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ABSTRACT
Background: The existence of metabolic adaptation, following
weight loss, remains a controversial issue. To our knowledge, no
study has evaluated the role of energy balance (EB) in modulating
metabolic adaptation.
Objectives: The aim of this study was to determine if metabolic
adaptation, at the level of resting metabolic rate (RMR), is modulated
by participants’ EB status. A secondary aim was to investigate if
metabolic adaptation was associated with weight regain.
Methods: Seventy-one individuals with obesity (BMI: 34.6 ± 3.4
kg/m2; age: 45.4 ± 8.2 y; 33 men) enrolled in a 1000-kcal/d diet
for 8 wk, followed by 4 wk of weight stabilization and a 9-mo
weight loss maintenance program. Body weight/composition and
RMR were measured at baseline, week 9 (W9), week 13 (W13),
and 1 y (1Y). Metabolic adaptation was defined as a significantly
different (lower or higher) measured compared with predicted
RMR.
Results: Participants lost on average 14 kg by W9, followed by
weight stabilization at W13, and regained 29% of their initial weight
loss at 1Y. Metabolic adaptation was found at W9 (−92 ± 110 kcal/d,
P < 0.001) and W13 (−38 ± 124 kcal/d, P = 0.011) but was not
correlated with weight regain. A significant reduction in metabolic
adaptation was seen between W9 and W13 (−53 ± 101 kcal/d,
P < 0.001). In a subset of participants who gained weight between
W9 and W13 (n = 33), no metabolic adaptation was seen at W13
(−26.8 ± 121.5 kcal/d, P = 0.214). In a subset of participants with
data at all time points (n = 45), metabolic adaptation was present at
W9 and W13 (−107 ± 102 kcal/d, P < 0.001 and −49 ± 128 kcal/d,
P = 0.013) but not at 1Y (−7 ± 129, P = 0.701).
Conclusion: After weight loss, metabolic adaptation at the level
of RMR is dependent on the EB status of the participants, being
reduced to half after a period of weight stabilization. Moreover,
metabolic adaptation does not predict weight regain at 1Y follow-
up. These trials were registered at clinicaltrials.gov as NCT02944253
and NCT03287726. Am J Clin Nutr 2020;112:1212–1218.
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Introduction
Weight loss is accompanied by a significant reduction in

total energy expenditure due to a decrease in both resting and
nonresting energy expenditure (EE) (1). Some have argued
that this reduction is greater than predicted, given the mea-
sured losses in both fat mass (FM) and fat-free mass (FFM)
(1–6), a mechanism known as metabolic adaptation or adaptive
thermogenesis. Metabolic adaptation would then correspond to
an exaggerated reduction in EE, below predicted levels, and could
be a barrier to successful weight loss maintenance. However,
others have reported no evidence of metabolic adaptation when
weight-stable individuals who had obesity and lost weight
were compared with BMI-matched controls (7–12), and to our
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knowledge, no one has ever reported metabolic adaptation to be
a risk factor for weight regain.

The existence, or lack of, and clinical relevance of metabolic
adaptation, in response to underfeeding and weight loss, has been
one of the most controversial issues in the obesity field (13–19).
A careful examination of the available literature seems to suggest
that differences among studies derive from inconsistencies
related with the status of energy balance (EB) and/or weight
stability of the participants when measurements are taken. In fact,
there is a trend for longitudinal studies to report metabolic adap-
tation (1–5), while cross-sectional studies, comparing individuals
who lost weight with BMI-matched controls, do not tend to
report metabolic adaptation (7–9, 20). However, cross-sectional
studies suffer from interindividual variability in resting metabolic
rate (RMR) and body composition. Comparing individuals with
obesity who have lost weight with lean controls is therefore not as
likely to demonstrate metabolic adaptation as carefully controlled
longitudinal studies.

