- ©O© 00 N O 0o & W0 N =

Q1

Available online at www.sciencedirect.com

ScienceDirect

Spori and Health Science

Journal of Sport and Health Science xxx (2021) xxx-Xxx
www.jshs.org.cn

Original article

Dose-dependent associations of joint aerobic and muscle-strengthening
exercise with obesity: A cross-sectional study of 280,605 adults

Jason A Bennie “*, Ding Ding ™, Katrien De Cocker *

@ Physically Active Lifestyles Research Group (USQ-PALs), Centre for Health Research, University of Southern Queensland, Springfield Central,
Queensland 4300, Australia
® Prevention Research Collaboration, Sydney School of Public Health, University of Sydney, Sydney, New South Wales 2006, Australia
€ Charles Perkins Centre Epidemiology Unit, Charles Perkins Centre, University of Sydney, Sydney, New South Wales 2006, Australia

Available online xxx

2095-2546/© 2021 Published by Elsevier B.V. on behalf of Shanghai University of Sport. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Abstract

Background: Emerging epidemiological evidence suggests that compared to engaging in 1 activity mode alone, a combination of moderate-to-
vigorous physical activity (MVPA: walking/jogging, cycling) and muscle-strengthening exercise (MSE: push-ups/sit-ups, using weight
machines) has more favorable associations with optimal weight status. However, few studies have examined the dose-dependent and joint associ-
ations of MVPA and MSE with obesity.

Methods: Based on cross-sectional analyses of the European Health Interview Survey Wave 2 (2013—2014), we examined prevalence ratios
(PRs) of joint and stratified associations between MVPA (4 categories: (i) 0 min/week, (ii) 1—149 min/week, (iii) 150—299 min/week, and (iv)
>300 min/week) and MSE (3 categories: (i) 0 day/week, (ii) 1 day/week, and (iii) >2 days/week) with body mass index-defined obesity (body
mass index of >30.0 kg/m?) using Poisson regression with robust error variance. PRs were examined unadjusted and adjusted for sociodemo-
graphic and lifestyle characteristics (e.g., sex, age, education, income, and smoking status).

Results: Data were available for 280,456 adults (>18 years), of which 46,166 (15.5%) were obese. The interaction MVPA x MSE guideline
adherence was statistically significant for obesity (p < 0.05). The joint MVPA—MSE analysis showed that compared to the reference group (i.e.,
no MVPA and no MSE), the PRs followed a dose-dependent pattern, with the lowest observed among those reporting >150 MVPA min/week
and >1 MSE days/week (PR: 0.43; 95% confidence interval: 0.41—0.46). When stratified across each MVPA strata, the PRs were mostly lower
among those engaging in MSE 1 day/week, as compared to those doing MSE >2 days/week.

Conclusion: There was evidence for a dose-dependent association between joint MVPA—MSE with a reduced prevalence of obesity. Public
health strategies for the prevention and management of obesity should recommend both MVPA and MSE.

Keywords: Body mass index; Epidemiology; Public health; Resistance exercise

1. Introduction obesity is attributable to around 12% of all deaths and 6% of
health costs across European countries.’

Regular physical activity is a key modifiable lifestyle
behavior for the prevention and management of obesity.”’ The
2010 World Health Organization’s “Global Recommendations
on Physical Activity for Health” recommend both aerobic
moderate-to-vigorous physical activity (MVPA: brisk walking,
cycling, or jogging) for >150 min/week as well as muscle-
strengthening exercise (MSE: use of weight machines, push-
ups, sit-ups) >2 times/week for optimal health and wellbeing
in adults, which includes maintaining a healthy weight.® At
Peer review under responsibility of Shanghai University of Sport. present, most research on the relationship between physical
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Obesity prevention and management is a major 21st-cen-
tury global public health challenge.'” Across European coun-
tries, it is estimated that currently between 10% and 30% of
adults are obese,” with the prevalence increasing steadily over
the past decade. Being obese increases the risk of multiple
common noncommunicable diseases, including coronary heart
disease, stroke, diabetes, hypertension, depression, osteoarthri-
tis, and some cancers (i.e., endometrial, breast).4 Furthermore,
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aerobic MVPA.®’ A recent synthesis of 33 longitudinal studies
identified strong evidence linking greater volumes of aerobic
MVPA to the prevention and minimization of excessive weight
gain/obesity and to the maintenance of a healthy weight.” It is
currently recommended that an adult should achieve between
150 and 250 MVPA min/week to prevent weight gain and
between 225 and 420 MVPA min/week to lose weight.’

