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Habitual participation in physical activity results in many health benefits, including
increased longevity, decreased risk of cardiorespiratory and metabolic diseases and some
cancers (most notably colon and breast), maintenance of energy balance, and improved
musculoskeletal, functional and mental health.1 The extensive evidence base demonstrating
these beneficial effects suggests that they apply to the adult population as a whole, women
as well as men and older as well as younger. However, the question of whether physical
activity attenuates any of the adverse health effects that frequently accompany the
menopausal transition, such as occurrence of vasomotor symptoms (VMS), increases in
weight and body fat, decreases in bone density, and changes in mood and somatic
symptoms, has not been fully explored. In this article, we review the existing literature
relevant to this question, drawing on findings from the Study of Women’s Health Across the
Nation (SWAN) and other studies of midlife women’s health.

PHYSICAL ACTIVITY AND VMS
Considerable uncertainty still exists regarding the role of physical activity in reducing the
risk of developing hot flashes and night sweats and the efficacy of physical activity as a
treatment for VMS. The first analysis of this question in SWAN found an inverse
association between physical activity and the occurrence of VMS, independent of potential
confounding variables, based on cross-sectional data from the initial screening survey of
over 16,000 women, ages 40 to 55, of varying menopausal status.2 However, this result was
not confirmed in 2 subsequent SWAN analyses conducted in the SWAN cohort, which
found neither a cross-sectional relation at baseline between physical activity and VMS3 nor
a longitudinal relation over 5 years of follow-up.4 In both of these studies, physical activity
was associated with fewer VMS in bivariate analyses, but the association did not persist
after adjustment for confounders, particularly body mass index (BMI) and overall health.
Complicating the picture in SWAN even further, a report by Gold et al5 from the Daily
Hormone Study, a substudy of SWAN, found that physical activity was associated cross-
sectionally with increased risk of VMS, but only in the relatively small group of women (n =
134) who had low or medium levels of the progesterone metabolite, pregnanediol-
glucuronide.5

Part of the explanation for the inconsistency in the SWAN findings is owing to differences
in the assessment of physical activity. In the cross-sectional survey, physical activity was
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assessed by a single global question that asked respondents to compare their physical
activity relative with others their age and gender. An evaluation of this question within the
SWAN sample revealed that this question seemed to rank women reasonably accurately in
terms of physical activity within their respective race/ethnic group, but did not result in the
expected differences in physical activity across different race/ethnic groups.6 Because the
reporting of VMS varies by race/ethnicity, this global question may have led to a biased
finding owing to differential misclassification. In the cohort study, physical activity was
assessed with the Kaiser Physical Activity Survey,7 which provides a much more detailed
measure of activity across several domains, including household and care giving,
recreational sports and exercise, and active living behaviors, such as walking to work. It is
likely that the Kaiser Physical Activity Survey yields a less biased estimate, and, therefore, a
more valid measure of association with any outcome of interest, including VMS.

On the other hand, the inconsistency in the SWAN findings regarding the relationship
between physical activity and VMS reflects the inconsistency in the literature as a whole. Of
the more than 30 studies that have addressed the question of physical activity and the risk of
VMS, more than half have reported no association (Table 1 provides a description of
selected studies). The remaining suggest a generally protective, inverse relation while a
small number (n = 3)8-10 report increased VMS with higher levels of activity. The vast
majority of these studies are observational and cross-sectional in design and suffer from
many of the limitations common to this type of study, including heterogeneous study
samples with regard to menopause status,11-14 too few women with frequent and severe
symptoms,12,14,15 too few women participating in regular activity of at least moderate
intensity,9,16 a lack of adequate control over confounding variables,8,11 and inability to
establish temporality.17 In addition, establishing comparability across studies is challenging,
given the assessments of physical activity that range from a single global question18,19 to
detailed recalls of duration, frequency, and mode of activity that allow for creation of
summary scores in terms of metabolic equivalent (MET)-hours or -minutes a
week.9,13,16,20-22 The differences in the assessment of symptoms, with some studies
considering frequency, severity and/or bother as separate domains,9,12 others combining
those domains into a single measure,21,23 and still others considering only frequency,3,4,24

add to this challenge.

