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To determine whether resistance training effec-
tively maintains improvements in cardiometabolic
syndrome risk factors during weight regain, 9
individuals lost 4% to 6% of their body weight
during an 8- to 12-week diet- and aerobic
exercise–induced weight loss phase followed by a
controlled weight regain phase (8–12 weeks),
during which they regained approximately 50%
of the lost weight while participating in a super-
vised resistance training program. Following
weight loss (6.0%�0.3%), body mass index,
body fat percentage, waist circumference, all
abdominal adipose tissue depots, total choles-
terol, low-density lipoprotein cholesterol, insulin,
and homeostasis model assessment (HOMA)
were significantly reduced, while quantitative
insulin-sensitivity check index (QUICKI) and
cardiorespiratory fitness (maximal oxygen
consumption) significantly increased. During
weight regain (48.3%�3.3% of lost weight),
body fat percentage, waist circumference, and

maximal oxygen consumption were maintained
and muscular strength and lean body mass
significantly increased. Abdominal adipose tissue
depots, insulin, HOMA, and QUICKI did not
significantly change after weight regain.
Resistance training was effective in maintaining
improvements in metabolic health during weight
regain. J Clin Hypertens (Greenwich).
2010;12:64–72. ª2009 Wiley Periodicals, Inc.

The incidence of overweight and obesity among
Americans is climbing at an alarming rate.1

Accompanying this rise is an increase in the devel-
opment of chronic diseases such as the cardiometa-
bolic syndrome, type II diabetes mellitus, and
coronary heart disease.2 Lifestyle modifications
such as weight loss (WL), diet, and exercise have
proven effective at beneficially altering many mark-
ers of metabolic health,3,4 including abdominal
adiposity, insulin sensitivity, and blood lipid pro-
file. WL is associated with reductions in visceral
adiposity5 and improvements in plasma triglyce-
rides (TGs),6 high-density lipoprotein cholesterol
(HDL-C),4 low-density lipoprotein cholesterol
(LDL-C),4 and measures of insulin sensitivity.4,6

While the effect of WL is clear, there is still great
value in determining the impact of exercise training
during a period of weight gain on metabolic health.
Although many adults are able to successfully lose
weight, only a small percentage are able to main-
tain long-term WL.7

Resistance training (RT), independent of WL,
was shown to improve cardiometabolic syndrome
risk factors including abdominal obesity8,9 and
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insulin resistance.8,10 Therefore, it is plausible that
RT can protect against the detrimental metabolic
consequences of weight regain (WR). Also, RT has
been shown to increase muscle mass and strength.11

As skeletal muscle is the major consumer of blood
glucose,12 it is plausible that an exercise training
program with the potential to increase skeletal mus-
cle mass might also improve insulin sensitivity in
addition to body composition. Additionally, muscu-
lar strength was shown to be inversely associated
with the incidence of the metabolic syndrome in
men, and this relationship was found to be inde-
pendent of cardiorespiratory fitness.13 Moreover,
RT is associated with increased resting energy
expenditure,11,14 fat oxidation,14 and adipose tissue
(AT) lipolysis,14 and therefore could provide mech-
anisms by which RT could beneficially affect body
composition as well as intramuscular and plasma
lipid concentrations.

Maintaining significant long-term WL is difficult
and remains an elusive goal for most individuals. In
at-risk individuals, the possible retention of major
health benefits may provide the needed incentive to
maintain an active lifestyle even when WL or
weight maintenance goals are not achieved. There-
fore, the purpose of this study was to determine
whether RT effectively maintains diet- and exercise-
induced improvements in cardiometabolic syn-
drome risk factors during a period of controlled
WR. Given the documented positive effects of RT
on cardiometabolic syndrome risk factors that can
be achieved in the absence of WL, it was hypothe-
sized that RT would maintain metabolic health
during a period of WR.