Emerging epidemiological evidence suggests that MSE
may also be beneficial for obesity prevention/management. In
a U.S. longitudinal study of 10,500 healthy men, less waist cir-
cumference increase was observed over a 12-year follow-up
period among men who met the MVPA guideline (>150 min/
week) and engaged in the highest level of MSE (>25 min/
day).” More recently we showed that among a representative
sample of 1.7 million U.S. adults, meeting both guidelines was
associated with a lower prevalence of body mass index (BMI)-
defined obesity than was meeting either the MVPA or MSE
guideline alone.'” However, this study used MVPA—MSE cut
points based on guideline adherence (>150 MVPA min/week;
MSE >2 days/week) without addressing dose-dependent
associations. '’

Based on the existing evidence, it is possible that a com-
bination of MVPA and MSE may be the most optimal physi-
cal activity-related strategy for maintaining a healthy
weight. However, to our knowledge, no research has com-
prehensively assessed the dose-dependent associations
between joint MVPA and MSE with obesity among a popu-
lation-representative sample of adults. Establishing dose-
dependent associations between physical activity and obesity
is important to inform future approaches to prevent/manage
this ubiquitous and detrimental health condition. This study
aimed to examine the dose-dependent associations of joint
MVPA and MSE with prevalent obesity among a large
sample of adults.

2. Methods
2.1. Sample

Data were drawn from the European Health Interview Sur-
vey (EHIS Wave 2), which was conducted between 2013 and
2014. The EHIS Wave 2 was commissioned by the European
Union with the aim of measuring the health status and health
determinants of European Union citizens aged >17 years.''
Details about the EHIS Wave 2 are available elsewhere.'' Eth-
ical approval for the study was provided by the European com-
mission (https://eurlex.europa.eu/LexUriServ/LexUriServ.do?
uri=0J:L:2013:047:0020:0048:EN:PDF). Briefly, a multi-
stage sampling technique was applied to recruit nationally rep-
resentative samples from participating European Union coun-
tries. Data were collected via a combination of face-to-face,
computer-assisted telephone, and computer-assisted web-
based interviews. A total of 316,333 participants initially
responded. With the exception of 5 countries (Denmark,
Germany, Luxembourg, Austria, and Finland) the response
rate was >50%, with the highest rate at >90% in Cyprus and
Portugal.

J.A. Bennie et al.
2.2. Exposure variables: Aerobic and MSE

Self-reported physical activity levels were assessed using
the European Health Interview Survey Physical Activity Ques-
tionnaire (EHIS-PAQ).'”> The development, design and psy-
chometric testing of this instrument have been described
elsewhere.'” The EHIS-PAQ has been shown to be a reliable
and valid physical activity assessment tool for use in public
health surveillance.'”

2.2.1. Self-reported aerobic MVPA

Consistent with standardized protocols,'” and in consider-
ation of the aerobic MVPA (hereafter MVPA) guideline, we
included aerobic physical activity accrued within the domains
of (i) recreation (e.g., jogging, brisk walking, bicycling, and
swimming) and (ii) transportation (e.g., brisk walking/
cycling). For these 2 domains, respondents were asked to con-
sider bouted physical activity that lasted for >10 min during a
“typical week.” In each domain, respondents were asked to
report the number of days per week and total time spent (h/
min). MVPA was then calculated by summing the reported
time in the 2 domains to provide a weekly aerobic MVPA esti-
mate. A validation study showed that when assessing moder-
ate-to-vigorous aerobic recreational and transport-related
physical activity, the EHIS-PAQ items have “good” test—ret-
est reliability (intraclass correlation coefficient=0.72—0.73)
and acceptable concurrent validity (Spearman’s rank-order
correlation=0.36—0.43), using accelerometry as the
standard."”

