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A B S T RAC   T
BACKGROUND: There is a need to better identify adverse responders to weight-loss interventions. The aim of this study was to: 1) identify 
potential predictive factors of adverse responders to weight loss; and 2) follow their long-term evolution.
METHODS: One-hundred participants (56 females) with overweight (59.5±4.9 years) followed a 3-week intervention combining physical activ-
ity and diet followed by one-year monitoring, and were divided into three subgroups: 1) group A (N.=13) – “regainers” (weight regain during 
follow-up >100% of initial loss); 2) group B (N.=25) – “moderate regainers” (weight regain: 0-100%); and 3) group C (N.=46) – “weight relos-
ers” (weight regain <0%). Body composition, food consumption, inflammatory and metabolic markers were assessed during the intervention 
and follow-up.
RESULTS: Baseline energy intake was lower in group A(1518±361kcal/day) vs. group B (1929±451kcal/day) (P=0.013) and C(1882±572kcal/
day) (P=0.024). Group A initially presented a healthier metabolic profile and the total score of compliance (diet + physical activity) was lower in 
group A during follow-up (group A:38.3% vs. B:49.2%(P=0.007) and C:72.1% (P<0.001). Ghrelin levels tend to decrease and peptide YY (PYY) 
to increase during follow-up in groups B and C while blunted responses were obtained in A.
CONCLUSIONS: Adverse responders might be characterized by a less unhealthy metabolic profile at baseline but also by less favorable changes 
in their satiety-regulating hormones during the one-year follow-up.
(Cite this article as: Bailly M, Isacco L, Dutheil F, Courteix D, Lesourd B, Chapier R, et al. Initial and evolutionary profile of adverse responders to 
an intensive weight loss intervention: the RESOLVE Study. J Sports Med Phys Fitness 2025;65:1463-73. DOI: 10.23736/S0022-4707.25.16341-X)
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Research and clinical experience have shown that there 
are substantial individual differences in response to 

interventions aiming at the improvement of metabolic 
health and/or the reduction of body fat.1, 2 In some cases, 
these variations are sufficiently important to result in 
adverse outcomes rather than the initially expected ben-

efit. In this regard, the HERITAGE (HEalth, RIsk fac-
tors, exercise Training and Genetics) family study has 
probably provided the most convincing evidence that a 
failure to succeed cannot be spontaneously attributed to 
a lack of compliance. Specifically, it has been reported 
that 8.4% of a large study sample (N.=1687) displayed 
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to a low-energy diet. However, to our knowledge, this 
paradigm has not been used to study individual differ-
ences in the ability to maintain body weight following 
a highly standardized weight loss intervention. Here, we 
reported the experience of the RESOLVE Project (RE-
verse Metabolic SyndrOme by Lifestyle and Various 
Exercise)10 whose secondary analyses give the unique 
opportunity to determine potential differences in body 
composition and metabolic markers between individu-
als who regained more than their initial weight loss and 
those who accentuated their weight loss over time after 
an intensive intervention combing a diet-restriction with 
supervised physical activity. We hypothesize that weight 
regainers present different profiles of body composition 
and metabolic markers at baseline compared to success-
ful weight loss maintainers.

Materials and methods

The present exploration was part of a large-scale random-
ized controlled trial investigating the effect of physical 
activity and diet on the treatment of metabolic syndrome 
(RESOLVE Study). The RESOLVE Study was conducted 
in accordance with the Declaration of Helsinki, received 
an ethical agreement (CPP SUD EST VI) and registered 
on ClinicalTrials.gov (NCT00917917). The local research 
and ethics committee of the University Hospital Center 
(CHU) Saint-Étienne, France, approved the study, and all 
subjects gave written informed consent.

Participants

A sample of 100 volunteers (56 females, 44 males) aged 
between 50 and 70 years and diagnosed with metabolic 
syndrome11 was recruited using the advertisement (Fig-
ure 1 presents the flow chart of the recruitment). They 
underwent a comprehensive medical screening procedure 
to assess their eligibility to complete the protocol. The 
following criteria were required: overweight, sedentary 
lifestyle, no restrictive diet in the previous year, stable 
weight and treatment for the previous 6 months, post-
menopausal for females, no medication altering body 
weight, less than 3 hours of physical activity per week, 
no major abnormalities on a maximal oxygen consump-
tion (VO2max) test, and no disease, surgery, or medication 
interfering with metabolic outcomes of the study such as 
bariatric surgery. The participants were free of any clini-
cal signs of heart impairment. A full description of the 
participants and of their enrolment process has been pre-
viously published.10

