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Moderate Exercise Attenuates the Loss of Skeletal Muscle
Mass That Occurs With Intentional Caloric Restriction—
Induced Weight Loss in Older, Overweight to Obese
Adults
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Background. Aging is associated with a loss of muscle mass and increased body fat. The effects of diet-induced
weight loss on muscle mass in older adults are not clear.

Purpose. This study examined the effects of diet-induced weight loss, alone and in combination with moderate aerobic
exercise, on skeletal muscle mass in older adults.

Methods. Twenty-nine overweight to obese (body mass index = 31.8 + 3.3 kg/m?) older (67.2 + 4.2 years) men (n = 13)
and women (n = 16) completed a 4-month intervention consisting of diet-induced weight loss alone (WL; n = 11) or
with exercise (WL/EX; n = 18). The WL intervention consisted of a low-fat, 500—1,000 kcal/d caloric restriction. The
WL/EX intervention included the WL intervention with the addition of aerobic exercise, moderate-intensity walking,
three to five times per week for 35-45 minutes per session. Whole-body dual-energy x-ray absorptiometry, thigh com-
puted tomography (CT), and percutaneous muscle biopsy were performed to assess changes in skeletal muscle mass at
the whole-body, regional, and cellular level, respectively.

Results. Mixed analysis of variance demonstrated that both groups had similar decreases in bodyweight (WL, —9.2% +
1.0%; WL/EX, =9.1% + 1.0%) and whole-body fat mass (WL, —16.5%, WL/EX, —20.7%). However, whole-body fat-
free mass decreased significantly (p < .05) in WL (=4.3% + 1.2%) but not in WL/EX (-1.1% + 1.0%). Thigh muscle
cross-sectional area by CT decreased in both groups (WL, =5.2% + 1.1%; WL/EX, —=3.0% + 1.0%) and was not statisti-
cally different between groups. Type I muscle fiber area decreased in WL (=19.2% £ 7.9%, p = .01) but remained
unchanged in WL/EX (3.4% % 7.5%). Similar patterns were observed in type II fibers (WL, —16.6% + 4.0%; WL/EX,
—0.2% * 6.5%).

Conclusion. Diet-induced weight loss significantly decreased muscle mass in older adults. However, the addition of

moderate aerobic exercise to intentional weight loss attenuated the loss of muscle mass.
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HE loss of muscle mass that occurs with age, known as

sarcopenia (1,2), is associated with progressive muscle
weakness (3), a greater risk for falls (4,5), and susceptibility
to injury (6) and, consequently, can lead to loss of indepen-
dence and physical mobility (7,8). Recent evidence indi-
cates that obesity confounds the influence of sarcopenia on
the loss of muscle function in older men and women (9,10).
Therefore, preventing overweight and obesity while main-
taining muscle mass is a clinically relevant goal particularly
for older adults.

A conundrum is that traditional diet-induced weight loss
programs in younger men and women result in not only loss
of adipose tissue but also in a significant loss of lean body
mass. This might suggest that diet-induced weight loss in
older adults, who have an accelerated loss of muscle mass,
may produce even greater declines in muscle mass (11). Al-
though the exact cause of sarcopenia and accompanying

loss of function are not completely understood, decreases in
physical activity with age (12) may contribute to increases
in body fat, decreases in muscle mass, and decreases in
muscle quality (13-15). Resistance (16-23) and aerobic
exercise (24) have the potential to reduce body fat and slow
or prevent age-related changes in skeletal muscle, including
the loss of muscle. However, although aerobic exercise does
not typically increase muscle mass, it is not clear whether
moderate-intensity aerobic exercise, primarily walking, can
attenuate or prevent the loss of muscle mass that might
occur with intentional, diet-induced weight loss in older
adults. Therefore, the purpose of this study was twofold.
The primary aim was to investigate the effects of diet-
induced weight loss on changes in muscle mass in older
adults. The secondary aim was to determine whether mod-
erate aerobic exercise can attenuate the potentially adverse
effects that weight loss alone might have on muscle mass.
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METHODS