2.2.2. Self-reported MSE

To assess participation in MSE, respondents were asked,
“In a typical week, on how many days do you carry out physi-
cal activities specifically designed to strengthen your muscles
such as doing resistance training or strength exercises?”
Respondents were prompted to disregard aerobic physical
activity/exercise and only consider MSE-related activities,
such as resistance training, strength exercises (using weights,
elastic band, own body weight, efc.), knee bends (squats), and
push-ups (press-ups). The EHIS-PAQ MSE item has shown to
have “fair” test—retest reliability (intraclass correlation coeffi-
cient=0.55),'” and a comparable item has shown evidence of
concurrent validity (using MSE >2 times/week threshold
against all-cause mortality)."”

2.2.3. Joint aerobic and muscle-strengthening physical
activity classifications

To examine the dose-dependent and joint associations of
MVPA and MSE with obesity, we categorized physical activ-
ity levels according to the World Health Organization’s physi-
cal activity guidelines.® Weekly MVPA was categorized into
4 groups: (i) 0 min/week (no MVPA), (ii)) 1—149 min/week
(insufficient MVPA), (iii) 150—299 min/week (active—lower
recommendation), and (iv) >300 min/week (active—upper rec-
ommendation). Based on the current global recommendations
on physical activity for health,” weekly MSE was categorized
into 3 groups: (i) 0 day/week, (ii) 1 day/week, and (iii)
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>2 days/week. Based on the above MVPA—MSE classifica-
tions, 12 mutually exclusive physical activity groups were cre-
ated by combining each of the 4 MVPA classifications with
each of the 3 MSE classifications.

2.3. Outcome variable: Obesity

BMI-defined obesity (hereafter obesity) was calculated
from self-reported height (m) and weight (kg) using the for-
mula: BMI =kg/m?. A previous study has shown a strong cor-
relation (r=0.95) between self-reported height/weight-
calculated BMI and objectively measured height/weight-calcu-
lated BMIL.'* Using a standardized BMI cut point,"> obesity
was defined as a BMI of >30.0 kg/m?.

2.4. Covariates

Covariates were selected based on their documented associ-
ation with MVPA and MSE'®™'® and obesity.” They included
sociodemographic (sex, age, education, income, occupational
status, degree of urbanization, and physical effort of working
tasks) and lifestyle (self-rated health, limitations due to health
problems for >6 months, and smoking status) characteristics,
all of which were assessed using standardized survey items."’

Table. 1

3

In addition, since the EHIS Wave 2 was conducted across 28
countries, country was included as a covariate.

2.5. Statistical analysis

Analyses were conducted using the Complex Samples mod-
ule of SPSS (Version 23.0; IBM, Chicago, IL, USA). To
improve population representativeness, each EHIS Wave 2
respondent was provided with an individual weighting factor
to correct for non-response and under/over-sampling of spe-
cific population groups.'' All data presented in Table 1, which
provides an overview of the EHIS Wave 2 sample sociodemo-
graphic/lifestyle factors and physical activity levels, were
weighted at the population level.