an adverse response in systolic blood pressure, fasting 
plasma insulin, triglycerides, or high-density lipoprotein 
(HDL)-cholesterol in response to a highly controlled 20-
week aerobic exercise program.3 They also found that 
7% of participants presented a deterioration for at least 
two of those biomarkers. Subsequent investigations have 
demonstrated that an unsuccessful outcome can also be 
observed in diet-based weight-reducing programs. Fol-
lowing a 12-to-16-week weight loss program providing 
nutrition counselling and promoting dietary modifica-
tions in a group of 75 females with obesity, it has been 
noted that 11 participants finally gained body weight af-
terward.4 This outcome was not related to baseline daily 
energy intake (EI) and resting metabolic rate although 
weight gainers exhibited a lower decrease in the suscep-
tibility to hunger compared to body weight losers. Re-
cently, the PREVIEW (Prevention of Diabetes through 
Lifestyle Intervention and Population Studies in Europe 
and around the World) Study has allowed pursuing the 
study of the profile of unsuccessful body weight los-
ers.5 In the first phase of the study protocol, participants 
were subjected to a two-month low-energy diet with the 
goal of losing at least 8% of baseline body weight to be 
eligible for the second phase of the study. A proportion 
of 10.2% and 7.9% of females and males respectively 
failed to reach this threshold. Their baseline profile sug-
gested an increased vulnerability to stress exposure that 
was negatively related to the body weight response to 
diet restriction. Interestingly, the degree of compliance 
reflected by the participation in the follow-up visits was 
comparable with successful and unsuccessful weight los-
ers (mean compliance score of 4.45 based on the num-
ber of realized visits). The paradigm of long-term weight 
maintenance diets also has the potential to document the 
profile of adverse responders. Indeed, it is well estab-
lished that weight regain happens over time following a 
substantial body energy deficit.6, 7 Although no strict defi-
nition exists, “responders” to weight loss interventions 
are generally considered individuals who achieve clini-
cally significant improvements in weight, body composi-
tion and/or metabolic health. In contrast, non-responders 
show minimal or no benefits, while adverse responders 
experience negative effects. Beyond the initial interven-
tion, individuals can be distinguished as “maintainers” 
who successfully sustain their weight loss over time, and 
“regainers” who regain most, all, or even more of their 
initial weight loss. This approach has been used in some 
large studies8, 9 to evaluate the success of different in-
terventions to prevent body weight regain after exposure 
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sured at baseline, 3 weeks (end of the interventional Phase 
1), 3 months, 6 months, and 12 months (end of phase 2 
– follow-up). The adherence of participants was assessed 
using a score of compliance based on survey completion: 
mean between a nutrition score (number of food ques-
tionnaires returned from 0 to 12; i.e., 12=100%) and the 
score of physical activity (number of training sessions 
performed per week from 0 to 4; i.e., 4=100%). Subjects 
with scores ≥60% were referred to as compliant. Experi-
menters were blinded to the group assignments and par-
ticipants remained blinded to the outcome data. The full 
experimental design, recruitment process, and compliance 
with the protocol have been further detailed in previous 
publications.10, 12-14

Nutritional program (phase 1-3 weeks of intervention)

Total daily EI was calculated to promote a 500 kcal dai-
ly negative energy balance. They received standard and 
personalized meals prescribed by dietitians during the 
residential program. Balance meals were provided with 
15-20% of daily EI supplied by proteins (1.2 g/kg body 
weight/day), 30-35% by lipids, and 45-55% by carbohy-
drates.

Training programs (phase 1-3 weeks of intervention)

Subjects were randomly (computer-generated randomiza-
tion) assigned to one of the three groups differing from 
each other by the intensity of resistance (R) and endurance 
exercise (E): 1) “Re” condition – high resistance inten-
sity (10 repetitions at 65% at baseline gradually increas-
ing to 85% at week 3) of 10RM (maximal 10 repetitions) 
and moderate endurance intensity (30% of VO2 peak); 2) 
“rE” condition – moderate resistance intensity (30% of 
10RM) and high endurance intensity (40% of VO2 peak 
at baseline gradually increasing to 75% at week 3); and 
3) “re” reference condition – moderate intensity for both 
resistance (30% of 10RM) and endurance training (30% 
of VO2 peak). Heart rate was monitored by PolarTM S810 
monitor (Polar Electro Oy, Kempele, Finland) in order to 
reach the specific VO2 goals using the linear VO2-heart 
rate association.15 For all the conditions, the volume of 
exercises was performed regardless of the conditions (90 
minutes 4 days/week resistance training, plus 90 minutes 
daily for endurance training, which resulted in a total of 15 
to 20 hours/week). Resistance training consisted of 8 exer-
cises: high pulley machine, seated row, bench press, chest 
fly, squat press, leg extension machine, dumbbell curl, and 
triceps pushdown on high pulley (3×10 repetitions per ex-
ercise, 1-minute rest interval). Subjects were individually 

