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Abstract 
Importance and Objective: Hot flashes (HFs) are a prevalent feature of menopause.  Hot 
flashes can be bothersome and affect quality of life.  However, HFs have also been associated 
with the risk for cardiovascular disease. Therefore, providing current evidence on the effect of 
therapies to reduce HFs can help patients and providers with decision-making. This review 
provides details on the scientific evidence to date related to the effect of physical activity and 
exercise to alter the HF experience in women. 
Methods: The PubMed database was searched between June 2020 and June 2022 for 
currently available evidence regarding the relation between physical activity and exercise and 
HFs. Our analysis included randomized control trials on exercise training, epidemiological 
studies, and studies evaluating acute exercise on the self-reported and objectively-measured 
HF experience in addition to systematic reviews on the topic published as of June 2022. 
Discussion and Conclusion: The majority of evidence from randomized control trials indicate 
that aerobic and resistance exercise training lead to a decrease in subjectively-experienced 
HFs. The limited available studies on acute exercise indicate that a bout of moderate intensity 
exercise may decrease objectively measured and self-reported HFs but acute increases in 
physical activity intensity above accustomed levels may influence subjective HF experience. 
Some evidence suggests that for those with depression, habitual physical activity may be an 
effective way to reduce HF symptoms. Weighing the available evidence, for people who 
experience HFs, engaging in regular moderate intensity physical activity, including aerobic and 
resistance exercise, may be an effective therapy to reduce HFs and women should be 
counseled on the benefits of regular, moderate exercise. However, significant gaps in 
knowledge remain about the optimal exercise prescription, effectiveness for a diverse 
population, meaning of differences between objective and subjective experience, and 
mechanisms that lead to changes in HFs. 
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Introduction: 
Hot flashes (HFs) are sudden-onset heat dissipation events often characterized by a sensation 
of warmth, sweating, and increased heart rate.  Approximately 80% of women will experience 
HFs around menopause, and they can persist for up to 10 years or longer.1–3 Menopausal HFs 
are often bothersome and can negatively affect quality of life4–6 and are now recognized as a 
potential marker of cardiovascular disease (CVD) risk.7–10 Therefore, understanding the HF 
experience in order to develop effective interventions and recommendations is important for 
women’s health through midlife and beyond. 
 
Despite exciting developments in the understanding of the etiology of HFs, the exact causes 
remain unclear, and many therapies are only modestly effective. The MsFLASH study identified 
vasomotor symptoms (VMS) as the top priority menopausal symptom for treatment.11 For some 
women, non-pharmaceutical options such as physical activity (PA) may be a preferred option to 
reduce HFs.12,13 However, the effectiveness of PA and exercise to change the HF experience is 
not well understood. This is likely due to a variety of factors, including differences in HF and PA 
measurement methodologies between studies, lack of knowledge on the impact of acute 



exercise on the HF experience, and an overall limited number of research studies on the topic.  
Therefore, the objective of this review is to organize and present evidence on the efficacy of PA 
and exercise to influence the HF experience in order to better inform practitioners in their 
discussions with patients. 
 
Methods:  
PubMed was searched between June 2020 and June 2022 for primary sources.  Search terms 
included: Menopause, Menopause symptoms, Hot Flashes/Hot Flushes, Vasomotor symptoms, 
Physical Activity, Exercise, and Acute exercise.  Abstracts were reviewed to determine 
relevance. All studies published as of June 2022 were considered. References of selected 
sources were reviewed for appropriate articles not captured through the database search. To be 
included, studies needed to examine PA and/or exercise in relation to HFs and be published in 
English.  Hot flashes were the primary response variable of interest, but studies that grouped 
HFs into broader categories — namely VMS or somatic symptoms—were included and, in 
applicable situations, will be referred to by the broad category.  Investigations solely on night 
sweats were omitted as were studies about general menopausal symptoms wherein data on 
HFs were not specifically detailed.  All study designs were accepted, and studies were 
separated by movement type for analysis (i.e., acute exercise, PA, or long-term exercise 
training).  In total, 23 primary research studies were included in this analysis. One Cochrane 
review of randomized control trials on the topic has been published14, which was also reviewed.   
 
Discussion 
Pathophysiology of Hot Flashes 
The precise etiology of HFs is still undetermined but HFs involve the thermoregulatory 
responses that maintain thermal homeostasis. Hot flashes induce heat dissipation, as 
evidenced by peripheral vasodilation and sweating15 following HF onset.  The preoptic area of 
the hypothalamus (POA) controls thermoregulation16 and is hypothesized to become 
dysregulated due to menopausal estrogen withdrawal. KNDy neurons (named according to their 
co-expression of kisspeptin, neurokinin B and dynorphin) in the arcuate hypothalamus are 
currently believed to be along the neuronal pathway of HF generation as they have projections 
into the POA.17,18 Downstream effectors of neural activation are cutaneous vessels and sweat 
glands, as sympathetic cholinergic activation initiates a heat dissipation response through 
increased skin blood flow and sweating.19,20 
 
Thermal homeostasis is represented by the thermoneutral zone (TNZ) or the range of internal 
core temperature (Tc) between shivering and sweating. Tc above the upper boundary will 
induce sweating and Tc below the lower boundary will induce shivering. It is hypothesized that 
menopause leads to a reduction in the TNZ.21–23  Understanding how thermoregulation and 
neuroendocrinology are involved in HFs will help to develop better treatments for menopausal 
HFs.  

