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Effects of Exercise during Weight Loss
Maintenance on Appetite Regulation in Women
Rebecca Foright,1 Tanya M. Halliday,1,2 Edward L. Melanson,1,3,4 Allison Hild,5 Kristina T. Legget,6,7
Jason R. Tregellas,6,7 and Marc-Andre Cornier1,5

INTRODUCTION
One of the greatest obstacles in overcom-

ing theobesity epidemic is theunsustainability
of maintaining weight loss. It is estimated
that 80% of individuals that undergo sig-
nificant weight loss are unable to maintain
that weight loss for longer than 1 yr (1). A
working group from theNational Institutes
of Health organized to identify factors con-
tributing to the high recidivism rate found
both metabolic and behavioral factors con-
tribute toweight regain (2). First, the biolog-
ical and behavioral adaptations, including
long-term changes in appetite-regulating
hormones (3), that occur after calorie-
restrictedweight loss promote increased ap-
petite and decreased energy expenditure (2,4).
Second, adherence to weight loss strategies
diminishes over time because the perceived
benefits decline compared with the cost of
adherence as the goal changes fromweight
loss to weight loss maintenance (WLM) (2).
To improveWLM, researchers and clinicians

must identify sustainable strategies that combat the biological
and behavioral adaptations that promote weight regain.

Epidemiological and observational data suggest that exer-
cise is a promising method to improveWLM because it targets
several of thesemaladaptive biological responses toweight loss
(5) and appears to allow for improved matching of energy in-
take to energy expenditure (6,7). TheNationalWeight Control
Registry is the largest prospective investigation of successful,
long-term, WLM (8). Studies from the registry have identified
a program of regular exercise as a key characteristic of success-
ful WLM (9,10). Population studies of long-term WLM cor-
roborate the National Weight Control Registry findings (11)
and suggest that sustained WLM is unlikely unless regular ex-
ercise is used as a WLM strategy (5).

Acute exercise has been shown to alter the release of gastro-
intestinal appetite-regulating hormones in a manner that sup-
ports decreased hunger and food intake. This effect of acute
exercise is a promising mechansim by which exercise could im-
prove WLM. A meta-analysis investigating the acute effects of
exercise on gastrointestinal hormones in healthy individuals found
a supression of the orexigneic hormone ghrelin along with a
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ABSTRACT
Exercise is accepted as a method to improve weight loss maintenance; however,
the mechanisms by which this occurs have yet to be elucidated. In this pilot study,
13 women with obesity underwent a structured weight loss program (goal 8%–
10%weight loss) andwere then randomized to either a 12-wk diet (n = 7) or an aer-
obic exercise training (n = 6) intervention aimed at maintaining weight loss. At
baseline, post–weight loss, and following the weight loss maintenance interven-
tions, measurements of appetite (hunger and satiety) and appetite-regulating hor-
mones (leptin, ghrelin, peptide tyrosine tyrosine, and glucagon-like peptide 1) were
obtained after an overnight fast and for 3 h after a standardized test meal. Ad
libitum energy intake wasmeasured at a lunchmeal. During the weight loss phase,
participants lost 9.1%± 1.1%of baseline body weight. Participants in both groups
maintained weight loss during the 12-wk weight loss maintenance intervention. No
differences in fasting leptin (P= 0.68) or in ghrelin (P= 0.30), peptide tyrosine tyrosine
(P= 0.93), and glucagon-like peptide 1 (P= 0.98) area under the curvewere detected
between groups. Similarly, ratings of hunger (P = 0.99) and satiety (P = 0.65) area un-
der the curve after the standardized test meal also did not differ between the groups
nor did ad libitum energy intake at lunch. In summary, the 12-wk diet and exercise
interventions were equally effective at maintaining weight loss in women, and no dif-
ferences in measures of appetite regulation and food intake were found.

http://www.acsm-tj.org Translational Journal of the ACSM 1

Original Investigation

Copyright © 2020 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.

mailto:Marc.�Cornier@CUanschutz.edu
mailto:Marc.�Cornier@CUanschutz.edu


potentiation of peptide tyrosine tyrosine (PYY), glucagon-like
peptide 1 (GLP-1), and pancreatic polypeptide (12). These
changes in hormone secretion are in directions that could sup-
port decreased hunger and food intake. A similar analysis of
studies conducted in individuals with overweight and obesity
found ghrelin secretion was supressed, and PYYandGLP-1 were
not significantly affected (13). These acute studies have been
largely conducted in men and in individuals that had not under-
gone weight loss. Much less is known about how exercise may
chronically affect these appetite-regulating hormones particuarly
during WLM.