Perhaps the strongest evidence for a protective association between physical activity and
VMS in the observational data comes from one of the few prospective analyses, the
longitudinal Melbourne Women’s Midlife Health Project, in which 438 women were
followed over an 8-year interval.20 Although physical activity was not associated with VMS
in this cohort at baseline,13 women who reported exercising every day at baseline were 49%
less likely to report bothersome hot flashes during follow-up (odds ratio, 0.51; 95%
confidence interval, 0.27–0.96). Furthermore, women whose exercise level decreased over
the follow-up were more likely to experience bothersome hot flashes. In contrast, another
longitudinal, observational study, also of Australian women (but not the same cohort), failed
to find any association between change in physical activity over time and reporting of
VMS.22

In recent years, a number of intervention studies have tested the effect of physical activity
(generally aerobic exercise and most often walking) on VMS. Here again, findings,
summarized in the second half of Table 1, are inconsistent, with several reporting no
effect,23,25 one reporting a nonsignificant increase in hot flash severity in the exercisers
compared with the controls,10 and several reporting reductions in frequency and severity of
VMS.26-28 However, as with the observational studies, most of the trials also suffer from
methodologic weaknesses, including very small sample sizes,26,29-31 nonrandomized
designs,26,30,31 inadequately specified exercise dose,31 and large loss to follow-up.32 In one
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of the more carefully controlled trials, a 4-month intervention among 164 previously
sedentary women randomized either to a walking group, yoga, or a control group27 led to a
decrease in VMS in both the walking and yoga arms relative to the control group, but the
differences were not significant. In this study, change in symptoms seemed to be mediated
by increases in physical fitness, such that women who had the greatest increase in fitness
were most likely to have the greatest decrease in symptoms.27

Despite the equivocal evidence for a protective effect of physical activity on VMS, the
hypothesis remains compelling, partly because physical activity is a generally beneficial
intervention with few risks or side effects, partly because the hypothesis has not yet been
adequately tested, and partly because there are plausible biological mechanisms by which
activity could alleviate VMS. Although the etiology of the hot flash is still not fully
understood, neuroendocrine processes at the level of the hypothalamus are implicated.33

Physical activity, in turn, has a range of neuroendocrine responses that occur, both acutely,
as a result of a single bout of exercise, and chronically, as a result of exercise training.
Increases in brain norepinephrine and its metabolites occur in response to acute
exercise,34,35 but 24-hour urinary norepinephrine seems to decrease with training,36 perhaps
because of an increase in vagal tone. Decreases in resting heart rate and heart rate variability
are a near universal response to aerobic exercise training37,38 and are typically ascribed to
increased vagal output and a resulting shift in autonomic balance in favor of the
parasympathetic nervous system.39

Because stress seems to be a precipitating factor in hot flashes40,41 and neuroendocrine
substances, such as catecholamines and cortisol, are involved in the stress response and
affect thermoregulation at the level of the hypothalamus,42 hot flashes may result from an
imbalance in the autonomic nervous system, in which the “stress-buffering” role of the
parasympathetic nervous system is not adequate to counter the increased activation of the
sympathetic nervous system.43,44 If this is true, then the shift in that balance as a result of
exercise training is a potential mechanism by which exercise could reduce the occurrence of
VMS.

A second potential mechanism by which physical activity could have a favorable effect on
the frequency or bother of VMS is through the release of endogenous opioids, particularly β-
endorphins, that occurs in response to a single, sustained bout of vigorous exercise.45-47 The
evidence for a role of β-endorphins in the pathogenesis of the hot flash comes primarily
from animal studies, in which administration of naloxone, an opiate antagonist, in the
morphine-dependent rat, causes symptoms similar to those of the hot flash, including a
sudden increase in peripheral tail temperature and an luteinizing hormone (LH) surge.48,49

However, human experiments involving the infusion of naloxone in postmenopausal women
have not consistently reduced the frequency of hot flashes or LH pulses,50,51 and studies of
plasma β-endorphin levels before hot flashes have been contradictory,52,53 although plasma
levels may not reflect the endorphin levels in the brain. It is not currently known whether β-
endorphins are responsible for the so-called runner’s high,54 but the endogenous opioids are
biochemically similar to exogenous opiates and have diverse physiologic effects, including
temperature regulation (hypothermia), decreased sensitivity to pain, and decreased heart and
respiratory rate, all of which could be responsible for a decrease in either frequency or
bother of VMS.

