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ABSTRACT

ROSS, R., E. JOHN, C. MCGLORY, L. E. DAVIDSON, and P. J. STOTZ. Does Aerobic Exercise Increase Skeletal Muscle Mass in Female
and Male Adults?. Med. Sci. Sports Exerc., Vol. 56, No. 5, pp. 776—782, 2024. Introduction: It is uncertain whether aerobic exercise in the
form of walking contributes to the preservation or increase in total or regional skeletal muscle mass (SMM). Purpose: This study aimed to
determine the effects of aerobic exercise on total and regional (upper body verses leg SMM) in male (n = 105) and female (n = 133) adults
with overweight and obesity. Methods: A retrospective analysis of data from four randomized controlled trials. Participants included those

who completed the given trial (control, n = 63; intervention, n = 175) and with complete magnetic resonance imaging (MRI) measured adipose
tissue and SMM pre- and postintervention. Macronutrient intake was assessed for a subsample of participants. Supervised exercise was per-
formed by walking on a treadmill for durations ranging from 12 to 24 wk at intensities between 50% and 75% of VOzpeak. Results: All
MRI-measured adipose tissue depots were reduced, and cardiorespiratory fitness was increased by aerobic exercise compared with controls
(P <0.001). Independent of baseline SMM, aerobic exercise was associated with a small reduction (estimated mean difference + standard
error) in whole-body SMM (—0.310 + 0.150 kg, P = 0.039) and upper body SMM (—0.273 + 0.121 kg, P = 0.025) compared with control.
No between-group difference was observed for change in leg SMM (P > 0.10). A negative association was observed between the relative
change in body weight and change in total (R* = 0.37, P < 0.001), upper body (R* = 0.21, P < 0.001), and leg SMM (R* = 0.09,
P =0.701). The SMM-to-adipose tissue ratio increased in response to aerobic exercise and was positively associated with weight loss
(P <0.001). Change in SMM was not associated with dietary protein intake (P > 0.10). Conclusions: Aerobic exercise performed while
walking preserves, but does not increase, SMM in exercising muscle of adults. SMM not directly targeted by aerobic exercise may not be
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he strong association between skeletal muscle mass

(SMM) and numerous health outcomes underscores

the importance of preserving and/or increasing SMM
across the lifespan (1). Resistance exercise is recommended
as first-line therapy for increasing SMM (2). Whether aerobic
exercise provides sufficient stimulus to increase SMM is con-
troversial. Harber and colleagues (3—6) have consistently re-
ported that cycling exercise performed at ~60% to 80% of
heart rate reserve is associated with a substantial increase in
SMM in the quadricep muscles of older adults, a finding con-
firmed by others (7,8). The authors argue that their finding of
muscle hypertrophy in response to aerobic exercise is ob-
served in generally healthy adults who increased caloric intake
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to offset the negative energy balance induced by exercise and,
thus, maintained body weight (3—6). By contrast, several in-
vestigators conclude that aerobic exercise is not associated
with increases in SMM regardless of age, biological sex, or
weight loss (9-13).

A careful review of the study designs used to investigate the
effects of aerobic exercise on SMM reveals limitations that
confound interpretation and may partially explain the discrep-
ant findings. With few exceptions, the sample size of aerobic
exercise participants was small, increasing the possibility of
observing a type 1 error. Many studies did not include a con-
trol group, and thus, the observed increase in SMM cannot
confidently be attributed to exercise alone (3—8). Whether re-
gional differences in the response of SMM to aerobic exercise
exists is also unknown as previous investigations did not in-
clude assessment of whole-body SMM using a criterion
method. Whether the effects of aerobic exercise on SMM dif-
fer according to biological sex is also unclear.

In this secondary analysis, we sought to determine the ef-
fects of aerobic exercise consistent with consensus recommen-
dations on whole-body and regional SMM. Whole-body
SMM was assessed by magnetic resonance imaging (MRI)
in a large sample of middle-aged adults with abdominal obe-
sity, allowing us to address the following questions. Is aerobic
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exercise performed while walking/jogging associated with a
preservation or increase in total or regional SMM by compari-
son with time-matched controls? Is the effect of aerobic exercise
restricted to the primary working SMM? Is the exercise effect
on SMM different for males and females? Answers to these
questions in middle-aged adults are clinically relevant because
independent of biological sex, aging is associated with a
marked decrease in SMM after the fifth decade of life (14).