Participants

Men and women aged 60-75 years who were overweight
to moderately obese (body mass index [BMI] = 25.0-38.0
kg/m?) were recruited from the Pittsburgh metropolitan and
surrounding areas. Participants were considered for this
intentional weight loss intervention if they (a) had either im-
paired glucose tolerance (IGT; 2-hour oral glucose tolerance
(OGTT) test 2140 mg/dL), impaired fasting glucose (IFG;
fasting glucose >100 but <126 mg/dL), or drug-naive type 2
diabetes mellitus (T2DM; fasting glucose >126 but <200
mg/dL and OGTT >200 mg/dL); (b) had no history of clini-
cally significant cardiovascular disease; (c) had a resting
systolic blood pressure of 150 mmHg or less and diastolic
blood pressure of 95 mmHg or less; (d) were a nonsmoker;
(e) was a stable weight (no gain or loss of >6 kg in 6
months); and (f) were sedentary (currently participating in
aerobic exercise less than 2 d/wk). The study was ap-
proved by the University of Pittsburgh Institutional Re-
view Board, and a written informed consent was obtained
from each volunteer.

All the participants diagnosed as having IGT and IFG
were randomized into one of the following two groups:
weight loss (WL) or weight loss combined with exercise
(WL/EX) for 4 months. All participants with T2DM were
not randomized; they were enrolled into the WL/EX group
for ethical reasons related to withholding treatment that
would optimally include both weight loss and exercise.

Diet-Induced Weight Loss Intervention

The goal of the WL intervention was to produce an
8%—10% loss in total body weight. A caloric restriction of
500-1,000 kcal/d (<30% of calories from fat) was implemented
based on the participant’s baseline weight. Total caloric
needs were determined by multiplying the participant’s
baseline weight (kg) by 25. From this, the dietitian made the
required caloric adjustments to produce a negative energy
intake resulting in a loss of 0.5-1 kg of body weight per
week.

Weight Loss and Exercise Intervention

Participants in this intervention arm received both the
nutrition intervention and an individualized aerobic exercise
program. Therefore, the weight loss goal for this group was
similar to the WL group. In addition, this group performed
exercise nearly 5 days per week for about 45 minutes at a heart
rate range of 65%—75% of maximal heart rate as determined
during a maximal capacity aerobic test (25). Three ses-
sions were supervised in our facility and two were unsuper-
vised. The exercise program was progressive such that by
the last 8 weeks, exercise sessions were performed at about
45 minutes and the intensity of the exercise was raised to
75% of their maximal heart rate. Participants wore a polar

heart rate monitor (FS1; Polar Electro, Kempele, Finland)
for each exercise session, and at the end of each session, an
average heart rate, exercise duration, and rating of perceived
exertion were recorded. Exercise sessions consisted of
treadmill or outside brisk walking as the primary mode of
exercise and cycling as a secondary mode. Each partici-
pant was issued a personal binder with exercise logs to record
exercise session data (ie, heart rate, duration, and inten-
sity), and the exercise logs were reviewed weekly for
exercise adherence.

Body Weight and Lean Mass

Body weight was measured weekly using a Scale Tronix
electronic scale (Tronix Inc., Wheaton, IL). Dual-energy
x-ray absorptiometry (DXA; GE Lunar Prodigy scanner,
Encore software 2005; General Electric, Milwaukee, WI)
was used to measure changes in total and regional fat mass
(FM) (26) and fat-free mass (FFM), including appendicular
(lower and upper limb) lean mass.

Thigh Muscle Cross-Sectional Area

Computed tomography (CT) images were acquired using
a GE Hi-speed multiple-slice scanner (General Electric) as
previously described (27). Thigh and abdominal muscle
cross-sectional area (CSA) was quantified using SliceO-
matic software version 3 (Tomovision, Montréal, Canada).
Skeletal muscle attenuation was measured for each partici-
pant as the mean attenuation value between 0 and 100
Hounsfield Units (HU) as a marker of skeletal muscle lipid
content (27,28). Normal-density muscle (NDM), containing
lower lipid content (35-100 HU) and low-density muscle
(LDM), containing high lipid content (0-35 HU), were also
quantified (28). Muscle CSA and muscle attenuation (28)
were quantified for the quadriceps and hamstring muscles
(29) and for the psoas major and the erector spinae muscles
that stabilize the spinal column in the abdominal cavity.

