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ABSTRACT
Background: Calorie restriction (CR) influences aging processes
and extends average and maximal life spans. The CALERIE 2
(Comprehensive Assessment of Long-Term Effects of Reducing
Intake of Energy Phase 2) study was the first randomized clinical
trial to examine the metabolic and psychological effects of CR in
nonobese humans.
Objective: We conducted a 2-y follow-up study of adults who un-
derwent 2 y of CR or ad libitum (control) consumption and deter-
mined whether weight loss and acquired behaviors persisted after
the study ended when participants determined their own lifestyle
behaviors.
Design: In this prospective, longitudinal study, we assessed differ-
ences in weight, body composition, psychological function, and
energy expenditure in 39 nonobese [body mass index (in kg/m2):
22–28] men and women (25% CR: n = 24; control: n = 15) 12 and
24 mo after they completed the CALERIE 2 study at Pennington
Biomedical.
Results: Of 39 participants who were in the follow-up study, 29
subjects (CR: n = 18; control: n = 11) completed all visits at follow-
up months 12 and 24. After the CR intervention, a mean 6 SEM
weight loss of 9.0 6 0.6 kg was observed in the CR group, in which
only 54% of the weight was regained 2 y later. Despite such a
regain, weight, the percentage of body fat, and fat mass remained
significantly reduced from baseline throughout follow-up and re-
mained significantly less than in the control group (P , 0.05). At
follow-up, the CR group retained higher degrees of dietary re-
straint and avoidance of certain foods.
Conclusion: After a 2-y intensive CR intervention, w50% of
CR-induced weight loss was maintained 2 y later, which was prob-
ably the result of lasting effects on acquired behaviors and die-
tary restraint. This trial was registered at clinicaltrials.gov as
NCT00943215. Am J Clin Nutr 2017;105:928–35.

Keywords: calorie restriction, CALERIE study, diet, energy
expenditure, metabolic adaptation, mood, quality of life, weight loss

INTRODUCTION

Calorie restriction (CR),3 which is a dietary intervention that
lowers calorie consumption, is the only intervention that has
been known to delay both primary aging and secondary aging
(1, 2) and to extend average and maximal life spans in many
animal models. The list of potential mechanisms by which CR is

thought to increase the life span is extensive, yet inconclusive.
Of the many hypothesized primary mechanisms, a reduction in
metabolic rate (rate of living) that is accompanied by a lower
amount of free-radical production and less oxidative damage to
DNA, proteins, and lipids has been favored as one of the leading
hypotheses (3). Similarly, secondary aging or incidences of age-
related diseases such as diabetes, cardiovascular diseases, and
some forms of cancers are delayed by CR, probably through
alterations in neuroendocrine activities (4, 5). Research in
nonhuman primates has suggested that the mortality rate is
lower in CR animals than in control animals (6–12). Naturally
occurring episodes of CR exist in humans (4, 13–21) and pro-
vide important information on changes in biomarkers of
aging.

The CALERIE (Comprehensive Assessment of Long-Term
Effects of Reducing Intake of Energy) study presents the larg-
est randomized controlled trials to date to have examined both the
metabolic and behavioral effects of CR in nonobese humans. The
CALERIE phase 1 trial first showed that CR at an amount of 15–
25% is safe and feasible in nonobese humans and results in
weight loss with improvements in body composition, energy
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expenditure (EE), hormone concentrations, the lipid profile, and
insulin sensitivity (5, 22–27) without triggering eating-disorder
symptoms, harmful psychological effects, a reduced quality of
life (QOL), or decreased cognitive function (28, 29). The
CALERIE Phase 2 (CALERIE 2) multicenter trial randomly
assigned 218 nonobese, healthy men and women to a 25% CR
diet or an ad libitum (control) diet for 2 y (30). Although the 2-y
trial resulted in substantially less CR than the targeted 25% CR
(w12% CR), CR individuals lost on average .10% of weight
from baseline to year 1 and basically maintained this weight loss
over the second year period (31). The 2-y trial confirmed the
presence of a CR-induced metabolic adaptation in total daily EE
that was measured with the use of doubly labeled water (DLW);
however, resting EE that was adjusted for losses of fat-free and
fat masses was only significantly lower in the CR group than in
the control group at 1 y (31).

