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Abstract

Background: This study examined the associations between physical activity, obesity, and sarcopenia in middle-
aged and older adults.

Methods: We analyzed the data of 8,919 study participants aged between 45 to 97 (mean age =57.2 £8.8) from
a Southern state in the United States. Self-reported physical activity was classified to regular exercise > 3 times/
week, < 3 times/week, and no regular exercise. Associations between physical activity, obesity and sarcopenia were
explored with generalized linear models and ordinal logistic regressions stratified by age (middle-aged and older
adults) and gender adjusting for covariates.

Results: In middle-aged and older adults, all examined obesity related traits (e.g., body mass index, waist circumfer-
ence) were inversely associated with physical activity levels (p <0.01) in both genders. Exercising > 3 times/week
was negatively associated with lean mass indicators (e.g., appendicular lean mass) in middle-aged and older females
(p<0.01), while the negative associations become positive after adjusting for weight. Positive associations between
physical activity and grip strength were only found in middle-aged males (p < 0.05). Ordinal logistic regression
revealed that those exercising > 3 times/week were less likely to have obesity, sarcopenia, and sarcopenia obesity in
all groups (p<0.01), except for sarcopenia in older males and females (p > 0.05). Positive associations of exercising < 3
times/week with sarcopenia and sarcopenia obesity were only found in middled adults.

Conclusion: The associations of exercise frequency with obesity and sarcopenia vary considerably across gender
and age groups. Exercise programs need to be individualized to optimize health benefits. Future research exploring
physical activity strategies to balance weight reduction and lean mass maintaining is warranted in middle-aged and
especially older adults.
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Background

During the ageing process, changes in body composition
such as a progressive decline in muscle mass and strength
? Center for Bioinformatics and Genomics, School of Medicine, Tulane and lrxlcrease in adiposity, are obser.ved Stértlr.lg. as early
University; New Orleans, LA, New Orleans: United States of An';erica as 30's [1-4]. These Changes predlspose individuals to
Full list of author information is available at the end of the article an increased risk of obesity, sarcopenia (loss of skeletal

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

*Correspondence: hdeng2@tulane.edu



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-022-13288-5&domain=pdf

Du et al. BMC Public Health (2022) 22:896

muscle mass and strength and physical performance),
and sarcopenic obesity, which are related to a variety
of cardiometabolic conditions, frailty, disability, and
decreased quality of life [5-8].

Engaging in physical activity is beneficial to various
health outcomes, including healthier body composition
[9, 10]. The inverse associations of physical activity and
obesity measurements, such as body mass index (BMI),
waist circumference, and body fat percentage have been
evidenced in both observation and intervention stud-
ies in adults of different age groups and in both genders
[11-14].

Despite both observational and interventional stud-
ies report high levels of physical activity contribute to
increased physical fitness and decreased body fat, little
or no effect was found on lean body mass in older age
groups [15—17]. In addition to lean body mass, the effects
of physical activity on other sarcopenia related meas-
urements, such as muscle strength, is also inconclusive.
For example, a meta-analysis of 24 trials in older adults
found that significant results of physical activity on grip
strength were not reported for all exercise approaches,
and recommended that implementing increased physical
activity focused on task-specific procedures can increase
grip strength [18]. In addition, a recent review reported
that there is limited evidence of any effect of physical
activity on sarcopenia based on clinical trials and pro-
spectus studies, but promising results were found from
observational studies [19]. Another systematic study
reviewed 14 cross-sectional studies reported that in gen-
eral there is positive association between physical activ-
ity and sarcopenia in older adults [20]. However, most
studies included in the review assessed the relationship
between physical activity and sarcopenia related traits
but didn't classify sarcopenia; or they examined older
populations in Asian or European countries [20-24].
Some recent studies were also conducted in Asian or
European countries [25-27], but rarely in the United
States.