Finally, physical activity could “distract” women from attention on their hot flashes by
habituating them to the feelings of increased heat and heat dissipation through sweating that
accompanies increases in physical effort and associating those feelings with behaviors that
may make them feel good in other ways. This is similar to the “distraction” theory of how
physical activity improves mental health and sense of well-being.55 On the other hand, given
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the acute rise in core temperature that occurs with exercise, exercise might actually induce
hot flashes, particularly if symptomatic women have a narrowed thermoregulatory zone that
lowers their threshold for sweating.56

Given these plausible biological mechanisms and the absence of methodologically rigorous
studies, it is still not possible to draw firm conclusions about the efficacy of physical activity
as a treatment for VMS. Many questions remain unanswered: Does participation in regular
physical activity matter at all in terms of frequency, severity, or bother of hot flashes or even
length of time for which VMS persist? If so, does exercise make VMS better or worse? Does
the “dose” of physical activity matter? Is more vigorous intensity exercise more effective
than moderate intensity exercise, and are there any differences by mode of exercise (aerobic
vs resistance exercise vs mind–body disciplines)? And if physical activity is effective, how
does it work? Well-designed and sufficiently powered randomized trials are required to
answer these questions adequately. The Menopause Symptoms: Finding Lasting Answers
for Symptoms and Health Research Network is currently conducting such a trial, in which
112 previously sedentary women with frequent and bothersome hot flashes randomized to
moderate-to-vigorous aerobic exercise for 12 weeks will be compared with 150 women in a
usual activity control group. The findings from this carefully designed and controlled trial,
in which women participate in facility-based, individual exercise training at a prescribed
target heart rate and constant caloric expenditure, relative to body weight, should provide
unique and definitive evidence regarding the efficacy of physical activity for treating VMS
that has been lacking up to this point. It represents an important step forward in closing the
gap in our knowledge regarding this question.

PHYSICAL ACTIVITY AND CHANGES IN BODY SIZE AND COMPOSITION
On-going adult weight gain57,58 and the high prevalence of obesity59,60 are issues that loom
large for the population as a whole. They are of particular concern for women during the
menopausal transition, when many may not only be gaining weight, but are also
experiencing changes in body composition and fat distribution. A number of studies of
midlife women find an annual rate of weight gain of about 0.5 kg or more,61-65 but the
evidence suggests that weight gain per se is more a function of aging than of the hormonal
changes that define menopause.61,62,64,66 This conclusion comes both from cross-sectional
comparisons of weight in women of similar chronological age but varying menopausal
status (premenopausal, early perimenopausal, late perimenopausal, or postmenopausal, and
surgically menopausal), as well as from longitudinal studies that examine rate of weight
change over time by change in menopausal status.

A number of different analyses in SWAN support this conclusion. For instance, a
comparison of BMI among the more than 16,000 women who participated in the cross-
sectional screening survey found no difference between premenopausal and postmenopausal
women after adjusting for chronological age and other covariates.67 Similarly, in a cross-
sectional ancillary study of energy expenditure, body composition and menopausal status
conducted at the Kaiser/UC Davis SWAN site at the 5-year follow-up visit for the SWAN
longitudinal cohort, the median weight of the Chinese premenopausal and early
perimenopausal women was not statistically different from that of the late perimenopausal
and postmenopausal women [56.7 kg (interquartile range [IQR]), 50.3–61.5 vs 53.8 kg
(IQR, 50.0–63.2), respectively; P = .51).68 The median weight among the white women,
although significantly higher than the Chinese, also did not differ by menopausal status
[71.7 kg (IQR, 60.5–82.0) for premenopause and early perimenopause vs 68.2 kg (IQR,
56.9–79.0); P = .21). In addition, in the SWAN cohort as a whole, mean weight gain over 3
years of follow-up was 2.1 kg (standard deviation. 4.8) overall, and was not associated with
menopausal status.61
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In contrast, changes in body composition (increased fat mass and decreased lean mass) and
in fat distribution (from a more gynoid pattern to a more android pattern) do seem to be
influenced by the menopausal transition, as well as by chronological aging.69-73 As
discussed by Wildman and Sowers in this issue, a longitudinal analysis of 7-year changes in
body composition, assessed by bioelectrical impedance at the Michigan SWAN site, showed
substantial weight gain (3.4% or 2.9 kg over 6 years), significant increases in fat mass
(10.1% or 3.4 kg), small but significant losses of skeletal muscle mass (1.06% or 0.23 kg),
and a 6.2% (5.6 cm) increase in waist circumference.74 The change in weight was linear,
suggesting only an age effect, whereas the changes in fat mass and skeletal muscle mass
were more curvilinear over time, suggesting a menopause effect. Interestingly, although
change in body composition did not vary by menopausal stage, as defined by bleeding
criteria, increases in fat mass and in waist circumference and decreases in skeletal muscle
mass were significantly associated with increasing follicle-stimulating hormone levels,
independent of age, indicating an independent and significant menopause effect.