To address this, the current pilot study assessedWLM success
in weight-reduced women with obesity who were randomized
to either a diet or an exercise intervention during WLM. We
compared hormonal (ghrelin, PYY, GLP-1, and leptin) and sub-
jective (hunger and satiety) appetite-related responses to a stan-
dardized testmeal.We hypothesized that exercisewould improve
measures of hormonal and appetite regulation in a manner
that favored a reduced energy intake. This pilot studywarrants
replication in a larger sample and for a longer duration but is
an important step toward facilitating the development of im-
proved WLM therapies and allow for better outcomes in
women-specific obesity treatments.

METHODS
Study Participants

Participants included women with obesity (body mass index,
30–40 kg·m−2), 21–65 yr old, that were otherwise healthy, as
assessed by the absence of diabetes (HbA1c), eating disorders
(EATS-26), or depression (CES-D). Participants were weight stable
(<5%change in bodymass) by self-report for aminimumof 6months
before entering the study and reported they did not take part in
planned exercise more than 3 h·wk−1.

Study Design
The study consisted of three study phases, as shown in Figure 1.

Briefly, after baseline testing, weight loss was initiated until an
8%–10% reduction in body weight was achieved. After the weight
loss phase, body weight was stabilized (±2 kg) for 2–4 wk. Partic-
ipants were then randomized to a 12-wk WLM intervention
consisting of continuing diet support (WLM-D) or an aerobic ex-
ercise intervention (WLM-Ex). Assessments were repeated after
both the weight stabilization and the WLM phases. Details of at-
trition rates during each phase are provided in Figure 2.

Weight Loss Phase
After baseline testing, participants entered the weight loss phase

of the study. To ensure weight loss of 8%–10% of baseline body
mass over a 12- to 16-wk period, participants were placed on a
low-calorie meal replacement diet (Health One, Health Nutrition
Technologies, CA). The meal replacements provided 1050 kcal
and 100% of all essential vitamins and minerals. Weight loss in-
structions and supervision were provided by the Clinical Core of

the Nutrition Obesity Research Center (NORC) at the Anschutz
Health andWellness Center (AHWC). Participants met with a re-
search dietitian weekly for weigh-ins. When participants had suc-
cessfully achieved an 8%–10%weight loss, they were then weight
stabilized (±2 kg) for 2–4 wk before weight loss phase testing to
minimize the acute effects of weight loss on the outcome variables.
Participants were then randomized to either a diet (WLM-D, n = 7)
or an exercise training (WLM-Ex, n = 6) intervention during the
WLM phase of the study. At the end of 12 wk, all participants
underwent repeat testing.

Diet WLM Intervention (WLM-D)
The diet intervention included continued biweekly follow-up

with study personnel consisting of weigh-ins and ongoing diet-
specific support from a research dietitian to maintain weight loss.
Participants were provided individualized calorie goals and given
the option to continue using liquid meal replacements as part of
their WLM strategy. Attendance at these weekly/biweekly meet-
ings was not recorded. Participants were instructed to not change
their physical activity for the duration of the WLM-D.

Exercise Training WLM Intervention (WLM-Ex)
The exercise intervention was a supervised program performed

in the Fitness Center at the AHWC. The goal of the intervention
was to increase energy expenditure by 2000 kcal·wk−1. This was
achieved through a gradual increase (over the first 6 wk) in exercise
energy expenditure from 150 kcal·d−1 to a target of 400 kcal·d−1,
5 d·wk−1. Individualized exercise prescriptions were provided based
on a V̇O2max test (Blake treadmill protocol) completed post–weight
loss phase testing, and exercise intensity was set at 75% V̇O2max.
Exercise consisted primarily of walking on an inclined motor-
driven treadmill with alternate activities (e.g., stationary bike, el-
liptical) permitted for 20% of the exercise sessions (1 of 5 d). Par-
ticipants wore heartrate monitors during exercise sessions and
met weekly/biweeklywith study personnel tomonitor exercise ad-
herence. Acceptable adherence was defined as four or more exer-
cise sessions per week. Participants in theWLM-Ex group did not
receive any ongoing dietary support beyond what they had re-
ceived during the weight loss phase of the study.

