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Background & aims: The European Food Safety Authority recently recommended an increase in the
protein content of total diet replacement (TDR) products from 50 to 75 g/day. The rationale was to
minimize reductions in lean mass (LM) and resting metabolic rate (RMR) that occur with weight loss, and
thereby facilitate maintenance of lost weight. We sought to directly compare the efficacy of TDR regi-
mens with the new vs the current protein requirement.
Methods: We randomized 108 adults with overweight or obesity (body mass index 28e40 kg/m2) to
very-low-calorie diets (VLCD) with either 52 or 77 g/day protein for 8 weeks (total energy intake of 600
or 700 kcal/day, respectively). LM was determined by dual energy X-ray absorptiometry and RMR by
indirect calorimetry.
Results: Attrition rate was 22% in both groups. Both VLCDs decreased body weight, fat mass, LM, and
RMR (all P < 0.05). Significant time-by-group interactions were detected for weight and fat mass (both
P < 0.05), with corresponding reductions being smaller in the higher-protein than the standard-protein
VLCD, likely because of the added calories. On the other hand, reductions in LM (6% from baseline) and
RMR (9e10% from baseline) did not differ between groups (P ¼ 0.155 and P ¼ 0.389, respectively), and
the contribution of LM to total weight loss was identical (27 ± 2% of lost weight, P ¼ 0.973).
Conclusions: Our results indicate that the proposed increase in the protein content of TDR products does
not attenuate reductions in LM and RMR in individuals with overweight and obesity who are treated
with <800 kcal/day VLCDs for 2 months.
Clinical trial registry: ClinicalTrials.gov # NCT04156165.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Total diet replacements (TDR), such as very-low-calorie diets
(VLCD, <800 kcal/day), have become popular in the management of
obesity as they induce safe and rapid weight loss in amounts that
are associated with considerable improvements in cardiometabolic
risk [1]. However, greater weight loss achieved with VLCDs than
eight; CI, confidence interval;
an Food Safety Authority; LM,
et replacement; VAT, visceral
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with low-calorie diets (800e1800 kcal/day) during the initial phase
of dieting (at ~13 weeks) [2] is associated with greater reductions in
lean mass (LM) and resting metabolic rate (RMR) [3,4], which may
be a risk factor for weight regain [5e9]. In fact, the long-term
weight loss efficacy (at ~ 2 years) is not different between VLCDs
and low-calorie diets [2]. It is therefore important to identify the
optimal composition of these dietary treatment strategies that not
only optimizes weight loss, but also facilitates preservation of LM
and RMR and thereby increases the chances of maintaining the lost
weight.

High-protein diets induce greater weight loss than comparator
diets with lower protein content, and limit weight regain, at least in
the short-term (<12 months) [10,11]. This has been associated with
attenuated reductions in LM and RMR compared with isocaloric
diets of different macronutrient composition [12]. A meta-analysis
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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of 23 randomized controlled trials, which evaluated the effects of
energy-restricted diets lasting ~12 weeks (range: 4e52 weeks),
found that high-protein diets (1.25 g/kg body weight (BW) per day
or 30.5% of total calories) mitigated the reduction in LM by 0.43 kg
(95% confidence interval (CI): 0.09, 0.78 kg) and the reduction in
RMR by 142 kcal/day (95% CI: 16, 269 kcal/day) compared with
isocaloric standard-protein diets (0.72 g/kg BW per day or 17.5% of
total calories) [12]. However, this beneficial effect has been docu-
mented predominantly under conditions of moderate calorie re-
striction (~1550 kcal/day) or during ad libitum feeding [11,12]. It is
currently not known if additional protein is beneficial under con-
ditions of severe calorie restriction (e.g. VLCD). It is generally touted
that VLCDs should contain protein in amounts of 0.8e1.5 g/kg ideal
BW per day [1,2], but this represents an almost 2-fold range that
may sometimes lead to unrealistic diet compositions. For instance,
for the average patient with obesity (ideal BW: 70 kg) undergoing a
700-kcal/day VLCD, this would correspond to 56e105 g of protein
per day, or 32e60% of all calories consumed.