Despite the seeming inevitability of these changes in weight, body composition, and fat
distribution with age and menopause, physical activity may attenuate the impact of both of
these factors. To begin with, more active individuals tend to be leaner than sedentary
individuals at any given point in time,75 which means that active midlife women have an
advantage as they enter the menopausal transition in terms of starting out with a lower BMI,
lower fat mass, greater lean mass, and less central adiposity. The site-specific Energy
Expenditure SWAN study demonstrated this, particularly for the white women, in whom
there was a strong, cross-sectional, inverse dose response relation between physical activity
measured by accelerometry and both percent body fat and waist circumference.68

Second, physical activity may slow the rate of change of weight, both with menopause and
over time. In a longitudinal analysis of the SWAN cohort, physical activity was inversely
associated with changes in weight and waist circumference, independent of aging and
change in menopausal status.61 Women whose activity decreased the most experienced the
greatest increases in weight and waist circumference, whereas those whose physical activity
was essentially stable experienced much smaller increases (Figs. 1 and 2). This pattern was
true for both sports and exercise and lifestyle physical activity.

In addition, physical activity, although not entirely preventing weight gain with age, may
protect against the development of obesity. This conclusion is suggested by the observation
in SWAN of a 9% decrease in risk of obesity (odds ratio, 0.91; 95% confidence interval,
0.84–0.98) over a 9-year follow-up associated with a one unit higher level of baseline total
physical activity, after adjustment for numerous confounding factors.76 Furthermore, a 1-
unit increase in activity over time was independently associated with an even greater
reduction in risk (odds ratio, 0.83; 95% confidence interval, 0.72–0.95). Finally, physical
activity may protect against the accumulation not only of overall fat, but of intra-abdominal
fat, which may be the most metabolically harmful type of fat. In a site-specific study
conducted at the Chicago SWAN site, intra-abdominal fat, assessed by computed
tomography, was significantly inversely associated with total physical activity (4.0 cm2 for
every 1-unit increase in physical activity score), independent of total percent fat and other
covariates.77 Compared with those women engaging in a level of physical activity
approximating the current recommendations for general health (150 minutes a week of
moderate intensity activity),1 less active women had significantly greater amounts of intra-
abdominal fat, regardless of menopausal status, but did not differ in terms of the level of
subcutaneous abdominal fat (Fig. 3).

Other studies of midlife women confirm the protective role of physical activity against
excess weight gain.62,78 Most notably, in a recent analysis of weight changes over 13 years
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of follow-up, different levels of activity were examined to clarify the amount of physical
activity required for prevention of unhealthful weight gain.79 Although women expending
21 MET-hours or more a week (approximately equal to 60 minutes a day of moderate
intensity activity) began at a lower weight than those expending between 7.5 and 21 and
those expending fewer than 7.5 MET-hours per week (less than the recommended amount of
150 minutes a week of moderate intensity activity), the rate of weight gain in all 3 groups
was essentially the same. However, in a fully adjusted model, the amount of weight gain
was significantly greater in the 2 less active groups, relative to the most active group,
particularly among women of normal weight to begin with. Finally, in the small group of
women who maintained normal weight throughout the course of the study, the mean amount
of physical activity was 21.5 MET-hours per week, which is equivalent to the
recommendation for weight maintenance put forth by the Institute of Medicine in 2002 (60
minutes a day of moderate intensity activity).80 These findings suggest the importance of
sustaining relatively high levels of physical activity starting in young adulthood to maintain
normal weight through middle age, menopause, and beyond.