To examine the associations of MVPA and MSE (exposure
variables) with obesity (dependent variable: BMI > 30.0 kg/m?)
we used unweighted data to run a series of generalized linear
Poisson regression models with robust error variance to calcu-
late the prevalence ratios (PRs). First, to test the main associa-
tions of MVPA and MSE with obesity, 2 separate regression
models were conducted: (i) MVPA (reference =0 min/week of
MVPA), and (ii) MSE (reference =0 day/week). Second, after
testing the MVPA x MSE interaction using logistic regression,
we ran stratified analyses across each MVPA stratum (4 separate

Sample characteristics, weighted” percentages, and 95% confidence intervals (95%CIs). Sociodemographic, lifestyle-related factors, physical activity levels, and

body mass index” (n=280,605).

n° Weighted® % (95%CI)
Characteristics
Female 153,530 52.1(51.9-52.4)
18—34 years 57,379 252 (24.9-25.5)
Tertiary education (bachelor level or higher) 53,113 20.9 (20.6—21.1)
Highest quintile of income 53,039 21.3(21.0-21.5)
Employed full time or part time 136,380 53.0 (52.7-53.3)
Live in densely populated area 97,345 37.3(37.0-37.5)
Mostly sit or stand at work 128,067 51.7(51.4-51.9)
Very good self-rated health 60,851 23.0(22.8—-23.2)
Not limited due to health problems for >6 months 192,620 73.3 (73.0-73.5)
Current non-smoker 212,954 75.5(75.3-75.7)
Aerobic MVPA: guideline adherence classification groups
0 min/week (inactive) 142,0147 49.0 (48.8—49.3)
1—149 min/week (insufficiently active) 39,710 14.6 (14.4—14.8)
150—299 min/week (active—lower recommendation) 10,782 4.2 (4.1-4.3)
>300 min/week (active—upper recommendation) 110,818 32.2(31.9-324)
Muscle-strengthening exercise’: guideline adherence classification groups
0 day/week 220,074 76.5 (76.3—76.8)
1 day/week 14,978 6.2 (6.0-6.3)
>2 days/week 45,353 17.3 (17.1-17.5)
Body mass index (kg/m?)™ defined weight groups
<18.5 (underweight) 9845 3.8(3.7-3.8)
18.5—24.9 (healthy weight) 120,638 45.5 (45.3—-45.8)
25.0—29.9 (overweight) 101,202 35.0 (34.7-35.2)
>30.0 (obese) 46,221 15.7 (15.5—15.9)

a

° Body mass index calculated from self-reported height and weight.

c

Weighted using final individual weights specified in the European Health Interview Survey (EHIS wave 2) methodological manual.'!

Numbers different because of missing responses. Missing cases as follows; n (percentage of final analytical sample): education »= 1250 (0.4%); income

n=17,091 (6.1%); employment n= 1429 (0.5%); degree of urbanicity n =294 (0.1%); physical effort during working tasks n» =28,990 (10.3%); self-rated health
n=2678 (1.0%); functional limitations n =2574 (0.9%); smoking status n= 1678 (0.6%) BMI n =2699 (0.9%) .

¢ Muscle-strengthening exercise defined as physical activities specifically designed to strengthen muscles, such as doing resistance training or strength exercises
(using weights, elastic band, own body weight, efc.), push-ups (press-ups), and knee bends (squats).

Journal of Sport and Health Science (2021), https://doi.org/10.1016/j.jshs.2021.01.002

Please cite this article as: Jason A Bennie et al., Dose-dependent associations of joint aerobic and muscle-strengthening exercise with obesity: A cross-sectional study of 280,605 adults,

276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292

294
295
296
297

299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325

327
328
329
330
331
332


https://doi.org/10.1016/j.jshs.2021.01.002

333
334

336
337
338
339
340
341
342
343
344
345
346
347
348
349

351
352
353
354
355
356
357
358
359

361
362
363
364

366
367
368
369

371
372
373
374

382

384
385
386
387

389

EHIS Wave 2013-2014
Baseline participants
n=316,333

Excluded (n = 35,728):
- Aged 15-17 (n = 9453)
- Missing data on physical activity (n = 26,275)

Final analytical sample
n = 280,605

Fig. 1. European Health Interview Survey (EHIS Wave 2) participant flow
diagram.