Study Day
Before each of the three study phase testing visits, participants

consumed a eucaloric run-in diet for 3 d provided by the Univer-
sity of Colorado’s Clinical and Translational Research Center
(CTRC) Metabolic Kitchen to ensure energy and macronutrient
balance (15%protein, 35% fat, and 50%carbohydrate). Physical
activity and alcohol intake were controlled during the last 24 h
leading up to the study day. After the run-in diet, participants re-
ported to the CTRC outpatient clinic after a 10-h overnight fast.
Height was measured without shoes, to the nearest 0.1 cm on
a wall-mounted stadiometer. Body mass was measured in light
clothing, to the nearest 0.1 kg using a digital scale. Body composition
was assessed using dual-energy x-ray absorption (DPX whole-body
scanner; Lunar Radiation Corp., Madison, WI). A fasting blood
sample was obtained for hormone andmetabolite analyses. Fasting
food-relatedbehavioral questionnaires, visual food stimuli evaluations,

Figure 1: Study design.
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and appetite assessments were also collected (details below). Par-
ticipants then consumed a standard breakfast meal over 20 min.
The caloric content was equivalent to 25%of the total daily require-
ment and had amacronutrient composition identical with the run-
in diet. Repeat appetite assessments and blood sampling occurred
at 30, 60, 90, 120, 150, and 180 min after the breakfast meal. Vi-
sual food stimuli evaluations were repeated in the fed state, approx-
imately 115min after breakfast. Finally, participants were provided
an ad libitum lunch meal to evaluate energy intake (details in the
following sections).

EATING BEHAVIORS AND FOOD CRAVINGS

The Three Factor Eating Questionnaire (14) was used to evaluate
eating behaviors, including dietary restraint, disinhibition, and
hedonic hunger. Cravings were evaluated based on the Food Crav-
ing Inventory (FCI), which contains questions such as “I have an
intense desire to eat one of my favorite foods” (15).

VISUAL STIMULI EVALUATIONS

Participants were asked to rate visual stimuli consisting of pre-
viously validated images of highly appealing foods such as pizza,
cake, ice cream, and steak (16), in both the fasted state. The images
were evaluated by 100-mm visual analog scale on “food appeal”
and “desire to eat” using the computer program ImageRate
(Microsoft Access, Seattle,WA). Food appeal was assessed through
the question “How appealing is this food?,” anchored by “Not
appealing at all” to “Extremely appealing.” To measure desire the
question was phrased, “Howmuch do you desire to eat this food?”
anchored by “I have no desire to eat this food” to “I have a strong
desire to eat this food.”

APPETITE RATINGS

Participants completed subjective appetite ratings using a visual
analog scale (17). Appetite ratings included hunger and satiety as
previously described (18–20). To rate hunger, a 100-mm line was
preceded by the question “How hungry do you feel right now?”
The anchors were “not hungry at all” and “extremely hungry.” Sa-
tiety was evaluated in a similar manner.

AD LIBITUM BUFFET LUNCH

After the final blood draw and appetite evaluations, participants
were offered an ad libitum lunch to assess ad libitum energy in-
take. To avoid bias in food intake based on a dislike for specific
foods, a research dietitian worked with the participant to provide

ameal that replicated, to the extent practical/possible, a usual lunch
consumed by the participant. Themealwas consumed in theCTRC
and offered in a “buffet” style with 15%more food than predicted
requirements, with the option to get more food as desired. This
design should neither restrict intake nor encourage over consump-
tion. Energy intake was determined by “weigh and measure”
methods by the dietary staff of the CTRC.

Laboratory Analyses
An intravenous catheter was placed for blood sampling. Blood

samples were collected into EDTA-containing tubes, centrifuged,
aliquoted, and stored at −80°C until the time of analysis. Assays
were run on individual participants after the completion of all three
study phases. Leptin (fasting only), ghrelin, PYY, and GLP-1 were
analyzed. For analysis of GLP-1, 30 μL of dipeptidyl peptidase IV
inhibitor was added to the 4-mL EDTA tube before collection.
TheGLP-1 assayswere performedusing theAlpcoDiagnostic ELISA
(43-GPTHU-E01). Serum leptin, PYY, and total ghrelin were each
measured by radioimmunoassay (Millipore) with a Perkin Elmer
WallacGammacounterusingMacielRIA-AIDdata reduction software.

Statistical Analyses
Data were analyzed using SPSS version 24 (IBMCorp., Armonk,

NY). Results are reported as mean ± SE, unless otherwise indicated.
Differences in change over time between groups were analyzed
using a two-way repeated-measures ANOVA. Two-tailed t-tests
were used to examine differences between groups on individual study
day visits. The area under the curve (AUC) was calculated using
the trapezoid method for appetite ratings and hormones (GLP-1,
PYY, and ghrelin). The study was powered to detect differences
in the hormonal response to a meal with a sample size of 16 par-
ticipants. Significance was set at α < 0.05.

Ethics Statement
This pilot study was conducted according to the principles

expressed in the Declaration of Helsinki. The study was approved
by the ColoradoMultiple Institutional Review Board. All participants
were provided written informed consent for all study procedures.