METHODS
Participants
Nine participants (1 man and 8 premenopausal
women; aged 37�3 years with body mass indexes
[BMIs] of 33.8�1.5 kg ⁄m2) completed the study.
The study originally began with 14 participants (5
men and 9 women) but 5 (4 men and 1 woman)
discontinued participation due to the weekly time
commitment. The primary criteria were overweight
to class II obese (BMI, 25–39.9 kg ⁄m2) and seden-
tary, defined as no more than 60 min ⁄wk or energy
expenditure of 500 kcal ⁄wk from planned exercise.
All patients were nonsmokers and not taking any
antihypertensive or lipid-lowering medication. Any
potential patient having known diabetes or cardio-
vascular disease was excluded from the study. Each
participant completed health history, physical activ-
ity, and dietary questionnaires before beginning the
study. Prior to participation, each patient was

informed of the risks and benefits associated with
the study and signed a written consent form
approved by the University of Missouri Health
Sciences institutional review board.

Experimental Design
The study consisted of 2 phases: short-term WL fol-
lowed by partial WR. During the WL phase,
patients lost 4% to 6% of their initial body weight
during an 8- to 12-week diet- and aerobic exercise–
induced WL intervention. The duration of the WL
phase was dependent on each participant’s rate of
WL, and the average duration of the WL phase
was 11 weeks. After WL, all patients participated
in a controlled WR phase, during which they
regained approximately 50% of the lost weight
while participating in a supervised RT program.
The targeted duration of the WR phase was 8 to
12 weeks, and the length of time spent in this
phase was dependent on each participant’s rate of
WR (mean duration, 10 weeks). Outcome measures
were assessed at baseline, post-WL, and post-WR.

Diet. The diet component of the WL phase con-
sisted of caloric restriction (goal of �500 kcal ⁄d),
and partial WR during the WR phase was achieved
by increasing caloric intake above that which was
consumed during the WL phase. Seven-day dietary
records were collected from all participants prior to
the start of the study, and dietary intake was
recorded daily throughout the study. The total
energy and macronutrient and micronutrient com-
position of the dietary records were analyzed using
Food Processor SQL software (ESHA Research,
Salem, OR) and were reviewed during an initial
dietary consultation with each participant. Each
patient received individual nutritional counseling
prior to the start of the study and weekly follow-up
counseling sessions throughout the study. Dietary
consultations served to provide nutritional informa-
tion and suggestions based on the participants’
current diet to produce a modest WL of approxi-
mately 1.5 to 2 lb ⁄wk during the WL phase. Die-
tary consultations during WR served to provide
nutritional guidance aimed at maintaining healthy
macronutrient and micronutrient diet composition
while promoting a modest increase in caloric intake
(compared with the WL phase) resulting in partial
WR.

WL and Aerobic Exercise Training. A progressive
protocol was used to attain the desired level of aer-
obic training during the initial WL phase. The
study began with an exercise intensity equal to
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approximately 50% of maximal oxygen consump-
tion (VO2max) for 30 min ⁄d, 5 d ⁄wk and pro-
gressed to the desired intensity of 60% of VO2max
(75% heart rate maximum) for 45 min ⁄d, 5 d ⁄wk
where they remained for the duration of the
WL phase (energy expenditure from exercise
�1750 kcal ⁄wk). Aerobic exercise training con-
sisted of mainly treadmill exercise with the occa-
sional use of stationary cycling or an elliptical
machine. Intensity was monitored with the use of
heart rate monitors. After the first 6 weeks of train-
ing, participants were required to have at least 3
supervised sessions per week and were allowed 2
unsupervised sessions per week. The intensity of all
unsupervised exercise sessions was self-monitored
by the patient with the use of a heart rate monitor.
All exercise sessions were recorded in a training
log.