 
What are possible mechanisms by which hot flashes, physical activity and exercise are related? 
Hot flashes and PA both engage heat dissipation and share two main components of 
thermoregulation, changes in skin blood flow (cutaneous vasodilation) and sweating. These two 



processes together transfer and dissipate body heat. Skin blood flow is controlled by reflex and 
local control mechanisms. Acute dynamic exercise causes initial sympathetic skin 
vasoconstriction as blood is distributed to working muscle.24,25 Continued exercise causes 
further increases in body temperature and active cholinergic vasodilation.26 Increased body 
temperature also stimulates the POA to send sympathetic cholinergic signals to sweat glands to 
increase sweat production. The combined effect of these responses is a heat dissipation 
response to an acute exercise-induced increase in thermal load.  
 
Acute exercise is defined as a single bout of increased physical activity that is planned with the 
objective to maintain or improve physical health or fitness. Acute exercise has been considered 
a potential trigger of HFs via an increase in Tc above the sweating threshold. Freedman and 
Krell21 conducted the first study to determine whether the threshold for sweating and shivering 
differed between women who did and did not subjectively experience HFs.  In this study, women 
exercised to increase Tc until they experienced a HF or until one hour elapsed.  All 12 of the 
symptomatic women had HFs during the acute exercise and the 8 asymptomatic women did 
not.  Thus, this study became the basis for the hypothesis that acute exercise triggers HFs in 
symptomatic women by increasing Tc beyond the sweating threshold. 

 
However, the hypothesis that HFs are preceded by an increase in Tc27 has been questioned.  
Jones et al.28 showed that only 51% of spontaneous HFs were preceded by an increase in Tc 
and, during mild heating to provoke HFs, 76% were preceded by an increase in Tc.  Freedman 
et al.27,29 also showed that HFs could be preceded by decreases and no change in Tc; 
therefore, an increase in Tc is sufficient but not necessary to elicit a HF. While these studies did 
not evaluate exercise-induced HFs, it is possible that acute exercise may not consistently trigger 
HFs via increased Tc.  
 
Exercise training and habitual PA lead to improved thermoregulation, such that active 
vasodilation and sweating occur at a lower body temperature30,31 and vasodilation is increased 
to a greater extent compared to untrained individuals.30–32 The overall effect is that exercise 
training leads to a more efficient heat dissipation response. Jones et al.28 reported that in 
response to heat stress, the skin blood flow and sweat responses were lower in women who 
reported HFs compared with asymptomatic women - an indication that efficiency of heat 
dissipation was worse in symptomatic women. However, Bailey et al.33 showed that 16 weeks of 
exercise training improved thermoregulatory control in postmenopausal symptomatic women via 
lowering of sweat rate and blood flow thresholds and improving sweating sensitivity (increase in 
sweating per degree temperature increase).  The same group34 also reported lower vasodilation 
and sweating during a HF after training. Together, these data support an improvement in the 
capacity to cool the body during a HF via exercise training. 
 
Assessment of Physical Activity, Exercise, and Hot Flashes 
Physical activity is a behavior defined as body movement produced by skeletal muscle that 
results in energy expenditure above rest.35 Physical activity can be separated into occupational, 
leisure time, and activities of daily living. Exercise is one type of PA that is planned and 
performed for the purpose of fitness or health. Physical activity, exercise, and HFs can be 



recorded in two different ways: objectively and subjectively.  For an in-depth discussion of PA 
reporting, the authors recommend Ainsworth et al.36 Briefly, data collected objectively are 
produced from monitors, such as accelerometers and heart rate monitors, affixed to a person.  
Subjective data are participant self-reports of their own activity, commonly through surveys or 
diaries. A major limitation of self-reports is that they rely upon the participant’s own memory, 
which can be unreliable.  Furthermore, social desirability can result in overreporting of PA37, and 
lighter-intensity activity is often underreported.38 The method used to record PA ultimately 
depends on the questions the study is asking.  
 
Hot flashes are most commonly documented through participant subjective self-reports, either 
through diaries or surveys.  HF frequency and severity are often recorded, as together they 
compose the HF experience.  Well-established menopausal surveys tend to combine HF 
symptoms with other VMS, including night sweats.  As with self-reported PA, HFs recorded 
through surveys have the potential to be over- or underreported due to recall bias.  Hot flashes 
can also be objectively documented through sternal skin conductance (SSC) monitors.  For a 
discussion of SSC monitors, the authors recommend Sievert.39 For SSC measurement, 
electrodes are placed on either side of the sternum to record sweat rate through skin 
conductance.  Skin conductance that increases >2µmho within 30 seconds is deemed an 
objective HF.  In addition to the objective recording, participants can self-report a HF via button-
push on the monitor, which allows for simultaneous objective and subjective reporting.  Few 
studies to date have taken advantage of objective HF reporting when examining PA and 
exercise. 
 
