1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Andrology. Author manuscript; available in PMC 2018 February 12.

-, HHS Public Access
«

Published in final edited form as:
Andrology. 2016 May ; 4(3): 465-472. doi:10.1111/andr.12169.

Cross-sectional association between physical activity and
serum testosterone levels in US men: Results from NHANES
1999-2004

Jeremy A. Steeves!, Eugene C. Fitzhugh?, Gary Bradwin3, Katherine A. McGlynn#,
Elizabeth A. Platz®, and Corinne E. Joshu®

1Division of Education, Maryville College, Maryville, TN

2Department of Kinesiology, Recreation and Sport Studies, University of Tennessee, Knoxuville,
TN

3Boston Children’s Hospital, Boston, MA
4Division of Cancer Epidemiology and Genetics, NCI, Bethesda, MD

SDepartment of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, MD

Abstract

Background—Testosterone levels and physical activity (PA) each play important roles in men’s
health, but the relationship between the two remains unclear.

Methods—We evaluated the cross-sectional association between self-reported total PA and
serum testosterone levels in 738 men (mean age 42.4 yrs, range 20-=85yrs) who participated in
NHANES 1999-2004. We compared geometric mean testosterone concentrations measured by
RIA and calculated the odds ratio (OR) of having low or low normal testosterone (<3.46 ng/mL)
across tertiles of total PA in all men, and men stratified by age (20-49, = 50 years), and obesity
status (BMI <30, = 30 kg/m?).

Results—The geometric mean testosterone concentration was 5.31 ng/mL; 18.6% of the men had
low or low normal serum testosterone levels. PA tertiles were not associated with testosterone
levels overall, or when stratified by age or obesity status. Similarly, there was no association
between PA tertiles and the odds of low or low normal testosterone, overall or by age. However,
among non-obese men, those in the highest PA tertile were significantly less likely to have low or
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low normal testosterone than those in the lowest tertile (OR 0.50; 95% CI = 0.26-0.95); there was
no association among obese men.
Conclusions—Greater PA was not associated with testosterone levels, but may be associated

with a reduced odds of low or low normal testosterone in non-obese men, but not in obese men.
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Background and Significance

Sex steroid hormone levels play an important role in men’s health (Shiels et al. 2009;
Gooren et al. 2007). Specifically, testosterone affects the growth and maturation of the
prostate, and other male sex organs, the development of male hair distribution, changes in
body muscle mass and fat distribution, bone and muscular strength, sex drive and sexual
function, mood, and energy level (Gooren et al. 2007; Ohl and Quallich 2006). Testosterone
levels are known to decrease with age and obesity (Harman et al. 2001; Feldman et al. 2002;
Svartberg et al. 2003; Yeap 2009; McHenry 2012; Gruenewald and Matsumoto 2003), but
increase with cigarette smoking (Shiels et al. 2009). In men, low levels of sex steroid
hormones have been associated with an increased risk of prostate cancer (Platz and
Giovannucci 2004), heart disease (Khaw et al. 2007; Abbott et al. 2007; Khaw and Barrett-
Connor 1991; Tivesten et al. 2006), diabetes (Selvin et al. 2007), low bone mineral density
(Kuchuk et al. 2007), and symptoms of depression and fatigue (McHenry 2012). While there
is no universally accepted threshold for clinically low testosterone (Paduch et al. 2014), men
suffering from low testosterone levels (< 12nmol or 3.46 ng/mL) may be offered testosterone
replacement therapy (Wang et al. 2009). However, knowledge of the long-term risks and
outcomes of testosterone replacement therapy is still limited (Gruenewald and Matsumoto
2003; Nigro and Christ-Crain 2012; Surampudi, Wang, and Swerdloff 2012). Given the
importance of androgens in the general health of adult men, the increasing number of aging
and obese men, and the uncertainty of the risks and benefits of testosterone therapy,
identifying modifiable factors that influence hormone levels, especially those that enhance
overall health, has become an important issue in men’s health (Wang et al. 2009).