WR and RT. During the WR phase, all patients
ceased aerobic exercise training and participated in
a supervised whole-body RT program on 3 non-
consecutive days per week. Patients ultimately per-
formed 3 sets of 6 to 12 repetitions at 70% to
80% of one-repetition maximum (1RM). A pro-
gressive protocol was followed to safely reach the
desired intensity and is described in Table I.
Patients were allowed a 2- to 3-minute rest period
between sets. Each RT session began with a 5-
minute warmup on the treadmill and ended with
a 5- to 10-minute cooldown period that included
stretching. Energy expenditure from RT was esti-
mated to be approximately 1350 kcal ⁄wk.15 The
exercises performed included bench, incline, and
overhead presses; T-bar and bent-over rows; bicep
curls; tricep extensions; squats; leg press; leg

extensions; leg curls; and abdominal crunches.
Exercises were performed in the Exercise Physiol-
ogy Fitness Center using free weights and weight
stack resistance machines (Body Masters, Rayne,
LA).

Outcome Measures
VO2max and Muscular Strength. VO2max was
determined by indirect calorimetry during a
treadmill stress test using the standard Bruce
protocol.16 Peak torque for knee extension and
flexion was measured using an isokinetic dyna-
mometer. Patients performed 3 sets of 5 repetitions
at 60 degrees per second and the peak torque
achieved was recorded. Additionally, 1RM was
determined for 4 exercises (bench press, bicep curl,
leg ext, leg curl). Patients were familiarized to the
RT equipment and the 4 exercises to be tested
approximately 1 week prior to 1RM testing. All
1RM tests began with a 5-minute warmup on the
treadmill. During 1RM testing, participants
attempted to lift a weight estimated to be 50% of
their maximal ability. Weight was increased follow-
ing each successful attempt until the maximum
amount of weight that could be lifted at one time
was determined. A 3-minute rest period was incor-
porated between each attempt, and all patients
reached their 1RM within 3 to 5 attempts for each
exercise. Isokinetic strength tests and all 1RM tests
were performed at baseline, post-WL, and post-
WR, and the post-WL 1RM values were used to
determine RT intensity during the WR phase.

Resting Blood Pressure. Resting blood pressure
(BP) was measured following 15 minutes of rest in
the seated position using an aneroid sphygmoma-
nometer at the brachial artery with the arm sup-
ported at the level of the heart.

Body Composition and Abdominal and Thigh
AT Distribution. Body composition was assessed
using BMI, waist circumference (WC), waist-to-hip
ratio (WHR), and dual-energy x-ray absorptiometry
(DXA). Weight was measured to the nearest
0.05 kg and height was measured to the nearest
0.1 cm. Waist and hip circumferences were mea-
sured to the nearest 0.1 cm using a spring-mounted
tape measure. BMI and WHR were calculated.
Body fat percentage and lean body mass were
determined by whole-body DXA scanning. The reli-
ability of DXA scans was determined using a
paired sample t test on data taken from the same
individual on two separate occasions (n=6). There
was no statistically significant difference between

Table I. Resistance Training Progression

Week

Sessions

per Week Sets Repetitions

Intensity,

% 1RM

1 3 1 10–12 55
2 3 2 10–12 60
3 3 3 10–12 65

4 3 3 6–8 70
5–7 2 3 6–8 75

1 3 10–12 65
8–12 2 3 6–8 80

1 3 10–12 70

Abbreviation: 1RM, one repetition maximum. During
weeks 5–12, higher-intensity sessions were performed on

Monday and Friday with the lower intensity session
performed on Wednesday.
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the two measurements (paired samples correlation,
r=0.99 [P<.01]; and mean absolute difference,
0.90%�0.39%). Computed tomography (CT) was
used for the determination of total (TATabd), sub-
cutaneous (SATabd), and visceral (VAT) abdominal
AT as previously described.17 Briefly, a single cross-
sectional scan of 10-mm thickness centered at the
L4 to L5 vertebral disc space was made with the
patient in a supine position. A second scan (10-mm
thickness) was obtained at the midpoint between
the anterior superior iliac spine and the center of
the patella in order to determine total AT at mid-
thigh (TATthigh). Subcutaneous (SATthigh) and inter-
muscular AT or fat residing within the fascia sur-
rounding the muscle and within the muscle bed
itself was also determined at mid-thigh. Area (cm2)
of AT in the density range corresponding to fat
()190 to )30 HU) was determined for each depot
using software integral to the CT scanner. Addi-
tionally, skeletal muscle attenuation was assessed
by determining the area (cm2) of muscle within the
total (0–100 HU), low (0–30 HU), and high (31–
100 HU) density ranges. All CT scans were ana-
lyzed by the same investigator.

