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Examining the role of physical activity interventions in modulating androgens and cardio-
vascular health in postmenopausal females: A narrative review

We summarised randomized controlled trials assessing the
impact of physical activity (PA) on androgens in

postmenopausal females.
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ABSTRACT

A growing body of literature has examined the role of physical activity
(PA) in modifying the effects of estrogen withdrawal on cardiovascular
health in postmenopausal women, but the impact of PA on androgens is
less clear. Changes in androgen concentrations following regular PA may
improve cardiovascular health. This narrative review summarizes the
literature assessing the impact of PA interventions on androgens in
postmenopausal women. The association between changes in androgen
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Physical activity may modify the concentrations of some androgens.
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Fat loss/caloric restriction enhanced the influence of PA

on most androgens.

Gaps in the relationship between physical activity, androgens
and cardiovascular health in postmenopausal females remain.

RESUME

Un nombre croissant de publications ont examiné le réle de I'activité
physique (AP) pour contrer les effets de la privation en cestrogénes sur
la santé cardiovasculaire des femmes ménopausées, mais les effets
de I'AP sur les androgénes sont moins évidents. Les variations des taux
d’androgénes associées a I'AP réguliére pourraient améliorer la santé
cardiovasculaire. Cette revue narrative résume des articles ayant
évalué les répercussions des interventions fondées sur I’AP sur les taux
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concentrations and cardiovascular health following PA programs is
also examined. Randomized controlled trials were included if they (i)
implemented a PA program of any type and duration in post-
menopausal women and (ii) measured changes in androgen
concentrations. Following PA interventions, no changes in andro-
stenedione, conflicting changes in dehydroepiandrosterone/
dehydroepiandrosterone-sulfate, and increases in sex hormone
—binding globulin concentrations were found. Total testosterone
decreased following aerobic PA but increased after resistance training.
Most aerobic PA interventions led to reductions in free testosterone.
A combination of caloric restriction and/or fat loss enhanced the in-
fluence of PA on most androgens. Evidence exploring the relationship
between changes in androgens and cardiovascular health indicators
was scarce and inconsistent. PA has shown promise in modifying the
concentrations of some androgens (free and total testosterone, sex
hormone—binding globulin), and remains a well-known beneficial
adjuvant option for postmenopausal women to manage their cardio-
vascular health. Fat loss influences the effect of PA on androgens, but
the synergistic role of PA and androgens on cardiovascular health
merits further examination. Many research gaps remain regarding the
relationship between PA, androgens, and cardiovascular disease in
postmenopausal women.

Cardiovascular disease (CVD) is the leading cause of prema-
ture death in women over 50 years of age in developed
countries." During their reproductive years, women have a
lower risk of CVD than men, but after menopause, this
advantage disappears.” Menopause is a female- specrﬁc risk
factor for CVD, independent of natural aging. ’ Menopause
occurs at a median age of 51 years,” and is characterized by a
change in hormonal milieu resulting in the cessation of
ovarian estrogen production, while the ovaries continue to
synthesize and secrete testosterone (an androgen).” In turn,
the relative influence of androgens becomes more prominent
after estrogen concentrations decrease post menopause.’
Alterations in the concentrations of sex hormones
following menopause impact cardiovascular health.”® Previ-
ous research on the relationship between menopause and
increased CVD risk has focused primarily on decreased es-
trogen concentrations.” These outcomes include the evolution
of a proatherogenic lipid profile and redistribution of fat to
visceral deposrtlons,3 development of subclinical vascular
disease,™” and increased blood pressure (Fig. 1). However,
the literature regarding the role of endogenous androgens on
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d’androgénes chez les femmes ménopausées. Le lien entre la santé
cardiovasculaire et les variations des taux d’androgénes consécutives
a des programmes d’AP a également été examiné. Des essais con-
trolés randomisés étaient inclus s’ils comprenaient (i) la mise en ceuvre
d’'un programme d’AP quel qu’en soit le type ou la durée chez des
femmes ménopausées et (ii) la mesure des variations des taux d’an-
drogénes. Aucune variation des taux d’androsténedione n’'a été
observée aprés des interventions fondées sur I'AP. Toutefois, des
variations conflictuelles des taux de déhydroépiandrostérone et de
sulfate de déhydroépiandrostérone et des hausses des taux de la
globuline liant les hormones sexuelles ont été observés. Le taux de
testostérone totale a diminué aprés I'AP en aérobie, mais a augmenté
aprés I'entrainement contre résistance. La plupart des interventions
fondées sur I'AP en aérobie ont entrainé des réductions du taux de
testostérone libre. En association avec la restriction calorique et/ou
une perte de graisse corporelle, I'AP exerce une influence accrue sur la
plupart des androgénes. Les données probantes explorant le lien entre
les variations des taux d’androgénes et les indicateurs de santé car-
diovasculaire étaient rares et contradictoires. L'AP s’est révélée
prometteuse pour ce qui est de modifier les taux de certains andro-
génes (testostérone libre et testostérone totale, globuline liant les
hormones sexuelles); elle demeure une option adjuvante bénéfique
bien connue pour aider les femmes ménopausées a prendre en charge
leur santé cardiovasculaire. La perte de graisse corporelle influe sur les
effets de I'AP sur les androgénes, mais le role synergique de I'AP et
des androgénes sur la santé cardiovasculaire mérite un examen plus
approfondi. De nombreuses lacunes subsistent quant a la recherche
d’un lien entre I'AP, les androgénes et les maladies cardiovasculaires
chez les femmes ménopausées.

cardiovascular health in postmenopausal women is conflicting
(see Androgens and Cardiovascular Health below). Many
studies have attempted to characterize the relationship, but
they have focused on sex-related differences in cardiovascular
indicators’ or in women who have had androgenic therapy.'”
Although menopausal hormone therapy (MHT) historically
has been considered cardioprotective, it is no longer recom-
mended for prrmary and secondary prevention against
cvD.!! Similarly, in 2019, a Global Consensus Position
Statement endorsed by ten regulatory societies declared here
was insufficient data to recommend testosterone therapy for
CVD prevention or treatment in postmenopausal women.'”
In fact, the statement recommended against the use of oral
testosterone therapy, as it has been associated with decreased
high- densrty lipoprotein and increased low—densrty lipoprotein
levels.'” Substantial gaps are present in the female-specific
CVD research, as most CVD-related clinical trials were
comprised of more than 85% male partrcrpants and ~66%
of all CVD research has focused on male participants.'” These
assumptions and gaps in key clinical knowledge warrant a
narrative investigation of the influence of androgens on CVD
in postmenopausal women.

Physical activity (PA) is a safe, cost-effective strategy that
has been shown to improve modifiable CVD risk factors
associated with aging and postmenopausal status.””'* For
example, moderate-intensity aerobic PA has been shown to
reduce cortisol-to-dehydroepiandrosterone (DHEA) ratros,
fasting glucose, inflammation, and blood pressure.’
Increasing the number of minutes of aerobic PA has been
associated with decreased adiposity in postmenopausal
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Figure 1. Rationale for the need to assess the impact of physical activity (PA) interventions on androgen concentrations and cardiovascular (CV) health in
postmenopausal females (PMFs). CVD, cardiovascular disease; DHEA, dehydroepiandrosterone; DHEA-S, dehydroepiandrosterone-sulfate.

women.'® The increase in cardiorespiratory fitness (CRF)
following regular PA also lowers the risk of CVD'” and at-
tenuates the arterial stiffness that accompanies aging.'* For an
in-depth review of the negative effects of menopause on CVD
risk factors and the positive impact of PA on CVD in post-
menopausal women, the reader is referred to El Khoudary
et al.” and Mendoza et al.,'* respectively.