We have recently shown that when EE measurements are
taken under conditions of weight stability, metabolic adaptation,
at the level of RMR, is only ∼50 kcal/d after a 12-kg weight
loss in previously overweight women (21). However, in that
study, measurements were not taken immediately after weight
loss, and as such, it is not possible to ascertain the role of
weight stability in modulating metabolic adaptation. Therefore,
the aim of the present secondary analysis was to determine
if metabolic adaptation, at the level of RMR, was modulated
by weight stability in a population of men and women with
obesity by measuring RMR immediately after weight loss and
after a 4-wk weight stabilization period. Secondary aims were
to investigate the presence of metabolic adaptation at 1-y (1Y)
follow-up and to determine if metabolic adaptation after weight
loss was correlated with weight regain at 1Y follow-up. We
hypothesized that metabolic adaptation would be reduced, or
completely absent, when measurements were performed after a
period of weight stabilization compared with immediately after
weight loss (under conditions of negative EB). Moreover, we also
hypothesized that metabolic adaptation would not be present at 1-
y follow-up and that metabolic adaptation after weight loss [either
week 9 (W9) or week 13 (W13)] would not be associated with
weight regain at 1Y follow-up.

Methods

Participants

Participants in this analysis are part of a large weight loss
study (ASKED—Ketosis and Appetite Suppression) that was
then followed by a weight loss maintenance study. The primary
aim of the studies was to identify the maximum carbohydrate
(CHO) intake that is still associated with appetite suppression
in a low-energy diet (LED) and to investigate the effect of
probiotics (compared with placebo) on weight loss maintenance,
respectively.

The original study included adult (aged 18–65 y) healthy
volunteers, men and women, with obesity [BMI ≥30 (in
kg/m2)], weight stable (<2-kg variation in weight within the
past 3 mo), not currently dieting to lose weight, and not using
any medications known to affect body weight, appetite, or
metabolism. Given that both the RMR and appetite of normally

ovulating women have been shown to vary across the menstrual
cycle (22, 23) but not in those who take oral contraception
(24), we included in this study postmenopausal women and
premenopausal women taking oral contraceptives or with a
normal menstrual cycle (28 ± 2 d) (but not those with an irregular
menstrual cycle). This was done to make sure that measurements
were taken in the same phase of the menstrual cycle.

The studies were both approved by the local ethical committee
and were registered at clinicaltrials.gov as NCT02944253 and
NCT03287726, respectively. All participants provided informed
consent before participating in the study.

Study design

The weight loss study was a randomized controlled trial
with repeated measurements conducted at the Regional Center
for Obesity Research and Innovation (ObeCe) in Trondheim,
Norway. All participants, both men and women, were randomly
allocated to 3 isocaloric 1000-kcal/d LEDs for 8 wk containing
varying amounts of CHO (70, 100, and 130 g in each group) and
a fixed amount of protein (75 g/d), with fat counterbalancing the
calories from CHO.

This was followed by a 4-wk controlled period of weight
stabilization. At W9, participants were gradually reintroduced
to consume normal foods while reducing the intake of LED
products. An individualized dietary plan, aiming at weight stabi-
lization, was prescribed to each participant following the Nordic
Nutrition Recommendations consisting of 15–20% protein, 20–
30% fat, and 50–60% CHO (25). Energy needs were estimated
by multiplying RMR values at W9 by physical activity level
(PAL) extracted from physical activity monitors (SenseWear).
The consumption of LED products was discontinued by the end
of week 10.

At W13, participants were randomly allocated (double
blinded, placebo controlled) to take a multistrain probiotic
(8 strains of lactobacilli and bifidobacteria) (Nycopro Ferie;
Nycomed) or placebo twice daily (1 with lunch and 1 with
dinner) over a period of 9 mo. Energy needs were recalculated
at W13 by using RMR at W13 and PAL at week 12 (W12) and
a new dietary plan prescribed to each participant, with the same
macronutrient composition as for the 4-wk weight stabilization
period. Participants had to attend follow-up meetings at ObeCe
every month with a research nurse for weighing, discussion
of potential side effects, and collection of probiotics dose for
the following month. A flowchart of the study can be seen in
Figure 1.

Participants were asked not to change their physical activity
(PA) levels during the first 12 wk of the study and to increase it
afterward during the 9-mo weight maintenance phase.