Does exercise training change the HF experience? 
The strongest evidence of the effectiveness of exercise to reduce HFs comes from randomized 
control trials (RCTs) employing supervised exercise interventions.34,40–47 All intervention studies 
to date have assessed the subjective experience of HFs with diaries and questionnaires (e.g. 
Greene Climacteric Scale); none have used objective measures of HFs. Evidence from 
intervention trials in which participants were prescribed regular exercise show mixed results for 
the effect of exercise on HFs in peri- and postmenopausal people.  All of the studies informing 
this question are RCTs, except for one preference trial.34 The majority of studies employed 
aerobic exercise34,42–45,48, while some utilized combination aerobic and resistance exercise,40,46,47 
with one using resistance exercise exclusively.41 The majority of studies prescribed moderate 
intensity exercise34,40,42–46,48, however interventions differed in program supervision, program 
length and sessions per week (details below). These studies varied in the level of HF or VMS 
frequency, intensity or bother required for inclusion, with most requiring daily HF or VMS34,41,43–

45,48 while others had no HF or VMS criteria for inclusion.40,42,46,47 The studies also differed in the 
design of their control groups; the control groups received counseling,40 a placebo pill,43 a 
stretching intervention45, some form of educational health-related information41,42, 46, 56, or simply 
were not treated.32, 33, 40,44,47 Confounders relevant to these RCTs include age, racial 
background, body mass index, and other sociodemographic characteristics. Most RCTs 
compared the descriptive statistics between the control and treatment groups to establish that 
they were not significantly different, but several studies adjusted for multiple covariates.39,43,56 



 
The majority of intervention studies (6 of 9) show an effect of exercise training to reduce 
subjective HF experience or VMS.33,34,40–43,48  In a 12-week aerobics intervention, both exercise 
groups (one incorporated nutrition education) reported significantly fewer HFs after the 
intervention compared to control and nutrition education only groups.42 In a 16-week aerobics 
preference trial, HF frequency and severity significantly decreased in the exercise group only.34 
In one study, a 4-month program of moderate intensity walking (3 sessions/week, 
60minutes/session) or yoga (2 sessions/week, 90 minutes/session) showed significant 
reductions in VMS with both types of exercise compared to the control group.48 Luoto et al.43 
showed in a 6-month program that 4 days/week (50 minutes/session) of moderate aerobic 
exercise significantly decreased self-reported nighttime HFs but not daytime HFs. Recent data 
from the FLAMENCO project, a RCT that employed a 16-week multicomponent exercise 
training program of aerobic exercise, balance training and resistance exercise (3days/week, 60 
minutes/session), in women aged 45-60, revealed that self-reported VMS decreased to a 
greater extent in the exercise group compared with the control group, accounting for body mass 
index and adherence to the Mediterranean diet.40 The only trial evaluating resistance training 
was a 16-week RCT in which investigators found that moderate and severe HF occurrence was 
significantly reduced after 3 weeks in the exercise group, and, by the completion of the 
intervention, decreased by 43.6% in the exercise group.  The control group had no significant 
changes.41 Overall, the results from these studies suggest that aerobic and resistance exercise 
training lead to a decrease in number of subjectively-experienced HFs among women at midlife. 

 

Two randomized controlled trials showed no significant effect of exercise training on the HF 
experience. The KEEPS trial44 was a 12-week supervised intervention in which participants in 
the exercise group exercised 3 days/week at a moderate intensity.  At the end of the 
intervention, there were small decreases in VMS frequency and bother but these reductions 
were similar to the control group, adjusting for age, race, and baseline VMS frequency, body 
mass index, fitness level, activity behavior, and health status. Daley et al.45 implemented a 6-
month unsupervised moderate exercise intervention and showed no change in HFs or night 
sweats for the exercise group at the end of the trial, but the lack of supervision means this result 
may be explained by a lack of engagement in the recommended activity. Finally, Aiello et al.46 
conducted a 12-month moderate intensity semi-supervised intervention in overweight 
postmenopausal women. The exercise group goal was 45 minutes of moderate intensity 
exercise 5 days per week. This study reported outcomes at 3, 6, 9, and 12 months. 
Researchers showed that, while the odds of reporting HFs was lower in the exercise group 
compared to controls at each time period, the differences were not significant. The odds of 
reporting moderate to severe HFs, however, were greater in the exercise group as the study 
progressed (9 and 12 months). Of note, this trial included people who reported low levels of 
moderate to severe HFs at baseline (11 out of 87) and only 17-20% of the participants reported 
any symptom at baseline.46  
 
While the above evidence demonstrates that most studies have shown an effect of exercise 
training to reduce HF experience, there remain several limitations and questions. First, all of 
these studies only use subjective reporting of VMS. While the subjective report remains a critical 



aspect of how women feel, there are issues concerning recall with diaries and other subjective 
report tools. Through objective monitoring of physiological HFs, it has been shown that the 
subjective and objective HF experience are not always congruent.39,49 Second, most of these 
studies are in postmenopausal women. Hot flashes are most likely during the late peri-
menopausal and early post-menopausal stages of reproductive aging50 and HF experience may 
differ by menopausal stage; for example, postmenopausal women who have experienced HFs 
for years may not report high levels of bother. Third, these studies represent different durations 
of exercise training (12 weeks to 12 months) and most did not report inter-term assessments. A 
variety of physiological adaptations occur with exercise training – all with different time scales – 
and it is not clear how long adaptations related to HF experience may take. Finally, the potential 
mechanisms of exercise training-induced adaptations that may change HF experience in 
women have only begun to be evaluated.33 Therefore, overall, there is accumulating evidence 
that exercise training can improve the self-reported experience of VMS but more investigation is 
necessary to understand whether objective measures are similarly affected and the potential 
factors that contribute to or cause training-induced changes in HF experience. 
 