PHYSICAL ACTIVITY AND BONE DENSITY
The impact of the menopausal transition on bone mineral density (BMD) and risk of
osteoporotic fractures, along with the insights into this concern that have come from SWAN,
is discussed elsewhere in this volume by Lo et al. Regular physical activity is among the
primary determinants of BMD and is a key contributor to overall musculoskeletal health,
because of the responsiveness of bone to the mechanical forces that physical activities places
on it.81 Both weight-bearing endurance activities, such as walking and running, and
resistance exercises elicit this response, especially at the lumbar spine and femoral
neck.82-86 Although the increase in BMD observed in exercise intervention studies in
response to physical activity is modest (about 1%–2%), animal studies have shown that this
is accompanied by a large increase in the resistance of the bone to fracture.1 This is in
contrast with pharmacologic agents, in which the improvement in resistance of the bone is
proportional to the improvement in BMD.87

The evidence for increased BMD in response to physical activity comes from a large
number of cross-sectional studies,88 exercise training studies,89-91 and meta-
analyses.83,86,86,92-95 In SWAN, a baseline, cross-sectional analysis of the relation between
domain-specific physical activity and BMD at the lumbar spine, femoral hip, and total hip
concluded that home and care-giving activity was positively associated with BMD,
independent of other types of activity and other confounding variables.96 Spine and femoral
BMD were both 1.7% greater in the highest tertile of home/care-giving activity than in the
lowest tertile. Similarly, the highest tertile of sports and exercise was associated with 2.1%
greater spine BMD and 2.6% greater femoral neck BMD than the lowest tertile. In contrast,
neither lifestyle activity or occupational activity had a significant relation with BMD.

To date, the evidence is less clear about whether or not physical activity attenuates age-
related loss of BMD.1 Several prospective, observational studies suggest that higher levels
of physical activity at baseline are independently associated with higher BMD many years
later97,98 and with less loss of BMD over time.99,100 They also suggest that maintenance of
regular physical activity over time results in attenuated bone loss, compared with reduced
physical activity or consistently sedentary behavior.97,98,101,102

Few, if any, studies have specifically examined the role of physical activity on the rate of
bone loss during the menopausal transition, a time when bone loss accelerates, relative to the
premenopausal or later postmenopausal period. With 10 years of follow-up, during which
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time most of the SWAN cohort has transitioned to postmenopause, there is now adequate
statistical power to address this question and such an analysis is currently underway.

PHYSICAL ACTIVITY AND OTHER SYMPTOMS IN MIDLIFE WOMEN
In addition to VMS, other symptoms, such as joint pain and stiffness, fatigue, difficulty
concentrating, poor sleep, irritability, and depression, are quite prevalent among midlife
women, even though they are not directly associated with the menopause.103,104 In the
SWAN cross-sectional survey, for instance, joint pain and stiffness were reported by more
than 50% of the respondents, and difficulty sleeping was reported by just under 40%,
although the prevalence of both of these complaints did not differ by menopausal status.2
Nevertheless, these symptoms may adversely impact the health of midlife women and
decrease functioning and overall quality of life. The benefits of physical activity for
ameliorating somatic and mood symptoms are well-documented and suggest another way in
which regular physical activity may preserve and improve health in perimenopausal women.

Somatic Symptoms, Bodily Pain, Physical Functioning, and Quality of Life
Many of the studies cited that explored the influence of physical activity on VMS also
considered a variety of somatic symptoms, ranging from headaches and joint pain to heart
palpitations. In general, the findings suggest an inverse relation between greater levels of
physical activity and lower rates of somatic complaints and fewer difficulties with
sleep.11,23,105-108 In a relatively recent, cross-sectional analysis of menopause symptoms
and lifestyle among Finnish women, for instance, women who were regularly active
reported significantly fewer somatic symptoms and less pain, relative to women who were
sedentary.14 Similarly, in a large cross-sectional survey of physical activity, BMI, and
health-related quality of life in British women, the mean somatic symptom score was 28%
lower among active women.15 In addition, in a longitudinal analysis based on 3300
Australian women, increases in physical activity over time were associated with decreases in
somatic symptoms.22 Similarly, in a randomized trial designed to increase physical activity
behavior, women who increased their activity reported fewer total menopausal symptoms
(measured by the MENQOL) at follow-up, although symptoms were not measured at
baseline,31 making it impossible to determine whether change in activity led to change in
symptoms.