Skeletal Muscle Fiber Size

Participants had a percutaneous biopsy of the left vastus
lateralis at the Clinical Translation Research Center as pre-
viously described (30). Muscle specimens were trimmed of
adipose and connective tissue, frozen in liquid nitrogen and
stored at —80°C. Skeletal muscle fiber CSA was measured
in type I (high oxidative), type IIA (aerobic or glycolytic),
and type IIX (low oxidative) fibers using immunohis-
tochemical staining (25,31). Images were obtained for anal-
ysis using a Leica DM 4000b light microscope (Leica
Microsystems GmbH, Wetzlar, Germany). Ten muscle
fibers were randomly chosen for each fiber type (I, ITA, IIX)
and the area was computed using manual planimetry to out-
line each muscle fiber (Northern Exposure imaging soft-
ware; MVIA Inc., Monaca, PA). In a subset of six
participants, fiber CSA in 50 type I and 50 type IIA fibers
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Table 1. Body Composition and Regional Changes in Muscle Mass as Measured From DXA and Computed Tomography

WL,N=11 WL/EX,N=18 Within Group
Pre Post Pre Post Between Group WL WL/EX

Body composition

BMI (kg/m?) 329+1.0 28.8+ 1.0 31.9+1.0 28.8+ 1.0 438 .001 001

FFM (kg) 473+25 453125 51.3+27 50.7+2.6 044 .007 .075

M (kg) 38.4+2.0 322+2.1 356+1.9 28.6+2.0 528 .001 .001

% FM 43.6 1.8 40.1+£2.2 399+1.8 347+2.1 205 001 .001
Appendicular skeletal muscle mass (kg)

Upper limb 50+ .43 5.6+3.7 57+ .42 5.6+.38 352 707 305

Lower limb 157+1.0 152+1.0 17.1+1.0 16.8+ 1.0 397 030 153

Trunk 226+ 1.1 21.6+1.2 248+1.3 245+ 1.1 191 .031 352
Thigh muscle mass (cm?)

CSA 108.4+5.5 102.8+5.3 124.7+7.6 120.3+£6.9 525 001 .003

NDM 81.1£5.6 745 +4.7 934+6.5 90.9 + 6.6 .021* 002 114

LDM 27.3+2.1 28.2+2.7 31.3£2.6 29.3+24 .074 499 .047

Quadriceps 56.3+3.3 53.8+3.1 60.2+3.9 584+3.6 469 007 022

Hamstrings 50.6 +2.7 48.5+£2.7 63.2+3.7 60.8 +3.5 .863 018 030
Abdominal muscle mass (cm?)

Psoas major 12.1+1.1 123+1.1 14.4+1.0 142+1.0 135 .359 230

Erector spinae 154+1.1 15.1£1.0 162+ 1.3 159+1.1 .852 .566 .656

Notes: Values are means + SE. CSA = cross-sectional area; DXA = dual-energy x-ray absorptiometry; FM = fat mass; FFM = fat-free mass; LDM = low-density
muscle; NDM = normal density muscle; WL = weight loss; WL/EX = weight loss combined with exercise. Bold values indicate significance.
* After a natural logarithmic transformation was performed, a significant between-group change was found.

was measured, and the mean * standard error difference
compared with the mean fiber CSA measured in 10 fibers
was less than 1.0% % 1.0% for type I fibers and 3.3% = 3.1%
for type IIA fibers. Thus, a measure of fiber CSA in 10
fibers is representative of the sample obtained.

Statistical Analysis

Data are presented in terms of mean and standard error of
the mean. One-way analyses of variance (ANOVAs) were
performed to compare baseline characteristics between
groups, including age, body weight, BMI, FM, FFM, and
percent FM. Repeated measures ANOVAs were performed
on the dependent variables as a function of group (WL and
WL/EX) and time (pre- and postintervention). Pairwise
comparisons using the Bonferroni adjustment for multiple
comparisons were conducted on the within-subject factor to
discriminate means when ANOVA yielded significant
results. Statistical analyses were performed using SPSS ver-
sion 15 (SPSS Inc., Chicago, IL) software, with statistical
significance defined as p <.05.

RESULTS

Participants

Twenty-five participants with IGT or IFG were random-
ized into WL (7 women, 4 men) and WL/EX (5 women, 4
men) intervention groups. Another 9 participants (4 women,
5 men) with newly diagnosed T2DM were enrolled into
WL/EX by default. The IGT and T2DM groups had similar
baseline characteristics and responses to the WL/EX inter-
vention (data not shown). Hence, their results were col-

lapsed. Mean age was similar in both groups (WL, 68.4 £
1.5 years; WL/EX, 66.4 + 1.1 years). Five participants
dropped out (1 WL, 4 WL/EX) of the study for medical or
personal issues, and only those who completed the interven-
tions were included in the analyses. Participants in the WL/
EX intervention exercised an average of 3.7 + 1.0 sessions
per week (supervised 2.49 + 1.0; unsupervised 1.29 £ 1.0)
at an estimated 40 + 2.3 minutes per session, with the
primary mode being treadmill or outside walking
97% £2.5%).