Does acute exercise impact the HF experience? 
Exercise training adaptations occur due to repeated bouts of acute exercise.  Therefore, 
understanding whether acute exercise itself changes the HF experience is an important 
consideration. A bout of dynamic exercise that engages about 50% of skeletal muscle mass 
leads to metabolic heat production that causes changes in the core to body surface temperature 
ratio, increased sweat rate, and movement of blood toward the skin.51,52  Therefore, while the 
stimulus is different, the thermoregulatory response is similar between exercise and HFs.       
 
To date, there have been three studies specifically evaluating the relationship between acute 
physical activity and HF experience using objective monitoring. Elavsky et al.53 measured 
objective and subjective HFs for 24 hours after a controlled laboratory bout of 30-minute, 
moderate intensity treadmill exercise in women aged 40-60 years. They showed that a 
moderate-intensity bout decreased both subjective (-26%) and objective (-23%) daytime HFs in 
the 24 hours following exercise. They also reported that performing a greater amount of 
moderate PA than usual was related to more subjective HFs in women with lower fitness. 
Slavin, et al.54 showed a decrease in self-reported VMS following an aerobics class. Other 
studies showed the opposite. Thurston, et al.55 showed a slightly greater odds of a measured 
HF after self-reported physical exertion within 30 minutes (OR, 1.49;95% CI, 0.99-2.25; p=0.05) 
and HFs were more likely after a perceived effort of PA that was ≥2 out of a 5-point scale (OR, 
1.51; 95%CI, 1.18-1.95, p=0.001). Gibson et al.56 tested whether acute objectively-measured 
increases in PA within 10 minutes prior to a HF were related to subjectively reported and 
objectively measured HF over 48 hours. Researchers showed that the likelihood of subjectively 
reporting HFs without objectively measured corroboration was modestly higher (OR 1.04, 95% 
CI: 1.00-1.10, p=0.02) following acute increases in PA compared with mean daytime PA.  Acute 
increases in PA were not associated with increased frequency of HFs that were objectively 
reported, subjectively reported, or objectively measured without self-reported corroboration. 
Additionally, women with higher levels of depression and anxiety had the highest level of 
reporting HF without objective corroboration following an increase in PA. While not entirely 



consistent, these findings show that moderate intensity exercise may decrease objectively 
measured and self-reported HFs, but acute variations in PA intensity, depression and anxiety 
may influence subjective HF reporting. These studies highlight the importance of measuring 
objective and subjective HF and PA to improve our understanding of these relationships.  
 
Does habitual physical activity impact the HF experience?   
Tracking PA over time allows assessment of how changes in PA impact HF experience. Only 
one intervention study to date has been designed with the intent to examine increases in 
general PA and symptom changes in menopausal women.  Using an at-home study that 
distributed PA recommendations through either personalized recommendation or printed 
general suggestions, McAndrew et al.57 reported that increased PA was related to lower 
reporting of physical and psychosocial symptoms when adjusting for age, stress level and body 
mass index. Notably, this relationship was found to be mediated by exercise self-efficacy, 
defined as the belief in one’s capacity to exercise. No relations were found for VMS specifically, 
and all data were self-reported.  Meanwhile, one cohort study surveyed peri-menopausal 
women with and without depression every six months for thirty-six months58.  In the women with 
depression, VMS symptoms improved as PA increased over time.  Further, maintaining high PA 
was associated with lower risk of VMS over time.  In non-depressive women, investigators only 
found an indication that highly-active women had increased risk of VMS.58 Therefore, increasing 
PA may be particularly important for decreasing self-reported VMS in women with depression, a 
population that has higher reporting of HFs59–61 and risk for CVD.62,63 This suggests that the 
experience of depression could act as a confounder in studies on the relationship between PA 
and the HF experience. 
 
Cross-sectional surveys can also lend supportive evidence as to whether altering PA behavior 
impacts the HF experience.  All cross-sectional surveys to date assess PA and HF symptoms 
through self-reported methods (e.g., the Menopause Rating Scale (MRS) and the International 
Physical Activity Questionnaire (IPAQ).  A study of postmenopausal women utilizing the MRS 
and IPAQ found no significant relationship between PA and VMS (including daily HFs); 
however, energy expenditure was inversely correlated with VMS, though the correlation was 
noted to be “weak.”64 Ivarsson et al.65 questioned participants about exercise activity and also 
found that women with greater than 2 hours/week of exercise had less severe VMS than women 
who exercised less.  Using self-report IPAQ and MRS questionnaires, Dabrowska-Galas et al.66 
found that women with higher levels of PA at work had significantly lower levels of severe VMS.  
Additionally, when comparing inactive and moderately active women, active women had 
significantly fewer symptoms consisting of sweating or hot flushes, cardiac issues, sleeping 
disorders, or joint and muscle issues, across all severity levels. A study of perimenopausal 
women that employed the Menopause-specific Quality of Life (MENQOL) survey and short-form 
IPAQ did not find any association between PA and VMS symptoms.67 Overall, these cross-
sectional studies do not provide consistent support for a beneficial effect of PA on HF 
experience.  However, they do suggest that PA can influence a variety of menopausal 
symptoms in beneficial ways. 
 