There is also considerable evidence that physical activity reduces feelings of bodily pain in
general, and pain associated with osteoarthritis109 and low back problems.110 Several
findings from SWAN reveal important relationships among bodily pain, menopausal status,
and physical activity. At the baseline SWAN examination, the level of pain reported was
higher among women in early perimenopause, relative to premenopause, but this difference
did not remain after adjustment for multiple confounding variables.111 Furthermore, a
longitudinal analysis of the SWAN cohort over 7 years of follow-up demonstrated that
women who were more physically active at midlife experienced less bodily pain over time
regardless of change in menopausal status, sociodemographic status, or medical
conditions.112 In contrast, when pain was defined as a composite variable of aches and pains
that included quantity of pain, interference from pain with work or sleep, stiffness and
soreness, and low backaches or pain, postmenopausal women had significantly higher pain
scores (more pain), relative to premenopausal women, even with adjustment for age, race/
ethnicity, medical conditions, BMI, smoking, and depressive symptoms.113 This study,
unfortunately, did not also examine the impact of physical activity. However, a subsequent
longitudinal SWAN analysis by this same investigator showed that higher baseline physical
activity score was independently associated with a 7% increased likelihood of high physical
role functioning and a 10% greater likelihood of a low bodily pain score.114 Interestingly,
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the association between physical activity and physical role functioning seemed to be
mediated by level of pain.

Evidence also suggests that physical activity improves physical function, not only in the
elderly,115,116 but also in the middle aged.117 In SWAN, an analysis of the association
between menopausal status and functional limitations based on the cross-sectional survey
reported that almost 20% of the women reported some or substantial physical functioning
limitations, and that the likelihood of physical limitations was significantly greater among
postmenopausal women.118 Although that analysis did not consider physical activity, a
longitudinal follow-up of the SWAN women at the Chicago site observed that, although the
transition through menopause was associated with a decline in grip and pinch strength,
greater physical activity was the strongest predictor of increased grip and pinch strength.119

Finally, there is increasing evidence that physical activity enhances overall quality of life in
the population as a whole as well as in patient populations, such as breast cancer
survivors.120 In the SWAN cohort, physical activity at baseline was significantly associated
with reduced risk of impairment in health-related quality of life, as measured by the SF-12
for all 5 of the domains (role—physical, bodily pain, vitality, role—emotional, and social
function),111 as well as with lower risk of impairment in these domains over time,112

independent of BMI, race/ethnicity, and other factors. Importantly, a recent randomized trial
of several different doses of exercise conducted among sedentary postmenopausal women
found a strong dose–response relation between volume of exercise and improvements in
mental and physical aspects of quality of life, measured by the SF-36, and this finding was
not accounted for by weight change.121

On the other hand, it is important to note that sports and exercise can cause acute activity-
related musculoskeletal injuries, especially in deconditioned individuals or those with
chronic injuries.122 Obese individuals with knee osteoarthritis, for example, may experience
transient increases in pain immediately after exercise that decreases later in the day to below
initial levels.123 These observations suggest a U-shaped dose–response curve for physical
activity and pain, in which moderate activity decreases pain, relative to no or low activity,
whereas excessive activity (for the specific individual) results in increased pain. In working
with individual patients, it is important for clinicians to keep this possible U-shaped curve in
mind.

Mood
Another significant benefit of regular physical activity is enhanced mental health, including
protection against the onset of depressive and anxiety symptoms and disorders, reductions in
existing symptoms of depression, anxiety and distress, and enhanced feelings of well-being.1
This evidence comes both from population-based, prospective cohort studies, and from
randomized clinical trials (for a review of specific studies, see the Report from Physical
Activity Guidelines Advisory Committee1). Both psychological and physiologic
mechanisms, including increased levels of neurotransmitters (specifically, dopamine and
serotonin), and enhanced brain aminergic synaptic transmission,124 increased endorphin
secretion,125 distraction from stressful stimuli,55 and improved self-efficacy and self-esteem,
may be responsible for these observed protective effects.126

Many of the studies of physical activity and symptoms in midlife women discussed
previously also examined associations between physical activity and a range of mood states.
Unlike the evidence regarding physical activity and VMS, the observational studies
consistently show that physical activity is directly related to positive mood, vigor, and
general well-being11,12,15,105,107,127,128 and inversely related to negative symptoms, such as
depression, anxiety, and perceived stress.11,23,105-107 Evidence also suggests that increasing
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physical activity may improve mood and well-being, not only in midlife women with
clinically meaningful symptoms of depression and anxiety, but in the general population as
well. In the Melbourne Women’s Midlife Health Project, change in physical activity over a
3-year follow-up period was positively related to change in well-being, although this was
only a marginally significant finding.129 Similarly, in an intervention study of sedentary
midlife African-American women using a community-based walking program, adherence to
walking was associated with lower depressive symptoms.130 These observations are
supported by randomized trials as well, which show that women in the exercise groups
report improvements in mood symptoms, relative to controls.26,27,30,31