To the best of our knowledge, there has been no follow-up of
nonobese humans who were enrolled in CR interventions to test
whether CR-induced weight loss and potentially acquired be-
haviors persist after such an intensive, structured intervention has
ended. Therefore, we conducted a 2-y prospective follow-up of
individuals who completed the CALERIE 2 trial at Pennington
Biomedical. We evaluated whether weight loss, as well as
changes in health-related QOL and eating attitudes and behaviors,
were maintained over the 2 y after the intensive CR intervention.
As a secondary endpoint, we also examined whether the effects of
2 y of CR on 24-h energy expenditure (24hEE) and sleep energy
expenditure (SleepEE) (metabolic adaptation) persisted 2 y after
the active intervention. We hypothesized that some of the weight
loss would be maintained because of the persistence of behavioral
changes and despite the maintenance of a metabolic adaptation.

METHODS

Study design

Participants who completed the CALERIE 2 study [clinicaltrials.
gov; NCT00427193 (main study), NCT02695511 (ancillary study)]
at Pennington Biomedical were invited to participate in a 2-y
prospective follow-up study with no intervention (clinicaltrials.gov;
NCT00943215). Outcome assessments were performed at 12 and
24mo after completion of the study [i.e., follow-up at 12mo (FU12)
and follow-up at 24 mo (FU24)]. No intervention services were
provided by the CALERIE team during follow-up; only postcard
notifications and telephone calls were used to remind participants
of their clinic appointments.

At FU12 and FU24, participants were asked to complete a
single outpatient visit (that lasted w7 h) 14 d before a 26-h
inpatient stay. DLW was administered at these visits. Out-
patient assessments included body composition, fasting urine
collection, and psychological questionnaires. During the in-
patient stay, anthropometric measures, vital signs, a fasting
blood draw (no data available), and dietary intake were as-
sessed starting at 0630. A 24-h respiratory chamber was then
conducted at 0800 to assess EE, and lasted until the following
morning. Weight loss and behavioral adaptations were the
primary endpoints, whereas 24hEE and SleepEE were sec-
ondary endpoints. The study protocol was approved by an in-
stitutional review board, and participants provided written
informed consent.

Study participants

Of 80 eligible participants who were enrolled at Pennington
Biomedical, 65 participants had complete weight measures
throughout 2 y of CR and, therefore, were offered participation in
the 2-y follow-up study. Of 65 completers, 39 subjects (60%)
agreed to enroll in the follow-up study. An extensive presentation
of the CALERIE 2 study design, methods, and main results has
been previously reported (30–32). Only adherent participants
were included within the current per protocol analyses. CR and
control participants were considered nonadherent if they had
,5% or .5% of weight loss at either month 12 of the 2-y in-
tervention (M12) or month 24 of the 2-y intervention (M24),
respectively. The Consolidated Standards of Reporting Trials
diagram that summarizes the throughput of participants is pro-
vided in Figure 1. No differences in study characteristics existed
between the 39 participants who were enrolled in the follow-up
and the 26 participants who did not enroll in the follow-up be-
fore CR at baseline, M12, or M24.

Anthropometric measurements and body composition

Weight was measured in the morning after an overnight fast
(Scale-Tronix 5200; Scale-Tronix Inc.) while the subject wore a
surgical gown, which was subtracted from the total weight. Body
composition was measured with the use of dual X-ray absorpti-
ometry (Hologic QDR 4500A; Hologic) and an EchoMRI device
(EchoMedical Systems). During follow-up, the Lunar iDXA scanner
(Lunar iDXA; General Electric) was used as a backup scanner if we
were unable to obtain measurements with the use of the Hologic
QDR 4500A or EchoMRI device because of maintenance issues.