Additionally, despite sarcopenic obesity is increasingly
prevalent in older adults, studies of physical activity on
sarcopenic obesity are limited in older adults and the
results are conflicting [27]. Furthermore, muscle mass
decline starts around 30’s with 3—-8% muscle loss dur-
ing the first decline decade, and middle-aged adults are
also at high risk of having sarcopenia [28, 29]. However,
the study of sarcopenia and sarcopenic obesity, as well as
their associations with physical activity in middle-aged
adults are scarce. Therefore, using a large sample size,
this study aimed to examine the relationships between
exercise frequency with obesity, sarcopenia, and sarco-
penic obesity in middle-aged and older adults stratified
by gender.
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Methods

Study population

The Louisiana Osteoporosis Study (LOS) is an ongo-
ing cross-sectional study with beginning recruitment
in 2011. It was designed to build a large sample pool
(with ~20,000 subjects) and database for investigating
genetic and environmental risk and protective factors for
osteoporosis, obesity, sarcopenia, and other complex dis-
eases. Subjects aged 18 and over were recruited in New
Orleans, Baton Rouge, and surrounding areas in Loui-
siana. The detailed inclusion and exclusion criteria can
be found in previous publications [30, 31]. We analyzed
data for 8, 919 participants from the 2011-2020 data sets
who had complete survey information and valid anthro-
pometric and scan measurements. Consent forms were
obtained from each participant before any data collec-
tion. The study was approved by the Tulane University
Institutional Review Board.

Measurements

Body composition, anthropometrics, and grip strength

The dual-energy X-ray absorptiometry (DXA) machine
(Hologic Inc., Bedford, MA, USA) provided the measure-
ments of body composition: whole body fat mass, whole
body lean mass, percent of fat mass (% fat mass), and
appendicular skeletal lean mass. The DXA machine was
calibrated daily, and software and hardware were kept up
to date during the data collection process. Fasting was
not required in participants before taking the DXA scans.
Height and weight were measured in light, indoor cloth-
ing and without shoes using a calibrated stadiometer and
a calibrated balance beam scale, respectively. Body mass
index was calculated as weight divided by height squared
(kg/m2). The sum of the non-fat mass and non-bone of
the four limbs was used to determine the appendicu-
lar skeletal lean mass (ASM), and skeletal muscle index
(SMI) is calculated as ASM/height® [32]. Grip strength
of both hands was measured in duplicate by a hand-held
dynamometer (TEC Inc., Clifton, NJ) with the maximum
value recorded in kilograms. In this study, obesity-related
traits were assessed by BMI, body weight, whole body
fat mass, and % fat mass; sarcopenia-related traits were
assessed by whole body lean mass, skeletal muscle index
(SMI), and grip strength [8, 32].

Body composition status

Body composition status was categorized into obesity,
sarcopenia, sarcopenic obesity, and normal body com-
position. According to previous work [27], obesity was
defined by meeting at least one of the following three
criteria: 1) BMI> 30; 2) increased % fat mass (>42 for
females and >30 for males; or 3) high waist circumfer-
ence (>88 for females and >102 for males). Using the
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2018 definition set by the European Working Group on
Sarcopenia in Older People (EWGSOP2) [33], sarcope-
nia referred as low muscle mass (SMI<5.5 for females
and SMI<7 for males) in combination with reduced grip
strength (< 16 kg for females and < 27 kg for males). Those
with sarcopenia and concurrent obesity were considered
having sarcopenic obesity [27]. Normal body composi-
tion was defined as no presence of any obesity, sarcope-
nia or sarcopenic obesity conditions.

Physical activity

Physical activity was measured using responses to the
questions, “Do you currently exercise on a fairly regular
basis?” and “How many times do you exercise per week?”
Self-reported exercise frequency was categorized into
three levels: exercising 3 or more times per week, exercis-
ing 1 to 2 times per week, and self-reported no regular
exercise. The physical activity measures have been used
in several published scientifical articles [8, 34]. Accord-
ing to the Physical Activity Guidelines for Americans
2nd edition [10], participating in physical activity at least
3 days per week is associated with significant health ben-
efits and even participating in smaller amount of physi-
cal activity (e.g., 1 to 2 times a week) is associated with
health benefits compared to no physical activity [35, 36].
Physical activity is any body movement that increases
energy expenditure; exercise is a subcategory of physi-
cal activity which is planned, structured, repetitive, and
focusing on improvement or maintenance of physical
fitness [37]. To be noted, in this study, we only assessed
exercise frequency.