Still unaddressed is the issue of whether physical activity can attenuate the risk of depressive
symptomatology or other negative mood states associated with the menopausal transition
itself, particularly in susceptible women. In SWAN, within woman changes in menopausal
status from premenopause onwards were independently associated with increased risk of a
high level of depressive symptoms, suggestive of clinical depression, although the impact of
these changes was of a lesser magnitude than that of various health-related and psychosocial
factors, such as having VMS or experiencing stressful life events.131 Although not
undertaken to date, SWAN is in a position to examine whether physical activity is another
factor independently associated with depressive symptoms and whether it may act as either a
mediator or moderator of the effect of change in menopausal status. Hopefully, SWAN will,
in the future, provide this type of insight into how lifestyle behavior might diminish the risk
of mood changes during the menopause.

PHYSICAL ACTIVITY AND RISK OF BREAST CANCER
Cancer, particularly breast cancer, which has an increase in incidence rate after menopause,
relative to premenopause, is another adverse outcome relevant to perimenopausal women
that may be positively influenced by regular physical activity. A large body of observational
studies suggests that women who are regularly active have a 25% to 30% lower risk of
developing postmenopausal breast cancer than women who are inactive.132 There is also a
reduction in risk for premenopausal breast cancer, although the magnitude is less (about
20%–25%).132 In addition, a growing body of literature suggests that physical activity after
a breast cancer diagnosis and treatment is associated with lower rates of recurrence133 and
lower risk of all-cause mortality.134,135 Potential mechanisms that may account for these
observations include lower levels of circulating endogenous hormones, such as estrogen, sex
hormone–binding globulin, and insulin-like growth factors, better maintenance of energy
balance, and enhanced immune function.136,137

Although the SWAN cohort is too small to provide adequate numbers of breast cancer cases
for any meaningful study of the disease, a SWAN ancillary study used measures of
mammographic density, a powerful risk factor for breast cancer itself, and perhaps an
intermediate marker of the disease, to examine the effect of hormonal status and
sociodemographic, reproductive, and lifestyle factors on breast cancer risk among
perimenopausal women. Both percent density and area of density were inversely associated
with physical activity in all domains (sports/exercise, lifestyle activity, and home/care-
giving activity), except for occupational activity, but these relationships were not significant
after multiple adjustment for confounding factors.138 Physical activity was also not
associated with change in dense area over time, although it was inversely related to change
in non-dense area.139 Together, these findings do not provide any strong support for the
hypothesis that the reduction in breast cancer risk associated with physical activity operates
through the mechanism of mammographic density.

Sternfeld and Dugan Page 9

Obstet Gynecol Clin North Am. Author manuscript; available in PMC 2012 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



CLINICAL AND PUBLIC HEALTH IMPLICATIONS
Based on the SWAN findings described, and on many, many other studies,1 physical activity
is a potent tool for health promotion and disease prevention in perimenopausal women as
well as in the population as a whole. Unfortunately, less than half of the population regularly
participates in physical activity at even the minimal level required for health benefits, and
adherence to physical activity guidelines is even lower among women ages 40 to 60.140 This
proportion may be even lower, depending on how physical activity is assessed.141 This
presents a clear mandate to clinicians and public health professionals alike. All clinicians
should prescribe regular physical activity to their patients and should be prepared to discuss
and problem solve with their patients the barriers that exist to becoming more physically
active (for information and resources for the Exercise is Medicine initiative, go to
www.exerciseismedicine.org). Public health professionals need to continue and enhance
their ongoing efforts to promote physical activity among midlife women, particularly in
women of minority race/ethnicity and women with disabilities and chronic health
conditions. Even if regular physical activity does not prevent or treat VMS, the other health
benefits that it confers on midlife women will ensure both a healthy menopausal transition
and healthy aging.
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Fig. 1.
Change in weight associated with change in sports and exercise, adjusted for multiple
confounding variables.
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Fig. 2.
Change in waist associated with change in sports and exercise, adjusted for multiple
confounding variables.
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Fig. 3.
Mean IAF associated with physical activity by menopausal status and level of physical
activity approximating current guidelines.
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