FIGURE 1 CALERIE 2 follow-up Consolidated Standards of Reporting
Trial diagram. Participant throughput from enrollment (n = 39) to data
analysis (n = 29). Analyses were performed on 29 men and women who
on the basis of objective criterion (weight change) were determined to be
adherent to their assigned treatment groups during the intervention. CALERIE 2,
Comprehensive Assessment of Long-Term Effects of Reducing Intake of
Energy Phase 2; CR, calorie restriction; FU12, follow-up at 12 mo; FU24,
follow-up at 24 mo; M24, month 24 of the 2-y intervention.
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All 3 body-composition instruments were located in the same
temperature-controlled room (24.68C 6 0.58C). An effort was
made to convert body-composition data to Hologic QDR 4500A
data with the use of validated, sex-specific conversion equations
when Hologic QDR 4500A data were not available. Specifi-
cally, sex-specific equations from the EchoMRI-AH to Hologic
QDR 4500A devices were used (33) as well as sex-specific
equations from the Lunar iDXA to Hologic QDR 4500A devices
(S Heymsfield, W Johnson, unpublished data, 2012; Supplemental
Materials). Although converted body-composition measures
were reported, concerns related to interinstrument comparisons
remained; therefore, the body surface area was further calculated
to provide another method of adjusting EE data for body size (34).

Self-report questionnaires

Changes regarding the QOL and sexual function through month
24 have been previously reported in detail (35); the focus of the
current analyses was to provide comprehensive data on changes in
psychological status through FU24. The Food-Craving Inventory
(36) was used as a measure of general food cravings (represented by
the total score), and cravings for high fats, sweets, carbohydrates and
starches, and fast-food fats. Higher scores reflected increased
cravings. The Eating Inventory (37) was used to measure dietary
restraint (the intent to restrict food intake), disinhibition (the ten-
dency to overeat), and perceived hunger. Higher scores indicated
greater levels of the construct being measured. The Multifactorial
Assessment of Eating Disorders Symptoms (MAEDS) (38) was
used to assess symptoms that were related to eating disorders with
higher values representing greater levels of the construct. The
MAEDS was used to assess 6 symptoms that are associated with
eating disorders, including depression, the avoidance of forbidden
foods, fear of fatness, binge eating, restrictive eating, and purgative
behavior. QOL and emotional wellbeing were measured with the
Rand Short Form 36 (SF-36) (39), which included 4 measures of
mental aspects of QOL (role limitations that were due to emotional
problems, vitality, social functioning, and mental health) and 4
measures that assessed physical aspects of QOL (physical func-
tioning, role limitations that were due to physical problems, bodily
pain, and general health); higher scores reflected better QOL. The
Body Shape Questionnaire–Short Form was used to measure global
appearance satisfaction and the perception of feeling fat; higher
scores reflected greater body dissatisfaction (40). Mood was assessed
with the use of the Beck Depression Inventory II, with higher scores
indicating worse mood (41, 42). The Derogatis Interview for Sexual
Function–Self-Report was used to assess sex-specific sexual function
(43), with higher scores indicative of better sexual function. The
ranges of scores on the Derogatis Interview for Sexual Function
were as follows: 5–45 (sexual cognition and fantasy, sexual arousal,
and sexual behavior and experience), 5–25 (orgasm), 4–28 (sexual
drive and relation), and 24–188 (total score).

24hEE in the respiratory chamber

The change in the resting metabolic rate through the 2-y
CALERIE intervention has been previously reported (31) with
the focus of the current analyses on changes in EE through FU24
as a secondary endpoint. At FU12 and FU24, participants entered
the chamber at w0800 after an overnight fast for measurements
of 24hEE and SleepEE as previously described (44). SleepEE

was assessed between 0200 and 0500 for minutes during which
activity was ,1%, and extrapolated to 24 h. Meals were pre-
pared by the metabolic kitchen and served according to a fixed
schedule with breakfast at 0900, lunch at 1330, and dinner at
1900. Chamber meals consisted of 20%, 30%, and 50% from
protein, fat, and carbohydrate, respectively. Food intake was
administered to ensure an energy balance with individual calorie
amounts estimated at FU12 and FU24 visits according to weight
with the use of a previously developed equation (45). Intake was
adjusted during the day on the basis of the EE of the first 7 h of
the chamber measurement (46).