Body Weight and Total Body Composition Changes

Body weight decreased significantly in both groups (WL,
-9.1% + 1.0%; WL/EX, =9.2% + 1.0%). They also showed
similar decreases in BMI and FM (Table 1). An interaction
effect was observed for FFM, with the WL group having
lost significantly more FFM than the WL/EX group
(Table 1; Figure 1). Although both groups had similar decreases
in body weight and FM, the WL group had a larger decrease
in FFM.

Regional Muscle Mass Changes

Within-group post hoc analysis revealed that lower limb
and trunk FEM decreased significantly within the WL group
but not in the WL/EX group (Table 1). No changes were
observed for upper limb FFM for either group. Also no
changes were observed for the erector spinae or psoas major
muscles of the abdomen. Thigh muscle CSA determined by
CT decreased significantly in both groups (Table 1; Figure 2),
and a similar decrease was observed for quadriceps CSA
and hamstring CSA for both groups, suggesting that both
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Figure 1. Percent change in body weight (BW), and whole-body fat mass
(FM) and fat-free mass (FFM) as measured by dual-energy x-ray absorptiome-
try. BW and FM decreased similarly in both the weight loss (WL) and weight
loss combined with exercise (WL/EX) groups (“*” significant within-group ef-
fect). A significant interaction effect was observed for FFM, with the WL group
showing a decrease in FFM, whereas the WL/EX group remained relatively
unchanged.

muscle areas displayed similar decreases. We also exam-
ined changes in NDM and LDM, the latter being muscle
containing greater lipid content. An interaction effect was
observed for NDM, with the WL group having lost signifi-
cantly more NDM muscle mass than the WL/EX group
(Table 1; Figure 2). We did not find significant changes in
LDM of the thigh.

Skeletal Muscle Fiber Area

An interaction effect was observed for CSA of the type I
fibers, with the WL group having lost significantly more
CSA than the WL/EX group (Table 2; Figure 3). A signifi-
cant within-group effect was found for type II (IIA and IIX)
muscle fiber CSA and post hoc analysis revealed that type 11
muscle fiber area decreased significantly within the WL
group but remained unchanged in the WL/EX group
(Table 2; Figure 3). An analysis of specific type II fibers
subgroups indicated that neither type IIA fiber CSA nor

type IIX fiber CSA was significantly altered (Table 2).
Similarly, the proportion of all three fiber types did not
change for either group.

DiscussIoN

A primary outcome of this study was that intentional
diet-induced weight loss resulted in a significant loss of
muscle mass concomitant to the loss of body fat in older
overweight to obese adults. These findings are consistent
with previous data in younger (14,29) and older individuals
(32) demonstrating a loss of muscle mass following caloric
restriction. This suggests that diet-induced weight loss in
older adults, who are more prone to sarcopenia, may accel-
erate the loss of muscle mass (11). The potentially negative
effects of intentional weight loss on the loss of muscle mass
is particularly relevant to older adults who are becoming
more obese, while at the same time losing muscle mass
(33,34).

A second important finding in this study was that moder-
ate aerobic exercise attenuated the loss of lean muscle mass
induced by energy restriction. A novel aspect of this study
was the use of different but complimentary methods to
assess the effects of weight loss and exercise on muscle mass.
Examination of whole body composition changes using
DXA revealed that both the WL and the WL/EX groups lost
a similar amount of weight and body fat. However, there
was a fourfold greater loss of FFM with WL alone com-
pared with WL/EX. This attenuated loss of muscle mass did
not translate to changes in thigh muscle CSA on CT; the
loss of total thigh, quadriceps, and hamstring muscle CSA
was not different between WL and WL/EX groups. The rea-
sons for this apparent discrepancy are not clear. It is possible
that including more participants would have increased our
ability to detect significant between-group differences in
the loss of muscle mass on CT. Another novel finding was
the ability of exercise to reduce the loss of NDM assessed
by CT, which represents a measure of “leaner” muscle con-
taining lower lipid concentrations (35). We interpret these
findings to reflect a significantly greater maintenance of
leaner muscle with the addition of exercise to weight loss;

Table 2. Changes in Muscle Fiber Size and Type as Measured From Percutaneous Muscle Biopsy

WL, N=11 WL/EX, N =18 Within Group
Pre Post Pre Post Between Group WL WL/EX

Fiber area (um?)