Demographics and other covariates

Questionnaire survey was used to collect data including
age, gender, race/ethnicity, menopausal status, and other
behavioral factors which are reported to be associated
with body composition indicators [38—41]. Self-reported
race/ethnicity was identified by choosing from the fol-
lowing options: African American/Black, Asian, Cauca-
sian/White, Hispanic/Latino, Native American/Pacific
Islander and other. An affirmative response to the ques-
tion “Are you postmenopausal?” was considered as post-
menopause. Other behavioral factors assessed by yes/no
responses to questions regarding smoking status, alco-
hol consumption, milk consumption (including fortified
soy, rice, and almond mink), calcium supplement intake,
and whether the participant had an average of 15 min of
daily sun exposure. According to muscle declining sig-
nificantly around one decade starting 30’s, as well as the
classification of previous study and the age-specific med-
ical subject heading, age in years was categorized into
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middle-aged group (45 to 64 years old) and older group
(65 and over) [28, 42].

Statistical analysis

Continuous and categorical variables were reported
as mean +std and number (percentage). ANOVA and
Chi-square tests were applied to test differences in
demographics, body composition, grip strength, behav-
ioral factors by physical activity levels and gender.
Missing values and outliers were cleaned. Generalized
linear models were performed to assess adjusted (age,
race/ethnicity, plus postmenopausal status in females)
mean differences in obesity and sarcopenia related
traits across physical activity levels (no regular exer-
cise, <3 times/week and > times/week) and age groups
(45-64, and 65 ~ years old) [42].

Generalized linear models were adopted to assess
the associations of physical activity with obesity- and
sarcopenia-related traits in the two age groups using
participants who did not engage in regular physical
activity as the reference group. We adjusted for age in
years, race/ethnicity, smoking status, alcohol drinking,
sun exposure, milk consumption, and calcium supple-
ment intake. We also adjusted for post-menopausal sta-
tus in females. For sarcopenia-related traits, in addition
to those covariates adjusted for obesity related traits
(model 1 s), we also adjusted for body weight because
weight loss may be the result of a decrease in lean mass,
especially in older adults [16, 43, 44]. Normality was
checked and assured. Multicollinearity was checked
using Variance Inflation Factor (VIF). The VIFs for each
included variables in the models were less than 1.20.
Johnston and colleagues reported that a VIF of 2.5 or
even 10, is an indicator of considerable collinearity [45].
Therefore, we determined that no independent vari-
ables included in the models were highly correlated.

In addition, we used ordinal logistic regression to
assess the relationship between physical activity lev-
els with obesity, sarcopenia and sarcopenic obesity by
age and gender groups, respectively. For each logistic
regression model, we adjusted for age in years, race/
ethnicity, smoking status, alcohol drinking, sun expo-
sure, milk consumption, and calcium supplement
intake, plus post menopause in females. We didn't
adjust for body weight in logistic regression models as
we did in the generalized linear models because body
weight was accounted in the body composition status
categories. Self-reported no regular exercise served as
the reference group for physical activity levels, and nor-
mal body composition as the reference group for body
composition status. All the statistical analyses were
performed with SAS software, version 9.4. A p<0.05
was considered statistically significant.
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Results

In the present study (n=38, 919), older adults made
around 18.17% of the study population. Older males
had the highest proportions of engaging in >3 times/
week regular exercise (64.10%; Table 1). Non-Hispanic
whites tended to have a higher proportion of peo-
ple engaging in regular weekly exercise in both gen-
ders. Hispanics had the highest proportion of people
who reported not exercising regularly in both males
(34.41%) and females (42.61%). Hispanic females
(44.32%) and non-Hispanic Asian males (53.13%) were
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least likely to engage in regular exercise three or more
times per week. In both genders, compared to those
who reported engagement in regular exercise, those
who did not engage in regular exercise had the lowest
proportions of people reported calcium supplement
intake (32.47% in females; 5.82% in males) and milk
consumption (70.56% in females; 78.44% in males).
One the contrary, the highest proportions of people
reported daily sun exposure were found in those exer-
cised >3 times/week (71.02% in females; 80.22% in
males).