Estimation of physical activity

Although not a primary or secondary endpoint, the physical
activity level (PAL) was estimated from total daily energy expen-
diture (TDEE) with the use of 14-d DLWand the sleeping metabolic
rate (SMR) according to 2 different calculations as follows: 1) the
PAL (equal to the TDEE divided by the SMR), and 2) the activity-
related energy expenditure (AREE) (i.e., the residual value of the
regression between the measured TDEE and the measured SMR)
(47). Briefly, participants provided 2 urine samples before DLW
dosing with labeled water (2.0 g 10% enriched H2

18O and 0.12 g
99.9% enriched 2H2O/kg estimated total body water from dual
X-ray absorptiometry) and 2 samples at 4.5 and 6 h after dosing.
Urine samples that were collected at 1.5 and 3 h were discarded.
On day 14 after dosing, participants provided 2 additional timed
urine samples. Each sample was analyzed for 18O and 2H abun-
dance with the use of isotope ratio mass spectrometry (47). The
carbon dioxide production rate was calculated with the use of the
equations of Schoeller (48) as modified by Racette et al. (49). Total
energy expenditure was calculated by multiplying the carbon di-
oxide production rate by the energy equivalent of CO2 for a re-
spiratory quotient of 0.86, which corresponded to a diet that was
comprised of 30% fat, 55% carbohydrate, and 15% protein.

Statistical analysis

All analyses were performed with the use of SAS version 9.4
software (SAS Institute Inc.). All tests were performed with a
significance level of a = 0.05, and P , a signified significance.
Changes from baseline (month 0) to M12 and M24 as well as
changes from baseline to FU12 and FU24 were assessed with
the use of a linear mixed model for repeated measures that was
fitted with the change from baseline at M12 through FU24 as the
response and contained fixed effects for the treatment group,
month, and interaction. All statistical values are reported as
means 6 SEMs, except for baseline characteristics (means 6
SDs). A random-subject effect was included to account for
within-subject correlations between measures over time. In the
presence of a significant treatment-by-time interaction, 2-sample
t tests that were constructed from least-squares means were used
to compare overall mean changes for within-group and between-
group differences. Four of the psychological variables had very
limited variability because of a ceiling effect; thus, descriptive
data are provided, and inferential statistics were not conducted
(ceiling effects on these measures are common in a healthy
population). Metabolic adaptations in 24hEE and SleepEE are
expressed as changes in residual values (i.e., the change from
baseline in the difference between the measured EE and
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predicted EE at each time point) (50). The predicted EE at
follow-up was calculated via predictive equations that were
derived from linear regression models with the use of CALERIE
2 baseline values. With the use of all baseline data from
available participants (n = 71), EE was regressed against the
body surface area (BSA) (34), age, and sex as model covariates
as follows:

24hEEpredicted ¼ 828þ 7183
�
BSA;m2

�
2 2:5

3 ðage; yÞ2 2643 ðsex; 1¼ female; 0¼ maleÞ;
R2 ¼ 0:69; P , 0:0001 ð1Þ

SleepEEpredicted ¼ 580þ 6663
�
BSA;m2

�
2 3:33 ðage; yÞ2 180

3 ðsex; 1¼ female; 0¼ maleÞ;R2¼ 0:68;

P , 0:0001 ð2Þ

The difference in the residual value (follow-up minus baseline
values) with adjustment for the baseline residual was used as a
value of the extent at which EE was adapted to CR (i.e., a negative
value indicated metabolic adaptation) (50).