Physical activity is beneficial for men’s health overall, and may also influence testosterone
levels (Petersen and Pedersen 2005; Miller-Riemenschneider et al. 2010). At present, the
relationship between physical activity levels and male sex steroid hormone levels remains
unclear. Some cross-sectional studies have found greater amounts of habitual physical
activity to be associated with higher testosterone levels (Shiels et al. 2009; Muller et al.
2003; Ari et al. 2004; Allen et al. 2002; Goh et al. 2007; Mantzoros and Georgiadis 1995;
Yeap et al. 2009), while others show no association between physical activity and
testosterone levels (Allen et al. 2002; Handa et al. 1997; Lindholm et al. 1982; Dai et al.
1981; Ponholzer et al. 2005; Camacho et al. 2013). Physical activity intervention studies
have also yielded inconsistent findings regarding the relationship between physical activity
and testosterone levels (White et al. 2002; Hall et al. 1999; Hawkins et al. 2008; Heufelder et
al. 2009). The few studies that have specifically explored the association between physical
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activity and low or low normal testosterone have observed an inverse association (Tajar et al.
2010; Yeap et al. 2009)

Thus, we evaluated the association between self-reported total physical activity and
testosterone level and low or low normal level in a cross-sectional study among a nationally
representative sample of non-institutionalized men using the most recent hormone data from
NHANES (1999-2004). This study used an improved assessment of total physical activity
(domestic, transportation, and leisure) compared with NHANES |11 (1988-1994), which
only included frequency of moderate and vigorous activities across domains (Centers for
Disease Control and Prevention 2012d). Starting in 1999, NHANES updated the physical
activity questions to capture duration and intensity of activities, which provides a more
precise estimate of physical activity.

Study Population

The National Health and Nutrition Examination Survey (NHANES) is a continuous cross-
sectional survey conducted by the National Center for Health Statistics (NCHS) of the
Centers for Disease Control and Prevention. Using complex, multi-stage sampling, it was
designed to assess the health and nutritional status of non-institutionalized citizens of the
United States of ages 2 months and older (Centers for Disease Control and Prevention
2012a). A detailed description of the data collection methodology of the NHANES has been
previously published (Centers for Disease Control and Prevention 2012a). To produce more
precise estimates for certain population subgroups, children, older adults, non-Hispanic
blacks, and Mexican-Americans were oversampled. All participants were interviewed and
physical examinations were performed at a mobile examination center.

NCHS releases public-use data files in 2-year cycles and unbiased national estimates can be
independently produced for each 2-year cycle. Concatenated data files can be created to
produce multi-year samples due to standardized methodology and measures used to collect
the data (Centers for Disease Control and Prevention 2012a). The NCHS Research Ethics
Review Board approved all protocols and each participant gave informed consent (Centers
for Disease Control and Prevention 2012a). This analysis utilized data from the interview
and examination components of NHANES 1999-2004. Testosterone concentration was
measured in stored serum samples in males 12 years and older who participated in the
morning examination session (n =1,517) (Centers for Disease Control and Prevention
2012c). This analysis included men who were 20 years or older and had available serum
samples in the repository (n=990). We excluded men if they reported a history of prostate
cancer (n=15), reported limitations to engaging in physical activity (i.e. unable to walk
without an assistive device (n=57)), or were missing information on physical activity or
other covariates of interest (i.e. age, race, body mass index (BMlI), alcohol consumption,
smoking status, and serum cotinine (n=180). The final sample size for this analysis was 738
men.
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Assessment of physical activity