Table 1 Characteristics of the sample by physical activity levels and gender

Regular exercise-No Regular exercise- < 3/week Regular exercise > 3/week P
Female (n=5135) (n=1814) (n=555) (n=2766)
Age group (n, %) 0.19
45-64 years old 1440 (35.69) 447 (11.08) 2148 (53.23)
> 65 years old 374 (34.00) 108 (9.82) 618 (56.18)
Postmenopausal (female, n, %) 1274 (70.23) 380 (68.47) 1941 (70.17) 0.70
Race/ethnicity <.001
Non-Hispanic White 1092 (32.91) 330 (9.95) 1896 (57.14)
Non-Hispanic AA 534 (41.46) 162 (12.58) 592 (45.96)
Non-Hispanic Asian 113(32.01) 40 (11.33) 200 (56.66)
Hispanics 75 (42.61) 23(13.07) 78 (44.32)
Health behaviors (n, %)
Calcium supplement (yes) 589 (32.47) 243 (43.78) 1261 (45.59) <.001
Smoke (yes) 771 (42.50) 209 (37.66) 1095 (39.59) 0.05
Alcohol drinking (yes) 1077 (60.03) 392 (71.40) 1939 (70.61) <.001
Milk consumption (yes) 1280 (70.56) 432 (77.84) 2066 (74.69) <.001
Sun exposure (yes) 1227 (67.64) 417 (75.14) 2219 (80.22) <.001
Height (m) 1.61+£0.07 1.62+£0.07 1.62+£0.06 <.001
Weight (kg) 77.63£19.46 7330+17.89 70294+17.33 <.001
Regular exercise-No Regular exercise- < 3/week Regular exercise-> 3/week P
Male (n=3784) (n=1169) (n=372) (n=2243)
Age group (n, %) 0.03
45-64 years old 1019 (31.33) 331(10.18) 1902 (58.49)
> 65 years old 150 (28.20) 41(7.71) 341 (64.10)
Race/ethnicity <.001
Non-Hispanic White 457 (28.02) 122 (7.48) 1052 (64.50)
Non-Hispanic AA 618 (33.08) 215(11.51) 1035 (55.41)
Non-Hispanic Asian 62 (32.29) 28 (14.58) 102 (53.13)
Hispanics 32(3441) 7 (7.53) 54 (58.06)
Healthy behaviors (n, %)
Calcium supplement (yes) 68 (5 82) 42(11.29) 191 (8.52) <.001
Smoke (yes) 0(69.29) 262 (70.43) 1526 (68.03) 0.56
Alcohol drinking (yes) 796 (69.46) 258 (70.11) 1608 (72.50) 0.16
Milk consumption (yes) 7 (78.44) 307 (82.53) 1849 (82.43) <.01
Sun exposure (yes) 967 (82.72) 322 (86.56) 2036 (90.77) <.001
Height (m) 1.74£0.07 1.74£0.08 1.74+£0.07 0.49
Weight (kg) 84.92+£19.16 83.17£19.20 81.924£16.55 <.001

Note: AA = African American; Sun exposure =at least 15 min sun exposure a day
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Physical activity and obesity related traits

The adjusted mean differences of obesity-related traits
across gender and exercise groups are displayed in
Figs. 1 and 2. Overall, after adjusting for age and race/
ethnicity (plus post-menopause status in females), all
obesity-related traits exhibited inversely liner trends
across the three exercise categories. The p-values were
less than 0.001 for all groups. On the contrary, the
adjusted mean differences of sarcopenia-related traits
across age and exercise groups varied. Overall, in mid-
dle-aged and older adults, the associations of higher
exercise frequencies and sarcopenia-related traits exhib-
ited mixed trends.

Table 2 shows the results of the generalized lin-
ear models assessing the associations of exercise
frequency levels with obesity related traits after con-
trolling for age, race/ethnicity, menopause status and

lifestyle factors. In middle-aged females, exercising >3
times/week was significantly associated with lower
BMI (b=-2.01, 95% CI=[-2.54, -1.47]), waist circum-
ference (b=-5.70, 95% CI=[-5.21, -1.52]), fat mass
(b=-4.38, 95% CI=[-5.05, -3.70]) and percent of body
fat (b=-3.17, 95% CI=[-3.54, -2.79]). Similar results
with less effects were reported in middle-aged females
who regularly exercised one to two times per week,
except lean mass. Similar results with higher effects
were found in older females, with older females experi-
encing the highest reductions in almost all parameters.
In males, regular exercise >3 times/week was signifi-
cantly associated with lower BMI, waist circumference,
fat mass, and percent of fat. However, exercise less than
three times per week only showed negative association
of percent body fat in middled males (b=0.81, 95%
Cl=[-1.43, -0.19]).
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Physical activity and sarcopenia related traits