Future Directions 



This analysis also reveals that many unknowns remain about the efficacy of PA to mediate the 
HF experience. For example, it is unclear whether the effect is different in peri- versus 
postmenopausal women or whether this effect varies over time. The majority of the studies 
described only evaluated postmenopausal women and, if perimenopausal women were 
included, the effects were not evaluated separately.  Importantly, women of different racial      
and ethnic backgrounds experience HFs differently. For example, VMS are most prevalent, 
bothersome, and have the longest duration in Black women and not reported as often in Asian 
women3,68,69 Additionally, mental health status may influence the effect of PA on HF experience. 
Consequently, it will be essential to determine whether exercise and PA have similar effects 
across different populations.  The effect of exercise training on HF experience may be due to 
increases in efficiency of cooling.  If exercise training reduces the subjective HF experience 
through a more efficient cooling response, then bother may also be reduced; however, this 
hypothesis remains to be tested. Finally, the prescription for exercise, including frequency, 
duration, and intensity, is unclear.  Most RCT studies employed moderate PA, and there is 
some evidence that very high amounts of PA may lead to more symptom reporting.58,67,70            
That said, whether high amounts of PA influence objective HFs or whether lighter intensities of 
exercise or PA are effective in reducing HFs has not been evaluated. 
 
Conclusion: 
Our analysis of available data from randomized controlled trial interventions involving exercise 
training, studies evaluating the effect of acute exercise, and studies evaluating PA indicate that: 
1) moderate intensity exercise training can reduce subjective reporting of HFs, 2) a moderate- 
intensity acute bout of exercise can decrease objectively-measured and self-reported HFs, and 
3) engaging in habitual PA may be a method of reducing HF symptoms in women with 
depression. Therefore, for people who experience HFs, engaging in regular moderate intensity 
PA may reduce HFs. Considering the known health benefits of habitual PA on cardiovascular 
health, its importance for healthy aging and wellness, in addition to the conclusions from our 
analysis, midlife women experiencing HFs should be counseled on the benefits of regular 
moderate exercise. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



List of References (In order of Appearance): 
 

1. Hunter M, Gentry-Maharaj A, Ryan A, et al. Prevalence, frequency and problem rating of hot 
flushes persist in older postmenopausal women: impact of age, body mass index, 
hysterectomy, hormone therapy use, lifestyle and mood in a cross-sectional cohort study of 
10 418 British women aged 54-65: Prevalence, frequency and problem rating of hot flushes. 
BJOG Int J Obstet Gynaecol. 2012;119(1):40-50. doi:10.1111/j.1471-0528.2011.03166.x 

2. Politi MC, Schleinitz MD, Col NF. Revisiting the Duration of Vasomotor Symptoms of 
Menopause: A Meta-Analysis. J Gen Intern Med. 2008;23(9):1507-1513. 
doi:10.1007/s11606-008-0655-4 

3. Avis NE, Crawford SL, Greendale G, et al. Duration of Menopausal Vasomotor Symptoms 
Over the Menopause Transition. JAMA Intern Med. 2015;175(4):531. 
doi:10.1001/jamainternmed.2014.8063 

4. Avis NE, Ory M, Matthews KA, Schocken M, Bromberger J, Colvin A. Health-related quality 
of life in a multiethnic sample of middle-aged women: Study of Women’s Health Across the 
Nation (SWAN). Med Care. 2003;41(11):1262-1276. 
doi:10.1097/01.MLR.0000093479.39115.AF 

5. Blümel JE, Chedraui P, Baron G, et al. A large multinational study of vasomotor symptom 
prevalence, duration, and impact on quality of life in middle-aged women. Menopause N Y 
N. 2011;18(7):778-785. doi:10.1097/gme.0b013e318207851d 

6. Williams RE, Levine KB, Kalilani L, Lewis J, Clark RV. Menopause-specific questionnaire 
assessment in US population-based study shows negative impact on health-related quality 
of life. Maturitas. 2009;62(2):153-159. doi:10.1016/j.maturitas.2008.12.006 

7. Thurston RC, Sutton-Tyrrell K, Everson-Rose SA, Hess R, Matthews KA. Hot flashes and 
subclinical cardiovascular disease: findings from the Study of Women’s Health Across the 
Nation Heart Study. Circulation. 2008;118(12):1234-1240. 
doi:10.1161/CIRCULATIONAHA.108.776823 

8. Thurston RC, Chang Y, Barinas-Mitchell E, et al. Physiologically assessed hot flashes and 
endothelial function among midlife women. Menopause N Y N. 2017;24(8):886-893. 
doi:10.1097/GME.0000000000000857 

9. Bechlioulis A, Kalantaridou SN, Naka KK, et al. Endothelial function, but not carotid intima-
media thickness, is affected early in menopause and is associated with severity of hot 
flushes. J Clin Endocrinol Metab. 2010;95(3):1199-1206. doi:10.1210/jc.2009-2262 

10. Gast GCM, Grobbee DE, Pop VJM, et al. Menopausal complaints are associated with 
cardiovascular risk factors. Hypertens Dallas Tex 1979. 2008;51(6):1492-1498. 
doi:10.1161/HYPERTENSIONAHA.107.106526 