Initial design of the study

As previously detailed,10 the experimental protocol was 
divided into 2 phases. An intensive lifestyle intervention 
combining a training program and nutritional supervision 
was performed for 3 weeks (phase 1 – residential program). 
During this phase, participants stayed in a residential es-
tablishment under medical supervision for both training 
programs and nutritional supervision. They received lec-
tures and workshops taught by dieticians, physicians, 
and coaches about healthy lifestyles (nutrition, cooking, 
exercise). For the next 12 months of follow-up, partici-
pants were asked to maintain this healthy lifestyle and to 
continue the same training program by themselves on re-
turning home without supervision (phase 2 – follow-up). 
At 3 months, 6 months, and 12 months of follow-up, they 
met dietitians and coaches for potential adjustments and 
to assess their overall compliance. Outcomes were mea-

Figure 1.—Flow chart of the recruitment process.

Excluded (N.=39):
- Non maximal (N.=35)
- Pathological responses (N.=4)

Included (completed VO2max) (N.=103)

- Lost contact (N.=187)
- �Unsuccessfully contacted (N.=36)
- False phone number (N.=10)

Underwent VO2max (N.=142)

- Wthout inclusion criteria (N.=232)
- �With inclusion criteria did not attend 

(N.=37)
- �Were not available at the time of 

research (N.=18)

Underwent clinical assessment (N.=156)

Answered recruitment advertisements (N.=676)

- Lost contact (N.=187)
- �Unsuccessfully contacted (N.=36)
- False phone number (N.=10)

Prescreened by phone (N.=443)

- Did not attend (N.=3)

Randomized (N.=100)
(Men, 44 Women 56)
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The dietary recall was detailed by a specialized dietitian 
to the participants, and they were asked to be as thorough 
and accurate as they could in the reporting. The physical 
activity level and sedentary time of the participants were 
self-reported using questionnaires (International Physical 
Activity Questionnaire) et based on interviews. Indeed, a 
45-min interview was performed afterward with each par-
ticipant. Blood pressures were assessed with an automated 
upper arm sphygmomanometer (SunTech Medical model 
222; SunTech Medical, Inc., Morrisville, NC, USA) after 
a 5–10 min rest position. The mean values of three mea-
surements to the nearest 1 mm Hg at 1-min intervals were 
retained. Fasting blood samples were collected between 
7:00 a.m. and 7:30 a.m., aliquoted, and stored at -80°C 
until analysis. Biochemical assays were conducted in 
the University Hospital of Clermont-Ferrand (Clermont-
Ferrand University Hospital [CHU], Clermont-Ferrand, 
France) by specialized experimenters using ELISA tech-
niques (commercial kits; Millipore, Billerica, MA, USA). 
Values of sensitivity, intra and interassay coefficients of 
variations have been previously published.10, 12, 13

Statistical analysis

Continuous data were expressed as mean and standard de-
viation. The assumption of normality was assessed using 
the Shapiro-Wilk Test. To evaluate changes during phase 
1 and phase 2, random-effects models (i.e., linear mixed 
models) for repeated data were performed. A participant 
was considered as random-effect to measure between and 
within-subject variability whereas group (A, B, and C ac-
cording to their weight regain during phase 2 normalized 

coached daily. Maximal 10RM tests were performed at 
baseline to calibrate relative intensity. Endurance training 
was based on aqua gym, cycling, and walking. A VO2 peak 
test was also performed initially to control the intensity of 
training.10

Groups A, B, and C: 3 different types of body weight re-
sponders

While most of the publications related to the RESOLVE 
Study were focused on the different modalities of exercise 
(Re, rE, re), a different prism is proposed here as a sec-
ondary analysis. Although all participants indeed lost body 
weight during the physical activity and dietary supervised 
program of 3 weeks, the dynamic of body weight profiles 
during one-year follow-up differed greatly between the 
participants. Therefore, we divided the total number of 
participants into 3 groups. Group A (N.=13) is composed 
of the participants who regained more body weight dur-
ing phase 2 than their initial loss during the interventional 
phase 1 (“regainers” with weight regain >100% of their 
initial loss). Group B (N.=25) is formed by participants 
who regained body weight during phase 2 (i.e., 12 months), 
but less than they initially lost during phase 1 (“moderate 
regainers” with weight regain 0-100% of their initial loss). 
Group C (N.=46) is therefore constituted of participants 
who pursued their weight loss during phase 2 (group of 
“weight relosers” with weight regain <0% of their initial 
loss). Figure 2 displays the distribution of groups A, B, 
and C. The percentage of weight regain was calculated as 
follows: weight regain (%) = -100 × (weight end of phase 
2 - weight end of phase 1) / (weight end of phase 1 - weight 
beginning of phase 1). From this design, weight regain 
was obtained at 182±90% for group A, 30±26% for group 
B, and -157±144% for group C (Figure 2).