Table 3 shows the results of the associations of exercise
frequency levels with sarcopenia related traits after con-
trolling for age, race/ethnicity, menopause status and life-
style factors in model 1 s, with additional adjustment for
weight in model 2 s. In middle-aged and older females, in
model 1 s, compared to those who did not exercise regu-
larly, middle-aged and older females who engaged>3
times/week had lower lean mass, ASM, SMI and com-
parable grip strength. However, after further controlling
for body weight (model 2 s), both middle-aged and older
females who exercised at least 3 times/week exhibited
higher whole body lean mass, ASM, SMI and higher grip
strength, except SMI (b=0.05, 95%CI=[-0.17, 0.12] and
grip strength (b=0.63, 95%CI=(-0.32, 1.81]) in older
females. For middle-aged males, any regular exercise was
positively related to grip strength in all models. Positive

associations between exercise frequency levels and other
parameters were found only after further adjusting for
weight.

Physical activity and body composition status

Figure 3 shows the distribution of the four categories of
body composition status across exercise frequency lev-
els. Overall, those with higher exercise frequencies per
week exhibited higher proportions of individuals with
normal body composition and lower proportions of
people with obesity (p<0.01 for older male group and
p<0.001 for all other groups). Higher exercise fre-
quencies were associated with lower trends of sarco-
penia and sarcopenic obesity in middle-aged adults,
but a higher trends of sarcopenia prevalence in older
adults. Table 4 displays the ordinal logistic regression
results of body composition status by gender and age
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Female Male
Age (years) Variables Regular Regular Regular exercise- < 3/week Regular exercise-
exercise-<3/week exercise->3/ b (95% Cl) > 3/week
b (95% ClI) week b b (95% Cl)
(95% CI)
45 to 64 Model 1 Reference =no regular exercise Reference =no regular exercise
Whole body lean  -0.90%(-1.63,-0.18)  -0.84**(-1.31,-0.37) 0.38(-0.67, 142) -0.59%(-1.24, 0.06)
mass
ASM -0.39(-0.77,0.01) -0.33**(-0.58,-0.08) -0.27 (-0.63,0.10) 0.17 (-043,0.77)
SMI -0.23 (-0.37,-0.09) -0.16%** (-0.11, -0.08 (-0.19, 0.02) 0.03 (-0.36, 0.20)
-0.22)
Grip strength 0.18(-0.61,0.98) 0.26 (-0.25,0.78) 1.36*%(0.59, 2.13) 1.78**(0.54,3.02)
Model 2 Reference =no regular exercise Reference =no regular exercise
Whole body lean  0.31 (-0.04, 0.66) 1.12%%%(0.89,1.34)  0.65*(0.13, 1.56) 0.67***(0.35,0.99)
mass
ASM 0.57 (0.28,0.87) 0.46***(0.27,087)  0.23*(0.05,0.43) 0.71%**(0.58, 0.83)
SMI -0.03 (-0.11,0.49) 0.16***(0.10,0.21) 0.13(-0.10,2.72) 0.10%**(0.82, 2.57)
Grip strength 0.57 (-0.34,1.47) 0.68**(0.11, 1.26) 1.31%(0.13,2.94) 1.70%%(0.93, 2.67)
>65 Model 1 Reference =no regular exercise Reference =no regular exercise
Whole body lean  -1.99%%(-3.38,-0.61)  -2.03**(-2.87,-1.19)  -0.54 (-341,2.34) -1.99%(-3.60, -0.39)
mass
ASM -0.78***(-1.19,-0.37) -0.96**(-1.63,-0.28)  0.38(-1.39,0.11) 0.17 (-1.18,1.52)
SMI -0.36**(-0.37,-021)  -0.37*** (-0.11, -0.08 (-0.45, 0.30) -0.22* (-043,-0.01)
-0.12)
Grip strength -0.10 (-1.66, 1.46) 0.10 (-0.84, 1.05) 2.11(-157,5.78) 0.62 (-1.44, 2.68)
Model 2 Reference =no regular exercise Reference =no regular exercise
Whole body lean  0.14 (-0.52, 1.81) 0.55**(0.14, 0.96) -0.54 (-1.72,0.63) 0.91%%(0.23,1.57)
mass
ASM 0.03 (-0.33,0.39) 042***(0.19,0.64)  0.12(-0.58,0.83) 0.63**(0.23, 1.03)
SMI -0.03 (-0.04,0.14) 0.05(-0.17,0.12) -0.09 (-0.07,0.23) 0.08 (-0.36,0.17)
Grip strength 0.27 (-0.27,0.73) 0.63 (-0.32,1.81) 242 (-157,5.78) 1.90 (-0.09, 3.89)