Given the remarkable health benefits of PA, the World
Health Organization and Canadian Society for Exercise Physi-
ology recommend that adults (ages 18-64 years) and older adults
(ages 64+ years) accumulate at least 150 to 300 minutes of
moderate-intensity PA or 75 to 150 minutes of vigorous-
intensity PA per week, and engage in muscle-strengthening ac-
tivities on 2 or more days a week.'®"” However, women are
often less physically active than men.”” Only 16.6% of women
at least 40 years of age in Canada meet the PA recommenda-
tions, as measured with accelerometers.”! In a national cohort of
previously inactive American adults over 60 years old, those who
increased their PA frequency to 3 to 4 times per week signifi-
cantly lowered their risk of CVD events, compared with those
who remained inactive.”” Menopause may, thus, be a key period
in which women should be encouraged to become physically
active. If PA is an effective preventative therapy to reverse the
negative cardiovascular consequences that follow altered hor-
mone concentrations in postmenopausal women,'” the role of
PA in modulating the specific effects of androgens on cardio-
vascular health must be considered.

Recent evidence suggests an interplay exists between fat loss,
androgens, and PA in subpopulations of women, including
those at increased risk of breast cancer and those with polycystic
ovary syndrome (PCOS). Gonzalo-Encabo et al. investigated
the role of PA on sex hormones and breast cancer risk in obese
and overweight postmenopausal women and found that aerobic
training, compared to aerobic training combined with resis-
tance training, had a stronger impact on restoring sex hormone

homeostasis (ie, decreasing estrogen and androgen concentra-
tions [decreased DHEA, testosterone, and androstenedione
concentrations] and increasing sex hormone—binding globulin
{SHBG}concentration]).>” This effect was more pronounced
when the training was combined with exercise-induced weight
loss.”” Similarly, a systematic review including female partici-
pants of all ages with PCOS revealed that vigorous-intensity
aerobic PA was associated with the largest improvements in
insulin sensitivity, and resistance training lowered androgen
concentrations more than aerobic, aguatic high-intensity in-
terval training, or yoga PA modalities. 4 However, a consensus
on the influence of PA in altering androgen concentrations in a
larger inclusive population of postmenopausal women has not
been reached.”

Given the altered sex hormone profile that follows meno-
pause and its subsequent influence on CVD risk, development
of alternative preventative strategies that positively impact sex
hormones and cardiovascular health is crucial. Changes in
androgen concentrations following regular PA may improve
cardiovascular health (Fig. 1). To address the limited literature
surrounding androgens and CVD in postmenopausal women,
calls for action have been made by experts in the field to
investigate the sex-specific effects of androgens on CVD
risk, > and whether regular PA can modulate circulating
androgen concentrations” in postmenopausal women. The
aims of this narrative review are as follows: (i) to provide a
background in the production and function of androgens, al-
terations of androgens following menopause, and their poten-
tial impact on cardiovascular health; and (ii) to summarize the
existing literature assessing the impact of PA interventions on
androgen concentrations in postmenopausal women. As a
secondary aim, we examine the association between changes in
androgen concentrations and cardiovascular health indicators
(eg, body mass and composition, blood pressure, CRF, blood
biomarkers) following a PA program.
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Figure 2. Pathway of major ovarian and adrenal sex steroid synthesis. The syntheses of adrenal steroids aldosterone and cortisol have been

omitted for the purposes of this review.

Androgens and Menopause

Androgens are essential steroid hormones with important
roles in sexual function.”**” They are one of 4 steroid hor-
mone groups (including progesterone, estrogens, and corti-
coids) that originate from a common cholesterol precursor
(Fig. 2). Sources of androgens are either direct secretion from
endocrine glands (ie, the ovaries and adrenals) or indirect
bioconversion of circulating androgenic prohormones into
active hormones by enzymatic activity in peripheral tissues
(Fig. 3). With the loss of ovarian follicular activity at meno-
pause, the adrenal gland acts as the primary source of an-
drogens: DHEA, DHEA-sulfate (DHEA-S), and
androstenedione become major precursors for the extra-
gonadal production of androgens in postmenopausal
women.”

DHEA and androstenedione have little androgenic activity
and are quickly converted into testosterone in peripheral tis-
sues.”' Testosterone can then act directly on androgen re-
ceptors, be reduced to dihydrotestosterone by enzymatic
action at target tissues (ie, ovaries, skin, and liver), or be
aromatized to estradiol.'>*®  Testosterone and  dihy-
drotestosterone are considered the most potent source of an-
drogens in terms of affinity for androgen receptors.*

Androgen physiology is highly dependent upon the bind-
ing of sex steroids to SHBG in circulating blood.” Only
unbound androgens bind to steroid receptors in peripheral
tissues.”® SHBG has a high affinity for testosterone and
dihydrotestosterone, but a low affinity for DHEA. SHBG
does not bind to DHEA-S.”® A small proportion of testos-
terone (2%) remains unbound and biologically active,
measured as “free” testosterone.”” “Total” testosterone refers
to the amount of testosterone that is bound to SHBG plus the
amount of unbound, free testosterone. A surrogate measure of
free testosterone is the free androgen index (FAI), which is a
ratio of total testosterone to SHBG and a validated marker of

S 3
androgenicity in postmenopausal women.”> Therefore,
androgen activity is dependent upon endocrine secretion,
peripheral bioconversion, and SHBG concentrations.

Alterations in androgen concentrations after menopause

In postmenopausal women, circulating estrogen concen-
trations are lower when compared to premenopausal levels,
contributing to a relative increase in androgenic concentra-
tions.”* More specifically, androgen production decreases over
the lifespan, including after menopause.”*”” Estrogen pro-
duction also decreases after menopause,” but to a greater
extent, allowing the relative influence of androgens to become
more pronounced. DHEA concentrations decline by up to
60% prior to menopause and continue to decrease throughout
the lifespan.”” Similarly, testosterone concentration decreases
with reproductive aging,”® by up to 50% in women in their
40s compared to women in their 30s,”” and it plateaus after
the age of 65 years.'” This change may reflect an age-related
reduction rather than the influence of menopause. Minimal
decreases in androstenedione concentrations have been
observed after menopause.” Finally, SHBG concentrations
decline steadily throughout the menopausal transition,
increasing the FAL”*"” The cardiovascular changes that
accompany the increased androgen concentrations following
menopause are pootly understood.

Androgens and cardiovascular health

Testosterone and the risk of CVD. Conflicting results

have been reported from longitudinal cohort studies, such

that both high (ie, in n = 4600 pre- and postmenopausal
40 41

women™ ; and n = 2634 postmenopausal” women) and low

total testosterone (in n = 2914 pre- and postmenopausal
42 . R B

women ~) concentrations have been associated with
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Figure 3. A schematic representation of sources of androgen in postmenopausal women. 1) Ovaries; 2) adrenal glands; 3) peripheral tissues.
Dehydroepiandrosterone is a major source of androgens in postmenopausal women and is converted into testosterone and dihydrotestosterone for
action in target peripheral tissues. All androgens must be bound to sex hormone—binding globulin to enter the bloodstream. Brain, ovary, adrenal
gland: Icons made by Freepik (https://www.flaticon.com/authors/freepik) from www.flaticon.com.

increased CVD risk. For instance, women with high (95th
percentile) testosterone concentrations showed a 68% greater
risk of ischemic heart disease, compared to those with lower
(10th to 89th percentile) concentrations.’’ A systematic re-
view (n = 23 randomized controlled trials [RCTs] studying
exogenous androgen administration) concluded that chronic
states of hyperandrogenism (ie, high testosterone and low
SHBG concentrations) contribute to increased CVD risk.*?
Yet, low total testosterone concentration has been associ-
ated with an increased risk of cardiovascular events (ie,
angina pectoris, myocardial infarction, percutaneous trans-
luminal coronary angioplasty, coronary artery bypass surgery,
stroke, transient ischemic attack; hazard ratio 0.68 [95%
confidence interval {CI} 0.48-0.97]) after adjustment for
body mass index (BMI) > 25 kg/mz, age, and smoking in
postmenopausal women.”> Moreover, in a prospective
population-based trial, postmenopausal women (n = 639)
with the highest free testosterone ( > 63 pg/mL) and lowest
total testosterone ( < 80 pg/ml) concentrations had the
highest incidence of cardiovascular events, even after
adjugtment for PA levels, BMI, and other CVD risk fac-
tors.”* In summary, both high and low levels of total
testosterone may have negative health consequences, and it
remains unclear in the literature which association may be
worse. Thus, the evidence suggests that an intermediate
physiological range may benefit cardiovascular health, but

the inconsistency of the findings limits our current under-
standing of these pathophysiological mechanisms.”***
Finally, low SHBG concentration has been positively
associated with an increased CVD risk, as reported in narra-
tive”® and systematic reviews. "’ Recent expert reviews have
postulated that the development of CVD may be influenced
more by low SHBG than by testosterone concentration,”*°
which may be particularly relevant in postmenozpausal
women who have a low serum SHBG concentration.”””’