Measurements

The weight and height of participants were respectively 
assessed using a digital scale and a standard wall-mounted 
stadiometer (Holtain, Crymych, UK). The midpoint be-
tween sub-costal and supra-iliac landmarks was identi-
fied to measure waist circumference (WC).16 Dual-energy 
X-ray absorptiometry (DXA) (Hologic, Waltham, MA, 
USA) was used to assess fat mass (FM), lean mass (LM), 
and central fat (surrogate of visceral fat).17 FM-to-LM and 
LM-to-FM ratios have also been calculated. EI was in-
dividually reported using a three-day self-reported ques-
tionnaire (two weekdays and one-weekend day), except 
for the end of phase 1 value for which food was directly 
weighed and averaged during the interventional phase. 

Figure 2.—Constitution of groups A, B, and C according to their weight 
regain during phase 2 normalized by their initial weight loss in phase 1.
Group A included “regainers” (weight regain >100% of their initial 
loss); group B referred to “moderate regainers” (weight regain: 0-100% 
of their initial loss); group C represented “weight relosers” (weight re-
gain <0% of their initial loss). Weight regain at 12 months per group was 
presented as mean±SD and calculated as follows: weight regain at 12 
months (%) = -100 × (weight end of phase 2 – weight end of phase 1) / 
(weight end of phase 1 – weight beginning of phase 1).
SD: standard deviation.
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Group comparison at baseline – are there predictive fac-
tors?

No significant differences between groups were found at 
baseline for anthropometry, body composition, appetite-
regulating hormones, and inflammatory profile (Supple-
mentary Digital Material 1: Supplementary Table I, II). 
However, the self-reported EI was found markedly lower 
in group A (1518±361 kcal) vs. group B (1929±451 kcal, 
P<0.05) and group C (1882±572 kcal, P<0.05) (group 
effect: P=0.0077) (Supplementary Table I). In addition, 
some differences were found in metabolic profiles such 
that group A initially displayed a lower glycaemia com-
pared with group B (P<0.05), a lower total cholesterol and 
low-density lipoprotein (LDL) level compared with group 
C (P<0.05), and a higher HDL-to-LDL ratio than group C 
(P<0.05) (Supplementary Table II).

Effect of the intervention: phase 1

As intended, the three groups markedly decreased their 
body weight, BMI, FM (%), central-FM-to-total FM, WC, 
and FM-to-LM ratio (Supplementary Table I). However, 
group B presented a higher absolute weight loss than 
group A (time × group: P=0.017) and C (time × group: 
P=0.015). Relative weight loss (%) for groups A, B, and C 
was respectively found at -3.9% (-4.2; -2.8), -5.4% (-9.4; 
-4.2), and -4.2% (-5.7; -3.1) with a significant difference 
between group A and B (P<0.05) (Δ: P=0.029). Interest-
ingly, only individuals of group A did not significantly re-
duce their LM during phase 1 and maintained it. Leptin 
levels decreased in group A (P=0.012), group B (P<0.001), 
and group C (P<0.001) while ghrelin and inflammatory 
markers did not change for any of the three groups during 
phase 1. PYY only decreased in group C during phase 1 
(P=0.022) (Supplementary Table I). Supplementary Table 
II shows an overall improvement of metabolic markers in 
the three groups, without major differences between the 
groups’ evolution.

Evolution during the 1 year of follow-up: phase 2

During phase 2, group A regained 5.3 kg (4.5; 5.9) 
(P<0.001) while group B only regained 1.2 kg (0.3; 2.9) 
(P<0.001) and group C relost 4.8kg (6.9; 2.2) (P<0.001) 
(time × group for A vs. B, A vs. C, and B vs. C: P<0.001, 
Δ: P<0.001), as expected by the design. These changes led 
group C to a significantly lower weight (78.0±11.8 kg) than 
group A (88.6±13.5 kg, P<0.05) and group B (86.6±11.2 
kg, P<0.05) at the end of the one-year follow-up (group 
effect: P=0.0052) (Supplementary Digital Material 2: Sup-

to their initial weight loss in phase 1), time (phase 1 and 
phase 2) and group × time interaction were fixed effects. 
The normality of residuals from these models was stud-
ied as aforementioned. When appropriate, a logarithmic 
transformation was applied to access the normality of de-
pendent variables. Random-effects models were also used 
for within groups comparisons evaluating changes during 
phase 1 and phase 2 for each group, in order to measure 
the evolution of anthropometry, body composition, ap-
petite hormones, and inflammatory markers according 
to weight regain group. A Sidak’s type I error correction 
was applied to consider two by two multiple comparisons. 
Concerning the non-repeated data (such as the area under 
the curve (AUC) calculated using the trapezoidal meth-
od), the comparisons between groups (A, B vs. C) were 
carried out using ANOVA or Kruskal-Wallis Test when 
the assumptions of ANOVA were not met. Homoscedas-
ticity was studied using Bartlett’s Test of equality of vari-
ance. When appropriate (omnibus P value less than 0.05), 
a post-hoc test was applied to consider multiple two by 
two comparisons. Tukey-Kramer’s Test and Games and 
Howell’s Test were used after ANOVA and Kruskal-Wallis 
Test, respectively. While in the initial RESOLVE design, 
participants were randomized into three different physical 
training interventions, no training effect has been found 
on all the outcomes of interest and then it was possible to 
pool the three subgroups in the present analysis. Statisti-
cal analyses were performed using Stata software (version 
15; StataCorp, College Station, TX, US). The tests were 
two-sided, with a type I error set at 5% applying the afore-
mentioned correction.