The minimum amount of protein required to avoid ‘unnec-
essary’ losses of LM was one of the main concerns addressed by the
European Food Safety Authority (EFSA) in a scientific opinion on the
use of TDRs for weight control, which was issued in response to a
request by the European Commission [13]. EFSA argued that allo-
cation of protein per kg LM, rather than total BW, is better suited for
patients with overweight and obesity; and noted that there is a lack
of studies that compare, head-to-head, TDR regimens with
different amounts of protein. Accordingly, EFSA used a theoretical
modeling approach and came to the conclusion that TDRs should
contain a minimum of 75 g/day [13], which represents a 50% in-
crease over the current requirement in EU (50 g/day) [14]. Subse-
quently, this led to the decision by the European Commission to
increaseminimal protein requirements for TDR products sold in the
EU market after a provisional 5-year transition period, so that
producers have sufficient time to adjust their products. Effectively,
from October 2022, TDR products for weight control across the EU
must provide at least 75 g/day of protein [14].

In the absence of relevant clinical trials, the recommendation for
higher protein content in TDR products is mainly founded on the-
ory rather than direct scientific evidence. Accordingly, we con-
ducted a 2-month randomized clinical trial to assess the
contribution of LM toweight loss following VLCDs with 52 g or 77 g
of protein per day. We hypothesized that the higher-protein VLCD
would result in a relative preservation of LM compared with the
standard-protein VLCD, manifesting as a lower ratio of LM loss to
BW loss (DLM/DBW), and accordingly that the weight loss-
mediated reduction in RMR would be mitigated.

2. Materials & methods

2.1. Subjects

Men and women aged 18e65 years with overweight or obesity
(body mass index [BMI] of 28e40 kg/m2), but otherwise healthy,
were recruited for this study. Subjects were excluded if they had
experienced weight changes ±5% within the past 3 months; if they
were vegetarian or vegan; if they had been pregnant or lactating
within the past 12 months or were planning to become pregnant; if
they had history or diagnosis of diabetes, heart, liver or kidney
diseases, or eating disorders; if they had been diagnosed with
cancer within the past 5 years (except adequately treated localized
basal cell skin cancer); if they were planning to donate blood; if
they were participating in other clinical trials during the course of
this study; if they were using drugs that, in the opinion of the in-
vestigators, were likely to affect outcomes; and if they were unable
or unwilling to give informed consent, communicate with the study
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personnel, or follow the study protocol and instructions given by
the study personnel. All patients signed an informed consent prior
to participating in the study, which was approved by the regional
Ethical Committee of the Capitol Region of Denmark and carried
out in accordance with the Declaration of Helsinki.

2.2. Experimental design

This was a substudy nested in a longer, single-blinded 5-month
parallel trial (ClinicalTrials.gov # NCT04156165) that included an
initial 8-week weight loss period, during which clusters of 8e12
subjects each were randomized in a 1:1 ratio e by means of
drawing a sealed envelope by a person not involved in the study e

to a VLCD with the standard or a higher protein content. This was
followed by a 1-week reintroduction to regular foods and finally, a
12-week period of weight maintenance, during which subjects
were allocated to ad libitum diets varying in the amount of beef
consumption. The initial 8-weekweight loss period took place from
October 2019 to August 2020 at the University of Copenhagen,
Denmark.

During theweight loss phase, participants were randomized to a
VLCD containing either 52 g/day (P52) or 77 g/day (P77) of protein.
The VLCD comprised 4 sachets daily (40 g/sachet) of any combi-
nation of the following ‘meal products’ prepared according to
manufacturer's instructions: Shepherd's Pie, Oat Porridge, Spa-
ghetti Bolognese, Vegetable Soup, Vanilla Shake, Strawberry Shake,
Chocolate Shake, and Banana Shake (LighterLife, Essex, United
Kingdom). Products were handed out free of charge during onsite
group meetings (5 meetings over the 8-week period); during these
meetings, the study dietitian also answered questions and provided
advice to subjects for improving compliance with the VLCDs. The
P52 group consumed 4 servings daily, providing 600 kcal/day from
52 g protein (35% of all calories [E%]), 52 g carbohydrate (35 E%),
18 g fat (27 E%), and 14 g dietary fiber (5 E%). The P77 group
received an additional sachet of 6.25 g whey protein to add to all
daily meals (i.e. a total of 25 g protein/day, corresponding to an
additional energy intake of 100 kcal/day). Therefore, the P77 VLCD
provided 700 kcal/day from 77 g protein (44 E%), 52 g carbohydrate
(30 E%), 18 g fat (23 E%) and 14 g dietary fiber (4 E%). In addition to
the provided VLCDs, participants were allowed to consume 50 g
green salad, 125 g cucumber, and 200 g tomato daily, and any other
calorie-free products in order to facilitate adherence.