Physical activity was assessed by interview using a questionnaire (Centers for Disease
Control and Prevention 2012d). Men reported their participation in three domains of
physical activity: daily transportation, domestic and leisure-time activities. Participants
identified the number of times during the past 30 days that they walked or bicycled for
transportation, participated in moderate-intensity activities while around the home, and
participated in moderate- or vigorous-intensity activities during their leisure-time, including
exercise, sports, or active hobbies (jogging, running, bicycling, swimming, dance, golf,
gardening, yard work, weight lifting etc.) (Centers for Disease Control and Prevention
2012b). Duration was quantified for each activity, and activities lasting less than 10 minutes
were excluded from analysis (Centers for Disease Control and Prevention 2012b). Each
activity was assigned a metabolic equivalent of task (MET) score based on the compendium
of physical activities (Ainsworth et al. 2000). METSs are a unit used to describe the energy
expenditure of a specific activity, where one MET = 3.5 ml/kg/min. We calculated MET-
minutes per week of total physical activity, which included the combined total METSs of
daily transportation, domestic and leisure-time activities. We categorized total physical
activity into tertiles (Tertile 1: <499 MET-minutes per week, or < 2.5 weekly hours/< 20
daily minutes of moderate-intensity physical activity; Tertile 2: 500 — 1554 MET-minutes
per week, or > 2.5 to 7.5 weekly hours/> 20 to 65 daily minutes of moderate-intensity
physical activity; Tertile 3: > 1554 MET-minutes per week, or > 7.5 weekly hours/> 65 daily
minutes of moderate-intensity physical activity). The most recent Physical Activity
Guidelines for Americans recommends 500 MET-minutes per week for the promotion and
maintenance of health in adults, however more physical activity may be associated with
additional health benefits (U. S. Department of Health and Human Services 2008).

Assessment of Additional Covariates

During the interview component of NHANES, demographic and health behavior data were
collected including: age (NHANES codes all participants aged 85 and older at examination
as age 85 in these public use data; n=8), race/ethnicity (non-Hispanic white, non-Hispanic
black, Hispanic, and other), cigarette smoking (never, former, and current), and alcohol
consumption (the sum of monthly beer, wine, and hard liquor intake). We categorized the
frequency of total alcohol consumption as 0 drinks per day, < 2 drinks/day, = 2 drinks/day.
We used the Dietary Guidelines for Americans definition of moderate drinking for men of
no more than 2 drinks per day(U. S. Department of Health and Human Services 2010), but
placed non-drinkers into their own category because they tend to be very different on many
characteristics than people who do not drink any alcohol. Trained health technicians took
body measures including: height, weight, and waist circumference during the examination.
BMI was calculated using the formula: body mass (kg) / [height (m)]2. Exposure to
environmental tobacco smoke was obtained through the measurement of serum cotinine, a
metabolite of nicotine, captures both passive and active exposures as well as the actual
amount smoked. We categorized cotinine level as unexposed: < 0.35 ng/mL, passively
exposed: 0.35 - 9.99 ng/mL, and actively exposed: = 10 ng/mL (Bernert et al. 1997).
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Measurement of serum testosterone concentration

Following an overnight fast, men’s blood samples were drawn between 8:30 and 11:30am at
the medical examination center or during an abbreviated examination at home (Centers for
Disease Control and Prevention 2012c). Surplus specimens were separated into their
components and were stored at —70°C (Centers for Disease Control and Prevention 2012c).
Specimens were assayed for sex steroid hormones at Boston Children’s Hospital (Boston,
MA\) by laboratory technicians who were blinded to participant characteristics. Serum
testosterone concentrations were quantified using a competitive electrochemiluminescence
immunoassay on the 2010 Elecsys autoanalyzer (Roche Diagnostics, Indianapolis, IN). The
lowest detection limit of the assay was 0.02 ng/mL (Centers for Disease Control and
Prevention 2012c). The coefficient of variation (CVs) for testosterone was 4.8% (Centers for
Disease Control and Prevention 2012c). Men were categorized as having low or low normal
testosterone if their serum testosterone concentration was < 3.46 ng/mL. This cut point
corresponds to the total testosterone concentration at which men are recommended to
consider hormone replacement therapy by the International Society of Andrology, the
International Society for the Study of Aging Male, the European Association of Urology, the
European Academy of Andrology (EAA) and the American Society of Andrology (Wang et
al. 2009). Because we are specifically interested in identifying potentially modifiable factors
that may provide an alternative to hormone replacement therapy, in sub-analyses, we also
categorized men as having low normal testosterone if their serum testosterone concentration
was < 3.46 ng/mL and > 2.31 ng/ml. In these analyses, we excluded men with serum
testosterone concentration < 2.32 ng/mL (n=40); this cutpoint corresponds to the total
testosterone level at which men are recommended to take hormone replacement therapy
(Wang et al 2009), and thus they would not be targeted for alternative strategies.