RESULTS
Baseline and Post–Weight Loss

A total of 13women (46 ± 12 yr) completed all study phases and
were included in the analysis. Baseline characteristics are included
in Table 1; there were no significant between-group differences at
baseline (data not shown). As intended, during the weight loss pe-
riod, participants lost 8.4 ± 1.1 kg of bodyweight (9.1%± 1.1%),

Figure 2: Consort diagram.
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5.8 ± 0.7 kg fat mass (2.7% ± 0.5%), and 2.0 ± 0.5 kg lean mass
(Fig. 3 and Table 1). Weight loss was associated with decreased
disinhibition, increased cognitive restraint, and decreased perceived
hunger (P < 0.01) (Table 1). Ratings of desire or appeal for high
hedonic foods as well as ratings of hunger and satiety (AUC) did
not change with weight loss. Weight loss resulted in decreased
fasting leptin concentrations (P < 0.01); however, there was no
difference in ghrelin, GLP-1, or PYYAUC in response to the stan-
dardizedmeal or in ad libitum energy intake (Table 1). There were
no differences between the WLM-D and the WLM-Ex groups
post–weight loss (data not shown).

WLM
Weight loss, fat mass, and lean mass were similarly maintained

in bothWLM intervention groups from the post–weight loss period

to the post-WLMperiod (Fig. 3 and Table 2). On average, exercisers
completed 3.6 ± 0.2 exercise bouts per week (range, 2.8 to 4.5 bouts
per week) with an average duration of 47.0 ± 0.2 min at an average
intensity of 5.8 ± 0.4 METs. During the WLM phase of the study,
attendance of theWLM-D group at biweekly meetings with study
personnel (71.7% attendance) and the WLM-Ex group at exer-
cise sessions (72.0% attendance) was similar.

Eating-related behaviors, appetite ratings, and appetite-related
hormones after the WLM interventions are presented in Table 2
andFigure 4.No significant between-group differenceswere detected
in these measures, although there was a trend (P = 0.07) for the
perceived hunger subscale of the Three Factor Eating Question-
naire to be higher in WLM-Ex as compared with WLM-D. There
was also no difference detected in ratings of hedonic food pictures
or food cravings (Table 2). No differences were seen in hunger or

TABLE 1.
Baseline and Post–Weight Loss Body Composition, Appetite, and Hormone Measures.

Baseline Post–Weight Loss

Body weight (kg) 93.6 ± 3.5 85.0 ± 3.5*

BMI (kg·m−2) 34.3 ± 0.7 31.0 ± 0.9*

Lean body mass (kg) 47.4 ± 1.7 45.4 ± 1.9*

Fat mass (kg) 41.5 ± 2.0 35.8 ± 2.0*

Body fat (%) 45.4 ± 1.0 42.7 ± 1.3*

Ad libitum intake (kcal)a 754 ± 54.6 662 ± 91.5

TFEQ

Disinhibition 8.8 ± 0.9 5.9 ± 0.9*

Restraint 10.9 ± 1.5 15.6 ± 1.0*

Perceived hunger 4.6 ± 0.7 2.9 ± 0.5*

VAS appetite ratingsb

Hunger AUC (mm·180 min−1) 5078 ± 2471 6674 ± 3046

Satiety AUC (mm·180 min−1) 4810 ± 2789 5758 ± 2504

Hedonic image ratings

Desire 64.0 ± 4.8 61.1 ± 4.0

Appeal 67.1 ± 3.0 66.3 ± 3.2

Food cravings 39.5 ± 2.6 35.2 ± 2.7

Hormones (AUC)b

Ghrelin AUC (pg·mL−1·180 min−1) 160,413 ± 41,226 173,838 ± 56,778

GLP-1 AUC (pmol·L−1·180 min−1) 862 ± 402 996 ± 574

PYYAUC (pg·mL−1·180 min−1) 21,683 ± 11,141 23,370 ± 11,480

Fasting leptin (ng·mL−1.) 45.3 ± 5.3 33.9 ± 4.5*

Values are presented as mean ± SE.
a Intake during ad libitum lunch buffet.
b Response to a standardized breakfast meal.
* P < 0.05 main effect of time.
BMI, body mass index; TFEQ, Three Factor Eating Questionnaire; VAS, visual analog scale.
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satiety AUC between the two conditions (Fig. 4). Furthermore, fasting
leptin did not differ between the two groups nor did ghrelin, PYY,
or GLP-1 AUC (Table 2 and Fig. 4). Energy intake during the ad

libitum lunch meal did not differ between the groups either
(WLM-D = 646 ± 168 kcal vs WLM-Ex = 836 ± 120 kcal).