METHODS

Study design. A secondary analysis was completed using
data from four randomized trials previously conducted within
the Lifestyle and Cardiometabolic Research Unit at Queen’s
University in Kingston, Ontario, Canada. From these trials,
we included 238 previously sedentary, adult males and fe-
males with overweight and obesity, and with MRI data both
pre- and postintervention. The four trials were conducted be-
tween 1999 and 2015 and ranged in duration from 3 to
6 months at intensities ranging from 50% to 75% of VOzpeak
(15-18). In all trials, supervised aerobic exercise was per-
formed with participants walking or jogging on a treadmill.
Participants in the nonexercise control groups were asked to
maintain their normal lifestyle for the duration of the trial.

Participants. Participants were predominately White and
were recruited by mass media from the greater Kingston region.
Inclusion criteria across all studies were as follows: body mass
index >30 kg'm 2, waist circumference >102 cm in men and
>88 cm in women, weight stable (+2 kg) for 6 months before
the study, physically inactive, not taking medications that
would affect the principal outcomes of each trial, and non-
smokers. Waist circumference was obtained at the level of the
last (floating) rib. Exclusion criteria included history of heart
disease, stroke, diabetes mellitus, or any condition that would
prevent the individual from engaging in regular exercise.

TABLE 1. Subject characteristics at baseline.

Aerobic exercise intervention. For three of the four tri-
als (15-17), participants performed walk/jog exercise consis-
tent with consensus recommendations on a treadmill for the
time required to achieve the desired energy expenditure (kcal
per session). All participants exercised under supervision
4-5 times per week at the prescribed intensity (relative to
VOzpeak) for the duration of the respective trial. Using the heart
rate and oxygen consumption data obtained from the baseline
exercise test, the heart rate associated with the prescribed VO,
(e.g., 50% to 75% of VO, peq) Was prescribed for each partic-
ipant. Follow-up exercise tests were performed to verify the re-
lationship between heart rate and oxygen consumption. For
the remaining trial (18), all participants were asked to walk/
jog on a treadmill for 30 min at 60%—75% of their VOZpea_k 5
times per week. For all trials, heart rate was monitored contin-
uously every session to help ensure adherence to the pre-
scribed exercise protocol. Additional detail for each trial can
be found elsewhere (15-18)

Diet regimen. For all trials, at baseline, participants were
instructed by a nutritionist or dietician to consume a caloric in-
take that would maintain their baseline body weight and con-
sequently, that any observed weight loss throughout the inter-
vention would be attributed to the negative energy balance in-
duced by exercise. Participants were asked to complete and
submit daily food diaries to report the consumption of all
self-selected foods. A balanced diet was encouraged (~50%
carbohydrate, ~20% protein, and ~30% fat) for all participants
regardless of exercise intervention assignment. Participants
were counseled by the nutritionist/dietician if their bodyweight
deviated substantially from their estimated weight loss accord-
ing to their prescribed negative energy balance induced by the
aerobic exercise program.

To determine whether participants were consuming the rec-
ommended dietary allowance of protein (e.g., >0.8 g-kg ' -d ™
of total), total caloric and macronutrient intake at baseline and
weeks 8, 16, and 24 was assessed for a subsample of 66