models) to describe how MSE within each MVPA stratum was
associated with obesity. Third, to examine the joint associations
between MVPA—MSE with obesity, we ran a regression model
utilizing the 12 MVPA—MSE classifications (reference = “least
active,” 0 min/week of MVPA and MSE 0 day/week) and obe-
sity. All regression models were run both unadjusted and
adjusted for all covariates described above. Before conducting
our analytical models, we tested for multicollinearity among
potential covariates using tests for x? test of association and the
variance inflation factor, with a variance inflation factor of >2
indicating multicollinearity. No covariates were shown to be
significantly associated. Moreover, all models were checked for
nonnormality, heteroscedasticity, and nonlinearity. A review of
scatterplots showed no indication of under- or over-distribution.

We performed several sensitivity analyses to enable a more
robust interpretation of the results. First, given that obesity'’
and MVPA—MSE”" have been shown to differ by sex and age,
we conducted sex (males vs. females) and age (18—64 years
vs. >65 years) stratified analyses on the joint, dose-dependent
associations. Since smoking can impact both obesity”' and
physical activity,”” we also stratified the sample by smoking
status (current non-smoker vs. current smoker). Since func-
tional limitations and self-rated health are likely to affect phys-
ical activity participation, to minimize the risk of reverse
causation we stratified the sample by reporting of limitations
due to health problems >6 months (“yes” vs. “no”) and by

Table. 2

J.A. Bennie et al.

self-rated health (“very good/good” vs. “bad/very bad”). Last,
given that physical activity during working tasks may impact
overall physical activity levels and obesity, we stratified the
sample by mostly sit or stand at work (“yes” vs. “no”).

3. Results

A total of 280,605 participants were included in the analy-
sis, after excluding those aged 15—17 years (n=9453), and
those who did not respond to the physical activity questions
(n=26,275, 8.2% original sample) (Fig. 1). The characteristics
of the analytical sample are shown in Table 1. (See Supple-
mentary Table 1 for a full sample description.) Just over half
were female and employed, 25.2% were aged 18—34 years,
and 20.9% had tertiary education. Sample sizes from EHIS
Wave 2-participating countries ranged from 3774 (Iceland) to
24,016 (Germany). (Supplementary Table 2 for the sample
size for individual countries.) For physical activity, 47.2%
reported >300 MVPA min/week, and 17.8% reported MSE
>2 days/week. For BMI, 45.5% had a BMI between
18.5—24.9kg/m? (“healthy weight™), and 15.5% had a BMI >
30.0 kg/m? (“obese™).

3.1. Main associations of MVPA and MSE with obesity

The unadjusted PRs and adjusted PRs (APRs) for obesity in
the main association models are shown in Table 2. For MVPA,
compared to those doing none, those classified as insufficiently
active, sufficient-lower recommendation and sufficient-upper
recommendation were 18%, 25%, and 40% less likely to be
classified as obese, respectively. For MSE, compared to those
doing none, lower APRs for obesity were observed for those
doing MSE 1 day/week (APR: 0.57; 95%CI: 0.54—0.59) and
>2 days/week (APR: 0.55; 95%CI: 0.54—0.57). The
MVPA x MSE group interaction was statistically significant
for obesity (odds ratio: 0.81; 95%CI: 0.75—0.88; p < 0.001).

3.2. Stratified associations of MVPA and MSE with obesity

Fig. 2 shows the stratified associations of MSE with obesity
across each MVPA stratum (data shown in Supplementary

Associations of aerobic moderate-to-vigorous physical activity and muscle-strengthening exercise with body mass index-derived obesity.”

Unadjusted
prevalence ratio® (95%CI)

Adjusted®
prevalence ratio (95%CI)

Moderate-to-vigorous physical activity (min/week)
0 (inactive)
1—149 (insufficiently active)
150—299 (active—lower recommendation)
>300 (active—upper recommendation)
Muscle-strengthening exercise (day/week)
0
1
>2

1 (reference)

0.81 (0.78—0.84)
0.72 (0.69—0.76)
0.57 (0.56—0.58)

1 (reference)
0.55(0.53—0.55)
0.54 (0.52—0.55)

1 (reference)

0.82 (0.78—0.85)
0.75(0.72—0.79)
0.60 (0.59-0.61)

1 (reference)
0.57 (0.54—0.59)
0.55 (0.54—0.57)

? Prevalence ratio calculated using Poisson regression with a robust error variance.