RESULTS

Study participants

Thirty-nine participants who were adherent to the original
intervention (CR: n = 24; control: n = 15 controls) were enrolled
in this follow-up study. During follow-up, 6 participants dropped
out from the CR group, and 4 participants dropped out from the
control group. Twenty-nine subjects [CR: n = 18 (13 women);
control: n = 11 (6 women)] of the total 39 enrolled and adherent
participants completed assessments at both FU12 and FU24.
Demographic characteristics of the 29 completers (Table 1) as
well as all measures of body composition and EE were not dif-
ferent from those of the 39 enrolled participants. In addition, a
similar ratio of women to men (w70:30) was reported in the
CALERIE 2 study (of 218 subjects who were randomly assigned
to the CR and control groups, 153 participants were women) (30).

Changes in weight and body composition

The mean weight change from baseline for all CR and control
participants who completed the follow-up study are listed in
Table 1 and graphed in Figure 2. The CR group achieved a
significant weight reduction from baseline at M12, M24, FU12
(all P , 0.0001), and FU24 (P , 0.001). The control group had
no significant change in weight throughout the 4-y period
(i.e., intervention and follow-up). Between-group differences in
weight changes were significant at M12 (29.7 6 0.9 kg) and
M24 (29.4 6 0.9 kg) (both P , 0.0001) and remained signif-
icant between treatment groups during follow-up [FU12: 25.9 6
1.4 kg (P , 0.001); FU24: 25.3 6 1.5 kg (P , 0.01)]. Of the
9.0 kg of CR-induced weight loss at M24, 54% of the weight was
regained but remained significantly reduced from baseline at
FU24 (P , 0.001). A significant loss of 6.3 kg in fat mass from
baseline was observed in the CR group at M24, 36% of which
was regained during follow-up, but there remained a significant
reduction from baseline at FU24 (P , 0.0001). Although not T
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significant, a loss of 2.7 kg in fat-free mass from baseline was also
observed in the CR group at M24, which returned to the baseline
value by FU12. By the end of follow-up (FU24), 27% of fat-free
mass that was lost during the intervention was regained.

Of 18 participants in the CR group, 11 participants were
overweight and 7 participants were normal weight at the start of
the original 2-y CR intervention (baseline). At the end of the CR
intervention (M24), 8 of the overweight participants achieved
normal-weight status, and 4 of these 8 participants still main-
tained their normal-weight status at the end of follow-up (FU24).
All 7 normal-weight participants in the CR group at baseline
maintained normal-weight status throughout M24 and FU24.

Psychological functioning

Mean assessments of QOL, eating attitudes and behaviors, and
body perception for CR and control participants who completed
the follow-up study are listed in Supplemental Table 1.

Eating behavior (Eating Inventory) and food cravings
(Food-Craving Inventory)

Cognitive restraint was significantly increased from baseline
within the CR group throughout the intervention and follow-up,
and differences between CR and control groups existed at M12,
M24, and FU24. No difference at FU12 was observed (Figure 3).
No differences in disinhibition or hunger changes were observed
during follow-up. There were also no changes in any food-craving
traits during follow-up.

Eating disorder symptoms (MAEDS)

Although the binge eating score in the CR group was decreased
from baseline at M24 (a significant between-group difference),
there were no additional differences in changes in feelings of
depression, binge eating, purging, fear of fatness, or restrictive
eating that existed within or between CR and control groups

during follow-up. No treatment-by-time interaction was present
for the change in the avoidance of forbidden food, but a noteworthy
significant treatment main effect existed (CR group: 5.44 6 1.13;
control group: 20.72 6 1.45; P = 0.002) (Figure 3), which in-
dicated that the mean change from baseline across the interven-
tion and follow-up periods was higher in the CR group.

QOL (Rand Short Form 36) and mood (Beck Depression
Inventory II)

No differences in changes in physical or mental aspects of
QOL were observed within or between CR and control groups
during follow-up. Despite a significant improvement in mood in
the CR group compared with the control group at M12, there was
no within-group or between-group difference in mood during
follow-up.FIGURE 2 Mean 6 SEM weight achieved throughout the intervention

and follow-up of control participants (n = 11) and CR participants (n = 18)
who were determined to be adherent during the intervention and completed
the follow-up study in full. Two-sample t tests of least-squares means 6
SEMs were used from mixed-model repeated measures. A significant weight
change from baseline existed between groups at all visits (P , 0.05). *Sig-
nificant within-group weight change from baseline, P , 0.05. CR, calorie
restriction; FU12, follow-up at 12 mo; FU24, follow-up at 24 mo; M0,
month 0 of the 2-y intervention (baseline); M12, month 12 of the 2-y inter-
vention; M24, month 24 of the 2-y intervention.