Data collection

The following measurements were conducted at baseline,
immediately after weight loss (day after the 8 wk of the 1000-
kcal/d diet) (W9), after 4 wk of weight stabilization (W13), and
at 1Y follow-up while the participants were in the fasting state
and immediately after they had voided in the morning.
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Assessed for eligibility (n = 127)

Randomization Study 1 (n = 101)

Excluded (n = 26)
- Did not meet inclusion criteria (n = 10)
- Decline to participate (n = 13)
- Other reasons (n = 3)

Week 9 (n = 75)

Week 13 (n = 71)

No RMR data (n = 12)
Drop outs  (n = 12)
- Could not adhere to the diet (n = 6)
- Intolerance to the diet (n = 1)
- Personal reasons (n = 5)

Drop outs (n = 4)
- Withdrew due to medical reasons (n = 1) 
- Lost to follow-up (n = 3)

Baseline assessment  (n = 99)

Did not come to baseline assessment (n = 2)

Randomization Study 2 (n = 60)

Not eligible (n = 3)
Chose not to participate (n = 8)

1 Year (n = 45)

Drop outs (n = 15)
- No compliance with probiotics or 

placebo  (n = 4)
- Wanted to continue to lose weight (n = 3)
- Use of antibiotics (n = 1)
- Lost to follow-up (n = 7)

FIGURE 1 Flowchart for the study.

Body weight and composition.

Body weight and composition were determined by whole-
body air displacement plethysmography (ADP) (BOD POD;
COSMED).

Intracellular water (ICW), as an indirect measure of glycogen
storage (26), was measured by bioimpedance analysis (BIA)
(InBody 720; Biospace).

Resting metabolic rate.

RMR was measured by indirect calorimetry (Vmax Encore
29N; Care Fusion) using a canopy system and standard operating
procedures (27).

Physical activity levels

Participants were asked to wear armbands (SenseWear) for a
7-d period at baseline; weeks 4, 8, and 12; and 12-mo follow-up.
Data were considered valid if the participants wore the device for
a minimum of 4 d, including at least 1 weekend day and >95% of
the time (28). The following variables were analyzed: number of
steps per day; time spent on sedentary [<1.5 metabolic equivalent
of tasks (METs)], light (1.5–3 METs), moderate (3–6 METs), and

vigorous to very vigorous (>6 METs) PA; and total PA (>1.5
METs) per day.

Statistical analysis

Only participants with RMR data available at baseline, W9,
and W13 were included in this analysis. As no significant
differences were seen in metabolic adaptation among randomly
allocated groups, either at W9 or W13 (P = 0.921 and P = 0.952,
respectively, from a one-factor ANOVA), all participants were
analyzed together. Statistical analysis was performed with SPSS
version 22 (SPSS, Inc.), data were presented as mean ± SD
(except for PA data, which were presented as mean ± SEM),
and statistical significance was set at P < 0.05. Changes in
body weight/composition and RMR over time were assessed with
a repeated-measures ANOVA, using Bonferroni correction for
multiple comparisons. The presence of metabolic adaptation was
tested by paired t tests, comparing measured RMR (RMRm) and
predicted RMR (RMRp) at the same time points. An equation to
predict RMR was derived from baseline data of all participants
that were part of this analysis and included age, sex, FM, and
FFM as predictors.

RMRp (kcal/d) = 505.945 + [110.894 × sex (1 for females
and 2 for males)] + [0.402 × Age (years)]+ [5.616 × FM
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TABLE 1 Baseline characteristics of the study participants (N = 71)

Characteristic Value

Age, y 45.4 ± 8.2
Males, n (%) 33 (47)
Anthropometrics

BMI, kg/m2 34.6 ± 3.4
Weight, kg 104.0 ± 14.6
Height, cm 173.1 ± 8.9
Fat mass, kg 43.3 ± 9.1
Fat mass, % 41.7 ± 6.4
Fat free mass, kg 60.9 ± 10.9
Fat free mass, % 58.4 ± 6.4

Values are means ± SDs unless otherwise indicated.

(kg)] + [15.213 × FFM (kg)].

R2 = 0.79; P < 0.001 (1)

This equation, derived from baseline data, was then used to
predict RMR at W9, W13, and 1Y, by using FM and FFM at each
specific time point.

Differences between metabolic adaptation at weeks 9 and 13
were evaluated by paired samples t test. Correlation analysis was
performed between metabolic adaptation after weight loss (W9
and W13) and weight regain at 1Y (as a percentage of the initial
weight lost) using Pearson or Spearman correlation coefficients,
when appropriate.

Changes in PA over time were analyzed using a linear mixed
model with repeated measures, with a restricted maximum
likelihood estimation and fixed effects for time. A Bonferroni
correction was applied for post hoc pairwise comparisons.