In model 1, age in years, race/ethnicity, calcium supplement intake, smoking status, alcohol drinking, milk consumption, and at least 15 min sun exposure a day, plus
postmenopausal in females. In model 2, in addition to variables adjusted in model 1, body weight was adjusted

Note: BMI=Body mass index; Lean mass =whole body lean mass; ASM = appendicular skeletal muscle mass (the added muscle mass of four limbs). SMI = skeletal
muscle index. Regular exercise: “no regular exercise” as the reference group; b =regression parameter estimates

*<0.05.**<0.01 ***<0.001

groups. In both middle-aged females and males, those
exercising > 3 times/week were less like to have obe-
sity, sarcopenia and sarcopenic obesity comparing to
those without regular exercise. The findings sustained
for those regular exercised 1-2 times/week, except
for having sarcopenia (odds=0.77, 95% =[0.52, 1.14]
for females; and odds=0.75, 95%CI=[0.51, 1.09] for
males). In both older females and males, only those
exercising > 3 times/week were less like to have obesity
and sarcopenic obesity comparing to those without
regular exercise. No differences were found between
exercise frequency levels and sarcopenia. Regular exer-
cising 1 to 2 times per week yield no favorable results
in all conditions in older adults.

Discussion

This cross-sectional study examined the associations of
physical activity levels with obesity, sarcopenia, and sar-
copenic obesity in a large and diverse population. Over-
all, the beneficial associations were found for obesity
and obesity related traits in both middle-aged and older
adults, especially those exercising> 3 times/week. How-
ever, sarcopenia related traits, were negatively related
to higher exercise frequencies, and favorable sarcopenia
related traits with exercise frequencies were only found
after adjusting for body weight. Additionally, in both
older females and males, only those exercising > 3 times/
week were less like to have obesity and sarcopenic obesity
comparing to those without regular exercise, and regular
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Fig. 3 The distribution of normal body composition, obesity, sarcopenia, and obesity sarcopenia by physical activity, gender and age groups.
P<0.001 for all groups (except p <0.01 for older male)

Table 4 Ordinal logistic regression modes of body composition status by gender and age groups

Female Male
Age (years) Body composition status Regular exercise-<3/week  Regular exercise- Regular exercise-<3/week Regular exercise-
0Odds (95% Cl) > 3/week 0dds (95% CI) > 3/week
0Odds (95% Cl) 0Odds (95% CI)
45 to 64 Reference =normal body Reference =no regular exercise Reference =no regular exercise
composition
Obesity only 0.66***(0.55, 0.79) 0.40%%%(0.33,047)  0.64**(0.48,0.86) 0.66***(0.55, 0.79)
Sarcopenia only 0.77 (0.52,1.14) 0.76* (0.59, 0.98) 0.75(0.51,1.09) 0.71%* (0.56,0.79)
Sarcopenic obesity 0.50**(0.33,047) 0.32%(0.24,0.42) 0.43%(0.21, 0.86) 0.56%(0.39, 0.80)
>65 Reference =normal body Reference =no regular exercise Reference =no regular exercise
composition
Obesity only 0.64 (0.37,1.09) 0.39%%%(0.28,0.54)  1.36(0.60, 3.12) 049**(0.31,0.78)
Sarcopenia only 1.36 (0.64,2.92) 1.04(0.63,1.71) 1.01(0.30, 3.38) 0.84 (043, 1.62)
Sarcopenic obesity 0.55(0.24,1.29) 0.52%%(0.32,0.85)  0.63(0.15,2.58) 0.38%(0.18,0.80)