° Obesity classified as body mass index of >30.0 kg/m>.

¢ Adjusted for sex, age, education, income, occupational status, degree of urbanization, physical effort during working tasks, country, self-rated health, limitations
due to health problems for >6 months, smoking, and muscle-strengthening exercise. Abbreviation: CI = confidence interval.
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12 4

06 - 1 {.

Adjusted prevalence ratio® (95% ClI)

0.4
0.2
0
MSE 0 MSE1 | MSE22 | MSEO MSE1 | MSE 22 MSE 0 MSE1 | MSE=22 | MSEO MSE1 | MSE 22
(ref) (ref) (ref) (ref)
0 (Inactive) 1-149 minfweek (insufficiently | 150-299 min/week (active-lower 2300 min/week (active-upper
active) recommendation) recommendation)

Fig. 2. The stratified association between aerobic MVPA and MSE and body mass index-derived obesity. Obesity classified as body mass index of >30.0 kg/m?.
Prevalence ratio calculated using a Poisson regression model with a robust error variance and adjusted sex, age, education, income, occupational status, degree of
urbanization, country, physical effort during working tasks, self-rated health, limitations owing to health problems for >6 months, and smoking (raw data shown
in Supplementary Table 3). CI = confidence interval; MSE = muscle-strengthening exercise; MVPA = moderate-to-vigorous physical activity; ref =0 min/week .

Table 3). Overall, the APRs for obesity were lowest among the 3.3. Joint and dose-dependent associations of MVPA and
sufficiently active MVPA groups (p < 0.05). Except for the  MSE with obesity

most active MVPA group (>300 min/week), the APRs for
obesity were lower among those doing MSE 1 day/week, com-
pared to those doing >2 days/week.

Fig. 3 shows the joint and dose-dependent associations of
MVPA—-MSE with obesity in the adjusted model (data shown

12 1

o
| } | +

Adjusted prevalence ratio® (95% Cl)

04 + t
02 4
0
MSEO (re)| MSE1 | MSE>2 |MSEO(e)| MSE1 | MSE>2 [MSEO(re| MSE1 | msE>2 |MsEOed| MSE1 | msEx2
0 (Inactive) 1-149 minAveek (insufficiently active) 150-299 minAveek (active-lower 2300 minAveek (active-upper
recommendation) recommendation)

Fig. 3. The joint associations between aerobic MVPA and MSE and body mass index-derived obesity. Obesity classified as body mass index of >30.0 kg/m?. Prev-
alence ratio calculated using a Poisson regression model with a robust error variance and adjusted sex, age, education, income, occupational status, degree of
urbanization, country, physical effort during working tasks, self-rated health, limitations due to health problems for >6 months, and smoking (raw data shown in
Supplementary Table 4). CI = confidence interval; MSE = muscle-strengthening exercise; MVPA = moderate-to-vigorous physical activity; ref = 0 min/week.
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in Supplementary Table 4). When compared to the least active
group, and apart from those reporting no MVPA and MSE
1 day/week, all other joint MVPA—MSE groups had lower
APRs for obesity (p < 0.05 for all comparisons). In particular,
across the groups who met the MVPA recommendation in
combination with MSE at least once a week, the APRs for obe-
sity were lower compared to those who did not meet the
MVPA and MSE recommendation.