Androgens and vascular disease progression. In post-
menopausal women, higher androstenedione and free testos-
terone concentrations have been found to be significandy
associated with reduced carotid artery intima-media thickness, a
marker of atherosclerosis.** Independent of CVD risk factors
(ie, BMI, insulin resistance, systolic blood pressure, and lipids),
higher serum total testosterone concentration and FAI corre-
sponded to increased carotid artery intima-media thickness, and
lower DHEA-S concentration was associated with arterial
stiffness.”” Indeed, an increased incidence of atherosclerosis has
been observed in women with PCOS who may have marked
hyperandrogenism, even after adjusting for BML“° Therefore,
although increased androgen levels appear to influence the
development of atherosclerosis, the relative influence of each
steroid independently has not been established.
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Androgens and insulin resistance. Type 2 diabetes has
been shown to increase the risk of coronary artery disease
mortality more strongly in women than in men (ie, 3.5- vs 2-
fold increase, respectively).”” A systematic review of prospec-
tive and cross-sectional studies by Ding et al. determined that,
compared to controls, women with type 2 diabetes had a
significantly higher total testosterone concentration (range:
449.6 to 605.2 ng/dL; mean difference, 6.1 ng/dL; 95% ClI,
2.3 to 10.1; P < 0.001 for sex difference).48 Moreover,
women with higher SHBG concentrations ( > 60 nmol/L)
had an 80% lower risk of having type 2 diabetes (risk ratio,
0.20; 95% CI, 0.12 to 0.30), and men had a 52% lower
risk.”® This review conversely found that high SHBG con-
centration led to low free testosterone concentration, sug-
gesting that high SHBG concentration may protect against
the adverse effects of free testosterone.”® SHBG concentration
has been established as an independent marker for insulin
resistance, and low SHBG concentration has been associated
with the development of obesity, independent of estrogen and
androgen concentrations. Insulin resistance can stimulate the
ovarian production of androgens while also inhibitiqg SHBG,
via increasing insulin-like growth factor (IGF-1).%7” Finally,
recent evidence has shown a positive correlation between left
ventricular hypertrophy, increased FAI, and decreased SHBG
concentration in postmenopausal hypertensive women,
directly linking CVD with androgen concentrations outside of
expected physiological ranges.”’ Endogenous androgens may
produce sex-specific modulation of glycemic control and onset
of type 2 diabetes, influencing cardiovascular health largely
through the effects of SHBG.

Androgens and body composition. Adipose tissue is a
potent source of androgen metabolism through peripheral
tissue bioconversion, and increased adiposity may heighten
androgen concentrations in postmenopausal women with a
higher BMIL*” Changes accompanying menopause include a
redistribution of fat to the abdominal area.”” Increased
abdominal circumference also has been independently asso-
ciated with insulin resistance, increased low-density lipopro-
tein level, serum triglycerides, and blood pressure.(’ Finding
strategies to reduce amounts of adipose tissue, increase SHBG
concentration, and improve insulin resistance may, therefore,
alter androgen concentrations in postmenopausal women.

Methods

To summarize the existing literature, a search was created
by a medical research librarian (S.V.) in collaboration with the
project leads (C.E., J.R.). The search was created in MED-
LINE (National Library of Medicine database) using a com-
bination of key terms and index headings related to
postmenopausal women, androgens, and PA and then trans-
lated to Cochrane Central Register of Controlled Trials,
Embase, and CINAHL (Cumulative Index to Nursing and
Allied Health Literature); Supplemental Tables S1-S4). The
searches were conducted on August 10, 2020 and updated on
December 17, 2021. When possible, French and English
limits were applied. RCT's were included if they implemented
a PA program of any type and duration in postmenopausal
women and measured changes in androgen concentrations (ie,
in androstenedione, DHEA, DHEA-S, total/free testosterone,
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and/or SHBG). Women of any health status were included if
(i) they were > 40 years of age (as menopause before this age
is considered premature ovarian insufficiency’), and > 12
months had passed since their last known period; (ii) they had
no prior history of oophorectomy; and (iii) they did not take
MHT. In studies with mixed populations (eg, both sexes,
including women on MHT), only data from the post-
menopausal women who were not taking MHT were
extracted and included. Traditional cardiovascular health in-
dicators (eg, BMI, body composition, CRF, blood pressure,
blood biomarkers) reported at baseline and follow-up in at
least 3 studies were extracted by the current authors.

Results

Study characteristics

A total of 3253 articles were identified for this review;
following the removal of duplicates (n = 1245), 2008 articles
were screened by title and abstract. Full-text screening was
conducted in 138 articles, and 15 RCT's were deemed eligible
for inclusion (Supplemental Fig. S1). In 2 studies that
included ineli§ible populations (ie, women on MHT; n =

53 5
39”7, n = 16™"), only data from postmenopausal women who
were not taking MRT in the PA group were extracted.
Characteristics of the included RCTs implementing a PA
program and measuring androgen concentrations in post-
menopausal women are presented in Table 1. Most women

53,65 ) 53-64,66,67 -
were sedentary and overweight or obese, with a
mean age between 53 and 70 years. Heterogeneity was high in
the frequency (2-5 days per week), intensity (light, moderate,
or vigorous), duration (30-75 minutes per session), and total
length (12 weeks to 12 months) of the PA interventions.
These interventions were categorized as  aerobic
54-56,58,59,67 __ - - . 53,61-63,65,66 .
PA, resistance training, "% or combined
aerobic and resistance training (Table 1).>7:00.64 Figure 4
provides a visual representation of the changes in androgen
concentrations following aerobic and/or resistance training,

Physical activity and androgen concentrations

Physical activity and androstenedione. Our findings
demonstrate that studies implementing PA programs (n =
§5739456:39:6%) qid not elicit significant changes in andro-
stenedione  concentrations in  postmenopausal women
(Table 2). Studies comparing PA of any intensity to control
conditions (ie, maintenance of usual activities, diet, or
stretching exercises) over 12 months showed no changes in
androstenedione in postmenopausal women in response to
different PA modalities (ie, aerobic exercise,” > resistance
training,” and combined aerobic and resistance training(’4).
This evidence suggests that androstenedione concentrations
are not influenced by PA interventions, regardless of their
type, duration, or intensity, in postmenopausal women.