Results

Characteristics of the population

Only participants with available data for inclusion in one 
of our subgroups were included in the present analysis. 
A total of 84 out of 100 participants (47 females and 37 
males) was finally retained. The mean age of the partici-
pants was 59.5±4.9 years, weight: 88.5±12.6 kg, height: 
1.65±0.09 m, Body Mass Index (BMI): 33.2±3.8 kg/m2, 
percentage of FM: 34.6±7.2%, and LM: 57.9±11.0 kg. Al-
though the exercise modality was not further taken into 
consideration in the present study, we noticed a relatively 
homogeneous proportion of the Re, rE, and re modali-
ties in the three groups (group A: Re: N.=5 – 38%; rE: 
N.=3 – 23%; re: N.=5 – 38%; Group B: Re: N.=5 – 20%; 
rE: N.=11 – 44%; re: N.=9 – 36%; Group C: Re: N.=18 – 
39%; rE: N.=11 – 24%; re: N.=17 – 37%).
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markedly higher than group B (30.7%±7.4, P<0.05) and 
group C (30.7%±7.7, P<0.05) (group effect at the end of 
phase 2: P=0.028) who have both kept decreasing their 
FM (%) loss initiated during phase 1 (Supplementary Ta-
ble III; Figure 3C). LM increased in group A (+1.8 kg [0.8; 
2.2], P<0.001) during phase 2 while group C decreased it 
(-1.7 kg [-2.6; -0.7], P<0.001) and intermediate group B 
maintained it (0.1 kg [-0.4; 1.3]) (time × group A vs. B: 

plementary Table III; Figure 3B) while all the three groups 
started the program with a similar weight (Supplementary 
Table I). Relative body weight variation for groups A, B, 
and C during phase 2 was respectively found at 6.5% (5.5; 
7.4), 1.3% (0.3; 3.3), and -5.7% (-9.7; -2.1) with a sig-
nificant difference between the three groups (Δ: P<0.001). 
FM (%) increased in group A (P<0.001) only and reached 
37.0%±7.2 at the end of the follow-up, which appeared 

Figure 3.—Evolution of the energy 
intake (A), body weight (B), body 
composition (C, D) and appetite-
related hormones (E, F, G, H) of 
groups A, B, and C.
Group A (N.=13) included “re-
gainers” (weight regain >100% of 
their initial loss); group B (N.=25) 
referred to “moderate regainers” 
(weight regain: 0-100% of their 
initial loss); group C (N.=46) rep-
resented “weight relosers” (weight 
regain <0% of their initial loss).
AUC: areas under the curves.
*P<0.05 for AUC analyses; across-
sectional group significant differ-
ence (P<0.05) between groups A 
and B for each time of measure; 
bcross-sectional group signifi-
cant difference (P<0.05) between 
groups A and C for each time of 
measure; ccross-sectional group 
significant difference (P<0.05) 
between groups B and C for each 
time of measure; †significant time 
effect for group A at P<0.05; ††sig-
nificant time effect for group A at 
P<0.01; †††significant time effect 
for group A at P<0.001; #significant 
time effect for group B at P<0.05; 
##significant time effect for group 
B at P<0.01; ###significant time ef-
fect for group B at P<0.001; $sig-
nificant time effect for group for 
group C at P<0.05; $$significant 
time effect for group for group C 
at P<0.01; $$$significant time effect 
for group for group C at P<0.001.
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in physical activity was found significantly different be-
tween the three groups (group effect: P<0.001) and in the 
two-by-two group comparisons (P<0.05) (group A: 20.0 
[10.0; 30.0], group B: 50.0 [30.0; 70.0], group C: 80.0 
[70.0; 90.0]). Taking into account both the diet and the 
physical activity score, the total score of compliance was 
found different between the three groups (P<0.001), with 
lower scores for group A (38.3 [21.7; 42.5]); intermediate 
scores for group B (49.2 [36.7; 64.2]), and higher scores 
for group C (72.1 [64.2; 75.0]).