3.4. Sensitivity analyses

Analyses stratified for sex, age, smoking habits, and health-
related variables are shown in Supplementary Table 5. In brief,
similar associations between joint MVPA—MSE and obesity
were observed among males (APR range: 0.46—0.88) vs.
females (APR range: 0.32—0.95), as well as younger
(18—64 years old) (APR range: 0.45—0.90) vs. older adults
(=65 years old) (APR range: 0.0.56—1.03). When compared to
daily smokers (APR range: 0.55—0.84; p < 0.05), the associa-
tion between MVPA—MSE categories and obesity were stron-
ger among non-smokers (APR range: 0.46—0.88; p < 0.05).
Compared to those who reported being limited by functional
limitations (APR range: 0.46—0.88; p < 0.05), the association
between MVPA—MSE categories and obesity was consistently
stronger among those who reported no functional limitations
(APR range: 0.59—0.93; p < 0.05). Compared to those report-
ing “very good/good” self-rated health, among those reporting
“very bad/bad” health, a lower APR for obesity was observed
only for those with the highest joint MVPA—MSE level
(APR=0.81; 95%CTI: 0.70—0.93; p < 0.05). Finally, compared
to those reporting mostly sitting or standing at work (APR
range: 0.29—0.98), similar APRs were observed among those
who did not commonly sit or stand for working tasks (APR
range: 0.42—0.91).

4. Discussion

This study is the first to describe the dose-dependent associ-
ations of combinations of MVPA and MSE with obesity preva-
lence among a large representative sample of European adults.
The key finding was that lower levels of MVPA and MSE
were associated with a higher prevalence of obesity, with asso-
ciations more pronounced among those not meeting the
MVPA recommendation. Further, across all MVPA levels, the
absence of MSE resulted in an additional increase in obesity
prevalence.

Currently, most of the research on physical activity and
obesity among adults is based on studies of MVPA (e.g., walk-
ing, cycling, or jogging).””>’ The current study provides a
unique insight into the role of MSE (e.g., use of weight
machines, push-ups, and sit-ups) and its potential additive role
to MVPA in the maintenance of a healthy weight. While rec-
ognizing the limitations of the cross-sectional nature of these
data, the current study suggests that a physical activity routine
that involves a combination of MVPA and MSE is likely to be
important for maintaining a healthy weight.

The main findings presented here are consistent with a large
U.S. cohort study of predominantly high socioeconomic status

J.A. Bennie et al.

Caucasian males,” which showed that participants with high
levels of both MVPA and MSE had the most favorable
changes in waist circumference over a follow-up period of
12-years.'” Our findings suggest that these favorable associa-
tions between joint MVPA—MSE and adiposity are likely to
be generalizable to females, those with different levels of edu-
cation/income. Additionally, the current study further supports
findings from our recent U.S. study using crude cut points for
MVPA (0—149 min/week vs. >150 min/week) and MSE
(0—1 day/week vs. > 2 days/week).'” However, the MVPA
and MSE groups utilized in the current study enabled a more
detailed exploration into dose-dependent associations between
joint MVPA—MSE and obesity by encompassing a broader
range of MVPA—MSE thresholds (MVPA: 0 min/week,
1—149 min/week, 150—299 min/week, >300 min/week;
MSE: 0 day/week, 1 day/week, >2 days/week).