Physical activity and DHEA, DHEA-S. The effect of PA
interventions on DHEA concentration (n = 2 studies’”®")
and DHEA-S concentration (n = 4 studies””>””®"*%) appears
to be limited across the reviewed literature (Table 2). One
study reported no change in DHEA concentration as a result
of aerobic PA,”? whereas another showed significant increases



Table 1. Characteristics of RCTs implementing a physical activity program in postmenopausal women
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Participant characteristics

Intervention characteristics

Co-intervention/

Age (y), mean (SD) control Hormone(s)
Study N or range of groups  Inclusion criteria Activity Frequency, d/wk Intensity Duration, min ~ Length group studied
Aerobic exercise
Campbell et al”* 439 from the PA: 58 (5) Healthy, BMI > Supervised + at- 5 (3 onsite, 2 at Moderate- to- > 45 12 mo Diet + PA Androstenedione
(2012) USA “New” RCT Diet + PA: 58 (5) 25, < 100 min/  home aerobic home) vigorous: 70% (n=117) SHBG
Diet: 58 (6) wk PA PMWs, exercise —85% HRMax Diet: caloric Testosterone (free,
C: 57 (4) aged 50-75 y (n = 117) or 4+ METS restriction total)
(n=118)
C: MUA (n = 87)
Friedenreich 320 PA: 61 (5) Healthy, BMI 22-  Supervised + at- 5 (3 onsite, 2 at ~ 70%—80% HRR > 45 12 mo C: MUA Androstenedione
et al.’® (2010) C: 60 (5) 40 home aerobic home) (n = 160) SHBG
Canada <120 min/wk PA, exercise Testosterone (free,
PMWs aged 50-  (n = 160) total)
74y
Friedenreich 400 from the Moderate: 60 (5)  Healthy, BMI 22- Supervised + at- 5 (3 onsite, 2 at 60%—80% Moderate group: 12 mo No C SHBG
et al.”” (2015) "BETA" trial High: 59 (5) 40, <120 min/ home aerobic home) HRR 30 (n = 200)
Canada wk PA, PMWs exercise High group: 60
i aged 50-74 y (n = 200)
Kim & Kim”® 30 Total: 55 (3) Healthy, BF > Supervised aerobic 3 55%—80% 60 16 wk C: MUA (n = 15) SHBG
(2012) South 32%, < 40 min/  dance (n = 15) HRmax
Korea wk PA, PMWs
McTiernan et al.”” 173 PA: 61 (7) Healthy, BMI >  Supervised + at- 5 60%—75% 45 12 mo C: stretching Androstenedione
(2004) USA C: 61 (7) 24, < 60 min/ home aerobic HRmax exercises (1x/wk DHEA
wk PA, PMWs exercise (n = 87) for 45 min) DHEA-S
aged 50-79 y (n = 86) Testosterone (free,
total)
Yoo et al.” (2010) 21 PA: 70 (2) Healthy PMWs, Supervised walking 3 60% HRR 60 12 wk C: MUA (n = 10) Testosterone (total)
South Korea C:71(2) aged > 65y with ankle
weights (1 kg)
(n=11)
Resistance training
Copeland et al.*® 16 PA: 53 (5) Healthy, sedentary Supervised 3 10RM NR 12 wk C: unsupervised ~ DHEA
(2004) Canada C: 54 (6) PMWs aged > resistance flexibility Testosterone (total)
50y training (n = 8) exercises 3 d/wk
(n=28)
Figueroa et al.”? 74 PA: 57 (1) Healthy, sedentary Supervised 3 70%—80 % 60—75 12 mo C: MUA (n = 28) Androstenedione
(2003) USA C:57 (1) PMWs aged 40-  resistance 1RM
65y training
(n = 24)
Nunes et al.®' 34 Low: 64 (NR) Healthy, sedentary Resistance training: 3 70% 1RM Low-volume: ~45 16 wk C: stretching DHEA-S
(2019) Brazil High: 60 (NR) PMWs aged 49- Low-volume (3 High-volume: exercises 2x/wk  Testosterone (total)
C: 59 (NR) 79y sets) (n = 10); ~90 (n=12)
high-volume (6
sets) (n = 12)
Orsatti et al.®” 43 PA: 58 (8) Healthy, sedentary Supervised 3 60%—80% 1RM  50—60 16 wk C: MUA (n = 21) Total testosterone
(2008) Brazil C: 59 (6) PMWs aged 45- resistance
70y training
(n = 22)

€20T G dWn|oA
uadQ Oro



Son et al.®? (2020) 20

South Korea

Ward et al.®’
(2020) Sweden

PA: 68 (1)
C: 67 (1)

PA: 58 (5)
C: 55 (5)

Combined aerobic and resistance training

Gonzalo-Encabo
et al.”’ (2020)
Spain

Monninkhof
et al.%° (2009)
The Netherlands

van Gemert et al.®* 243 from the
"SHAPE-2" trial

(2015) The
Netherlands

"SHAPE" study

Median
Endurance: 56
Concurrent:58

C: 57

PA: 59 (5)
C: 58 (4)

PA: 59 (4)
Diet: 60 (5)
C: 60 (5)

Healthy, sedentary,
Stage 1 HTN
PMWs

Supervised
resistance band
training

(n = 10)

Healthy, sedentary Supervised and at- 3

(< 75 min/wk
MVPA) PMWs
with vasomotor
symptoms

Healthy, BMI >
25, < 150 min/
wk PA, PMWs
aged 50-65 y

Healthy, BMI >
22, < 120 min/
wk PA, PMWs
aged 50-69 y

Healthy, < 120
min/wk PA,
BMI 25-35,
PMWs aged 50-
69y

home resistance
training

(n = 26)

Supervised
endurance
(n = 10) or
endurance +
resistance
(n = 13)
training
Supervised or at-

Supervised: 2

home aerobic + At home: 1

resistance

training

(n = 96)
Supervised

resistance +

endurance

training sessions,

Nordic walking 2 Nordic walking

(n = 98)

2 combined

resistance +

endurance
training,

Increased
progressively:
40%—50% to
60%—80%
1RM

8RM

Endurance: 55%
—75% HRR

Resistance: 65%
1RM

MVPA

Target HRR
increased
progressively.
Resistance:

IRM

Endurance: 60%
—90% HRR

Nordic: 60%
—65% HRR

60

NR

Endurance: 60 of
aerobic

Concurrent: 20
aerobic +
resistance
exercises

Supervised: 60
At home: 30

60

12 wk  C: supervised

sedentary
activities

(n = 10)

15wk  C: remain

sedentary
(n=29)

12 wk C: MUA (n = 12)

12 mo C: MUA (n = 93)

16 wk Diet only:

restriction to
3500 kcal/wk +
nutrition
education group
sessions (5x
total, 1 h)
(n=97)

C: complete food
diaries and usual
activities

(n = 48)

DHEA-S

Testosterone

SHBG

DHEA-S

Testosterone
(free, total)

SHBG

Androstenedione

SHBG

Testosterone
(free, total)

Androstenedione

SHBG

Testosterone
(free, total)

BETA, Breast Cancer and Exercise Trial in Alberta; BF, body fat; BMI, body mass index; C, control; DHEA, dehydroepiandrosterone; DHEA-S, dehydroepiandrosterone sulphate; HRmax, heart rate maximum;
HRR, heart rate reserve; HTN, hypertension; METS, metabolic equivalents of task; MUA, maintain usual activities; MVPA, moderate-to-vigorous physical activity; NR, not reported; PA, physical activity; PMW,
postmenopausal women; RCT, randomized controlled trials; RM, repetition maximum; SD, standard deviation; SHAPE, Sex Hormones and Physical Exercise; SHBG, sex hormone—binding globulin.
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Figure 4. A visual representation of changes in androgen concentrations following aerobic and/or resistance training. ADT, androstenedione;
DHEA, dehydroepiandrosterone; DHEAS, dehydroepiandrosterone-sulfate; M, moderate; PA, physical activity; SHBG, sex hormone—binding globulin;

T, testosterone; V, vigorous.

in DHEA concentration following resistance training,
compared to baseline.”® Notably, the sample size was smaller
(n = 8% vs n = 87"7) and the duration of intervention was
shorter (n = 12 weeks®® vs n = 12 months’’) in the latter
investigation.