Minimal Detectable Associations

This study used existing public-use data, so the sample size was fixed. Thus, we present
minimal detectable differences for the primary analyses, rather than sample size
calculations, for our analysis of the association between physical activity and low or low
normal testosterone. For the total sample size of 738 men, among whom 142 had low
testosterone, for a power of 80%, and alpha=0.05, and a two-sided test, we could detect as
statistically significant an OR of 0.49 or lower in the top compared with the bottom tertile of
physical activity. This sized association would be of clinical importance. Among the non-
obese men, for the sample size of 538 men, among whom 67 had low testosterone, for a
power of 80%, and alpha=0.05, and a two-sided test, we could detect as statistically
significant an OR of 0.36 or lower in the top compared with the bottom tertile. Among the
obese men, for the sample size of 200 men, among whom 75 had low testosterone, for a
power of 80%, and alpha=0.05, and a two-sided test, we could detect as statistically
significant an OR of 0.33 or lower in the top compared with the bottom tertile.

Statistical Analysis

Following the recommended guidelines from the NCHS (Centers for Disease Control and
Prevention 2012a), a 6-year sampling weight was used for all analyses to account for the
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complex NHANES sampling design, including unequal probabilities of selection, over-
sampling, and non-response. Age and race adjusted geometric means and proportions and
their 95% confidence intervals (Cls) for demographic and other factors were calculated
using linear regression models. Multivariable linear regression was used to estimate and
compare geometric mean testosterone concentrations across physical activity tertiles. Tests
for trend were conducted across all levels of physical activity using the Wald chi-square test.
We also modeled continuous physical activity using restricted quadratic splines with knots at
the 10t, 50t and 90™ percentiles; we excluded the top and bottom 1% of the distribution of
physical activity and testosterone from the restricted quadratic splines model to avoid the
influence of extreme values. Logistic regression was used to estimate the odds ratio (OR)
and 95% confidence interval (95% CI) of low or low normal testosterone (< 3.46 ng/mL)
comparing the middle and top tertiles of physical activity to the lowest tertile. In sub-
analyses, logistic regression was used to estimate the odds ratio (OR) and 95% confidence
interval (95% CI) of low normal testosterone (2.31 ng/mL < testosterone < 3.46 ng/mL)
comparing the middle and top tertiles of physical activity to the lowest tertile; men with
serum testosterone < 2.31 ng/mL (n=40) were excluded from these analyses.

All models were adjusted for age, race/ethnicity, smoking status, cotinine as a measure of
exposure to environmental tobacco smoke, alcohol consumption, BMI, and waist
circumference. Additionally, analyses were stratified by age category (20-49, > 50 years),
and obesity status (BMI < 30, = 30 kg/m?). We also tested for interactions by age category
and obesity status by including their cross-product terms in a separate model. For all tests
the p-values were two sided with @ =0.05. Statistical analyses were performed using SAS v.
9.2 (Cary, NC), SAS-callable SUDAAN, v10.0 (RTI International, Research Triangle Park,
NC, USA), and R version 3.2.0 software.

In the total sample, the geometric mean testosterone concentration was 5.31 ng/mL, with
18.6% of the men having low or low normal serum testosterone levels. The proportion of
men of various races/ethnicities significantly varied across tertile of physical activity, with a
greater proportion of non-Hispanic black and Mexican-American men in the least active
tertile (Table 1). The least active men were also more likely to report former or current
cigarette smoking than were more active men, though this difference was not statistically
significant. In all activity tertiles, mean BMI of the men fell within the overweight category
for adults (Ogden et al. 2006). There were no other statistically significant differences in the
characteristics of men by physical activity tertile.