Women Men
Characteristic Control (n = 34) Aerobic Exercise (n = 99) Control (n=29) Aerobic Exercise (n = 76)
Anthropometric
Age, yr 55.9+11.3 51.8+11.3 56.6 +11.7 522112
Weight, kg 822+ 96 86.1+12.8 971119 100.6 + 11.0
BMI, kg-m2 303+29 32042 31.1+3.0 32.1+£3.0
WC, cm 99.0x75 100.9 £ 10.2 1102+ 8.4 111877
MRI
Whole-body SM, kg 208+28 211341 31.8+37 329+36
Upper body SM, kg 9713 9915 15.6 + 2.0 16.4+1.9
Leg SM, kg 11017 11.2+18 16.2+1.8 16.5+2.0
Whole-body AT, kg 37.9+6.1 41.1+88 34.0+ 8.1 359+84
Total SAT, kg 31655 344+78 243 + 6.1 26.1+6.8
~ Total VAT, kg 2409 2409 42+14 4111
VOZpeak
L-min™' 20+03 22+04 3307 3407
mL-kg™"-min”"' 244+39 25142 337+6.6 334+6.8
Diet (n=6) (n=32) (n=9) (n=19)
Total calories, kcal 1699.3 + 359.6 1883.6 + 394.8 2448.4 + 4743 2407.8 + 487.2
Total protein, g 70.1£185 786 +£18.7 105.0+ 25.6 99.6 £ 23.3
Total fat, g 65.7+17.7 735+ 18.0 98.2+222 91.1+31.1
Total carbohydrates, g 2109 £ 35.7 2204 £57.4 260.3 +51.8 287.1£67.6

Values are presented as mean + SD.

AT, adipose tissue; BMI, body mass index; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue; WC, waist circumference.
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subcutaneous, and visceral adipose tissue in response to acrobic ex-
ercise were significant compared with control (P < 0.001, Table 2).

No group-sex interaction was observed for change in
whole-body, upper body, or leg SMM (P > 0.10). For male
and female participants combined, independent of baseline
value, aerobic exercise was associated with a small reduction
(estimated mean difference + standard error) in whole-body
SMM (—0.310 + 0.150 kg, P = 0.039) and upper body SMM
(-0.273 £ 0.121 kg, P = 0.025) by comparison with control.
No between-group difference was observed for change in leg
SMM (P =0.701, Table 2).

Independent of baseline body weight, the relative change in
body weight for the aerobic exercise group was associated
with the corresponding change in total SMM (R* = 0.29,
P < 0.001), upper body SM (R? = 0.21, P < 0.001), and leg
SM (R?=0.09, P < 0.001).

To further explore the associations between relative weight
loss and change in SMM, exercise participants were divided
into tertiles based on relative weight loss (Fig. 1). For males
and females combined, after adjustment for baseline values,
the reduction in total and upper body SMM observed for tertile
3 (highest weight loss, ~9%) was greater compared with tertile
1 and controls (P < 0.001). The change in leg SMM for all
tertiles was not different from control (P> 0.10). With few ex-
ceptions, the observations for the men and women considered
separately were not different (Fig. 2).

For aerobic exercise participants, the reduction in SMM
(—0.5 £ 1.1 kg) was substantively less than the corresponding
reduction in total adiposity (—4.01 + 3.0 kg, P < 0.001). In-
deed, the relative contribution of SMM to body weight postin-
tervention increased significantly (P < 0.001) for both men
and women by about 1%. Accordingly, the SMM-to-adipose
tissue (SMAT) ratio increased by comparison with control
for both men and women postintervention (P < 0.001,
Table 2) and was positively associated with relative weight
loss for males (R? = 0.38, P < 0.001) and females (R = 0.33
P <0.001, Fig. 3).

Tertile 3 Tertile 2

Tertile 1

Total caloric and macronutrient intake at baseline and
weeks 8, 16, and 24 for a subsample of 66 participants from
a single trial for which complete nutrition intake and MRI data
were available is shown in Table 3. No differences were ob-
served for any macronutrient component or total caloric intake
between groups for men or women (P > 0.05). For aerobic ex-
ercise participants, the mean intake of protein at baseline was
96.6 and 78.6 g-d”' for males and females, respectively, at
baseline and did not change throughout the intervention
(P > 0.1, Table 3). The change in SMM was not associated
with dietary protein intake (P > 0.1)

Finally, we investigated whether components of exercise
dose were associated with change in SMM. For men, the mean
exercise intensity expressed as a percentage of the VOzpeak,
the total kilocalorie expenditure over the course of the inter-
vention, and the total time exercising were not associated with
change in SMM (P = 0.637, P = 0.342, P = 0.353, respec-
tively). For women, the mean exercise intensity (P = 0.008),
the total kilocalorie expenditure (P < 0.001), and the total time
exercising (P < 0.001) were associated with change in SMM
(data not shown).