The changes in DHEA-S concentration following PA
programs were variable. Nonsignificant changes in DHEA-S
concentration were reported in various modalities and dura-
tions of PA. Following resistance training, (3 sessions of 60
minutes each per week at 80% 1 repetition maximum [RM]),
DHEA-S concentration increased (+11.2%, P < 0.05) over
12 weeks.”” However, after 12 weeks of aerobic training (3
sessions of 60 minutes each per week at 75%, 1 RM), DHEA-
S concentration decreased, compared to that in a combined
aerobic and resistance training group (—13%, P < 0.01).”
DHEA-S concentration may be influenced by PA in-
terventions; however, the most effective modality of PA and
direction of change are unclear.

Physical activity and testosterone. Testosterone was the
most widely studied androgen, reported as free (unbound to

SHBG; n = 6 studies’>*°7>70%%%) ot total (free and bound
to SHBG; n = 11 studies”’*°7>72%“%7) seruym concen-
trations (Table 2). Most studies reported nonsignificant
changes in total testosterone concentrations after PA

interventions, = compared to  those in  control
conditions.”®?? %% Al of the interventions included a
supervised component and ranged in duraton from 12
weeks®™ to 12 months.”**° The studies that reported sig-
nificant findings had variable results. Gonzalo-Encabo et al.
reported that 12 weeks of aerobic exercise (55%-75% heart
rate reserve [HRR]) reduced total testosterone (—40%, P <
0.05), whereas a combination of aerobic and resistance
traininsg (65% 1RM) increased total testosterone (+25%, P <
0.01).”” Ward et al. showed an increase in total testosterone
over 15 weeks of a resistance training program.” In an aerobic
PA and diet group (ie, caloric restriction—participants
ingested between 1200 and 2000 calories per day, based on
baseline weight), significant reductions in testosterone were
observed, compared to concentrations in controls.”® Resis-
tance training may modestly increase and aerobic exercise may
modestly decrease total testosterone, but factors such as diet
may impact the strength of this association.

Unlike the findings for total testosterone concentration, all
studies reported reductions in free testosterone concentrations
among female exercisers.” 7" However, some findings
became insignificant for when adjusting for changes in fat loss,
implying that reductions in adiposity enhanced the effects of
the PA intervention on free testosterone.” Significant re-
ductions in free testosterone were observed in women
engaging in aerobic PA (—41%), but not in women engaging



Table 2. Changes in androgen hormone concentrations from baseline to follow-up after a physical activity intervention

Study Units: groups Androstenedione DHEA or DHEA-S Testosterone (free) Testosterone (total) SHBG
Aerobic activity
Campbell et al.”* (2012) Mean (95% CI); A% pg/mL — pg/mL pg/mL nmol/L
USA PA 502 (466—541) to 496 — 5.1 (4.7—5.5) to 4.9 (4.5 248 (230—267) to 236 39.1 (35.9—42.6) to 38.8
(456—540); —1.2% —5.3); —4.5% (216 to 257); —4.9% (35.6—42.4); —0.7%
***vs diet and PA *rvs diet
*vs diet ***ys diet and PA
Diet 511 (471—553) to 518 — 5.1 (4.7—5.6) to 4.6 (4.2 239 (219—260) to 236 35.8 (33—38.8) to 43.8
(477—562); +1.4% —5.1); —10% (216 to 258); —0.9% (40.4—47.5); +22.4%
***vs control ***ys control
*vs diet and PA
Diet + PA 526 (491—564) to 508 — 5.3 (4.9—5.7) to 4.5 (4.1 239 (221—258) to 225 34.1 (31.9—36.4) to 42.9
(471—547); —3.5% —4.8); —15.6% (208 to 243); —5.9% (40.2—45.6); +25.8%
***vs control *vs control *** ys control
Control 487 (439—540) to 494 — 4.9 (4.4—5.6) 10 5.1 (4.6 228 (202—257) to 232 34.7 (31.5—38.2) to 33.7

Friedenreich et al.”® (2010)
Canada

Friedenreich et al.” (2015)
Canada

Kim & Kim*® (2012)
South Korea

McTiernan et al.”? (2004)
USA

Yoo et al.°” (2010) South
Korea

Resistance training
Copeland et al.®® (2004)
Canada

Mean (95%CI)
PA

Control

Geometric mean (95%
CI); A%

Moderate (150 min/wk
PA)

High (300 min/wk PA)

Mean (SD)
PA

Control

Geometric mean (95% ClI)

PA

Control

Mean (SD)
PA
Control

Mean (SD)
PA

Control

(454—537); +1.5%

pg/mL
578 (539—621) to 572
(537—610)

553 (514—595) to 577
(534—624)

pg/mL
533 (494—575) to 480
(447—516)

585 (541—633) to 525
(489—564)

DHEA (ng/mL);

DHEA-S (ug/dL)

2.19 (1.93—2.49) to 1.93
(1.68—2.20);

53 (45.5—61.8) to 47.8
(41.2—55.5)

2.46 (2.22—2.72) to 2.24
(2.03—2.47);

63.1 (54.8—72.7) to 47.8
(41.2—55.5)

DHEA (nmol/l)
26 (13) to 35 (21)
*within group

35 (15) to 34 (15)

—5.7); +2.6%

pg/mL'

3.5 (3.2—3.8) t0 3.3 (3.1
—3.6)

3.5 (3.2—3.8) t0 3.5 (3.3
—3.9)

pg/mL
4.6 (4.2—4.9) 10 4.3 (3.9
—4.7)

4.7 (4.3—5.2) t0 4.6 (4.2
—5.0)

(209—257); +1.8%

pg/mL‘\
239 (223—258) to 234
(217-253)

231 (213—251) to 237
(218—257)

pg/mL

211 (196—228) to 208
(190—227)

223 (204—243) to 218
(199—239)

pg/mL
200 (100) to 100 (100)
100 (100) to 100 (100)

pg/mLT
260 (115) to 260 (115)

231 (173) to 231 (115)

(30.3—37.5); —2.7%
nmol/L
40.3 (37.5 to 43.4) to 41.9
38.9 to 45.1 ***vs control
38.1 (35.7—40.8) to 38.4
(35.9—41.1)
nmol/L

43.2 (40.6, 46.0) to 47.4
(44.6, 50.4); +9.6%
47.6 (44.7, 50.8) to 50.7
(47.7, 53.9); +6.4%

nmol/L

43.3 (9.2) to 46.0 (10.0)
***ys control

**within group

44.2 (8.1) to 42.2 (8.8)
*within group

Continued
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Table 2. Continued.

Study Units: groups Androstenedione DHEA or DHEA-S Testosterone (free) Testosterone (total) SHBG
Figueroa et al.”® (2003) Mean (SD) NS - — - —
USA
Nunes et al.°! (2019) Mean (CI); A% — DHEA-S (ug/dL) — pg/mLT —
Brazil Low (3 sets) — 35.7 (25.9—45.4) to 34.4 — 270 (110—420) to 290 —
(25.4—43.3); +0.1% (160—430)
High (6 sets) — 69.2 (39.7—98.7) to 65.5 — 470 (320—620) to 350 —
(38.5—92.6); -4.5% (150—550)
Control — 53.7 (35.5=71.9) to 51.1 — 440 (110—770) to 290 —
(31.6—70.6); -6.7% (160—430)
Orsatti et al.®” (2008) Mean (SD) — — — pg/mL'r —
Brazil PA — — — 231 (66) to 248 (82) —
Control — — — 269 (154) to 318 (21) —
Son et al.®? (2020) South Mean (SD) — DHEA-S (ug/dL) — — —
Korea PA — 81.6 (34.9) to 91.1 (40.2) — — —
*vs control
*within group
i Control — 81.0 (35) to 90.1 (35.6) — — —
Ward et al.*> (2020) Median (IQR) — — — pg/mL} nmol/L
Sweden PA — — — 700 (200) to 800 (200) 72.8 (40.0) to 84.5 (33.9)
*within group *vs control
*within group
Control — — — 800 (300) to 800 (300) 81.1 (42.5) to 76.8 (45.8)
Combined aerobic and resistance training
Gonzalo-Encabo et al.”” A% — DHEA-S — — —
(2020) Spain Endurance (aerobic) — —13% —41% —40% NS
**within group **ys concurrent **ys concurrent
Concurrent (aerobic/ - —7.5% +21% +25% NS
resistance)
Control NS NS NS NS
Monninkhof et al.®” Geometric mean; A% pg/mL — pg/mL pg/mL nmol/L