2.3. Assessments and outcomes

All measurements were conducted at baseline and after the 8-
week VLCD period. The follow-up visits occurred during the week
of food reintroduction. For both visits, participants were instructed
to fast from 10 pm the evening before, and limit intake of water to
�500 mL in the morning. Upon arrival to the laboratory, they
emptied their bladder and changed into light clothing. Weight was
measured to the nearest 0.1 kg on a calibrated digital scale (WB-
110MA, TANITA Corporation, Netherlands). Height was measured to
the nearest 0.5 cm on a wall-mounted stadiometer (Hultafors,
Denmark). Waist circumference (at the middle point between the
bottom of the rib cage and the top of the iliac crest in the mid-
axillary line) and hip circumference (at the widest point between
the hips and buttocks) were measured to the nearest 0.5 cmwith a
non-stretchable measuring tape, and the waist-to-hip ratio was
calculated. Body composition (fat mass, LM, and bone mineral
content) was assessed by dual energy X-ray absorptiometry (DXA;
Lunar iDXA, GE Healthcare, Denmark). During thewhole-body scan,
participants were instructed to lie still with arms close to the body
and legs kept in place by a Velcro fastener around the ankles. LM
was calculated for the total body as well as for the appendicular
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skeleton (arms and legs). Visceral adipose tissue (VAT) within the
android region was estimated during the DXA scan (CoreScan, GE
Healthcare, Denmark) [15]. Thereafter, subjects had their O2 con-
sumption and CO2 production measured continuously for 30 min,
while breathing under a ventilated hood, and their respiratory
quotient and RMR were determined by indirect calorimetry (Jaeger
OxyconPro, Viasys Healthcare, Hoechberg, Germany). The repro-
ducibility of LM and RMR determinations in our laboratory, as re-
flected by the coefficient of variation of duplicate measurements in
16e25 subjects with similar characteristics as those recruited in the
present study, is 0.3% and 2.5%, respectively.

2.4. Statistical analysis

Power calculations for sample size determinationwere based on
the primary outcome of the main study, which was the amount of
weight regain from week 10 to week 21. A total of 72 completers
would be needed to detect a difference of 2 kg between groupswith
a standard deviation of 3 kg, at the 5% level of significance with 80%
power. Assuming a dropout rate of 20% during the VLCD period, and
an additional 20% during the subsequent weight maintenance
intervention, we planned to recruit 110 subjects.

The primary outcome of this substudy was the contribution of
LM to total weight loss (DLM/DBW); secondary outcomes included
RMR and additional measures of body composition. Data for sub-
jects who completed both study visits were analyzed by using
repeatedmeasured analysis of variance, with one between-subjects
factor (VLCD group: P52 vs P77) and one within-subjects factor
(time: before vs after), and adjusting for sex, because men and
women have been shown to differ significantly in the magnitude of
their physiological responses to rapid weight loss [16]. An intention
to treat analysis was not performed, as the primary outcome of the
study (DLM/DBW) could not be defined for non-completers. Dif-
ferences from baseline were calculated and compared between
groups by using analysis of covariance (adjusting for sex) and
Sidak's post hoc tests. Relationships between various outcomes and
protein intake were explored by correlation, regression, and
quantile analyses. Non-normally distributed datasets were log-
transformed for analysis. P-values <0.05 were considered statisti-
cally significant. Descriptive results are shown as means with
standard errors or 95% CIs. All analyses were conducted with IBM
SPSS Statistics version 27 (IBM Corporation, Armonk, New York,
USA).

3. Results

A total of 108 subjects were randomized to the VLCDs (n ¼ 58 in
P52; n ¼ 50 in P77), of which 84 completed the study (16 men and
29 women in P52; 19men and 20 women in P77); dropout rate was
22% in both groups (Fig.1). Two serious (aminor stoke and a hernia)
and one mild (a benign growth in the breast) adverse events were
recorded, none of which were related to study participation. The
sex distribution among completers was not different between
groups (P ¼ 0.222; chi-square test). By design, protein intake was
greater in subjects randomized to the P77 than the P52 VLCD, both
in g/kg BW (0.79 ± 0.02 vs 0.53 ± 0.01, respectively; P < 0.001) and
in g/kg LM (1.41 ± 0.04 vs 0.98 ± 0.02, respectively; P < 0.001).