DISCUSSION

The novel finding of this study is that independent of bio-
logical sex and weight loss, there are regional differences in
the response of SM to aerobic exercise. Although the targeted
leg muscle primarily involved in the prescribed exercise was
preserved, we identified small reductions in the nontargeted
upper body SM. These findings demonstrate that aerobic exer-
cise provides a contraction stimulus sufficient to maintain
SMM, but the response is limited to the working muscle.
Given that walking is the most popular form of physical activ-
ity for adults and that the age associated decrease in SM is ex-
plained in large measure by a decrease in lower body muscle
(14), our findings underscore the importance of regular exer-
cise as a strategy to mitigate the age-related loss of SM, to

Control
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FIGURE 1—Change in total, upper body, and leg SMM according to tertiles of relative weight loss (%) in response to aerobic exercise. # Different from
tertile 1 and control (P < 0.001) and tertile 2 (P < 0.05). * Different from tertile 1 (P < 0.001) and control (P < 0.05). 1 Different from tertile 1
(P <0.001). = Different from tertile 1 (P < 0.05). ¢ Different from control (P < 0.05). WC (%), weight change (%). Data are presented as estimated means
with SEM bars with corresponding baseline value as a covariate. Control, V= 63; tertiles 1 and 2, N = 58 each; tertile 3, N =59.
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TABLE 3. Macronutrient intake over a 24-wk intervention.

Women Men

Macronutrient Control (n = 6) Aerobic Exercise (n = 32) P Control (n=9) Aerobic Exercise (n=19) P
Protein, g

Baseline 70.1+185 786+ 18.7 105.0 + 25.6 99.6 + 23.3

Week 8 724 111 72.3+20.7 108.6 + 25.7 944+215

Week 16 66.2 £ 25.0 779+195 93.3+£25.9 92.1+26.1

Week 24 83.0+14.4 781+19.6 99.8 +28.9 1009 £ 27.1

AProtein 129+21.7 -0.5+20.0 0.57 -52+253 13+314 0.56
Carbohydrate, g

Baseline 2109357 220.4 + 574 260.3+51.8 287.1+67.6

Week 8 188.3 £+ 63.3 218.7 £ 63.3 2457 £ 774 298.6 + 62.8

Week 16 1759 +53.6 2271+ 69.6 255.5+67.7 301.1+£729

Week 24 210.3 + 46.6 225.0+ 67.6 2705+ 63.9 296.9 + 76.6

ACarbohydrate -0.6+28.8 46+53.0 0.29 10.3+£83.9 9.8 +68.4 0.09
Fat, g

Baseline 65.7 £17.7 735+18.0 98.2+£22.2 91.1£31.1

Week 8 63.5 £ 23.1 67.6+20.8 85.4+£259 86.4 +25.6

Week 16 52.7+18.2 740+ 249 721 +26.7 80.3+204

Week 24 740+255 69.1+£23.8 87.0+£41.3 76.6 £ 19.4

AFat 82+293 -44+£235 0.34 -11.2+374 -145+328 0.80
Calories, kcal

Baseline 1699.3 + 359.6 1883.9 + 394.8 2448.4 + 4743 2407.8 + 487.2

Week 8 1613.0 + 276.1 1795.9 + 425.8 2269.4 + 4495 2443.0 £ 500.4

Week 16 1423.2 + 418.8 1907.2 + 522.9 2077.2 + 426.2 2343.4 +525.1

Week 24 1818.8 + 397.4 1867.3 + 481.7 2332.0+ 573.0 2351.8 + 566.4

ACalories 1195+ 378.4 -16.4 £ 410.0 0.19 -116.4 + 639.6 -55.9+574.4 0.53

*Values are presented as mean + SD.
A, change from baseline.

improve function, and to decrease health risk independent of
biological sex.