(2009) The Netherlands

van Gemert et al.* (2015)
The Netherlands

PA
Control
Geometric mean; A%

PA

Diet

Control

1146 to 1097; —2.7%
1172 to 1199; +2.3%
pg/mL

573 to 488; —14.7

562 to 537; —4.5%

575 to 560; —2.6%

8.7 to 8.5; —2.9%
8.7 to 8.5; —1.8%
pg/mL

2.4 t02.0; —17.7%
*vs diet

***vs control

2.5t 2.3; —11.2%

2.7 to 2.6; —3.9%

528 to 508; —3.8%
535 to 548; —1.6%
pg/mL

186 to 172; —7.6%

197 to 189; —3.7%

194 to 186; —4.1%

33.9 to 33.6; —0.7%
34.7 to 33.6; —3.3%
nmol/L

49 1 59; +19%

***ys control

51 to 57; +13%
***ys control

44 to 44; —0.3%

Data were extracted as they were reported in the original article. In some cases, values were converted to the most frequently reported unit to facilitate comparisons between studies of the same hormone, not across

hormones, as indicated by f, If available, percent change was reported.
CI, confidence interval; DHEA, dehydroepiandrosterone; DHEA-S, dehydroepiandrosterone-sulfate; IQR, interquartile range; NS, not significant; SD, standard deviation; SHBG, sex hormone—binding globulin.
*P < 0.05, **P < 0.01, **P < 0.001.
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Table 3. Changes in cardiovascular disease risk factors data from baseline to follow-up after a physical activity (PA) intervention

BMI, kg/m* or body mass, Systolic "Fasting insulin (WU/mL) Cortisol
Study kg Body fat, % BP (mmHg) Cardiorespiratory fitness or IGF-1 (ng/mL) (nmol/L)
Aerobic activity
Campbell et al.”* Insulin
(2012) USA  PA 83.7 (12.3) t0 80.9 (12.2) 47.3 (4.1) to 45.5 (5.0); — 1.9 (0.3) 10 2.0 (0.4) L/ 10.9 (10.0—12.0) to 10.1 —
kg; —3.3% —3.8% min; +10.1% (9.1—11.0) pU/mL;
*vs control ***ys control ***vs control -8.2%
***ys diet **ys diet **ys diet **ys diet
***ys PA + diet **¥ys PA + diet ***vs PA + diet
Diet 84 (11.8) to 74.9 (12.3) 47 (4.3) to 42.1 (6.4); — 1.9 (0.3) to 1.8 (0.3) L/ 11 (9.8—12.2) to 8.1 (7.3 —
kg; -10.8% —10.6% min; —2.3% to 9) tU/mL; —26.1%
***vs control ***ys control ***vs PA + diet ***vs control
***ys PA + diet
PA + diet 82.5 (10.8) to 72.7 (10.9) 47.4 (4.5) to 41.1 (7.0); — 1.9 (0.3) to 2.1 (0.4) L/ 10.7 (9.7—11.8) to 7.9 —
kg; —11.9% —13.4% min; +7.6% (7.1-8.7) pU/mL;
***vs control ***ys control ***vs control —26.5%
***ys control
Control 84.2 (12.5) to 83.7 (12.3) 47.3 (4.4) to 47.2 (5.3); — 1.9 (0.4) to 1.9 (0.3) L/ 12.0 (10.8—13.3) to 11.6 —
ke; —0.5% min; —0.9% (10.4—12.9) pU/mL;
—0.6% -3.7%
Friedenreich PA A —23(29-17) kg — — A +3.9 (2.8—4.9) mL/ kg/ — —
et al.”® (2010) ***vs control min
Canada ** vs control
Control A 0.5 (1.0—-0.1) kg — — A +0.7 (—0.2 to 1.6) mL/ — —
kg/min
Friedenreich Moderate (150 min/wk PA) A —1.9 (2.4—1.3) kg A —1.1 (1.5-0.7) — A +4.0 (3.3—4.8) mL/ kg/ — —
et al.”” (2015) min
Canada High (300 min/wk PA) A —-2.6(3.2-1.9) kg A —2.0 (2.5—1.5) — A +5.0 (4.2—5.9) mL/ kg/ — —
**vs moderate group min
Kim & Kim’® Insulin
(2012) South PA 25.0 (1.3) to 24.2(1.2) kg/ 36.0 (3.0) to 33.5 (3.3) 133 (5) to 125 (5) — 8.2 (1.0) 7.3(1.0) pU/mL —
Korea m’ ***ys control *** ys. control **vs control
***vs control **within group ***within group ***within group
**within group
Control 25.1 (1.5) to 25.9(1.4) kg/ 36.6 (1.7) to 37.5 (2.4) 132 (4) to 134 (3) — 8.1 (1.2) to 8.4(1.2) U/ —
m? *within group **within group **within group mL
***within group
McTiernan et al.”” — — — — — — —
(2004) USA
Yoo et al.”” (2010) PA BMI — 135 (8) to 130 (10) — — —
South Korea 26.62(2.9) 0 26.3 (3.1) kg/
m
Body mass
63.9 (7.8) t0 62.9 (8) kg
Control BMI — 128 (14) to 125 (15) — — —
25.4 (3.0) to0 25.1 (3.0) kg/
m?
Body mass
59 (9.7) o 58.6 (10.1) kg
Continued
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Table 3. Continued.

Study

Group

BMI, kg/m? or body mass,

kg

Body fat, %

Systolic
BP (mmHg)

Cardiorespiratory fitness

iFasting insulin (LU/mL)
or IGF-1 (ng/mL)

Cortisol
(nmol/L)

Resistance training
Copeland et al.*®
(2004) Canada

- 53
Figueroa et al.”

(2003) USA

Nunes et al.”’
(2019) Brazil

Orsatti et al.*
(2008) Brazil

Son et al.® (2020)
South Korea

Ward et al.®
(2020) Sweden

PA

Control
PA
Control

Low (3 sets)

High (6 sets)

Control

PA

Control

PA

Control
PA

Control

Combined aerobic and resistance training

Gonzalo-Encabo
et al.”’ (2020)
Spain

Monninkhof
et al.®” (2009)
The Netherlands
van Gemert et al.**
(2015) The
Netherlands

Endurance (aerobic)

Concurrent (aerobic/
resistance)

Control

PA

Control

PA

Diet

Control

25.7 (2.7) to0 25.6
(2.6) kg/m2

31.6 (7.6) to 31.6
7.7) kg/m2

28.8 (4.5) to 29.4
(4.8) kg/m®

27.6 (5.1) to 27.1
(5.1) kg/m2

26.5 (1.0) to 26.0
(0.9) kg/m2

*vs control

*within group

26.9 (1.0) t0 26.8
(1.1) kg/m*

28.1 (3.8) to 27.9
(3.9) kg/m2

26.7 (3.6) to 26.8
(3.8) kg/m2

A—19%
*vs control
A—14%
*vs control
A—-1.0%

29.0 to0 27.0 kg/m?;

—6.8%

***vs control

29.2 t0 27.5; —6.1%

***vs control

39.9 (2.6) to 40.4 (2.8)