Both VLCDs resulted in reductions in BW, BMI, fat mass and body
fat percent, LM (total and appendicular), waist and hip circumfer-
ences, waist-to-hip ratio, VAT mass, respiratory quotient and RMR;
whereas bone mineral content did not change (Table 1). Significant
time-by-group interactions were detected for BW, BMI and fat
mass, and almost for VAT (Table 1). Weight loss as percent from
baseline (P52: 13.2 ± 0.4%, P77: 11.6 ± 0.4%; P ¼ 0.012) and the
reductions in BW (P52: �13.3 ± 0.5 kg, P77: �11.5 ± 0.5 kg;
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P ¼ 0.011) and fat mass (P52: �9.7 ± 0.4 kg, P77: �8.4 ± 0.4 kg;
P ¼ 0.018) were smaller in the P77 than the P52 group; the
reduction in VAT mass also tended to be smaller (P52: �814 ± 60 g,
P77: �656 ± 65 g; P ¼ 0.079). However, the reductions in LM (total
and appendicular), waist and hip circumferences, waist-to-hip ra-
tio, respiratory quotient and RMR did not differ between groups,
and the contribution of LM to total weight loss (DLM/DBW) was
nearly identical: total body LM accounted for 27 ± 2% of lost weight
with both VLCDs (P ¼ 0.973), and appendicular LM accounted for
14 ± 2% and 16 ± 2% of lost weight in P52 and P77, respectively
(P ¼ 0.437). Likewise, there were no differences in the relative
decreases in total body LM from baseline (P52: �6.4 ± 0.4%,
P77: �5.6 ± 0.4%; P ¼ 0.155) and VAT mass from baseline
(P52: �38 ± 2%, P77: �40 ± 2%; P ¼ 0.508). Thus, the somewhat
smaller absolute decrease in VAT with the P77 VLCD than the P52
VLCD was likely because the former group of subjects had lower
values at baseline (P ¼ 0.046 between groups, after adjusting for
sex; Table 1).

There were no correlations between DLM/DBW and baseline
BMI, percent body fat, LM, or protein intake in g/kg LM (all P > 0.05,
for all subjects together or in each group separately, with or
without controlling for sex). Likewise, no differences in the
contribution of LM to lost weight were observed across quintiles of
protein intake in g/kg LM (Fig. 2, P¼ 0.888), even after adjusting for
age, sex, and BMI (P ¼ 0.959); similar results were obtained when
tertiles (P¼ 0.792) and quartiles (P¼ 0.662) were used instead. The
strongest correlate of absolute LM loss (kg change from baseline)
was the baseline LM (r ¼ �0.545, P < 0.001), and the strongest
correlate of relative LM loss (% change from baseline) was the
baseline BMI (r ¼ �0.278, P ¼ 0.011).

Protein intake in g/kg LM correlated directly with the absolute
(r¼ 0.589, P < 0.001) and relative (r¼ 0.416, P < 0.001) weight loss,
indicating that subjects with greater protein intakes experienced
smaller weight losses (n ¼ 84). These relationships remained sig-
nificant after controlling for sex (both P < 0.01), and were not
merely because of greater energy intake in the P77 than the P52
group, because protein intake correlated inversely with weight loss
even when the analysis was conducted in each group separately
(Fig. 3). The intercepts of the two regression lines were not signif-
icantly different (P ¼ 0.244) but the slopes were (P ¼ 0.029),
translating in a steeper line for the P52 than the P77 group (Fig. 3).

4. Discussion

We evaluated differences between the new vs the current pro-
tein requirement for TDR products in EU (75 vs 50 g/day, respec-
tively) [13,14] on the changes in LM and RMR in response to an 8-
week VLCD in men and women with overweight or obesity. Con-
trary to our hypothesis, we found no beneficial effects of consuming
77 vs 52 g of protein per day in the reductions in LM and RMR, or in
the contribution of LM to total weight loss (DLM/DBW). Similar
conclusions were reached when DLM/DBW was assessed across
tertiles, quartiles, or quintiles of relative protein intake, indepen-
dent of VLCD group allocation. If anything, the higher-protein VLCD,
likely because of the added calories, led to smaller weight loss and
fat mass loss compared to the standard-protein VLCD. Our results
indicate that higher protein intake during severe energy restriction
does not attenuate reductions in LM and RMR, and thus do not
support the recent decision to increase the protein content of TDR
products used for weight loss in the EU from 50 to 75 g/day [13,14].