DISCUSSION
This pilot study was conducted to examine the effects of

exercise, as compared with diet, during WLM and its associa-
tion with hormonal and behavioral indices of appetite regula-
tion. The results of this study suggest that both continued dietary
support or exercise interventions can lead to short-termWLM
in weight-reduced women with obesity. In line with these find-
ings, no significant differences were seen in measures of appe-
tite regulation between the twoWLM strategies. Taken together,
these results demonstrate that both the WLM-D and the WLM-
Ex interventions were effective during this short-term WLM
contrary to observational studies, suggesting an important
role of exercise in long-term WLM.

The exercise intervention in this study targeted an increase
in energy expenditure of 2000 kcal·wk−1 above resting levels.
This amount of physical activity falls within the American College
of SportsMedicine’s recommendation forWLMof 200–300min

Figure 3: Individual body weights at each study phase. Body weight at
baseline, post–weight loss, and post-WLM for women randomized to
WLM-D or WLM-Ex interventions.

TABLE 2.
Post-WLM Body Composition, Appetite, and Hormone Measures.

WLM-D (n = 7) WLM-Ex (n = 6)

Body weight (kg) 85.0 ± 5.4 86.4 ± 6.0

Fat mass (kg) 35.4 ± 3.3 35.9 ± 3.8

Lean mass (kg) 46.1 ± 2.9 46.4 ± 2.4

Body fat (%) 42.0 ± 2.5 41.9 ± 2.2

TFEQ

Disinhibition 5.8 ± 1.2 7.2 ± 1.4

Cog restraint 15.0 ± 1.8 15.0 ± 1.7

Perceived hunger 2.2 ± 0.8 4.6 ± 0.8

VAS appetite ratingsa

Hunger AUC (mm·180 min−1) 5383 ± 1239 5366 ± 1047

Satiety AUC (mm·180 min−1) 5448 ± 1375 4679 ± 753

Hedonic image ratings

Desire 57.5 ± 6.8 46.9 ± 9.2

Appeal 61.7 ± 5.1 58.2 ± 4.8

Food cravings 35.6 ± 3.5 42.3 ± 4.9

Hormones (AUC)a

Ghrelin AUC (pg·mL−1·180 min−1) 155,713 ± 23,559 191,570 ± 20,647

PYYAUC (pg·mL−1·180 min−1) 21,425 ± 4990 20,913 ± 2368

GLP-1 AUC (pmol·L−1·180 min−1) 824 ± 146 828 ± 145

Fasting leptin (ng·mL−1) 35.1 ± 7.9 40.6 ± 10.9

Values are presented as mean ± SE.
a Response to standardized breakfast meal.
BMI, body mass index; TFEQ, Three Factor Eating Questionnaire; VAS, visual analog scale.
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of moderate-intensity physical activity per week (21). We found,
like many others (22–29), that this level of activity supported
short-term WLM. We used supervised exercise in our study
but still found variability in the average number of exercise bouts
completed eachweek ranging from2.82 to 4.5 sessions perweek.
Because this was a pilot study, the study was not powered to
determine whether differences in the number of exercise bouts
affectedWLM success; however, others have found exercise to
improve WLM in a dose-dependent manner (24,30). We only
examined a 12-wkWLMperiod; as such, it is possible that lon-
ger follow-up periods duringwhichmotivationwanes and small
differences in intake and expenditure accumulate over time would
be required to detect differences betweenWLM-D andWLM-
Ex groups.

In contrast to theWLM-Ex group, theWLM-D group in the
current study received ongoing dietary support during theWLM
period. Providing dietary support to theWLM-D groupmay
have led to improvements inWLM success beyond what would
be expected had they not received continued care. In addition,

the structuredweight loss program used in the current study used
liquid meal replacements, and participants were given the option
to continue to use the liquidmeal replacements as part of aWLM
strategy. The use of liquid meal replacements has been shown
to improve WLM success compared with a food-based diet
program and may have improvedWLM in bothWLM groups
(31–34). Research has shown that even as few as one contact
with study personnel per month, either in person or via telephone,
can improve WLM compared with no contact groups (35). The
WLM-D group maintained a similar weight loss as the WLM-Ex
group despite having fewer contacts with study personnel during
theWLMphase. These results could indicate that despite receiving
fewer contacts, the WLM-D group received sufficient contact
with study personnel to receive this benefit.