41.1 (5.5) to 40.9 (4.9)

A —0.9%
*within group

A +1.0%

35.6 (8.1) to 34.9 (8.3)

32.6 (7.8) to 31.5 (7.8)

35.6 (2.9) to 34.0 (3.0)
*vs control
*within group

35.8 (3.2) 10 36.1 (2.9)

39.8 t0 38.9; —2.2%
40.9 to 40.9; 0%

43.9 t0 39.8; —9.3%
***ys control

**rys diet

44 to 41.5; —5.7%

***ys control

29.3 10 29.4 kg/m? +0.1% 43.5 0 43.7; +0.5%

139 (3) to 136 (4)

*vs control *within
group

138 (5) to 138 (4)

A +13%
**within group
A +12%
**within group
NR

1.8 to 1.9 L/min; +6.7%
**vs control

***ys diet

1.7 to 1.7L/min; —2.5%

1.8 to 1.7 L/min; —4.5%

IGF-1

220 (175) to 203 (158)
ng/mL

**ys control

110 (33) to 109 (42)
ng/mL

NR

IGF-1
114 (85—142) to 122

(81—163) ng/mL; +6.7%

134 (111—157) to 142
(114—171) ng/
mL; +7.3%

138 (104—172) to 135
(101—169) ng/
mL; +4.1%

IGF-1

149 (71) to 205 (82)
ng/mL

**vs control

*within group

129 (45) to 113 (53)
ng/mL

IGF-1

145 (19) w0 151 (18)
ng/mL

*vs control

*within group

144 (15) to 140 (15)
ng/mL

401 (154) to 392 (120)
nmol/L

**within group

406 (121) to 383 (102)
nmol/L

NR

482 (328—639) to 630
(450—811) nmol/

L; +73%

518 (391—646) to 611
(442—779) nmol/
L; +36.8%

451 (292—610) to 543
(263—823) nmol/
L; +16.8%

433 (124) to 447 (163)
nmol/L

339 (127) to 356 (127)
nmol/L

A —17.5%

*within group

NR

Data are presented as mean (95% confidence interval or standard deviation) unless otherwise specified;

BMI, body mass index; BP, blood pressure; IGF-1, insulin-like growth factor-1; NR, not reported.

*P < 0.05 **P

< 0.01; **P < 0.001.

¥ Insulin was analyzed, although only 2 studies reported on it, owing to the well-established relationship between androgens and insulin.
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in combined aerobic and resistance training (+-21%j between-
group difference: P < 0.01).”” Findings from aerobic in-
terventions over 12 months revealed reductions in free
testosterone only in women who accumulated more than 225
min/wk of aerobic PA (70%-80% HRR), compared to less
than 225 min/wk.”® Compared to the reduction following
calorie-restriction alone, significantly greater decreases in free
testosterone followed aerobic PA** and a combination of
aerobic and resistance PA (treatment effect ratio: 0.92, 95%
CI 0.85 0 0.99).°* No studies that implemented a resistance
program measured changes in free testosterone concentration.
Aerobic PA may reduce free testosterone concentration more
than diet alone, especially when performed for longer dura-
tions per week. Further, changes in body composition induced
by regular PA may be an important mechanism responsible for
changes in androgen concentrations.

Physical activity and SHBG. A total of 8 studies measured
SHBG concentrations (Table 2).54’58’60’64’65 Postmenopausal
women participating in aerobic PA for 30 to 60 minutes, 3 to
5 days per week demonstrated significant increases in SHBG,
compared to the concentration in controls.”® Greater increases
in SHBG were detected in the combined aerobic PA and diet
group over 12 months, compared to those in the PA, diet, or
control conditions alone (ie, PA + diet = +25.8%; PA = —
0.7%; diet = +22.4%; control = —2.7%).”* Significant in-
creases in SHBG were observed in those participating in
combined aerobic and resistance PA, compared to the con-
centrations in controls (P < 0.001).(’4 Greater increases in
SHBG were seen in women who exercised more than 225
min/wk, compared to concentrations in those who exercised
less than 150 min/wk (P < 0.001).”° However, these findings
were no longer significant (P = 0.29) when adjusting for body
mass change over 12 months,”® and no significant increase in
SHBG concentrations occurred in the aerobic PA group who
exercised 300 min/wk, compared to the concentration change
in those who exercised 150 min/wk.”> No changes were re-
ported with resistance training over 15°” weeks, or in com-
bined aerobic/resistance training over 12 weeks® or 12
months.”” These findings suggest that acrobic PA increases
SHBG concentrations, potentially to a greater extent than
diet alone; however the dose of PA needed to effect change
and its relationship with resistance training needs further
clarification.

Follow-up trials. In a 30-month follow-up study to the
Campbell et al. 2012 RCT,”” significantly greater increases in
SHBG (+80.5%) were observed in women who were ran-
domized to the 12-month aerobic PA and caloric restriction
intervention, compared to increases in those in the control
group (+80.5% vs +47.9%; P < 0.001).°® The original
decrease in free testosterone in the aerobic PA and caloric-
restriction group was lost at 30 months’™®; no significant
changes in total or free testosterone concentration were
observed in any group at 30 months.”® Unfortunately, this
study did not report on the long-term PA levels of these
women. In Friedenreich et al.’s 24-month follow up(") to the
Breast Cancer and Exercise Trial in Alberta (BETA) trial,”’
SHBG concentration significantly decreased (42.9 to 40.6
nmol/L) in the moderate aerobic PA group at follow-up,®” as
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compared to the original significant increase (42.9 to 46.7
nmol/L) observed at 12 months (P < 0.001).”’ Changes in
androgens may reverse with the cessation of PA. This finding
emphasizes the importance of long-term regular PA in addi-
tion to fat loss achieved through caloric restriction for
androgen maintenance.

Physical activity and CVD risk factors

CVD risk factors reported in the reviewed studies were
scarce and inconsistent. The influence of anthropometric
changes (ie, BMI, body mass, and body fat) on androgens
following PA were the most frequently examined

53-58,60,62-64,66,67 -
parameters. Table 3 summarizes the changes
in cardiovascular health indicators following the PA

interventions.

Physical activity and body composition. Almost all acrobic
PA”*7%°% and combined aerobic and resistance””*** programs
showed significant decreases in BMI and/or body fat. Few
resistance programs influenced BMI®* or body fat.”>" The
only aerobic program that did not yield significant decreases in
BMI or body fat had the lowest exercise intensity (60%
HRR).”’

Inconsistencies were observed regarding the role of body
composition in mediating the effects of PA on DHEA-S
concentrations. Son et al. showed a moderate, negative cor-
relation between the change in % body fat and DHEA-S
concentrations (r = —0.4, P < 0.05) following a 12-week
resistance-band PA program.®” Gonzalo-Encabo et al. found
a significant increase in SHBG (+21%) and decrease in
DHEA-S (—13%; P < 0.05) in women who lost more than 2
kg of fat mass in a combined aerobic and resistance pro-
grzlm.>7 Of note, among participants who lost more than 2%
of body fat, those participating in a 12-month moderate-
intensity aerobic PA program, compared to those in a con-
trol group engaging in stretching, experienced greater re-
ductions in androstenedione (—17% vs —9%), DHEA (—
20% vs —8%) and DHEA-S (—22% vs 3%), although this
difference was not statistically significant.”” Future research
should explore whether PA participation enhances reductions
in androstenedione, DHEA, and DHEA-S concentrations
independent of changes in body composition.”” No other
studies reported on this relationship, so drawing conclusions is
challenging.