A further key finding was, that irrespective of the MVPA
level, the lack of MSE was associated with higher obesity
prevalence. Within the context of the present study, we can
only speculate on the physiological mechanisms for this find-
ing. However, a recent meta-analysis of clinical exercise inter-
ventions showed that, compared to MVPA,”* MSE was
associated with a significantly increased resting metabolic
rate, a well-established protective factor against obesity.””**°
Furthermore, systematic reviews of clinical studies have estab-
lished that, compared to doing 1 type of activity alone, com-
bining MVPA and MSE has more favorable associations
with key markers of cardiometabolic health, such as insulin
sensitivity”” and blood lipid biomarkers (i.e., low-density lipo-
protein cholesterol/high-density lipoprotein cholesterol, trigly-
cerides).”® Somewhat surprising was that when stratified
across MVPA strata, there was a tendency for an increase in
APRs for obesity among those reporting MSE 2 days/week,
compared to those reporting MSE 1 day/week. A potential
explanation for this finding may be that there is an established
dose-response relationship between MSE volume and
increased skeletal muscle mass.”” Hence, it is possible that the
slight increase in APRs for obesity among the current sample
reporting higher MSE levels may be somewhat explained by
an increase in skeletal muscle mass, as opposed to an increase
in adipose tissue. Furthermore, it has been documented that
BMI may not be the best measure for adiposity because it
cannot distinguish between fat mass and fat-free mass.’
Therefore, using BMI as a marker for adiposity may result in
misclassifying those with high muscle mass to the “obese” cat-
egory. Alternately, it might also be possible that MSE 1 day/-
week may be sufficient to reduce the likelihood of obesity, and
levels beyond this offer no further reduction on risk of adipos-
ity. Irrespective of the cause of the apparent non-dose-depen-
dent associations between weekly frequency of MSE and
obesity prevalence, it should be reinforced that across all
MVPA levels, the addition of MSE, even for 1 session a week,
was associated with a lower prevalence of obesity compared to
no MSE. Given the cross-sectional nature of this study, we
are cautious in assuming causality from the key findings.
However, it was noteworthy that when stratified by self-rated
health and functional limitations, the associations between
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MVPA—-MSE and obesity were more favorable among the
healthy subgroups, hence suggesting some potential for a
causal association.

Current findings and other similar epidemiological studies
suggest that the combination of MVPA and MSE is likely to
have a role in obesity prevention and management. However,
compared to MVPA, MSE has received less attention in physi-
cal activity promotion.”'*? It is noteworthy that 75.8% of the
current sample reported no MSE, in contrast to 47.9% who
reported no MVPA through recreation and transport. Impor-
tantly, MSE may be an alternative for those that are not able to
perform aerobic MVPA due to co-morbidities, such as func-
tional limitations or chronic obstructive pulmonary disease”*~**
or for those who face environmental barriers.’”*°

A key strength of the current study was the large representa-
tive sample of adults, which allows for exploration of finer cat-
egories of MVPA and MSE combinations. A further strength
was the use of previously validated physical activity survey
items and standardized collection/reduction procedures.
Adjustment for a range of potential confounders as well as a
comprehensive sensitivity analysis have contributed to the
robustness of our findings. A key limitation, on the other hand,
was the cross-sectional study design because it limits causal
inference. That is, it is possible that those who are obese are
less likely to engage in MVPA and MSE because of their
excessive weight. In the current study, we used MVPA—MSE
cut points that are consistent with global physical activity rec-
ommendations.® However, it could be the case that further
reducing MVPA—MSE data beyond these established cut
points may provide a more nuanced association between physi-
cal activity and obesity. A further limitation is the use of self-
reported assessments of physical activity, height and weight,
which may have resulted in recall and social disability bias.
For example, in the current study, a large proportion reported
MVPA >300 min/week, which suggest that the EHIS-PAQ
may have resulted in overestimates of engagement in this
physical activity-related behavior. As noted, BMI may be lim-
ited as an indicator of adiposity and is likely to misclassify
those with high muscle mass into a higher BMI category.’
The non-reporting of dietary intake, alcohol consumption,
medication use, sleep duration, sedentary time, and light-inten-
sity physical activity was also a further limitation. Finally,
the response rate (~50%) was modest in some countries,’’
and 8.3% of the original sample did not provide data on the
physical activity items.

5. Conclusion

Among a large representative sample of European adults,
lower levels of joint MVPA—MSE were associated with a
higher obesity prevalence. Among those doing any MVPA,
MSE 1 day/week may be enough to lower the likelihood of
obesity in adults. While these preliminary cross-sectional find-
ings need to be replicated by prospective cohort studies, our
data suggest that a physical activity routine that includes a
combination of MVPA and MSE is likely to be the most bene-
ficial for the maintenance of a healthy weight.
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