Blood Collection and Analysis. All blood samples
were obtained in the fasted state (12-hour overnight
fast) and under dietary control. Patients recorded a
self-selected control diet for 48 hours prior to base-
line testing and this diet was repeated 48 hours
prior to subsequent blood draws. Patients were also
asked to abstain from alcohol for the 48 hours
prior to blood collections. Additionally, all blood
sampling was performed following 48 hours of no
exercise. All blood samples were collected from the
antecubital vein with the patient in a semi-supine
position. Samples were collected in 10-mL tubes
containing anticoagulant and chelating agent or
serum separator, separated by centrifugation at 4�C
for 15 minutes at 2000 g and stored at )80�C until
analyzed. Plasma TGs, total cholesterol (TC),
HDL-C, and glucose were measured enzymatically
using diagnostic kits and a spectrophotometer using
known standards (intra-assay coefficients of varia-
tion [cv] of 2.0%, 1.8%, 0.8%, and 1.4% for TG,
TC, HDL-C, and glucose, respectively). Cholesterol
in HDL particles was determined using a modified
heparin-MnCl2 method previously described18 and
LDL-C was calculated using the Friedewald equa-
tion.19 Insulin was measured using a chemilumines-
cent technique (intra-assay cv of 3.1%). Insulin
resistance and sensitivity were estimated by mea-
sures of fasting glucose and insulin and calculation
of the homeostasis model assessment (HOMA)20

and quantitative insulin-sensitivity check index
(QUICKI).21

Statistical Analysis
A one-way analysis of variance with repeated mea-
sures (time) was used to analyze outcome variables.
All data were analyzed using SPSS statistical soft-
ware (SPSS version 11.0; Chicago, IL). Significant
main effects were followed up with Bonferroni post
hoc analyses to locate specific differences over time.
Values are expressed as means � standard error of
the mean and are considered significant at P�.05.

RESULTS
Dietary and Exercise Compliance
Nine subjects (1 man and 8 women) completed the
study. Patients lost 6.0%�0.3% (5.72�0.43 kg) of
their initial body weight during the WL phase and
regained 48.3%�3.3% (2.74�0.25 kg) of the lost
weight during the WR phase. Mean dietary intake
was 1993�50 kcal ⁄d, 1402�98 kcal ⁄d, and 2460�
282 kcal ⁄d at baseline, post-WL, and post-WR,
respectively. There were no significant changes in
the macronutrient composition of the diet through-
out the study (percent fat was 36.5%, 29.6%, and
36.1%; percent protein was 15.6%, 17.2%, and
16.5%; and percent carbohydrate was 48.9%,
53.2%, and 48.4% at baseline, post-WL, and post-
WR, respectively; all P>.05). Aerobic training com-
pliance during the WL phase was 96.6%, and
98.3% of the aerobic training sessions were super-
vised (performed in the Exercise Physiology Fitness
Center). RT compliance during the WR phase
was 96.5%, and 98.9% of the RT sessions were
supervised.

VO2max, BP, and Muscular Strength
VO2max, BP, and muscular strength results are pre-
sented in Table II. As expected, VO2max signifi-
cantly increased following 8 to 12 weeks of aerobic
training during the WL phase. Interestingly,
improvements in VO2max were maintained with 8
to 12 weeks of RT (post-WR VO2max values
remained significantly greater than baseline values,
P<.05). Systolic BP was significantly reduced at
post-WL and did not increase significantly during
WR. There were no significant changes in diastolic
BP throughout the study. Knee extension peak tor-
que was unchanged from baseline to post-WL but
increased significantly following RT. Knee flexion
was significantly increased from baseline to post-
WL and was further increased following RT. Addi-
tionally, both upper and lower body strength, as
determined by 1RM testing, increased significantly
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following the RT program (14%, 11%, and 23%
increase in bench press, bicep curl, and leg exten-
sion strength, respectively).