This current study was designed to investigate the hormone
and appetite response to a standardized meal in response to ei-
ther a diet (WLM-D) or an exercise (WLM-Ex) intervention
during WLM. In the present study, both WLM-D and WLM-
Ex groups responded similarly to the standardized breakfast

Figure 4: Appetite ratings and appetite-related hormones in response to a standardized breakfast meal. Subjective hunger (A) and fullness (B), and
ghrelin (C), PYY (D), and GLP-1 (E) after an overnight fast and for 3 h after a standardized breakfast meal after WLM interventions for women
randomized to WLM-D or WLM-Ex groups.
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meal. To our knowledge, no other studies have looked at the
hormone and appetite responses to ameal with exercise during
WLM; however, several studies have been conducted in non–
weight-reduced women. In women without obesity, exercise
increased fasting total ghrelin concentrations when participants
were in an energy deficit, but consistentwith the findings of the
current study, fasting ghrelin concentrations did not change in
women that were weight stable (36). In a study conducted in
women with obesity, Hagobian et al. (37) found that 4 d of aer-
obic exercise induced increases in total and acylated ghrelin af-
ter a standardizedmeal comparedwith a nonexercise condition.
Despite this increase in ghrelin, the investigators found no dif-
ference in reported hunger or satiety (37). In healthy females,
an acute bout of exercise (30% of total daily energy expendi-
ture) did not change hormone (PYY, acylated ghrelin, and in-
sulin) or subjective appetite compared with rest (38). Largely in
line with these results, the current study found no difference be-
tween theWLM-Dand theWLM-Exgroups in appetite-regulating
hormones ormeasures of hunger and satiety over the course of
the study day. Variability in results between studies can likely
be attributed to variation in the type, intensity, duration of ex-
ercise, acute versus chronic exercise, amount of time since the
last exercise bout, variation in participant characteristics (sex,
age, obesity status, weight loss magnitude, and duration in a
weight-reduced state), and differences between run-in meals,
standardized meal macronutrient composition, timing, calorie
content, and duration of peptide/hormonemeasurements (39).
Future work is needed to understand how each of these variables
influence the appetite-regulating hormones and aspects of hunger
and satiety.

Preclinical studies of weight loss andWLM find that exercis-
ing females regain lost weight at a similar rate to sedentary fe-
males. Specifically, female rats compensate for the cost of the
exercise bout by increasing their food intake, which results in
a similar weight regain to sedentary females (5). The results of
the current study suggest that the findings in the animal litera-
ture may translate to humans. Despite an increased energy ex-
penditure brought about by the exercise bout, the exercising
women maintained a similar weight loss to the WLM-D group.
Althoughwewere unable to capture the compensation, this sug-
gests that the exercising participants compensated for the cost of
the exercise bout by increasing energy intake, decreasingnonexercise
energy expenditure, or a combination of both.

There are a number of strengths to this study: 1) there was
good adherence to the exercise intervention, 2) we controlled
the participants’ diet for 3 d leading into each of the study days
tomaintain energy balance and provided all meals during each
study day, and 3)we used a comprehensive evaluation of behav-
ioral and hormonal indices of appetite regulation. Despite these
strengths, we acknowledge the following limitations. This study
did not measure nonexercise physical activity or sedentary
time, so we cannot determine whether compensation occurred
from changes in diet, nonexercise physical activity, or both. The
sample size of this pilot study was modest and may have lim-
ited our ability to detect differences between the groups.Wemea-
sured total ghrelin and acknowledge that measuring acylated
ghrelin may have provided additional insights. The duration
of the WLM intervention was only 12 wk, and therefore par-
ticipants in both groups were likely still motivated to adhere
to their assigned interventions. It is possible that a longer dura-
tion of WLM follow-up could have produced differences in

WLM success between the exercise and the diet groups. Hor-
monal and peptide measurements in response to the standard-
ized breakfast meal were obtained 24 h after the last exercise
bout. This may have limited our ability to detect differences in
appetite and appetite-related hormone concentrations between
groups, whichmay have been evident acutely after the exercise
bout as has been shown by others (40). Although there were no
significant differences seen in ad libitum intake at the in-laboratory
lunchmeal between diet and exercise groups, wemay havemissed
capturing habitual compensatory behaviors occurring across
multiple days or meals.

CONCLUSION
In conclusion, we found that both a diet or an exercise in-

tervention after weight loss was equally successful in maintain-
ing a body weight in women over 12 wk. Furthermore, there
was no difference in measures of hunger, satiety, or appetite-
related hormones in response to a standardized meal between
the intervention groups. Although this pilot work warrants fur-
ther investigation in a larger sample size and over a longer du-
ration, these results suggest that womenmay compensate for the
cost of the exercise by either increasing food intake or decreasing
daily energy expenditure, thus experiencing short-term WLM
success similar to that of women that did not exercise.

This study was supported by the National Institutes of Health
grant nos. T32DK07658-26 and TL1 TR001081.

The contents of this study do not represent the views of the U.
S. Department of Veterans Affairs or the United States Government.