Total Testosterone Concentration

Mean testosterone concentration was not significantly different across tertiles of physical
activity overall or when stratified by age or BMI (Table 2). Men in the highest tertile of
physical activity appeared to have higher concentrations of testosterone than men in the
lowest and middle tertiles of physical activity, although the differences were not statistically
significant (Table 2). In stratified analyses, the trend of non-significantly higher
concentrations of mean testosterone among men in the highest tertile of activity was
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consistent within the 20-49 years age category, regardless of obesity status. Although not
significant, in general, younger men had higher concentrations of testosterone than older
men, and non-obese men had higher concentrations of testosterone than obese men across all
tertiles of physical activity. We observed similar patterns, overall and within age and BMI
strata, when physical activity was modeled as continuous variable (Supplemental Figure 1).

Low or Low Normal Testosterone Concentration

Physical activity tertiles were not associated with low or low normal testosterone
concentrations overall, or when stratified by age. Overall, men in the highest tertile of
physical activity (OR 0.84; 95% CI = 0.52-1.35), and men in the middle tertile (OR 0.99;
95% CI = 0.56-1.75, p for trend = 0.72) did not have lower odds of low or low normal
testosterone compared to men in the lowest tertile of physical activity after adjustment for all
covariates. In younger men (20-49 years), tertile of physical activity was not associated with
low or low normal testosterone (OR, highest to lowest tertile 0.89; 95% CI = 0.43-1.82,
middle to lowest tertile 1.07; 95% CI = 0.50-2.29, p for trend = 0.87). Similarly, in older
men (= 50 years), tertile of physical activity was not associated with low or low normal
testosterone (OR, highest to lowest tertile 0.82; 95% CI = 0.36-1.88, middle to lowest tertile
1.02; 95% CI = 0.45-2.33, p for trend = 0.83) after adjusting for all covariates.

When men with low testosterone were excluded in sub-analyses, physical activity tertiles
were suggestive of a lower odds of low normal testosterone concentrations overall, and when
stratified by age, though these associations were not statistically significant. Overall, men in
the highest tertile of physical activity (OR 0.79; 95% CI = 0.38-1.64), and men in the
middle tertile (OR 0.70; 95% CI = 0.37-1.34, p for trend = 0.53) had non-statistically
significant lower odds of low normal testosterone compared to men in the lowest tertile of
physical activity. In younger men (20-49 years), men in the highest tertile of physical
activity (OR 0.62; 95% CI = 0.27-1.39) had non-statistically significant lower odds of low
normal testosterone compared to men in the lowest tertile of physical activity; men in the
middle tertile did not have lower odds of low normal testosterone compared to men in the
lowest tertile of physical activity (OR 0.93; 95% CI = 0.39-2.19, p for trend = 0.37). In
older men (= 50 years), tertile of physical activity was not statistically significantly
associated with low normal testosterone (OR, highest to lowest tertile 0.79; 95% CI = 0.29-
2.12, middle to lowest tertile 0.71; 95% CI = 0.24-2.04, p for trend = 0.79).

The prevalence of obesity (BMI =30 kg/m?) in the participants was 27.0%. Among non-
obese men, those in the highest tertile of physical activity were 50% less likely (95% CI:
0.27-0.96, p=0.02) to have low or low normal testosterone than men in the lowest tertile
(Figure 1). Subanalysis results were similar excluding men with low testosterone: among
non-obese men, those in the highest tertile of physical activity were significantly less likely
(OR 0.35; 95% ClI: 0.14-0.89) to have low normal testosterone than men in the lowest tertile
and there was a possible trend across tertiles (middle tertile: OR 0.81 95% ClI: 0.31-2.12, p
for trend = 0.07). Among obese men, there was no association between physical activity
level and low or low normal testosterone (Figure 1). Subanalysis results were similar
excluding men with low testosterone: among obese men, there was no association between
physical activity level and low normal testosterone (OR, highest to lowest tertile 1.81, 95%
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Cl: 0.53-2.63, middle to lowest tertile 1.00, 95% CI: 0.26-3.90, p for trend = 0.47). There
was no significant interaction between BMI category (p interaction = 0.21) and physical
activity tertile in the analysis of low and low normal testosterone. When the analysis of low
and low normal testosterone was restricted to men =50 years, the inferences when stratified
by BMI category were the same (data not shown).