Results
Baseline characteristics of the study participants are shown

in Table 1. Seventy-one adult participants (33 men) with obesity
were included in the present analysis, with an average age of
45.4 ± 8.2 y and an average BMI of 34.6 ± 3.4.

Anthropometrics and RMR data, at baseline, W9, and W13, in
all participants can be seen in Table 2. Average weight loss at W9
was 14.1 ± 0.4 kg (13.2% ± 2.8%), followed by maintenance
between W9 and W13 (0.09 ± 0.22kg, P = 0.999). FM and

FFM (kg) were significantly reduced at W9 and W13, compared
with baseline (P < 0.001 for all comparisons), but a significant
reduction in FM and a significant increase in FFM (kg) was
seen between W9 and W13 (P < 0.001 for both). BIA data
showed a significant reduction in ICW from baseline to W9
(P < 0.001), which returned to baseline at W13 (P = 0.126).
RMRm was significantly lower than RMRp at both W9 and W13,
resulting in a metabolic adaptation of −92 ± 110 (P < 0.001)
and −38 ± 124 kcal/d (P = 0.011), respectively. A significant
reduction in metabolic adaptation was seen from W9 to W13
(−53 ± 101 kcal/d, P < 0.001). In a subset of participants who
gained weight between W9 and W13 (n = 33), RMRm−RMRp
was −3.3 ± 119 kcal/d (P = 0.874) at baseline, −90.0 ± 94.5
kcal/d (P < 0.001) at W9, −26.8 ± 121.5 kcal/d (P = 0.214) at
W13, and 6.4 ± 97.8 kcal/d (P = 0.769) at 1Y.

Anthropometrics and RMR data over time in a subgroup with
data at all points (including 1Y) (n = 45, 33 males) can be seen
in Table 3. Average weight loss in this subsample at W9 was
14.4 ± 0.6 kg (P < 0.001), followed by maintenance between
W9 and W13 (−0.01 ± 0.3 kg, P = 0.999) and regain between
W13 and 1Y (4.1 ± 1.2 kg, P < 0.001). Average weight regain
at 1Y was 29.1% ± 52.1%. There was a significant metabolic
adaptation at both W9 (−107 ± 102 kcal/d, P < 0.001) and W13
(−49 ± 128 kcal/d, P = 0.013), despite a significant reduction in
metabolic adaptation between W9 and W13 (−57 ± 93 kcal/d,
P < 0.001). No metabolic adaptation was seen at 1Y follow-up.
Despite no significant differences in body weight between W9
and W13, at group level, there was a very large interindividual
variation (range: −4.0 to +4.4 kg).

Changes in body composition (FM and FFM) over time using
data from BIA were of similar magnitude and significance as the
changes previously reported based on ADP (data not shown).

Metabolic adaptation at W9 or W13 was not correlated with
weight regain at 1Y follow-up (r = 0.034, P = 0.824, n = 45 and
r = 0.106, P = 0.488, n = 45, respectively).

Changes in PA over time can be seen in Table 4. A significant
overall effect of time was seen for steps/d (P = 0.006); sedentary
(P < 0.001), light (P < 0.001), moderate (P = 0.13), and
vigorous to very vigorous (P = 0.001) PA; and total PA duration
(P = 0.001). A significant increase in steps/d was seen at 1Y
compared with baseline (P = 0.03). Time spent on sedentary PA
was significantly lower than baseline at week 8 (W8) (P < 0.001).

TABLE 2 Anthropometrics and RMR at baseline, week 9, and week 13 in all participants (n = 71)

P value

Characteristic Baseline Week 9 Week 13
Baseline vs.

week 9
Baseline vs.

week 13
Week 9 vs.

week 13

Weight, kg 104.0 ± 14.6 90.1 ± 11.6 90.0 ± 11.8 <0.001 <0.001 0.999
FM, kg 43.3 ± 9.1 32.4 ± 8.6 31.4 ± 8.4 <0.001 <0.001 <0.001
FFM, kg 60.0 ± 10.9 57.6 ± 9.9 58.3 ± 10.1 <0.001 <0.001 <0.001
ICW, L 28.4 ± 5.9 27.2 ± 5.2 27.9 ± 9 <0.001 0.791 0.126
RMRm, kcal/d 1856 ± 249 1654 ± 204 1715 ± 238 <0.001 <0.001 <0.001
RMRp, kcal/d 1856 ± 221 1746 ± 193 1754 ± 197 <0.001 <0.001 0.005
RMRm−p, kcal/d − 0.01 ± 113 − 92 ± 110∗∗∗ − 38 ± 124∗

