-
sectional study. Maturitas. 2015;80:69–74.

	68.	Bartley CA, Hay M, Bloch MH. Meta-analysis: aerobic exercise for the treatment of anxiety 
disorders. Prog Neuropsychopharmacol Biol Psychiatry. 2013;45:34–9.

	69.	Ensari I, Greenlee TA, Motl RW, Petruzzello SJ. Meta-analysis of acute exercise effects on 
state anxiety: an updated of randomized controlled trials over the past 25 years. Depress 
Anxiety. 2015;32:624–34.

	70.	Cohen S, Janicki-Deverts D.  Who’s stressed? Distributions of psychological stress in 
the United States in probability samples from 1983, 2006, and 2009. J Appl Soc Psychol. 
2012;42:1320–34.

	71.	Ramesh MB, Ammu S, Nayanatara AK, Vinodini NA, Pratik KC, Anupama N, Bhagyalakshmi 
K. A comparative study of the effect of stress on the cognitive parameters in women with 
increased body mass index before and after menopause. J Basic Clin Physiol Pharmacol. 
2018;29:469–71.

	72.	Barbosa-Leiker C, Roper V, McPherson S, Lei M, Wright B, Hoekstra T, Kostick M. Cross-
sectional and longitudinal relationships between perceived stress and C-reactive protein in men 
and women. Stress Health. 2014;30:158–65.

	73.	Salmon P. Effects of physical exercise on anxiety, depression, and sensitivity to stress. Clin 
Psychol Rev. 2001;21:33–61.

	74.	Guérin E, Biagé A, Goldfield G, Prud’homme D. Physical activity and perceptions of stress dur-
ing the menopause transition: a longitudinal study. J Health Psychol. 2017:1359105316683787.

	75.	Hansen CJ, Stevens LC, Richard CJ. Exercise duration and mood state: how much is enough 
to feel better. Health Psychol. 2001;20:267–75.

	76.	Bond DS, Lyle RM, Tappe MK, Seehafer RS, D’Zurilla TJ. Moderate aerobic exercise, T’ai 
chi, and social problem-solving ability in relation to psychological stress. Int J Stress Manage. 
2002;9:329–43.

	77.	Elavsky S, Gold CH. Depressed mood but not fatigue mediate the relationship between physi-
cal activity and perceived stress in middle-aged women. Maturitas. 2009;64:235–40.

	78.	Nigdelis MP, Martínez-Domínguez SJ, Goulis DG, Pérez-López FR. Effect of programmed 
exercise on perceived stress in middle-aged and old women: a meta-analysis of randomized 
trials. Maturitas. 2018;114:1–8.

	79.	Martyn-St James M, Carroll S. A meta-analysis of impact exercise on postmenopausal bone 
loss: the case for mixed loading exercise programmes. Br J Sports Med. 2009;43:898–908.

	80.	Kelley GA, Kelley KS, Kohrt WM. Effects of ground and joint reaction force exercise on lum-
bar spine and femoral neck bone mineral density in postmenopausal women: a meta-analysis 
of randomized controlled trials. BMC Musculoskelet Disord. 2012;13:177.

	81.	Zhao R, Zhao M, Xu Z. The effects of differing resistance training modes on the preserva-
tion of bone mineral density in postmenopausal women: a meta-analysis. Osteoporos Int. 
2015;26:1605–18.

	82.	Martyn-St James M, Carroll S. Progressive high-intensity resistance training and bone mineral 
density changes among premenopausal women: evidence of discordant site-specific skeletal 
effects. Sports Med. 2006;36:683–704.

	83.	Oja P, Titze S. Physical activity recommendations for public health: development and policy. 
EPMA J. 2011;2:253–9.

	84.	Sriram U, LaCroix AZ, Barrington WE, et al. Neighborhood walkability and adiposity in the 
Women’s Health Initiative Cohort. Am J Prev Med. 2016;51:722–30.

30  Effects of Exercise on Menopausal Prevalent Conditions



484

	85.	Mikkelsen K, Stojanovska L, Polenakovic M, Bosevski M, Apostolopoulos V. Exercise and 
mental health. Maturitas. 2017;106:48–56.

	86.	American College of Sports Medicine ACSM’s Guidelines for Exercise Testing and 
Prescription the Tenth Edition. ISBN/ISSN 9781496339065.

	87.	Swift DL, McGee JE, Earnest CP, Carlisle E, Nygard M, Johannsen NM. The effects of exercise 
and physical activity on weight loss and maintenance. Prog Cardiovasc Dis. 2018;61:206–13.

	88.	Kemmler W, Teschler M, Weissenfels A, Bebenek M, von Stengel S, Kohl M, Freiberger E, 
Goisser S, Jakob F, Sieber C, Engelke K. Whole-body electromyostimulation to fight sarcope-
nic obesity in community-dwelling older women at risk. Results of the randomized controlled 
FORMOsA-sarcopenic obesity study. Osteoporos Int. 2016;27:3261–70.

S. J. Martínez-Domínguez et al.


	30: Effects of Exercise on Menopausal Prevalent Conditions
	30.1	 Introduction
	30.2	 Changes in Body Composition and Physical Activity in Mid-Aged and Older Women
	30.3	 Effect of Exercise on Insulin Sensitivity, Anthropometry, and Metabolic Outcomes in Postmenopausal Women
	30.4	 Vasomotor Symptoms
	30.5	 Sleep Quality and Insomnia
	30.6	 Effect of Exercise on Depressive Symptoms, Anxiety, and Perceived Stress
	30.6.1	 Depressive Symptoms and Exercise
	30.6.2	 Anxiety Symptoms and Exercise
	30.6.3	 Perceived Stress and Exercise

	30.7	 Effect of Exercise on Bone Mineral Density
	30.8	 Limitations of Current Evidence and Future Directions
	References