Body Composition and Abdominal AT
Distribution
Following the WL phase, BMI, body fat percent-
age, WC, and all abdominal AT depots were sig-

nificantly reduced (Figure 1 and Figure 2).
TATthigh and SATthigh were also significantly
reduced (Table III). During WR, body fat percent-
age and WC were maintained (P<.05 baseline vs
post-WR), and lean body mass significantly
increased. Additionally, although not significantly
different from baseline values, all abdominal and
total and subcutaneous thigh AT depots did not

Table II. Cardiorespiratory Fitness and Muscular Strength

Baseline Post-WL Post-WR

VO2max, L ⁄ min 2.44�0.15 2.67�0.17a 2.89�0.15a

Systolic BP, mmHg 116�3 108�2a 112�3
Diastolic BP, mmHg 74�2 68�2 73�2
Knee extension, Nm 105.11�8.98 112.89�9.91 129.18�12.96a,b

Knee flexion, Nm 52.75�6.51 61.09�6.05 71.17�7.50a,b

1RM bench press, kg 47.6�6.0 43.0�7.0 50.0�9.0b

1RM bicep curl, kg 25.0�3.0 24.0�3.0 27.0�3.0b

1RM leg extension, kg 61.0�3.0 60.0�4.0 78.0�4.0a,b

1RM leg curl, kg 47.0�2.0 46.0�3.0 54.0�4.0

Abbreviations: BP, blood pressure; 1RM, one repetition maximum; VO2max, maximal oxygen consumption; WL, weight loss;
WR, weight regain. aSignificantly different from baseline, P<.05. bSignificantly different from post-WL, P<.05.

Figure 1. Body composition during weight loss (WL) and weight regain (WR) (n=9): (A) body weight, (B) body mass
index, (C) body fat percentage, and (D) lean body mass. *Significantly different from baseline (P<.05). �Significantly
different from post-WL (P<.05).
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significantly increase during WR (post-WL vs post-
WR, P>.05).

Plasma Variables
There were no significant changes in plasma TGs,
HDL-C, or glucose. However, TC, LDL-C, insulin,
and HOMA were significantly reduced (P<.05),
and QUICKI was significantly increased during the
WL phase (P<.05) (Figure 3 and Table IV). During
WR, the improvements in TC and LDL-C were not
maintained. There was a significant increase in TC
during the WR phase and both TC and LDL-C val-
ues returned to baseline concentrations (Table IV).
Although not significantly different from baseline
values, plasma insulin (Table IV), HOMA, and
QUICKI (Figure 3) did not significantly change dur-
ing WR (post-WL vs post-WR, P>.05).

DISCUSSION
An 8- to 12-week diet- and aerobic exercise–
induced WL of approximately 6.0% improved
cardiometabolic syndrome risk factors and cardio-
respiratory fitness. The main findings of this study
were that RT significantly increased lean body mass

and muscular strength and maintained some of the
diet- and aerobic exercise–induced improvements in
metabolic health during a period of WR. Cardiore-
spiratory fitness is inversely related to all-cause
mortality22 and has long been linked to a lower
risk of chronic disease,23 while muscular strength
has been inversely associated with the incidence of
the metabolic syndrome.13 The cessation of aerobic

Table III. Thigh Adipose Tissue Distributiona

Baseline Post-WL Post-WR

TATthigh, cm2 195.6�20.0 176.8�20.3b 189.4�21.0

SATthigh, cm2 174.1�20.5 157.0�20.1b 167.9�21.1
IMAT, cm2 21.5�2.1 19.8�1.7 21.6�1.7
TM, cm2 138.1�10.8 136.9�11.0 141.0�10.5

HDM, cm2 107.7�8.1 106.2�8.5 111.5�7.0
LDM, cm2 30.4�4.8 30.7�4.7 29.5�4.8

Abbreviations: HDM, high-density muscle; IMAT,
intermuscular adipose tissue; LDM, low-density muscle;