Discussion

The main preoccupation leading to this study was to bet-
ter understand the profile of unsuccessful and successful 
responders to a weight management program. Specifically, 
we benefited from the experimental approach used in the 
RESOLVE Study to examine the ability to maintain body 
weight and related variables under free-living conditions 
for 12 months after a 3-week intensive intervention based 
on diet restrictions and physical activity. The secondary 
analysis allowed to classify the participants into three 
groups: 1) subjects who displayed a greater body weight 
regain than their initial weight loss (group A: “regain-
ers” – N.=13, 15.5%); 2) participants who regained less 
weight than their initial weight loss (group B: “moderate 
regainers” – N.=25, 29.8%); and 3) individuals who ac-
centuated their weight loss over the following year (group 
C: “weight relosers” – N.=46, 54.8%). Although this must 
be further confirmed, the present results seem to confirm 
our hypothesis that some metabolic markers might help 
predict the responses to a standardized intervention and 
its subsequent effect under free-living conditions. Inter-
estingly, weight regulation and energy homeostasis might 
be supported by conducive hormonal changes in success-
ful weight relosers (i.e., decreased ghrelin and increased 
PYY levels). On the contrary, weight regainers of group 
A might have experienced cognitive eating restraint likely 
conducive to weight regain. The present results add to the 
recently suggested and identified factors involved in the 
prediction of successful weight loss in this population, 
highlighting once more the crucial role played by the par-
ticipants’ baseline nutritional and metabolic profile.18, 19

Even if baseline body weight and composition were 
comparable between the three subgroups of participants, 
it is worth emphasizing that self-reported EI was lower 
in adverse responders (group A: 1518±361 kcal/day) 
compared to both successful weight relosers (group C: 
1882±572 kcal/day) and moderate regainers (1929±451 

P=0.008, A vs. C: P<0.001, B vs. C: P<0.001, Δ: P<0.001). 
Figure 3D clearly shows opposite changes for LM evolu-
tion between groups A and C, with a crossing of the curves 
at 6 months.

According to Figure 3A, AUC for the EI in group A 
appeared lower than that of groups B and C when con-
sidering the 5 times of measurements. The initially low-
er EI of group A at baseline remained steady during the 
entire protocol period (Figure 3A). The pattern of leptin 
changes throughout the protocol appears relatively similar 
to that of FM curves (Figure 3E). Groups B and C mark-
edly increased their plasma ghrelin at 3 and 6 months and 
then drastically reduced it during the second half of the 
one-year follow-up whereas ghrelin responses appeared 
blunted in group A (Figure 3F). During the follow-up, only 
participants from group C significantly increased their 
plasma PYY levels (from 220±227 pg/mL to 301±228 
pg/mL, P=0.002) (Supplementary Table III). At the end 
of the follow-up, only group C presented a higher PYY 
level compared with baseline initial values (P=0.042) 
(Figure 3G). Figure 3G clearly shows an increase of PYY 
for groups B and C during the follow-up that was not ob-
served for group A who remained in a steady state during 
all the follow-ups. Surprisingly, AUC for PYY was how-
ever found higher in group A vs. group B (P<0.05) when 
considering the entire protocol (Figure 3G). Despite gain-
ing weight during phase 2, subjects from group A reduced 
their IL-10 (P=0.018) and tumor necrosis factor (TNF) -α 
levels (P=0.020). Except for a few variables, Supplemen-
tary Digital Material 3 (Supplementary Table IV) shows 
overall changes in metabolic markers toward less healthy 
profiles for the three groups. Yet, these changes seem to 
appear particularly important for group A and could be 
qualified for some variables in group C. The percentage 
of HbA1c decreased during phase 2 in group C (P=0.001) 
contrary to the two other groups who maintained it (time 
× group interaction A vs. C: P=0.006, B vs. C: P=0.044). 
In addition, group C maintained its glycaemia while the 
two other groups increased it (group A: P=0.027, group 
B: P=0.021). At the end of the follow-up, group A present-
ed higher levels of insulin (4897±1166 UI/L) compared 
with group C (3720±1286 UI/L, P<0.05) (group effect: 
P=0.029) (Supplementary Table IV).