Data presented as means ± SDs. Changes over time assessed with repeated-measures ANOVA, followed by post hoc comparisons between time points
with Bonferroni adjustment. Asterisks denote significant differences between measured and predicted RMR at specific time points by paired sample t tests:
∗P = 0.011 and ∗∗∗P < 0.001. FM, fat mass; FFM, fat-free mass; ICW, intracellular water; RMR, resting metabolic rate; RMRm, resting metabolic rate
measured; RMRm−p, RMR measured minus RMR predicted; RMRp, resting metabolic rate predicted.
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TABLE 3 Anthropometrics and RMR data at all time points (baseline, week 9, week 13, and 1 y) in a subgroup of participants (n = 45)

P value

Characteristic Baseline Week 9 Week 13 1 y
Baseline vs.

week 9
Baseline vs.

week 13
Baseline
vs. 1 y

Week 9 vs.
week 13

Week 13
vs. 1 y

Weight, kg 105.1 ± 14.0 90.7 ± 11.4 90.7 ± 11.5 94.8 ± 15.5 <0.001 <0.001 <0.001 0.999 0.005
FM, kg 42.6 ± 9.1 31.4 ± 8.6 30.6 ± 8.3 35.4 ± 10.6 <0.001 <0.001 <0.001 0.006 <0.001
FFM, kg 62.7 ± 10.8 59.2 ± 9.8 60.1 ± 10.1 59.4 ± 11.5 <0.001 <0.001 <0.001 0.001 0.999
RMRm, kcal/d 1884 ± 253 1665 ± 211 1732 ± 242 1790 ± 228 <0.001 <0.001 <0.001 <0.001 0.037
RMRp, kcal/d 1888 ± 216 1773 ± 190 1781 ± 195 1798 ± 224 <0.001 <0.001 <0.001 0.088 0.999
RMRm−p, kcal/d − 4 ± 122 − 107 ± 102∗∗∗ − 49 ± 128∗ − 7 ± 129

Data presented as means ± SDs. Changes over time assessed with repeated-measures ANOVA, followed by post hoc comparisons between time points
with Bonferroni adjustment. Asterisks denote significant differences between measured and predicted RMR at specific timepoints by paired sample t tests:
∗P = 0.013 and ∗∗∗P < 0.001. FM, fat mass; FFM, fat-free mass; ICW, intracellular water; RMR, resting metabolic rate; RMRm, resting metabolic rate
measured; RMRm−p, RMR measured minus RMR predicted; RMRp, resting metabolic rate predicted.

Time spent on light PA was significantly higher than baseline at
W8, week 12 (W12), and 1Y (P < 0.001 for all). No significant
changes from baseline were seen for time spent on moderate
PA. A significant increase in time spent on vigorous to very
vigorous PA was seen at 1Y compared with baseline (P = 0.025).
Time spent on total PA was significantly higher than baseline
at W8, W12, and 1Y (P = 0.007, P < 0.001, and P < 0.001,
respectively).

Discussion
The present article examined if metabolic adaptation, at the

level of RMR, was modulated by the energy balance status of
the participants by measuring EE immediately after weight loss
(under negative EB) and after 4 wk of weight stability. After a
14-kg (13%) weight loss, a metabolic adaptation of ∼90 kcal/d
below predicted levels was found at W9, when participants were
in negative EB, which then was significantly reduced to less
than half (−38 kcal/d) after 4 wk of weight stabilization. Similar
results were found when a subset of participants with data at all
time points was analyzed, with a metabolic adaptation of ∼110
kcal/d immediately after weight loss at W9, which was then
halved after 4 wk of weight stabilization at W13 (−49 kcal/d)
and disappeared at 1Y follow-up.

We confirmed our hypothesis that metabolic adaptation is
significantly reduced (in fact halved) when measurements are
performed after weight stabilization, in comparison with imme-
diately after weight loss (under negative EB). This reinforces
previous research by our group showing a metabolic adaptation
of ∼50 kcal/d after a 16% weight loss in women with overweight

when measurements were done after a 4-wk weight stabilization
phase (21).