The authors report no conflicts of interest. The results of the
present study do not constitute endorsement by the American Col-
lege of Sports Medicine.

REFERENCES
1. Kraschnewski JL, Boan J, Esposito J, et al. Long-term weight loss mainte-

nance in the United States. Int J Obes (Lond). 2010;34(11):1644–54.

2. MacLeanPS,WingRR,DavidsonT, et al. NIHworkinggroup report: innovative
research to improve maintenance of weight loss.Obesity (Silver Spring). 2015;
23(1):7–15.

3. Sumithran P, Prendergast LA, Delbridge E, et al. Long-termpersistence of hor-
monal adaptations to weight loss. N Engl J Med. 2011;365(17):1597–604.

4. Maclean PS, Bergouignan A, Cornier MA, JackmanMR. Biology's response to
dieting: the impetus for weight regain. Am J Physiol Regul Integr Comp Phys-
iol. 2011;301(3):R581–600.

5. Foright RM, Presby DM, Sherk VD, et al. Is regular exercise an effective strat-
egy for weight loss maintenance? Physiol Behav. 2018;188:86–93.

6. Mayer J, Roy P, Mitra KP. Relation between caloric intake, body weight, and
physical work: studies in an industrial male population in West Bengal. Am J
Clin Nutr. 1956;4(2):169–75.

7. Shook RP, HandGA, Drenowatz C, et al. Low levels of physical activity are as-
sociated with dysregulation of energy intake and fat mass gain over 1 year.
Am J Clin Nutr. 2015;102(6):1332–8.

8. Thomas JG, Bond DS, Phelan S, Hill JO, Wing RR. Weight-loss maintenance
for 10 years in the National Weight Control Registry. Am J Prev Med. 2014;
46(1):17–23.

9. Catenacci VA, Grunwald GK, Ingebrigtsen JP, et al. Physical activity patterns
using accelerometry in the National Weight Control Registry. Obesity (Silver
Spring). 2011;19(6):1163–70.

10. Catenacci VA, Ogden LG, Stuht J, et al. Physical activity patterns in the Na-
tional Weight Control Registry. Obesity (Silver Spring). 2008;16(1):153–61.

11. Donnelly JE, Smith B, Jacobsen DJ, et al. The role of exercise for weight loss
and maintenance. Best Pract Res Clin Gastroenterol. 2004;18(6):1009–29.

12. Schubert MM, Sabapathy S, Leveritt M, Desbrow B. Acute exercise and hor-
mones related to appetite regulation: a meta-analysis. Sports Med. 2014;
44(3):387–403.

13. Douglas JA, Deighton K, Atkinson JM, Sari-Sarraf V, Stensel DJ, Atkinson G.
Acute exercise and appetite-regulating hormones in overweight and obese in-
dividuals: a meta-analysis. J Obes. 2016;2016:2643625.

http://www.acsm-tj.org Translational Journal of the ACSM 7

Copyright © 2020 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



14. Stunkard AJ, Messick S. The three-factor eating questionnaire to measure
dietary restraint, disinhibition and hunger. J Psychosom Res. 1985;29(1):
71–83.

15. White MA, Whisenhunt BL, Williamson DA, Greenway FL, Netemeyer RG. De-
velopment and validation of the food-craving inventory.Obes Res. 2002;10(2):
107–14.

16. Burger KS, Cornier MA, Ingebrigtsen J, Johnson SL. Assessing food appeal
and desire to eat: the effects of portion size & energy density. Int J Behav Nutr
Phys Act. 2011;8:101.

17. Blundell J, de Graaf C, Hulshof T, et al. Appetite control: methodological as-
pects of the evaluation of foods. Obes Rev. 2010;11(3):251–70.

18. Cornier MA, Salzberg AK, Endly DC, Bessesen DH, Rojas DC, Tregellas JR.
The effects of overfeeding on the neuronal response to visual food cues in thin
and reduced-obese individuals. PLoS One. 2009;4(7):e6310.

19. Cornier MA, Grunwald GK, Johnson SL, Bessesen DH. Effects of short-term
overfeeding on hunger, satiety, and energy intake in thin and reduced-obese
individuals. Appetite. 2004;43(3):253–9.

20. Thomas EA, Bechtell JL, Vestal BE, et al. Eating-related behaviors and appe-
tite during energy imbalance in obese-prone and obese-resistant individuals.
Appetite. 2013;65:96–102.

21. Donnelly JE, Blair SN, Jakicic JM, et al. American College of Sports Medicine
Position Stand: appropriate physical activity intervention strategies for weight
loss and prevention of weight regain for adults.Med Sci Sports Exerc. 2009;
41(2):459–71.