Discussion

In this cross-sectional analysis of a nationally representative sample of adult men, self-
reported physical activity was not significantly associated with testosterone concentration in
men overall, or by age or obesity status. We did observe a pattern in which the most active
men had non-significantly higher mean testosterone concentrations than did less active men;
this pattern was present among younger men and obese men. There was no association
between physical activity level and low or low normal testosterone overall, or by age.
However, among non-obese men, increased physical activity was associated with a
significant decrease in the odds of low or low normal testosterone. Specifically, men who
reported more than 65 minutes of physical activity daily had half the risk of low or low
normal testosterone compared to men who reported 25 minutes or less of physical activity
daily. Because our study was cross-sectional, however, we cannot distinguish the temporal
direction of the association between physical activity and serum testosterone concentration.

Our observation that more active, non-obese men appeared to have higher testosterone
concentrations is consistent with several previous cross-sectional studies. In the only other
population-based US study, our group previously reported that men (N=1275) 20->85 years
old participating in NHANES 111 (1988-1994) who were in the highest quartile of total
physical activity had significantly higher concentrations of total testosterone compared to
those who reported no physical activity (Shiels et al. 2009). Our earlier study used a less
detailed physical activity questionnaire than the current study, and it only allowed for the
determination of frequency (times per week) of physical activity, and not duration or
intensity. In a Dutch cross-sectional study of 400 middle-and old-aged men (40-80 years),
higher testosterone levels were observed in men in the highest quartile of physical activity
(Muller et al. 2003). Men’s physical activity during the past year was scored and classified
into categories ranging from low (< 4500 kJ/day) to high (= 6000 kJ/day) using cutoffs that
are comparable to the ones used in our study. In the European Prospective Investigation into
Cancer and Nutrition (EPIC), a cross-sectional study consisting of 696 men 20+ years old,
Allen et al. observed significantly higher testosterone concentrations in men who reported
engaging in vigorous physical activity for three or more hours per week compared to men
who reported zero hours per week (Allen et al. 2002). However, no association was observed
between total recreational exercise-time (< 7.5, 7.5-14, or >14 hrs/week) and testosterone
concentrations (Allen et al. 2002). The upper end of the lowest category of physical activity
was equivalent to the highest category of physical activity in our current and other previous
studies (Shiels et al. 2009; Muller et al. 2003). The lack of association between total
recreational exercise-time and testosterone concentrations may be a result of the large
variation in their categorization of exercise-time, or due to the potential for their lowest
category reference group to have high levels of physical activity. Our study and others have
shown that the association between physical activity and testosterone concentration is
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generally evident when comparing those who do the least amount of activity to those who
the most (Muller et al. 2003; Shiels et al. 2009). The extent of obesity was much higher in
our study (27%) than in previous studies (17%) (Shiels et al. 2009). The prevalence of
obesity was even lower in the European studies (12% in the Dutch study (Muller et al.
2003), 6% in the EPIC study) (Allen et al. 2002). Despite the differences in physical activity
questionnaires, physical activity profiles, ages, obesity status, and countries of the study
populations, the positive associations between physical activity and testosterone appeared to
be consistent across these studies. In general, men who engaged in more exercise had higher
testosterone levels than men who did not.