Two reasons may explain why metabolic adaptation was still
present after 4 wk of weight stability. The first is that 4 wk of
weight stabilization may not be enough for metabolic adaptation
to disappear. The second, and likely more plausible explanation,
is that our participants, despite being weight stable, were
probably in negative EB when measurements were performed
at W13. Weight loss in the present study was induced by 1000-
kcal/d diets with a CHO content of 70, 100, or 130 g/d. Analysis
of β-hydroxybutyric acid plasma concentrations (a marker of
ketosis) at W9 showed that participants were ketotic at W9
(0.76 ± 0.51 mmol/L), regardless of the diet, but not at W13
(0.11 ± 0.1 mmol/L). Ketosis is accompanied by glycogen
depletion and with it water loss, while refeeding is followed by
glycogen replenishment and with it increased water content. It
has been estimated that glycogen stores are on average 400–500
g (29, 30), with 3–4 g of water bound to each gram of glycogen
(29). This means that an increase in body weight between 1.6
and 2.5 kg, due to increased water content, should be expected
when participants came out of ketosis (30). Even though we
were unable to directly quantify changes in glycogen storage over
time in the present study, data from BIA showed a significant
reduction in ICW at W9 (P < 0.001), which returned to baseline
values at W13. It has previously been shown that changes in ICW
derived from BIA can be used as a proxy of changes in glycogen
content due to CHO loading (26). This strongly suggests that
our participants were in negative EB at W13, which may explain
why despite a halving in metabolic adaptation from W9 to W13,
metabolic adaptation was still present at W13. The fact that

TABLE 4 Physical activity levels over time (N = 71)

Characteristic Baseline Week 4 Week 8 Week 12 1 y P value

Steps/d 6556 ± 285 6548 ± 286 6627 ± 287 7156 ± 295 7519 ± 340∗ 0.006
Sedentary time, min/d 1184 ± 19 1177 ± 19 1071 ± 19∗∗∗ 1130 ± 20 1127 ± 24 <0.001
Light PA, min/d 188 ± 7 202 ± 8 221 ± 7∗∗∗ 227 ± 8∗∗∗ 229 ± 9∗∗∗ <0.001
Moderate PA, min/d 55 ± 5 46 ± 5 54 ± 5 60 ± 5 59 ± 6 0.013
Vigorous to very vigorous PA, min/d 0.9 ± 0.4 0.5 ± 0.4 1.0 ± 0.4 1.8 ± 0.4 2.7 ± 0.5∗ 0.001
Total PA, min/d 244 ± 10 249 ± 10 276 ± 10∗∗ 289 ± 10∗∗∗ 290 ± 11∗∗∗ 0.001

Data presented as means ± SEMs. Changes over time assessed with linear mixed model, followed by post hoc comparisons between time points with
Bonferroni adjustment. Asterisks denote significant differences from baseline: ∗P < 0.05 and ∗∗∗P < 0.001. PA, physical activity.
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RMRm−RMRp was not significant in a subgroup of participants
who gained weight between W9 and W13 adds further evidence
to the fact that the residual metabolic adaptation seen at W13
in all participants is due to the fact that the participants were in
negative EB at that time point and that if participants are in EB,
no metabolic adaptation should be expected after weight loss.

Leibel et al. (1) reported in their 1995 landmark paper that
the maintenance of a 10% weight loss (8 wk of a 800-kcal/d
diet, followed by 2 wk of weight stabilization), in individuals
with obesity, was followed by a reduction in RMR below
predicted levels (metabolic adaptation) of 137 ± 305 kcal/d.
This value is much higher (almost 3 times larger) than the
metabolic adaptation reported in the present analysis after a
13% weight loss followed by 4 wk of weight stabilization. A
potential reason for this discrepancy could be related to the
length of the stabilization period, which was only 2 wk in Leibel
et al. (1), while in the present analysis, it was 4 wk. Leibel
et al. (1) also measured RMR immediately after weight loss
and reported values to be significantly lower than after the 2-
wk weight stabilization period (1598 ± 385 compared with
1747 ± 416 kcal/d, respectively, P = 0.043), but the difference
between measured and predicted RMR was not reported. Even
though predicted RMR can be presumed not to have changed
significantly during weight stability, there was an average 1.6-kg
weight gain over the 2-wk stabilization period. Moreover, it needs
to be emphasized that the data from Leibel et al. (1) previously
reported are derived from only 9 individuals with obesity, while
the present analysis reflects changes in RMR in 71 individuals.