FIGURE 3 Mean 6 SEM behavioral changes throughout the interven-
tion and follow-up. A comparison is shown of behavioral changes in cogni-
tive restraint (via the EI) and avoidance of forbidden foods (via the MAEDS)
between the control group (n = 11) and CR group (n = 18) after M12 and
M24 of CR followed by 12 and 24 mo of a self-selected diet. Data presented
represent adjusted changes from baseline. Two-sample t tests of least-
squares means 6 SEMs from mixed-model repeated measures were used.
*Significant within-group difference, P , 0.05. *Significant between-group
difference, P , 0.05. zSignificant treatment main effect for the MAEDS
indicating that the mean change from baseline across the intervention and
follow-up periods was higher in the CR group (CR group: 5.44 6 1.13;
control: 20.72 6 1.45), P = 0.002. CR, calorie restriction; EI, Eating In-
ventory; FU12, follow-up at 12 mo; FU24, follow-up at 24 mo; MAEDS,
Multifactorial Assessment of Eating Disorders Symptoms; M12, month 12
of the 2-y intervention; M24, month 24 of the 2-y intervention.
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Body Shape Questionnaire–Short Form

Despite a significant improvement in body satisfaction at M12
and M24 in the CR group, which resulted in a significant in-
teraction effect, no within-group or between-group difference
was observed during follow-up.

Derogatis Interview for Sexual Function–Self-Report

There was a significant increase in sexual cognition and
fantasy in the control group at FU24, but no between-group
difference was observed.

Changes in 24hEE and SleepEE

As shown in Table 1, no significant (absolute) changes in 24hEE
were observed. Although the (absolute) decrease in SleepEE atM12
and M24 was significantly different between treatment groups, this
effect was lost during follow-up. Although not significantly different
from controls, SleepEE remained significantly reduced from
baseline only in the CR group during follow-up. In addition, no
significant treatment-by-time effect was observed for 24hEE or
SleepEE for metabolic adaptation. However, there was a significant
treatment main effect for SleepEE metabolic adaptation across
the 4-y intervention and follow-up (CR group: 291 6 18 kcal/d;
control group: 223 6 23 kcal/d; P = 0.03).

Estimation of physical activity

An estimate of physical activity was calculated as the PAL
(i.e., TDEE divided by the SMR). No difference in the PAL
change from baseline was observed between CR and control
groups during the active intervention; however, physical activity
(via the PAL) significantly increased from M24 to FU12 (0.136
0.06; P = 0.04) and trended toward a significant increase from
M24 to FU24 (0.13 6 0.07; P = 0.08) within the CR group,
whereas the PAL trended to increase in the control group only
from M24 to FU12 (0.14 6 0.08; P = 0.07). For a more refined
estimation of physical activity, the AREE was calculated via the
residual method (47). There was a significant change from
baseline in the CR group at FU12 (195 6 83 kcal/d; P = 0.03)
and FU24 (1956 84 kcal/d; P = 0.03) and in the control group at
FU12 (254 6 108 kcal/d; P = 0.03). However, a significant in-
crease from M24 was observed at FU12 in the CR group (192 6
81 kcal/d; P = 0.03). There were no between-group differences in
the change in AREE.