We did not observe an association between physical activity and low or low normal
testosterone in men overall. Our findings were suggestive, though not statistically
significant, of a possible inverse association between physical activity and low normal
testosterone. Prior studies on physical activity and low testosterone have reported inverse
associations. In a cross-sectional analysis of men 40-79 years in the European Male Aging
Study, physical activity was significantly associated with late onset hypergonadism after
adjustment for age, BMI, smoking status and comorbidities (Tajar et al. 2010). A follow-up
analysis of men in this same study (mean follow-up 4.4 yrs) reported no statistically
significant influence of physical activity change on testosterone levels, but men who
reported increased activity between baseline and follow-up had a non-significant lower
decrease in testosterone than men who maintained or reduced activity (Camacho et al.
2013). Similarly, men who were 65 and over and participated in =3hrs of activity weekly
were less likely to be in the lowest quartile of testosterone in the Men in Health Study (Yeap
et al. 2009). Unlike these studies, our study included men as young as 20 years old. The
biologic mechanisms underlying low testosterone in younger men may different than in
older men, thus, the influence of modifiable risk factors on low testosterone may also be
different.

In our study, non-obese men in the highest tertile of physical activity had the lowest
likelihood of having low or low normal testosterone in comparison to non-obese men in the
lowest tertile of physical activity. Low or low normal testosterone has been associated with
many adverse health outcomes including obesity, metabolic syndrome and type 2 diabetes
(Stanworth and Jones 2009; Wang et al. 2011), higher grade prostate cancer (Platz and
Giovannucci 2004), heart disease (Khaw et al. 2007; Abbott et al. 2007; Khaw and Barrett-
Connor 1991; Tivesten et al. 2006), low bone mineral density (Kuchuk et al. 2007),
depression and fatigue (McHenry 2012). The symptoms associated with low testosterone
levels affect more than 4.5 million men in the US (McHenry 2012), and much is still
unknown regarding the long-term risks and outcomes of testosterone replacement therapy
(Gruenewald and Matsumoto 2003; Nigro and Christ-Crain 2012). Physical activity, which
has many health benefits (Petersen and Pedersen 2005; Miiller-Riemenschneider et al. 2010),
may help maintain normal testosterone levels in aging men through the control of obesity
and diabetes (Liu et al. 2009), though few studies have evaluated this association. Similarly,
a 52-week intervention trial in men with clinically low testosterone found that improving
diet and increasing physical activity raised serum testosterone concentrations to the lower
range of normal for the 16 men in the supervised diet and exercise intervention group
(Heufelder et al. 2009). In our study, the risk of low or low normal testosterone was
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restricted to non-obese men; this may suggest that even high levels of physical activity may
not be enough to overcome the adverse influence of extensive adiposity on testosterone
levels, or that there is a greater misclassification of self-reported physical activity among
obese men than among lean men.

The study had both strengths and limitations. This cross-sectional study was based on a
nationally representative sample of U.S. men in which physical activity and testosterone
measures were collected at the same point in time. Thus, causality cannot be inferred. The
sample size was fixed. In general, the study was powered to detect moderate or larger
associations, which would be most likely to be of clinical relevance. The updated NHANES
physical activity questionnaire captured both duration and intensity of activities, across
several domains of physical activity (domestic, transportation, and leisure), which permitted
a more precise estimation of physical activity. We were unable to use objective measures of
physical activity, because accelerometry was only available on 23% of the analytic sample.
All analyses were adjusted for important confounders that we previously found to be
associated with testosterone concentration in NHANES 111, including both self-reported
cigarette smoking and urinary cotinine levels (Shiels et al., 2009) and two measures of
adiposity, BMI and waist circumference (Rohrmann et al., 2011), collected by trained study
staff. Study limitations included that the analysis was based on a single measure of
testosterone, however, all samples were collected in the morning session, which is likely to
reduce differences due to diurnal variation. In addition, the study was unable to account for
occupational activity as the data were not collected.