22. Borg P, Kukkonen-Harjula K, Fogelholm M, Pasanen M. Effects of walk-
ing or resistance training on weight loss maintenance in obese, middle-
aged men: a randomized trial. Int J Obes Relat Metab Disord. 2002;26(5):
676–83.

23. FogelholmM, Kukkonen-Harjula K, Nenonen A, PasanenM. Effects of walking
training onweight maintenance after a very-low-energy diet in premenopausal
obese women: a randomized controlled trial. Arch Intern Med. 2000;160(14):
2177–84.

24. Jakicic JM, Marcus BH, Lang W, Janney C. Effect of exercise on 24-month
weight loss maintenance in overweight women. Arch Intern Med. 2008;
168(14):1550–9; discussion 9-60.

25. Leermakers EA, Perri MG, Shigaki CL, Fuller PR. Effects of exercise-focused
versus weight-focused maintenance programs on the management of obe-
sity. Addict Behav. 1999;24(2):219–27.

26. Perri MG, McAdoo WG, McAllister DA, Lauer JB, Yancey DZ. Enhancing the
efficacy of behavior therapy for obesity: effects of aerobic exercise and a mul-
ticomponent maintenance program. J Consult Clin Psychol. 1986;54(5):
670–5.

27. Skender ML, Goodrick GK, Del Junco DJ, et al. Comparison of 2-year weight
loss trends in behavioral treatments of obesity: diet, exercise, and combina-
tion interventions. J Am Diet Assoc. 1996;96(4):342–6.

28. Tate DF, Jeffery RW, Sherwood NE, Wing RR. Long-term weight losses associ-
ated with prescription of higher physical activity goals. Are higher levels of phys-
ical activity protective against weight regain? Am J Clin Nutr. 2007;85(4):954–9.

29. Wing RR, Venditti E, Jakicic JM, Polley BA, Lang W. Lifestyle intervention in over-
weight individualswith a family historyof diabetes.DiabetesCare. 1998;21(3):350–9.

30. Jakicic JM,MarcusBH,Gallagher KI, NapolitanoM, LangW.Effect of exercise
duration and intensity on weight loss in overweight, sedentary women: a ran-
domized trial. JAMA. 2003;290(10):1323–30.

31. Raynor HA, Champagne CM. Position of the Academy of Nutrition and Dietet-
ics: interventions for the treatment of overweight and obesity in adults. J Acad
Nutr Diet. 2016;116(1):129–47.

32. Vazquez C, Montagna C, Alcaraz F, et al. Meal replacement with a low-calorie
diet formula in weight loss maintenance after weight loss induction with
diet alone. Eur J Clin Nutr. 2009;63(10):1226–32.

33. Davis LM, Coleman C, Kiel J, et al. Efficacy of a meal replacement diet plan
compared to a food-based diet plan after a period of weight loss and weight
maintenance: a randomized controlled trial. Nutr J. 2010;9:11.

34. Ard JD, Lewis KH, Rothberg A, et al. Effectiveness of a total meal replacement
program (OPTIFAST program) on weight loss: results from the OPTIWIN
study. Obesity (Silver Spring). 2019;27(1):22–9.

35. Montesi L, El Ghoch M, Brodosi L, Calugi S, Marchesini G, Dalle Grave R.
Long-term weight loss maintenance for obesity: a multidisciplinary approach.
Diabetes Metab Syndr Obes. 2016;9:37–46.

36. Leidy HJ, Gardner JK, FryeBR, et al. Circulating ghrelin is sensitive to changes
in body weight during a diet and exercise program in normal-weight young
women. J Clin Endocrinol Metab. 2004;89(6):2659–64.

37. Hagobian TA, Sharoff CG, Stephens BR, et al. Effects of exercise on energy-
regulating hormones and appetite in men and women. Am J Physiol Regul
Integr Comp Physiol. 2009;296(2):R233–42.

38. Hagobian TA, Yamashiro M, Hinkel-Lipsker J, Streder K, Evero N, Hackney T.
Effects of acute exercise on appetite hormones and ad libitum energy intake in
men and women. Appl Physiol Nutr Metab. 2013;38(1):66–72.

39. Hazell TJ, Islam H, Townsend LK, Schmale MS, Copeland JL. Effects of exer-
cise intensity on plasma concentrations of appetite-regulating hormones: po-
tential mechanisms. Appetite. 2016;98:80–8.

40. Alajmi N, Deighton K, King JA, et al. Appetite and energy intake responses to
acute energy deficits in females versus males. Med Sci Sports Exerc. 2016;
48(3):412–20.

8 Volume 5 • Number 12 • Fall 2020 Exercise with Weight Loss Maintenance

Copyright © 2020 by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.