Type I 6,913 £ 706 5,584 £422 6,430 £ 533 6,648 + 537 017 031 .597

Type II 5,816 £ 799 4,749 £ 429 5,864 £421 5,561 £384 231 025 442

Type ITA 6,678 + 888 5,646 £ 531 6,320 £ 424 5,833 £379 457 121 270

Type IIX 4,307 £ 603 3,514 £ 364 4,595 +£399 5,060 £ 613 .090 .166 .349
Fiber percentage (%)

Type I 51.9+122 48.6£9.9 50.8+11.9 503 +12.7 .641 545 597

Type ITA 39.6+£11.2 42.6+£8.5 41.6£10.1 448+ 114 958 .536 422

Type IIX 83+59 9.9+9.7 9.1£8.6 6.5£38.1 245 .633 .963

Note: WL = weight loss; WL/EX = weight loss combined with exercise. Values are means * SE, p < .05. Bold values indicate significance.
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Figure 2. Percent changes in thigh muscle cross-sectional area (CSA) and
thigh normal-density muscle (NDM) area as measured by computed tomogra-
phy. Thigh CSA significantly decreased for both groups (“*” significant within-
group effect). A significant interaction effect was found for NDM after a
logarithmic transformation was performed, with the weight loss (WL) group
showing a decrease in NDM, whereas the weight loss combined with exercise
(WL/EX) group remained relatively unchanged.

more of the muscle that is lost with weight loss alone is that
containing higher amounts of lipid.

Another key finding of this study was that weight loss
reduced the size of individual muscle fibers and that
moderate exercise attenuated this loss in muscle fiber
size. The size of type I, high-oxidative, muscle fibers was
decreased by nearly 20% by weight loss alone. This loss
of type I fiber CSA was completely prevented by the
addition of moderate aerobic exercise. Weight loss also
elicited a significant decrease in the type II fiber CSA.
Although we did not detect a significant between-group
difference in the change in type II fiber CSA, possibly
owing to inadequate sample size, there was no within-
group decrease in the CSA of type II fibers in those who
performed exercise. There was no change observed in
either of the specific type II fiber types (ITA or IIX). This
may be related to a diminished statistical power for the
nonsignificant change for the type IIA and IIX muscle
fibers. This decrease in specific myofiber size due to
energy restriction—induced weight loss in older adults is
a novel and important extension of previous studies
examining changes in lean body mass or muscle mass at
the whole-body or tissue level in younger individuals
(14,29,32,36).

This study was not without limitations. We did not have a
control group, although every participant served as his or
her own control in this repeated measures design. Another
limitation was the relatively small number of participants,
which precluded us from determining meaningful gender
differences in these responses. It is also possible that the
effects of weight loss and moderate exercise differ between
overweight and obese individuals. Examination of the
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Figure 3. Percent change in thigh muscle fiber area as measured by percuta-
neous muscle biopsy. Type I muscle fiber area decreased in the weight loss
(WL) group and remained unchanged in the weight loss combined with exercise
(WL/EX) group (significant interaction effect). A significant within-group
change was observed for the WL group for type II muscle fiber area, whereas
the WL/EX group remained relatively unchanged (“*” significant within group
effect).

effects of the combination of resistance training and diet-
induced weight loss as well as protein intake is warranted.
Moreover, the inclusion of a muscular strength or power test
may have provided insight into changes of muscle function
that may accompany decreased muscle mass with weight
loss. Future studies should be directed at these important
related questions.

In summary, weight loss induced by energy restriction
decreases muscle mass in older adults. However, the addi-
tion of moderate aerobic exercise to a weight loss program
has a powerful effect to preserve muscle mass. These results
were consistently observed using a variety of methods, in-
cluding whole body composition, direct measure of muscle
mass using imaging, and muscle cell size assessed by mus-
cle biopsy. The implications of these novel findings are that
diet-induced weight loss alone may have adverse effects on
skeletal muscle in older adults at risk for the development of
muscle weakness and disability. Therefore, this study advo-
cates a program of increased physical activity in older adults
who are trying to lose weight.
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