SATthigh, subcutaneous adipose tissue; TATthigh, total
adipose tissue; TM, total muscle; WL, weight loss; WR,
weight regain. aAll obtained at mid-thigh. bSignificantly

different from baseline, P<.05.
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Figure 2. Abdominal adipose tissue depots and waist circumference during weight loss (WL) and weight regain (WR)
(n=9): (A) total abdominal adipose tissue (TATabd), (B) subcutaneous abdominal adipose tissue (SATabd), (C) visceral
adipose tissue (VAT), and (D) waist circumference. *Significantly different from baseline (P<.05).
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training can result in a reversal of improvements in
VO2max in as few as 12 weeks after completion
of an aerobic training program.24 The results of
the present study suggest that improvements in
VO2max can be maintained after cessation of an
aerobic training program by performing moderate-
to high-intensity whole-body RT. Additionally,
Hagerman and colleagues25 found that 16 weeks of
high-intensity RT significantly improves VO2max
in untrained men. The results of the present study
suggest RT to be an effective means by which to
maintain cardiorespiratory fitness and improve
muscular strength, and therefore could be a vital
component of the exercise prescription for reducing
the risk of cardiometabolic syndrome and other
chronic diseases.

The major aim of this study sought to determine
the ability of RT to maintain metabolic health during
a period of WR. One recent animal study showed
that RT could prevent detrimental changes in body
composition during a period of partial WR in ovari-
ectomized rats.26 The return to ad libitum feeding

(5 weeks) following caloric restriction (26% for
8 weeks) resulted in a partial regain of body weight,
intra-abdominal fat pad weight, and liver TG con-
tent in the sedentary rats; however, the effects were
abated when the animals performed RT.26 The
results of the present study demonstrate that RT dur-
ing a period of weight gain maintains body fat per-
centage in humans, which is most likely attributed to
the increase in lean body mass as a result of the RT
program. A number of studies have shown that mod-
erate- to high-intensity RT programs result in signifi-
cant increases in lean body mass in a variety of
populations.11,27,28 Hunter and colleagues11 found
that 26 weeks of RT at an intensity equivalent to
65% to 80% 1RM resulted in a 2-kg increase in fat-
free mass and a 36% increase in muscular strength
in healthy nonresistance-trained older adults. In
addition, Castaneda and colleagues27 found that
16 weeks of RT at 60% to 80% 1RM significantly
increased whole-body lean tissue mass in type 2 dia-
betics. The RT program also led to a reduction of
plasma glycosylated hemoglobin concentrations and

Table IV. Plasma Lipids, Glucose, and Insulin Values

Baseline Post-WL Post-WR

TGs, mg ⁄ dL 111.1�11.2 102.8�9.2 107.8�8.3

TC, mg ⁄ dL 179.5�8.7 162.2�7.8a 180.5�6.1b

HDL-C, mg ⁄ dL 50.9�2.0 47.9�1.4 52.0�1.6
LDL-C, mg ⁄ dL 106.4�6.2 93.7�6.8a 107.0�5.6

Glucose, mg ⁄ dL 89.2�2.7 86.4�2.0 86.5�2.3
Insulin, lIU ⁄ mL 8.45�1.06 6.41�0.63a 6.50�0.89

Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol;

TG, triglycerides; WL, weight loss; WR, weight regain. aSignificantly different from baseline, P<.05. bSignificantly different
from post-WL, P<.05.

Figure 3. Measures of insulin resistance and insulin sensitivity during weight loss (WL) and weight regain (WR) (n=9):
(A) homeostasis model assessment (HOMA) and (B) quantitative insulin-sensitivity check index (QUICKI).
*Significantly different from baseline (P<.05).
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a reduction in the dose of prescribed diabetes medi-
cation.27

Skeletal muscle is the major consumer of blood
glucose and is quantitatively the most important
site for insulin resistance in cardiometabolic syn-
drome and type II diabetes mellitus patients.12

Therefore, it is possible that an RT program result-
ing in a significant increase in skeletal muscle mass
might also improve insulin sensitivity in addition to
body composition. The RT program performed in
the present study did result in a significant increase
in lean body mass and it is possible that this was
responsible for the maintenance of glucose metabo-
lism during a period of increased caloric consump-
tion and weight gain.