11. Carpenter JS, Woods NF, Otte JL, et al. MsFLASH participants’ priorities for alleviating 
menopausal symptoms. Climacteric J Int Menopause Soc. 2015;18(6):859-866. 
doi:10.3109/13697137.2015.1083003 



12. Huang AJ, Sawaya GF, Vittinghoff E, Lin F, Grady D. Hot flushes, coronary heart disease, 
and hormone therapy in postmenopausal women. Menopause N Y N. 2009;16(4):639-643. 
doi:10.1097/gme.0b013e31819c11e4 

13. Rossouw JE, Prentice RL, Manson JE, et al. Postmenopausal hormone therapy and risk of 
cardiovascular disease by age and years since menopause. JAMA. 2007;297(13):1465-
1477. doi:10.1001/jama.297.13.1465 

14. Daley A, Stokes-Lampard H, Thomas A, MacArthur C. Exercise for vasomotor menopausal 
symptoms. Cochrane Database Syst Rev. 2014;(11):CD006108. 
doi:10.1002/14651858.CD006108.pub4 

15. Freedman RR. Menopausal hot flashes: mechanisms, endocrinology, treatment. J Steroid 
Biochem Mol Biol. 2014;142:115-120. doi:10.1016/j.jsbmb.2013.08.010 

16. Nakamura K. Central circuitries for body temperature regulation and fever. Am J Physiol 
Regul Integr Comp Physiol. 2011;301(5):R1207-1228. doi:10.1152/ajpregu.00109.2011 

17. Rance NE, Dacks PA, Mittelman-Smith MA, Romanovsky AA, Krajewski-Hall SJ. Modulation 
of body temperature and LH secretion by hypothalamic KNDy (kisspeptin, neurokinin B and 
dynorphin) neurons: A novel hypothesis on the mechanism of hot flushes. Front 
Neuroendocrinol. 2013;34(3):211-227. doi:10.1016/j.yfrne.2013.07.003 

18. Padilla SL, Johnson CW, Barker FD, Patterson MA, Palmiter RD. A Neural Circuit 
Underlying the Generation of Hot Flushes. Cell Rep. 2018;24(2):271-277. 
doi:10.1016/j.celrep.2018.06.037 

19. Low DA, Hubing KA, Del Coso J, Crandall CG. Mechanisms of cutaneous vasodilation 
during the postmenopausal hot flash. Menopause N Y N. 2011;18(4):359-365. 
doi:10.1097/gme.0b013e3181f7a17a 

20. Low DA, Davis SL, Keller DM, Shibasaki M, Crandall CG. Cutaneous and hemodynamic 
responses during hot flashes in symptomatic postmenopausal women. Menopause N Y N. 
2008;15(2):290-295. doi:10.1097/gme.0b013e3180ca7cfa 

21. Freedman RR, Krell W. Reduced thermoregulatory null zone in postmenopausal women 
with hot flashes. Am J Obstet Gynecol. 1999;181(1):66-70. doi:10.1016/S0002-
9378(99)70437-0 

22. Freedman RR. Physiology of hot flashes. Am J Hum Biol. 2001;13(4):453-464. 
doi:10.1002/ajhb.1077 

23. Sun Y, Wang W, Zhou C, et al. Changes in TRPV1 expression in the POA of 
ovariectomized rats regulated by NE-dependent α2-ADR may be involved in hot flashes. 
Ann Anat - Anat Anz. 2020;232:151565. doi:10.1016/j.aanat.2020.151565 

24. Johnson JM, Park MK. Effect of upright exercise on threshold for cutaneous vasodilation 
and sweating. J Appl Physiol. 1981;50(4):814-818. doi:10.1152/jappl.1981.50.4.814 

25. Johnson JM, Park MK. Effect of heat stress on cutaneous vascular responses to the 
initiation of exercise. J Appl Physiol. 1982;53(3):744-749. doi:10.1152/jappl.1982.53.3.744 



26. Charkoudian N. Mechanisms and modifiers of reflex induced cutaneous vasodilation and 
vasoconstriction in humans. J Appl Physiol Bethesda Md 1985. 2010;109(4):1221-1228. 
doi:10.1152/japplphysiol.00298.2010 

27. Freedman RR, Woodward S. Core body temperature during menopausal hot flushes. Fertil 
Steril. 1996;65(6):1141-1144. doi:10.1016/S0015-0282(16)58328-9 

28. Jones H, Bailey TG, Barr DA, et al. Is core temperature the trigger of a menopausal hot 
flush? Menopause N Y N. 2019;26(9):1016-1023. doi:10.1097/GME.0000000000001357 

29. Freedman RR, Norton D, Woodward S, Cornélissen G. Core body temperature and 
circadian rhythm of hot flashes in menopausal women. J Clin Endocrinol Metab. 
1995;80(8):2354-2358. doi:10.1210/jcem.80.8.7629229 

30. Roberts MF, Wenger CB, Stolwijk JA, Nadel ER. Skin blood flow and sweating changes 
following exercise training and heat acclimation. J Appl Physiol. 1977;43(1):133-137. 
doi:10.1152/jappl.1977.43.1.133 

31. Thomas CM, Pierzga JM, Kenney WL. Aerobic training and cutaneous vasodilation in young 
and older men. J Appl Physiol Bethesda Md 1985. 1999;86(5):1676-1686. 
doi:10.1152/jappl.1999.86.5.1676 