Changes in testosterone concentrations following PA were
more _erpnounced in participants who lost body fat or body
mass.””””°” In women who lost more than 2% body fat, an
aerobic PA program significantly reduced total testosterone at
3 months (PA: —10%; control: —1.6%; P < 0.005) and 12
months (PA: —89%; control: —3.6%; P < 0.02), compared to
the concentration in controls (P < 0.001).°° Similarly, after 4
months of combined aerobic and resistance training, the re-
ductions in total testosterone were significant in women who
lost more than 2% body fat (PA: —12.9%; control: +0.2%;
P = 0.005), but not in the whole samgle of participants (PA:
—3.8%; control: +2.4%; P = 0.14).°° These 2 studies had
similar sample sizes (n = 87 and n = 96, respectively) and
target intensity (moderate-to-vigorous PA), and both incor-
porated aerobic training into the intervention.’”" Further,
significant decreases in free testosterone concentration were
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detected in those participating in 12 months of aerobic ex-
ercise and who lost more than 2% of their body fat, compared
to concentrations in controls.””®°

Decreases in body mass, body fat, and waist circumference
were significantly associated with increases in SHBG following
aerobic PA (P < 0.05).*”>% For instance, regardless of the
minutes of aerobic PA per week (150 vs 250 min/wk), de-
creases in body mass were associated with increases in SHBG
(r = —0.29, P < 0.0001).” A greater decrease in free
testosterone and a greater increase in SHBG (2 < 0.001) were
observed following aerobic PA and caloric restriction,
compared to those following aerobic PA alone.”® These
findings suggest that fat loss achieved through exercise
strengthens the association of free testosterone, total testos-
terone, and SHBG concentrations with PA.

Physical activity and other cardiovascular health in-
dicators. Other CVD health indicators examined included
CREF, systolic blood pressure, fasting insulin, IGF-1, and
cortisol. The included studies reported significant improve-
ments in CRF following all »ypes of PA interventions,
compared to CRF in controls.’ 205764 Briedenreich et al.
found that improvements in CRF were positively correlated
with increases in SHBG (r, = 0.11, P < 0.04)°% no other
significant associations between CRF and androgens were re-
ported. Systolic blood pressure was rarely measured; this may
be due to sampling bias inherent in the included RCT's, which
enrolled predominantly healthy women. Small reductions of 3
to 8 mm Hg were reported in systolic blood pressure following
several PA programs.’g’(’3 Blood biomarkers, including fasting
insulin, IGF-1, and cortisol, were measured in several studies,
likely due to evidence showing their bidirectional relationship
with androgens.70 A combination of PA and caloric restriction
enhanced the reductions in fasting insulin (PA only: —8%;
PA + diet: —27%).”* Kim and Kim showed that fasting insulin
decreased following aerobic PA, yet it increased in the control
group.58 Following PA, inconsistent findings were observed for
IGF-1 and cortisol. PA interventions decreased,”
increased,*>%* or showed no significant changes in®' IGF-1.
Similarly, 2 studies of different PA modalities reported de-
creases in cortisol (combined aerobic and resistance’” vs resis-
tance only®®), whereas 2 reported no changes.”"*” No studies
directly examined the associations between insulin, IGF-1, or
cortisol, and androgens.

Discussion

Summary of findings

This review explores the relationships among PA, androgen
concentrations, and cardiovascular health indicators in post-
menopausal women. The influence of PA on androgen con-
centration was varied. Trends across studies demonstrated no
changes in androstenedione concentrations, and data is con-
flicting for DHEA and DHEA-S. The direction of change in
total testosterone concentration appeared to depend on the
type of PA implemented, with some reductions following
aerobic PA programs and some increases following resistance
training. Reductions in free testosterone followed most aero-
bic PA programs. Nearly all studies reported an increase in
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SHBG following a PA program, regardless of the type of PA.
A combination of diet and/or fat loss enhanced the influence
of PA interventions on DHEA-S, free and total testosterone,
and SHBG concentrations; high-intensity aerobic PA in-
terventions had the greatest influence on body composition.

Data on the association between cardiovascular health in-
dicators and changes in androgen concentrations following PA
interventions were sparsely reported and conflicting. Thus, we
had only limited ability to discuss the potential mechanisms
underpinning androgen concentrations and cardiovascular
health indicators following PA in postmenopausal women.
For all PA modalities, studies showed modest reductions in
total body mass, fat mass, and BMI, increases in CRF, and
inconsistent findings regarding IGF-1 and cortisol changes.
Systolic blood pressure was rarely measured, and fasting in-
sulin decreased in response to combined PA and diet in-
terventions. The mechanisms that mediate the decrease in
testosterone concentrations following aerobic training and the
increase following resistance training should be further
explored. Physiological changes related to increases in lean
body mass and decreases in body fat may play a role.”’

It is possible that the relationship between PA and andro-
gens and PA and CVD exist independently of each other, but
are both impacted by PA and weight loss. Women who are
normal weight or underweight may have less opportunity for
sex hormone improvements, as the degree of change may
depend on the amount of fat mass lost. However, if the effects
of fat loss from caloric restriction and PA are similar, exercise
would be recommended as the preferred treatment, to avoid a
decrease in muscle mass while simultaneously improving car-
diovascular risk factors in postmenopausal women.

Strengths and limitations

Merits of our study included the use of evidence from
RCTs, the highest quality of evidence, a robust search, and the
inclusion of all androgens and traditional cardiovascular health
indicators. This review also incorporated androgen concentra-
tions adjusted for changes in BMI and/or fat loss, as appro-
priate, to investigate the complex relationship among adiposity,
androgens, and SHBG. Limitations included a lack of homo-
geneity in reported androgen concentrations and cardiovascular
health indicators in the previous literature, limiting a more
comprehensive analysis. The relationship between changes in
the ratio of estrogen to testosterone concentrations following
PA was not reported in the included studies and was thus
excluded from our review. We also did not report on cardio-
vascular health indicators that were not present in more than 3
studies (eg, waist circumference). Such additions may provide
further insight into the association between androgens and
cardiovascular health in postmenopausal women.

Future directions

The results of this review were heterogeneous with regard to
sample sizes, androgens included, units of androgens used for
analysis, and the frequency, duration, modality, and intensity of
PA interventions. Most studies did not report similar cardio-
vascular health indicators or adjust for changes in adiposity,
which are needed in future research. Specific suggestions for
developing literature in this field include conducting RCTs
with larger sample sizes of postmenopausal women to evaluate
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changes in androgens in participants with various BMI, PA
levels, and differing health status. We recommend that future
PA research include a comprehensive panel of all endogenous
serum androgens and SHBG to standardize the evaluation and
interpretation of the role of PA in modulating androgens and
cardiovascular health. No “high” or “low” physiological
androgen range has been defined in postmenopausal women,”
so future studies should aim to define this level to create a
baseline value. Moreover, studies should explore changes in
FAI androstenediol, and dihydrotestosterone, as these were not
reported in the included trials and thus could not be examined.
RCTs comparing diverse PA modalities (eg, yoga, walking,
endurance training, resistance training), intensities (eg, low,
moderate, vigorous), and durations are necessary to delineate
the most effective PA intervention in modulating the androgen
environment. When exploring the relationship between an-
drogens and PA, studies should investigate how cardiovascular
health indicators impact this association, and adjust for changes
in BMI and/or fat loss to explore the relative impact of
adiposity and SHBG on resulting changes in androgen
concentrations.

Conclusion

Our review has shown that PA interventions may alter
some androgen concentrations (free and total testosterone,
SHBG) in postmenopausal women. Fat loss influences the
effect of PA on androgens, but the synergistic role of PA and
androgens on cardiovascular health merits further examina-
tion. Evidence exploring the relationship between changes in
androgens and cardiovascular health indicators was scarce and
inconsistent. More research is needed to clarify the relation-
ships among CVD, PA, and androgens in postmenopausal
women. Future studies should focus on incorporating car-
diovascular health indicators, standardizing the measurement
of androgens to allow for direct comparison, including more
diverse PA modalities, and accounting for the role of adiposity
in androgen concentrations, PA, and cardiovascular health.
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