DISCUSSION

The current study was a controlled trial that investigated
whether nonobese participants would continue to follow dietary
and behavioral techniques to sustain some level of CR in the
absence of a support team and tested if CR-induced weight loss
and acquired behaviors would be maintained after discharge from
the study intervention. Indeed, participants in our original study
were in energy balance at 12 and 24 mo at reduced dietary intake.
Therefore, this follow-up study provides a better understanding
of whether CR-induced weight loss can be maintained despite
a lower energy demand in the presence of lower body weight
(therefore, lower energy intake to maintain the new weight) and
in the presence of metabolic adaptation. Our results show, for the
first time to our knowledge, that the effect of sustained CR was

maintained in the form of weight loss and improved body
composition in normal weight and overweight (nonobese)
humans whowere subjected to 2 y of CR. Also, to our knowledge,
the study is the first to show that the expected effects on eating
attitudes and behaviors remained for 2 y after the intervention
without compromising the QOL. Namely, dietary restraint
remained elevated at M24 of follow-up, and the CR group had a
higher avoidance of forbidden-food scores throughout the in-
tervention and follow-up period. The relevance of these findings
extend previous knowledge on the benefits of self-imposed CR.
Specifically, individuals of the Calorie Restriction Society, who
are called CRONies (Calorie Restriction with Optimal Nutrition),
practice CR as a lifestyle to prolong the life span. Studies on the
CRONies have shown the effects of long-term CR (4, 20, 51) and
have further showcased the possibility that individuals can
successfully practice self-imposed CR for extended periods of
time; 7 y to several decades of CR have been reported.

The finding that the CR group retained an increase in restraint
over 2 y of follow-up was noteworthy, particularly because
hunger did not change differently between the groups during
follow-up despite the CR group having suppressed body mass
compared with that of the control group. Body satisfaction
also improved in the CR group during the 2-y CR regimen but
did not differ between groups during follow-up. Furthermore,
no differential changes between groups were detected in
reported sexual function during follow-up. These eating at-
titudes and behaviors likely contributed to the CR-induced
weight loss and fat loss maintenance over the 24 mo after the CR
intervention because cognitive and behavioral efforts (e.g., restraint
and avoidance of forbidden foods) are needed to maintain some
CR and to avoid a return to baseline weight. Specifically, of the
9.0 kg of CR-induced weight loss observed, only 54% of the
weight was regained and remained significantly reduced from
the weight at baseline. For comparison, the Diabetes Prevention
Program, which was a randomized clinical trial that compared
the effect of a lifestyle intervention, metformin, or placebo
treatment on the incidence of diabetes, reported that lifestyle
group participants lost 7 kg in #1 y, which was followed
by a gradual weight regain that amounted to w70% after 10 y
of follow-up (52).

Absolute changes in 24hEE and SleepEE, although decreased
to a greater extent in CR individuals throughout the intervention,
were not different from control values during follow-up. None-
theless, SleepEE was still decreased from baseline at both 12 and
24 mo of follow-up in the CR group. Contrary to our hypothesis, a
treatment-group difference in the change over time in metabolic
adaptation (i.e., a reduction in EE larger than expected for the loss
of metabolic mass after weight reduction) was not observed for
24hEE or SleepEE. However, there was a group difference in the
overall mean metabolic adaptation that was observed for SleepEE
across the 4-y intervention and follow-up.

An important objective during weight loss is the reduction of
body fat while minimizing the loss of fat-free mass to maintain
optimalmetabolic and physical functioning.Within the current study,
fat-free mass was somewhat reduced in calorie-restricted individuals
during the intervention but returned to baseline values during the
follow-up period. The increase in the estimated physical activity from
the end of the intervention throughout M12 (as showcased via both
the PAL and AREE) may have assisted in the retention or a return
of fat-free mass to baseline values.
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In conclusion, future research in a larger sample size with a
more comprehensive assessment is needed to fully elucidate
the maintenance of weight loss and its duration in normal-
weight individuals who are engaged in CR. Indeed, a cautious
interpretation of our findings that is due to the small sample size
and multiple comparisons is important because of risk of false-
positive results. However, our results indicate that, 2 y after a
2-y intensive CR intervention, w50% of CR-induced weight
loss is maintained, probably because of lasting effects on be-
havior and dietary restraint despite persistent effects on met-
abolic adaptation.
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