Physical activity is recognized as an important factor influencing health and disease status.
The benefits of physical activity include improved cardiovascular fitness; decreased
coronary heart disease and diabetes; the preservation of fat-free mass and bone mineral
density; and improved mood and self-esteem (Ballor and Poehlman 1994; Blair 2009;
American College of Sports Medicine 1998). Conversely these physiological changes are
negatively affected by low levels of testosterone (American College of Sports Medicine
1998; Ballor and Poehlman 1994; Blair 2009). While the role of physical activity in the
relationship between obesity and testosterone is unclear, our results suggest that greater
physical activity may reduce the likelihood of low or low normal testosterone concentrations
in non-obese men, but not in obese men. We could not, however, distinguish between
physical activity influencing serum testosterone concentration and testosterone concentration
influencing physical activity in this cross-sectional analysis. Previous research supports the
relationship between lower levels of testosterone and lower levels of strength and muscle
mass in aging men (Srinivas-Shankar and Wu 2009; Breuer et al. 2001), which may be
predictive of engagement in physical activity, and activities of daily living. Thus, studies are
needed to determine whether greater activity would prevent men from developing low
testosterone and whether men who already have low or low normal testosterone would
benefit from increasing physical activity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Odds ratio of low or low normal testosterone by physical activity tertiles in nonobese

(n=538) and obese (n=200) men 20 years or older; NHANES (1999-2004).

MET: metabolic equivalent (MET)-minutes per week. Models were stratified by the body
mass index cut point for obesity (<30 kg/m? and =30 kg/m?2). All models were adjusted for
age, race/ethnicity, smoking, cotinine, alcohol consumption, BMI, and waist circumference;
<499 METSs = reference group. P for interaction = 0.21

Andrology. Author manuscript; available in PMC 2018 February 12.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Steeves et al.

Table 1

Page 16

Age and race adjusted characteristics of 738 men 20 years or older who participated in NHANES 1999-2004
by tertile of weekly physical activity.?

Aged(years)
Race/ethnicity € (%)
Non-Hispanic white
Non-Hispanic black
Mexican-American
Other
Body mass index (kg/m?)
Waist circumference (cm)
Cigarette Smoking (%)
Never
Former
Current
Urinary cotinine (%)f
Unexposed
Passive exposure
Active exposure
Alcohol consumption (%)
0 drinks/month
< 2 drinks/day
> 2 drinks/day

<499 METsP 500—15_54 METs = 155§ METs p-value
(N =277) (N =226) (N =235)
Mean or percentage (SE)¢
41.0 (1.1) 44.0 (0.9) 421 (1.1) 0.13
<0.01
64.0 (4.0) 74.0 (4.0) 77.0 (3.0)
13.0 (2.0) 9.0 (1.0) 9.0 (2.0)
13.0 (2.0) 7.0 (1.0) 5.0 (1.0)
10.0 (3.0) 11.0 (3.0) 9.0 (2.0)
28.2(0.7) 27.9 (0.4) 27.5(0.4) 0.58
100.5 (1.5) 99.4 (1.0) 97.0 (0.9) 0.10
0.07
36.0 (4.0) 51.0 (4.0) 51.0 (4.0)
31.0 (4.0) 21.0 (3.0) 24.0 (3.0)
32.0 (3.0) 28.0 (3.0) 25.0 (4.0)
0.07
50.0 (3.0) 54.0 (4.0) 50.0 (4.0)
14.0 (2.0) 8.0 (2.0) 17.0 (2.0)
37.0 (3.0) 38.0 (4.0) 33.0 (4.0)
0.94
21.0 (3.0) 19.0 (4.0) 17.0 (4.0)
68.0 (3.0) 69.0 (4.0) 70.0 (3.0)
11.0 (2.0) 12.0 (3.0) 13.0 (2.0)

aSampIing weights were applied. Means and proportions were adjusted for age, race/ethnicity;

bM ET: metabolic equivalent (MET)-minutes per week;

CSE: standard error;
d .
Race adjusted;

EAge adjusted;

f .
A measure of environmental tobacco smoke exposure; Unexposed

ng/mL

: < 0.35 ng/mL; Passive exposure: 20.35 - <10.0 ng/mL; Active exposure: 210
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