Models were adjusted for age in years, race/ethnicity, calcium supplement intake, smoking status, alcohol drinking, milk consumption, and at least 15 min sun
exposure a day, plus postmenopausal in females

Regular exercise: “no regular exercise” as the reference group; Odds =Odds ratio
*<0.05.*<0.01 ***<0.001

Note: Obesity was defined as met one or more of the following criteria: 1) BMI> 30, 2) % Fat (> 42 for female, > 30 for male), or 3) waist circumference (> 88 cm for
female, > 102 cm for male). Sarcopenia was defined as grip strength < 16 kg and skeletal muscle index < 5.5 for female, and grip strength <27 kg and skeletal muscle
index <7 for male
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exercising 1 to 2 times/week was not favorably related
to any conditions. Exercising 1 to 2 times/week in mid-
dle-aged adults and any regular exercise in older adults
were not related to less sarcopenia. The study findings
may suggest that physical activity and exercise regimens
to balance obesity and sarcopenia related traits should
be promoted in older adults. The complex associations
among physical activity, weight reduction and muscle
maintaining need to be further explored in the aging
population to maximize the benefits of exercise.

Compared to people who did not engage in regular
exercise, those engaged in regular exercise>3 times/
week had lower BMI, fat mass, waist circumference and
percent body fat across age and gender groups; the asso-
ciations were less or not significant in some body com-
position indicators if exercise was practiced less than 3
times per week. The findings are consistent with a widely
accepted evidence exercise can decrease BMI and fat
mass [46, 47]. The percent body fat for males (23.45%-
25.80%) and females (34.81%-39.01%) found in this study
were similar to the findings using the national representa-
tive data the National Health and Nutrition Examination
Survey (NHANES) 1999-2004 [48]. Given BMI, fat mass
and percent of body fat are closely related to a numerous
metabolic and disease outcome [49, 50], our study find-
ings affirm that regular exercise might be an effective way
to improve health outcomes, and exercise three times per
week may increase the benefits.

However, relationship between exercise frequency and
lean mass varied across age and gender groups in the
current study. Higher exercise frequencies were nega-
tively related to lean mass in middle-aged females and
both older males and females, which was attenuated after
considering for body weight. Muscle mass is essential in
preventing some of the most common and increasingly
prevalent health conditions (e.g., obesity, diabetes, sar-
copenia) throughout one’s life span [51, 52]. However,
muscle mass begins to decline approximately 3—8% every
decade starting around the age of 30, and the decline is
faster after the age of 60 [53]. Exercise, especially resist-
ance training, has been evidenced to be an effective
approach in increasing muscle mass [51, 54]. First, the
current findings may suggest the current exercise practice
(e.g., type, intensity) is not optimal and holistic for health
benefits in middle-aged and older adults in the commu-
nity. This is consistent with previous reports resistance
exercise training might be difficult to implement, espe-
cially in community-dwelling older individuals, partially
due to the need of specific equipment and supervision,
and the possibility that resistance exercise is not stressed
in certain conditions frequently found in older patients
(e.g., hypertension, diabetes, stroke) [51]. Additionally,
energy restriction along with more exercise was reported
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to be related to muscle reduction [55]. Dietary data was
not available in this study. Furthermore, the results may
also reflect each individual responds differently to physi-
cal activity given various variations in genes, lifestyle
behavior, age, gender, and genetic-environmental interac-
tion. Therefore, a personalized lifestyle intervention may
yield the best muscle mass outcomes in the aging popula-
tion [56, 57].

Interestingly, after adjusting for body weight, the nega-
tive associations of exercise frequency with muscle mass
become positive or neutral. Meanwhile, we found body
weight was negatively related to exercise levels in all age
and gender groups and positively related to all sarcopenia-
related traits in all groups (not shown in tables). Due to the
cross-sectional nature of the study, a causal relationship
between exercise frequency and body composition traits
could not be established in the current study. Previous
evidence show that increased adiposity could be a chronic
physical overload stimulus on the antigravity muscles,
such as quadriceps and calf, thus increasing muscle size
and strength [58]. In addition, it is reported that weight
loss could accelerate sarcopenia in older adults [44]. There-
fore, it’s possible that the exercise induced weight loss may
consequently reduce the effect of physical loading of body
weight on lean mass, especially when accompanied with
diet restriction or inappropriate diet selection. Meanwhile,
significant muscle mass increase could be achievable only
with progressive resistance training or weight gain through
extra energy and protein intake [37]. Therefore, main-
tenance of muscle mass might have been overlooked or
under emphasized for weight loss purpose in middle-aged
and older adults in current practice, with the norm that
obesity is a major public health emergency and crisis [59].
Physical activity and exercise programs to balance body
composition and maximize health outcomes need to be
holistically explored.