Compliance during the follow-up

Despite decreasing values from group C to group A and 
P value at 0.024 for time × group interaction, no signifi-
cant differences were obtained between groups for the 
diet compliance score. However, the score of compliance 
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A), but rather the unexpected supportive hormonal adapta-
tions of successful weight relosers (group C). While plas-
ma ghrelin generally increases in response to fat loss,33 a 
decrease was on the contrary found in group C from month 
6 to the end of the follow-up, contrary to group A whose 
changes appeared blunted. On the opposite, plasma PYY 
generally decreases after a weight loss intervention,34, 35 
but this hormone was on the contrary observed increased 
in group C at the end of the follow-up, found even higher 
compared with baseline levels. Like the glass half empty 
or half full, present findings would not highlight so much 
the adverse hormonal regulation of group A as the favor-
able adaptation of group C that might be particularly con-
ducive to weight loss. This suggests that for some success-
ful weight relosers, hormonal changes seem to happen to 
facilitate the regulation of energy homeostasis and weight 
variations (i.e., decreased ghrelin and increased PYY 
concentrations). According to recent work, the failure of 
weight loss intervention in the present group of adverse 
responders might be related to some counter-regulatory 
mechanisms epigenetically determined as an imprinted 
obesogenic memory that could prevent weight loss main-
tenance.36 Present weight regain in group A might suggest 
potential weight cycling or Yoyo dieting on a longer time 
scale that should probably be avoided to prevent collateral 
fattening over the cycles.37 Indeed, despite an increase in 
LM, group A is the only one who markedly increased its 
FM during the one-year follow-up. It appears therefore 
essential to propose adapted weight management strate-
gies to this specific profile to avoid any detrimental con-
sequences in the long term for those adverse responders.

The monitoring of physical activity and food intake dur-
ing the one-year follow-up allowed to calculate compli-
ance scores based on survey completion for these two fac-
tors. As indicated, physical activity score and total score 
were found much higher for successful weight relosers 
than that of body weight heavy regainers. While these dif-
ferences may be perceived as concordant with the popu-
lar belief that compliance is generally better in successful 
than in unsuccessful weight losers, these satiety-regulating 
hormonal changes described above raise the possibility 
that favorable biological gradients might, at least partly, 
be supportive of the great compliance observed in success-
ful weight losers. In addition, the successful weight losers 
seem to have practiced more physical activity during the 
follow-up than the others as their score of compliance in 
physical activity appeared to be much higher. This might 
also partly explain their ability to maintain their weight 
loss as physical activity seems to improve appetite control 

kcal/day). While underreporting is well-demonstrated in 
people with overweight and even in people with former 
obesity,20 group A reported a very low EI (1518±361 kcal/
day) that might call for specific interest in the area of cog-
nitive regulation. If individuals of group A did not under-
report their EI and actually consumed 1518±361 kcal/
day at baseline, then they seem to present a high level of 
food restriction that might be driven by a strong cogni-
tive regulation. If, on the contrary, participants of group A 
were heavily consciously or unconsciously under-report-
ers, then it might also be the sign of a different cognitive 
dietary profile, likely suggesting again higher restrictive 
cognitive regulation of their EI. Whatever the valid hy-
pothesis, it appears that these adverse responders might 
present a strong cognitive regulation that is known to be 
associated with some compensatory eating behaviors,21, 22 
potentially explaining their weight regain during the fol-
low-up.23 This cognitive eating restraint might be further 
reinforced by this kind of short and intensive intervention 
as a strong EI deficit would increase compensatory eating 
behaviors.24, 25 Since cognitive restriction seems to take a 
significant part in potential predictive factors of adverse 
responders,26 it might be of great interest to further ex-
plore these cognitive aspects in future studies. Moreover, 
since these adverse responders show a lower self-reported 
EI at baseline and since the induced caloric restriction was 
identical for all participants (500 kcal/day), the relative 
induced energy deficit was then higher in this group. This 
questions the role of the degree of induced energy deficit 
on the participants’ weight loss success during the inter-
vention and on the subsequent potential compensatory 
mechanism leading to weight regain, which needs to be 
further studied.

Over the last decades, it has been shown that body fat 
loss in individuals with obesity increases hunger and relat-
ed appetite sensations27-29 while reducing resting30, 31 and 
exercise32 energy expenditure to a greater extent than what 
would be predicted by morphological changes. These ob-
servations are concordant with the well-documented body 
weight regain following weight loss,6, 7 a phenomenon that 
was also observed in the unsuccessful responders tested 
in the present study. Conversely, our clinical experience 
reveals that in successful responders being able to toler-
ate a prescribed daily energy deficit, some counterintuitive 
adaptations can be observed for resting metabolic rate and 
susceptibility to hunger that facilitate the maintenance of 
a long-term energy deficit.4 In the present study also, it 
could be that the unexpected findings are not so much the 
“adverse” hormonal responses of weight regainers (group 
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for successful responders than unsuccessful responders, it 
would seem that the weight evolution is somewhat dis-
sociated from the metabolic changes on certain markers.