32. Fox RH, Goldsmith R, Kidd DJ, Lewis HE. Blood flow and other thermoregulatory changes 
with acclimatization to heat. J Physiol. 1963;166:548-562. 
doi:10.1113/jphysiol.1963.sp007122 

33. Bailey TG, Cable NT, Aziz N, et al. Exercise training reduces the frequency of menopausal 
hot flushes by improving thermoregulatory control. Menopause N Y N. 2016;23(7):708-718. 
doi:10.1097/GME.0000000000000625 

34. Bailey TG, Cable NT, Aziz N, et al. Exercise training reduces the acute physiological 
severity of post-menopausal hot flushes. J Physiol. 2016;594(3):657-667. 
doi:10.1113/JP271456 

35. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and physical fitness: 
definitions and distinctions for health-related research. Public Health Rep Wash DC 1974. 
1985;100(2):126-131. 

36. Ainsworth B, Cahalin L, Buman M, Ross R. The Current State of Physical Activity 
Assessment Tools. Prog Cardiovasc Dis. 2015;57(4):387-395. 
doi:10.1016/j.pcad.2014.10.005 

37. Adams SA. The Effect of Social Desirability and Social Approval on Self-Reports of Physical 
Activity. Am J Epidemiol. 2005;161(4):389-398. doi:10.1093/aje/kwi054 

38. Durante R, Ainsworth BE. The recall of physical activity: using a cognitive model of the 
question-answering process: Med Amp Sci Sports Amp Exerc. 1996;28(10):1282-1291. 
doi:10.1097/00005768-199610000-00012 

39. Sievert LL. Subjective and objective measures of hot flashes: Measures of Hot Flashes. Am 
J Hum Biol. 2013;25(5):573-580. doi:10.1002/ajhb.22415 



40. Baena-García L, Flor-Alemany M, Marín-Jiménez N, Aranda P, Aparicio VA. A 16-week 
multicomponent exercise training program improves menopause-related symptoms in 
middle-aged women. The FLAMENCO project randomized control trial. Menopause N Y N. 
Published online January 31, 2022. doi:10.1097/GME.0000000000001947 

41. Berin E, Hammar M, Lindblom H, Lindh-Åstrand L, Rubér M, Spetz Holm AC. Resistance 
training for hot flushes in postmenopausal women: A randomised controlled trial. Maturitas. 
2019;126:55-60. doi:10.1016/j.maturitas.2019.05.005 

42. Asghari M, Mirghafourvand M, Mohammad-Alizadeh-Charandabi S, Malakouti J, Nedjat S. 
Effect of aerobic exercise and nutrition educationon quality of life and early menopause 
symptoms:A randomized controlled trial. Women Health. 2017;57(2):173-188. 
doi:10.1080/03630242.2016.1157128 

43. Luoto R, Moilanen J, Heinonen R, et al. Effect of aerobic training on hot flushes and quality 
of life--a randomized controlled trial. Ann Med. 2012;44(6):616-626. 
doi:10.3109/07853890.2011.583674 

44. Sternfeld B, Guthrie KA, Ensrud KE, et al. Efficacy of exercise for menopausal symptoms: a 
randomized controlled trial. Menopause N Y N. 2014;21(4):330-338. 
doi:10.1097/GME.0b013e31829e4089 

45. Daley AJ, Thomas A, Roalfe AK, et al. The effectiveness of exercise as treatment for 
vasomotor menopausal symptoms: randomised controlled trial. BJOG Int J Obstet 
Gynaecol. 2015;122(4):565-575. doi:10.1111/1471-0528.13193 

46. Aiello EJ, Yasui Y, Tworoger SS, et al. Effect of a yearlong, moderate-intensity exercise 
intervention on the occurrence and severity of menopause symptoms in postmenopausal 
women. Menopause N Y N. 2004;11(4):382-388. 
doi:10.1097/01.gme.0000113932.56832.27 

47. Villaverde-Gutiérrez C, Araújo E, Cruz F, Roa JM, Barbosa W, Ruíz-Villaverde G. Quality of 
life of rural menopausal women in response to a customized exercise programme. J Adv 
Nurs. 2006;54(1):11-19. doi:10.1111/j.1365-2648.2006.03784.x 

48. Elavsky S, McAuley E. Physical activity and mental health outcomes during menopause: A 
randomized controlled trial. Ann Behav Med. 2007;33(2):132-142. doi:10.1007/BF02879894 

49. Fisher WI, Thurston RC. Measuring hot flash phenomenonology using ambulatory 
prospective digital diaries. Menopause. 2016;23(11):1222-1227. 
doi:10.1097/GME.0000000000000685 

50. Harlow SD, Gass M, Hall JE, et al. Executive summary of the Stages of Reproductive Aging 
Workshop +10: addressing the unfinished agenda of staging reproductive aging. Climacteric 
J Int Menopause Soc. 2012;15(2):105-114. doi:10.3109/13697137.2011.650656 

51. Simmons GH, Wong BJ, Holowatz LA, Kenney WL. Changes in the control of skin blood 
flow with exercise training: where do cutaneous vascular adaptations fit in? Exp Physiol. 
2011;96(9):822-828. doi:10.1113/expphysiol.2010.056176 