Our finding that aerobic exercise does not lead to an increase
in the mass of working muscle targeted by aerobic exercise (leg
SMM) counters the finding of others who report that 12 wk of
cycling exercise (~60%—80% of heart rate reserve) is associated
with an increase in SMM ranging from ~5% to 12% in the
quadriceps of older, primarily female adults (4—6,8). In the ma-
jority of those studies, the participants were asked to consume
additional calories to offset the negative energy balance induced
by exercise. Although we observed a preservation of leg SMM
in participants who did not lose weight, leg SMM did not in-
crease by comparison with controls (see Fig. 3, tertile 1). Cy-
cling at a higher intensity may involve greater muscle activation
compared with walking or jogging. The increased muscle acti-
vation may lead to a greater high threshold motor unit recruit-
ment, which could potentially enhance the anabolic response
to exercise in the absence of weight loss (25). However, consid-
ering that most adults in developed countries have overweight or
obesity, and a significant number of older adults have sarcopenic
obesity, the feasibility and clinical implications of recommending
high-intensity cycling exercise combined with an increase in ca-
loric intake is questionable. Accordingly, our finding, and those
of others (11-13), that aerobic exercise performed while walking
is associated with a preservation of SMM independent of biolog-
ical sex with or without weight loss is promising.

In this study, the reduction in upper body SMM observed in
response to ~10% reduction in body weight was relatively
small (~1 kg). For these participants, because of the substantial
exercise-induced reduction in total adiposity, the SMAT ratio
increased significantly compared with control. Given the
well-established benefits of total and visceral adipose tissue re-
duction across a wide range of health outcomes (26), we sug-

gest that the small decrease observed for SMM for those who
reduced body weight by ~10% may be of marginal clinical
consequence. Indeed, it is reasonable to suggest that the in-
crease in SMAT ratio would lead to improved whole-body
muscle functioning because of an associated improvement in
the bodyweight-to-muscle strength ratio. This notion is rein-
forced by the established observation that aerobic exercise is
associated with improvement in SM function (27) and our ob-
served increase in cardiorespiratory fitness, which is associ-
ated with SM strength (28).

The participants in all our trials were asked to consume a
healthy, balance diet that was monitored continuously
throughout the intervention. It is not surprising therefore that
the protein consumption for a subset of our participants met
the recommended dietary allowance. These observations sug-
gest that that muscle protein synthesis was not restricted be-
cause of inadequate dietary protein and the failure to observe
an increase SMM in response to aerobic exercise was not a re-
sult of insufficient nutrition.

Mechanisms by which aerobic exercise would mitigate the
loss of SMM include improvement in insulin sensitivity and
increases in protein synthesis. Insulin is a potent inhibitor of
muscle protein breakdown (27), and aerobic exercise is an es-
tablished strategy for improving insulin sensitivity with or
without weight loss (15,16). It is also reported that aerobic ex-
ercise augments muscle protein synthesis (29-31) and en-
hances muscle capillarization. Improved capillarization may
potentiate insulin and amino acid delivery to SM, suppressing
rates of proteolysis and improving rates of muscle protein syn-
thesis, respectively (29).

Strengths of our study include the assessment of a relatively
large sample of adult male and female participants. The exer-
cise prescribed was consistent with established physical activity

EXERCISE AND SKELETAL MUSCLE HYPERTROPHY

Medicine & Science in Sports & Exerciseg 781

Copyright © 2024 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.

N
—
=
Q)
>
—
v
)
m
Z
N
m
wn




)
L
)
p
Ll
O
(g
—
<
=
e
|
Q

BISTGHIL A+2X8RAAAAYO/FOAEIDVIASALLIAHPO0AEIEAHDII

MADYOINXFOHISABZIY TN +eYNIOITWNOTZTARYHISSHNAYE AQ 9SSW-LISIR/WO MM S[eulr

¥20¢/10/S0 uo

guidelines. MRI measurement of whole-body SMM allowed the
investigation of potential regional differences in SMM. Monitor-
ing of daily dietary intake in a subsample helped to interpret the
potential effects of dietary protein intake on SMM. Limitations
include that we studied a homogeneous sample of abdominally
overweight and obese White adults. However, because approxi-
mately ~75% of North American adults are overweight or obese,
a sizeable proportion of the adult population would likely benefit
from the aerobic exercise prescribed.

CONCLUSIONS

In summary, moderate-intensity walking exercise consistent
with consensus recommendations maintains but does not in-
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