Limitations of the study

This study has several limitations which include some 
statistical considerations given the low study sample for 
group A of body weight regainers. In this regard, it is worth 
highlighting that in many other studies,3-5 the number of 
unsuccessful responders always represents a proportion of 
5 to 15% of a study sample. Thus, in a demanding protocol 
such as the one tested in the present study, the number of 
subjects in group A may be viewed as adequate. The use 
of dietary records to evaluate food intake is always con-
sidered a limitation in overweight/obesity clinical trials. 
However, it is of interest to insist on the fact that in the 
present study, the conclusions related to food intake were 
always complemented by measured changes in either body 
composition or plasma variables. As indicated above, this 
reinforces the relevance of further studying compliance to 
prescribed EI in the context of a weight loss program. Be-
yond its potential limitations, it is pertinent to indicate that 
a major strength of this protocol is its duration that was 
long enough to allow the detection of long-term hormonal 
changes that would have been detected in the opposite di-
rection if the protocol had had a shorter duration. Many 
changes observed at 6 months were finally found in the 
opposite way at the end of the one-year follow-up. A re-
cent meta-analysis indeed showed that important changes 
would start 36 weeks after the intervention conclusion.40

Conclusions

To conclude, the present study identified a profile of pa-
tients (15.5%) who regained more weight during the 
one-year follow-up than they had initially lost during the 
three-week intervention. The initial self-reported EI was 
found markedly lower for these unsuccessful responders, 
which likely reflects an underreporting that might be re-
lated to some cognitive regulations. In addition, these ad-
verse responders appeared to be more resistant to weight 
and fat loss during the intervention and ended the one-year 
follow-up with higher body weight than initially. Surpris-
ingly, some metabolic markers were found healthier in this 
group at baseline. If this were to be confirmed, a predictive 
profile might be identified for those individuals for whom 
this kind of intensive intervention might be detrimental in 
the long term. As expected, scores of compliance during 
the follow-up were logically found lower among adverse 

and reduce compensatory appetitive responses.25 These 
different issues cannot be further documented in the pres-
ent study although the reported evidence highlights the 
importance of further investigating the biological and 
cognitive determinants of compliance to a body weight-
reducing program. The fact remains that the low compli-
ance observed in group A depicts a real issue that must 
be assessed. The literature indeed highlights the need for 
more practical, flexible, and effective diet interventions38 
that might be particularly beneficial for those adverse re-
sponders.

Interestingly, group A appeared to display a slightly 
better metabolic profile at baseline regarding glycaemia, 
total cholesterol, LDL, HDL, and ApoB (apolipoprotein 
B). These results surprisingly support the idea that the 
intensive 3-week interventional program might have the 
most adverse body weight consequences in the long-term 
for the individuals who were the least metabolically af-
fected initially. If this were to be confirmed by future stud-
ies, a predictive profile for those unsuccessful respond-
ers might be identified and require different approaches, 
maybe less intensive and more sustainable. Since group 
A also appeared as the less weight and “fat” responsive of 
the three groups, it reinforces the idea that such intensive 
programs definitely do not appear as the better strategy for 
weight management in the specific profile of adverse re-
sponders. Metabolic improvements of the different health 
markers could have been expected in group C vs. group 
A in the long term. Although the results indeed showed 
better results for successful responders than for unsuccess-
ful weight regainers for some markers, all three groups 
surprisingly evolved toward less healthy profiles for many 
variables during the follow-up. This evolution remains 
difficult to explain for the successful weight responders 
but might be related to their LM loss associated with their 
weight loss. On the other hand, an even more severe meta-
bolic deterioration could have been expected in group A 
whose individuals ended the one-year follow-up with a 
higher body weight than before the intervention. Yet, this 
might also partly be explained by their LM changes, as 
they also ended the follow-up period with a higher LM 
than initially. As outlined by an interesting review, the im-
pacts of weight regain on metabolic disease risk can be 
multifaceted and sometimes equivocal.39 While the RE-
SOLVE Study provided data on compliance, no further in-
formation was available on the nature of physical practice 
and EI was only declarative, which might have included 
clues to better understand these metabolic variations. Al-
though these changes logically appeared less detrimental 
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2020;105:1274–83. 
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28.  Gilbert JA, Drapeau V, Astrup A, Tremblay A. Relationship between 
diet-induced changes in body fat and appetite sensations in women. Ap-
petite 2009;52:809–12. 
29.  Rosenbaum M, Kissileff HR, Mayer LE, Hirsch J, Leibel RL. Energy 
intake in weight-reduced humans. Brain Res 2010;1350:95–102. 
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responders. Yet, we believe that their blunted changes in 
plasma ghrelin and PYY might not have been supportive, 
contrary to successful responders who decreased their 
plasma ghrelin and increased their PYY levels during the 
one-year follow-up. Finally, it seems of major interest for 
future studies to better identify the profile of those unsuc-
cessful responders to propose appropriate strategies of 
weight management that would not risk long-term detri-
mental effects. The present results might provide impor-
tant clinical implications, not only reinforcing the need for 
a complete nutritional and metabolic evaluation at base-
line but also for the consideration of the degree of energy 
deficit induced and importantly for a close monitoring dur-
ing after the intervention of the patients identified at risk 
from baseline.
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