52. Tansey EA, Johnson CD. Recent advances in thermoregulation. Adv Physiol Educ. 
2015;39(3):139-148. doi:10.1152/advan.00126.2014 

53. Elavsky S, Gonzales JU, Proctor DN, Williams N, Henderson VW. Effects of physical activity 
on vasomotor symptoms: examination using objective and subjective measures. 
Menopause J North Am Menopause Soc. 2012;19(10):1095-1103. 
doi:10.1097/gme.0b013e31824f8fb8 

54. Slaven L, Lee C. Mood and symptom reporting among middle-aged women: the relationship 
between menopausal status, hormone replacement therapy, and exercise participation. 
Health Psychol Off J Div Health Psychol Am Psychol Assoc. 1997;16(3):203-208. 
doi:10.1037//0278-6133.16.3.203 

55. Thurston RC, Blumenthal JA, Babyak MA, Sherwood A. Emotional antecedents of hot 
flashes during daily life. Psychosom Med. 2005;67(1):137-146. 
doi:10.1097/01.psy.0000149255.04806.07 

56. Gibson C, Matthews K, Thurston R. Daily physical activity and hot flashes in the Study of 
Women’s Health Across the Nation (SWAN) Flashes Study. Fertil Steril. 2014;101(4):1110-
1116. doi:10.1016/j.fertnstert.2013.12.029 

57. McAndrew LM, Napolitano MA, Albrecht A, Farrell NC, Marcus BH, Whiteley JA. When, why 
and for whom there is a relationship between physical activity and menopause symptoms. 
Maturitas. 2009;64(2):119-125. doi:10.1016/j.maturitas.2009.08.009 

58. Thurston RC, Joffe H, Soares CN, Harlow BL. Physical activity and risk of vasomotor 
symptoms in women with and without a history of depression: results from the Harvard 
Study of Moods and Cycles. Menopause. 2006;13(4):553-560. 
doi:10.1097/01.gme.0000227332.43243.00 

59. Avis NE, Brambilla D, McKinlay SM, Vass K. A longitudinal analysis of the association 
between menopause and depression Results from the Massachusetts women’s health 
study. Ann Epidemiol. 1994;4(3):214-220. doi:10.1016/1047-2797(94)90099-X 

60. Freeman EW, Sammel MD, Lin H. Temporal associations of hot flashes and depression in 
the transition to menopause. Menopause. 2009;16(4):728-734. 
doi:10.1097/gme.0b013e3181967e16 

61. Worsley R, Bell R, Kulkarni J, Davis SR. The association between vasomotor symptoms 
and depression during perimenopause: A systematic review. Maturitas. 2014;77(2):111-117. 
doi:10.1016/j.maturitas.2013.11.007 

62. Goldbacher EM, Bromberger J, Matthews KA. Lifetime History of Major Depression Predicts 
the Development of the Metabolic Syndrome in Middle-Aged Women. Psychosom Med. 
2009;71(3):266-272. doi:10.1097/PSY.0b013e318197a4d5 

63. Thurston RC, Aslanidou Vlachos HE, Derby CA, et al. Menopausal Vasomotor Symptoms 
and Risk of Incident Cardiovascular Disease Events in SWAN. J Am Heart Assoc. 
2021;10(3):e017416. doi:10.1161/JAHA.120.017416 



64. Morardpour F, Koushkie Jahromi M, Fooladchang M, Rezaei R, Sayar Khorasani MR. 
Association between physical activity, cardiorespiratory fitness, and body composition with 
menopausal symptoms in early postmenopausal women: Menopause. 2020;27(2):230-237. 
doi:10.1097/GME.0000000000001441 

65. Ivarsson T, Spetz AC, Hammar M. Physical exercise and vasomotor symptoms in 
postmenopausal women. Maturitas. 1998;29(2):139-146. doi:10.1016/s0378-
5122(98)00004-8 

66. Dąbrowska-Galas M, Dąbrowska J, Ptaszkowski K, Plinta R. High Physical Activity Level 
May Reduce Menopausal Symptoms. Medicina (Mex). 2019;55(8):466. 
doi:10.3390/medicina55080466 

67. Kim MJ, Cho J, Ahn Y, Yim G, Park HY. Association between physical activity and 
menopausal symptoms in perimenopausal women. BMC Womens Health. 2014;14(1):122. 
doi:10.1186/1472-6874-14-122 

68. Gold EB, Colvin A, Avis N, et al. Longitudinal analysis of the association between vasomotor 
symptoms and race/ethnicity across the menopausal transition: study of women’s health 
across the nation. Am J Public Health. 2006;96(7):1226-1235. 
doi:10.2105/AJPH.2005.066936 

69. Thurston RC, Bromberger JT, Joffe H, et al. Beyond frequency: who is most bothered by 
vasomotor symptoms? Menopause N Y N. 2008;15(5):841-847. 
doi:10.1097/gme.0b013e318168f09b 

70. Whitcomb BW, Whiteman MK, Langenberg P, Flaws JA, Romani WA. Physical Activity And 
Risk of Hot Flashes among Women in Midlife. J Womens Health. 2007;16(1):124-133. 
doi:10.1089/jwh.2006.0046 

 


	Physical Activity and Exercise for Hot Flashes: Trigger or Treatment?
	Recommended Citation

	Microsoft Word - HF and PA review REFS TrackedChanges II.docx