The findings of this study add to previous evidence from cross-
sectional studies showing no metabolic adaptation at the level of
RMR when weight-stable individuals with obesity who have lost
weight are compared with never-obese BMI-matched controls
(7–10) and reinforce the contention that metabolic adaptation in
longitudinal studies (1, 4–6) is likely a result of measurements
taken under negative EB. Importantly, and adding to previous
evidence (4, 21), metabolic adaptation after weight loss (either
at W9 or W13) was not correlated with weight regain at 1Y. If
metabolic adaptation was part of a compensatory response that
tries to bring body weight back to its original state and, therefore,
a driver of weight regain, it would be expected that metabolic
adaptation would be present after weight loss, regardless of
the EB status of the participants, and that a larger metabolic
adaptation would be associated with more weight regain in the
long term. The present analysis refutes both of those premises.

It needs to be acknowledged that RMR contributes to only
∼60% of total energy expenditure in individuals with obesity
(12). Metabolic adaptation could, therefore, also be present at the
level of nonresting energy expenditure (NREE) due, supposedly,
to increased exercise efficiency. Even though Leibel et al. (1)
have reported that metabolic adaptation after a 10% weight loss,
followed by 2 wk of weight stability, was associated with marked
metabolic adaptation, particularly at the level of NREE (1), the
study suffers from several methodologic limitations, some of
them already previously highlighted. This includes a very small
sample size and weight gain during the weight stabilization
period. In line with the evidence previously discussed for RMR,
it seems that the existence of metabolic adaptation at the level
of NREE after weight loss is also likely to be modulated by
the EB status of the individuals being measured. As such, in
overweight premenopausal women who had lost 10–12 kg, no

metabolic adaptation was found in NREE when measurements
were done in controlled conditions of weight stability (31–34).
More important, we could not identify a single study reporting
increased exercise efficiency after weight loss to be associated
with long-term weight regain. In reality, the opposite might
be true, as improved locomotion economy/efficiency following
exercise training has been shown to be associated with increased
ease of locomotion (35–38), which in turn has been found to
be associated with increased participation in free living physical
activity and reduced weight regain (39–43).

Despite the potential minor role of metabolic adaptation as
a driver of weight regain, the present findings have important
clinical relevance and might explain why some individuals with
obesity might experience resistance to further weight loss. If a
larger than expected reduction in RMR offsets the prescribed
energy restriction, no further weight loss will occur. In fact, there
is a widespread dogma among dietitians that individuals with
obesity who report not being able to lose further weight on a LED
might continue losing weight under the same dietary prescription
after a short period of overfeeding used to “switch off” metabolic
adaptation. This fits well with the results described in the present
article, by which metabolic adaptation was halved after 4 wk of
weight stabilization and absent in those who did not lose weight
between W9 and W13.

Our study has both strengths and limitations. The main
strength is its design, with data collected immediately after
weight loss, as well as after a 4-wk weight stabilization period.
This allowed us to determine the role of weight stability and
EB in modulating metabolic adaptation. Second, gold-standard
methods were used for the measurements of RMR (indirect
calorimetry) and body composition (BodPod). Third, it includes
a heterogeneous sample of both males and females with obesity,
with a wide range of BMI (30–43) and age (26–62 y), which
is important for generalization purposes. However, we did not
directly measure changes in glycogen storage over time and, as
such, were not able to identify with certainty which participants
were or were not in EB at W13. Nevertheless, ICW from BIA
provided us with an indirect measure of glycogen and, as such,
of EB status of the participants at W13.

In conclusion, metabolic adaptation at the level of RMR is
reduced (halved) to ∼50 kcal/d when measurements are taken
under conditions of weight stability compared with immediately
after weight loss and is not sustained in the long term with weight
regain. Moreover, metabolic adaptation does not predict relapse
in the long term. Further research needs to address alternative
mechanistic pathways that might contribute to relapse in obesity
treatment.
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