Previous studies showed that both an acute bout
of RT14 and a 26-week RT program11 increased fat
oxidation. In addition, the above-mentioned stud-
ies11,14 also demonstrated an increase in energy
expenditure following RT exercise. Moreover, an
acute bout of resistance exercise was shown to
enhance lipolysis in abdominal SAT.14 Therefore, it
is plausible that the combined effects of enhanced
AT lipolysis and increased fat oxidation and energy
expenditure are responsible for the beneficial effects
of RT on body composition and metabolic health
even during a period of body weight gain.

Previous studies have shown that RT reduces
both abdominal subcutaneous8 and visceral8,9 adi-
posity in the absence of body weight changes. In
the present study, WC was reduced following the
WL phase and was maintained (significantly less
than baseline, P<.05) following WR. While the
results of the present study provide evidence that
RT during a period of WR can maintain improve-
ments in important variables such as cardiorespira-
tory fitness, body fat percentage, and WC, the
evidence is less compelling for abdominal adiposity.
All abdominal AT depots were significantly reduced
following short-term WL and were not significantly
increased after WR. However, abdominal adiposity
as determined by CT was not significantly different
than baseline following the RT WR period. Based
on this pilot data, further investigation of the main-
tenance of abdominal adiposity with RT during
weight gain of longer duration is warranted. The
ability to maintain abdominal AT values similar to
that following WL during a period of excess caloric
intake and significant body weight increases could
be of great importance as abdominal adiposity is a
key feature of the cardiometabolic syndrome.

The changes in plasma lipids were somewhat
unremarkable. There were no changes in either
TGs or HDL-C in response to either phase of the

study. TC and LDL-C were reduced with WL;
however, both returned to baseline values following
WR. These results are in accordance with previous
studies that have failed to show changes in plasma
lipids following RT.9,10,27 However, Mirsa and col-
leagues29 found that 12 weeks of moderate-inten-
sity RT significantly reduces TC, very LDL-C, and
plasma TGs in type 2 diabetics. Although the dura-
tion and intensity of the RT was similar to that of
the present study, the participants in the Mirsa
study were type 2 diabetics with poorer baseline
plasma TG and glucose levels. Baseline lipid values
in the present study were within the normal ranges,
and this difference in study populations may be the
reason for the discrepancy in lipid outcomes.

LIMITATIONS
One limitation of this study is the small sample
size; however, the observed power for most vari-
ables was adequate to detect changes over time.
Observed power ranged from 0.52 to 1.00 for all
variables except glucose and TGs. The major limi-
tation of this study is the lack of a comparison
group. Data obtained from a similar study con-
ducted in our laboratory revealed WR without
exercise following a period of diet- and aerobic
exercise–induced WL to result in a reversal of
nearly all aspects of metabolic health tested.30

Additionally, aerobic training during the WR phase
had many beneficial effects including the mainte-
nance of cardiorespiratory fitness, oxidized LDL-C,
BP, and insulin sensitivity.30 Although the study
population, design, and outcome measures were
similar to that of the current study, the magnitude
of WL and WR was greater (10% WL followed by
a regain of �50% of lost weight) and the duration
was longer (16–24 weeks per phase vs 8–12 weeks)
disallowing a direct comparison among groups.
However, the results obtained from the current
study suggest that RT during WR has beneficial
effects that could be directly attributable to the
RT and may compliment or add to what can be
obtained with aerobic training. Further investiga-
tion is warranted and should include a combination
of aerobic training and RT during WR.

CONCLUSIONS
RT was effective in maintaining important diet-
and aerobic exercise–induced improvements in met-
abolic health during a period of WR. Many at-risk
individuals struggle with WL maintenance, and the
results of this study suggest that RT may be benefi-
cial in preventing the detrimental metabolic conse-
quences of WR.
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