The study also found higher frequency of exercise was
positively related to grip strength in middle-aged males
after controlling for included covariates. The similar find-
ings were found in middle-aged females only after con-
trolling for body weight; but no associations were found in
older adults. The physical activity effect on grip strength
in older adults is inconsistent from current literature
[60, 61]. But exercise intervention with more emphasis
on resistance training involving multiple body parts and
higher weekly frequency reported grip strength increase
comparing to control group [61]. The current study, with
a cross-sectional nature, found no relationships between
higher frequency of exercise and grip strength in older
adults may suggest that the exercise type might have been
overlooked in the general older population.

Lastly, in both older males and females, exercising less
than 3 times/week was not related to less likelihood to
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have obesity or sarcopenic obesity, and any exercise fre-
quencies was not related to less odds of sarcopenia. The
findings partially conflict with previous conclusions that
physical activity is negatively associated to sarcopenia
[20]. Some possible reasons are that: 1) the previous stud-
ies didn’t differentiate sarcopenia and sarcopenic obesity,
so different results might be found [20, 62], or the stud-
ies were conducted in other countries [22, 23]. In addi-
tion, the EWGSOP?2 revised the definition of sarcopenia
with the aim to promote early detection and treatment,
and we used this most updated definition for sarcopenia
[33], the results generated from which might be different
from previous studies. Furthmore, the current findings
may also suggest that exercise regimens to maintain and
improve muscle mass and strength are needed in older
adults, and older adults with sarcopenia may not engage
in regular exercise.

Limitations

There are several limitations of this study. First, physi-
cal activity assessed using exercise frequency was self-
reported, indicating a probability of recall bias. Second, we
only assessed regular exercise frequency per week, which
might not capture all forms of physical activity. However,
it is evidenced that weekly exercise frequency is essential
for health benefits [63, 64]. Third, the intensity, duration
and specific exercise type were not assessed. Fifth, despite
we included various covariates in the models, other fac-
tors (e.g., dietary intake, sedentary behavior, sleep pat-
terns, medication use) [65—68], which are related to body
composition, were not assessed in the current study. Par-
ticularly, dietary intake (e.g., protein) is essential to lean
muscle mass [66], but only calcium rich food consump-
tion was examined in the current study. Sixth, given the
cross-sectional nature of the study, causality associations
cannot be generated. Lastly, even though the study partici-
pants are racially and ethnically diverse, they were enrolled
in one region in the southern United States, therefore the
generalizability to other populations may be limited.

Conclusion

Despite some limitations, using the data from a large and
diverse cohort this study confirms that physical activ-
ity is associated with favorable obesity- and sarcopenia-
related traits. Higher regular exercise frequencies are
negatively associated with BMI, fat mass, and percent
body fat in all age and gender groups. However, higher
regular exercise frequencies were also negatively related
to lean mass and showed no associations to grip strength
in older adults before adjusting for body weight. Simi-
larly, exercise 1-2 times/week in middle-aged adults and
any exercise frequencies in older adults were not asso-
ciated with less odds of having sarcopenia. Recognizing

Page 11 of 13

the relationships between exercise frequency and mus-
cle mass and strength outcomes across different age and
gender groups may not only reflect the complex physi-
ological mechanisms, but also informs the interven-
tion gaps. Balancing body composition (e.g., reducing
fat mass and weight while maintaining muscle mass)
to maximize health outcomes holistically needs to be
explored, especially in middle-aged and older adults. The
findings of this study may suggest individualized physical
activity regimens which increase or preserve lean mass
and grip strength need to be further emphasized, espe-
cially in older adults to improve healthy aging.
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