In our study, the P77 VLCD led to smaller weight loss compared
to the P52 VLCD, averaging 1.8 kg (95% CI: 0.4, 3.2 kg) less over 8
weeks. This was not entirely unexpected given the higher-protein
VLCD provided an excess of 100 kcal/day from the added 25 g
of whey protein. Assuming this difference in energy intake



Fig. 1. Flow of subjects through the study.
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translated directly in a less negative energy balance throughout
the duration of the trial, the accumulated energy deficit over 8
weeks (56 days) in subjects consuming the P77 VLCD would be
5600 kcal smaller than the total energy deficit in subjects
consuming the P52 VLCD. Assuming further an average caloric
equivalent of lost weight during the first 4e6 weeks of dieting
equal to 5450 kcal/kg [17], differences in energy intake could ac-
count for 1.0 kg out of the 1.8 kg difference in weight loss between
groups. This suggests that greater energy intake (less negative
energy balance) in the P77 VLCD cannot solely be responsible for
the smaller reductions in BW and fat mass; it is therefore possible
that increased protein per se is somehow involved. This possibility
is supported by the direct correlation between protein intake and
weight loss in each of our VLCD groups, implying that increasing
protein intake is associated with diminishing weight loss even
under the same absolute energy intake (Fig. 3). This is in line with
the observations from two earlier small studies, which neverthe-
less included amounts of protein that are well above the current
minimum for TDR products (i.e. 50 g/day) [18,19]. Among men
with severe obesity who were fed a 700-kcal/day liquid diet with
either 68 g or 121 g of protein (n ¼ 3 per group), weight loss after
5729
64 days was significantly smaller in those consuming the protein-
rich diet by ~3 kg [18]. Likewise, among men and women with
overweight or obesity (n ¼ 9 per group), an isocaloric high-protein
VLCD compared with a standard-protein VLCD (corresponding to
approximately 135 g/day and 75 g/day, respectively) led to
significantly smaller reductions in BW by ~1 kg after 3 weeks [19].
The ‘BW-sparing’ effect of protein-rich VLCDs under isocaloric
conditions [18,19] is in good agreement with our results, and its
magnitude (1e3 kg) is actually greater than the portion of weight
loss differences between our VLCD groups that remains ‘unex-
plained’ after taking into account the differences in energy intake
(~0.8 kg). However, not all data are consistent with these obser-
vations. Two early studies comparing very restricted isocaloric
diets (energy intakes 440e600 kcal/day for 3e4 weeks) with
either 41 vs 95 E% or 35 vs 45 E% from protein found no differ-
ences in weight loss between groups (n ¼ 8e14 each) [20,21]. It is
therefore possible that differences in BW reduction between
VLCDs that differ in protein content are simply because of differ-
ences in the loss of total body water [18,22].

Our findings are diametrically opposite to the well-documented
effects of high-protein diets on body weight homeostasis. Results



Table 1
Anthropometric and metabolic parameters before and after an 8-week very-low-calorie diet (VLCD) with normal (52 g/day; P52) or high (77 g/day; P77) protein content in
subjects with overweight or obesity.

P52 P77 P-values

before after before after time group interaction

Weight (kg) 101.0 ± 1.7 87.7 ± 1.5 98.4 ± 1.9 86.9 ± 1.7 <0.001 0.478 0.011
BMI (kg/m2) 33.7 ± 0.4 29.3 ± 0.4 33.0 ± 0.5 29.2 ± 0.4 <0.001 0.544 0.007
Body fat (%) 42 ± 1 37 ± 1 41 ± 1 36 ± 1 <0.001 0.469 0.280
Fat mass (kg) 42.1 ± 1.2 32.4 ± 1.1 39.9 ± 1.2 31.5 ± 1.2 <0.001 0.356 0.018
LM (kg) 55.9 ± 0.9 52.3 ± 0.9 55.5 ± 1.0 52.3 ± 0.9 <0.001 0.898 0.171
Appendicular LMa (kg) 26.6 ± 0.5 24.7 ± 0.5 26.1 ± 0.6 24.2 ± 0.5 <0.001 0.490 0.789
Bone mineral content (g) 2958 ± 62 2939 ± 64 2967 ± 67 2960 ± 68 0.210 0.875 0.241
Waist circumference (cm) 109.8 ± 1.4 97.6 ± 1.2 107.7 ± 1.5 96.8 ± 1.3 <0.001 0.445 0.168
Hip circumference (cm) 114.2 ± 1.2 107.9 ± 1.1 112.2 ± 1.3 107.1 ± 1.2 <0.001 0.394 0.177
Waist-to-hip ratio 0.97 ± 0.01 0.91 ± 0.01 0.96 ± 0.01 0.91 ± 0.01 <0.001 0.827 0.873
VAT mass (g) 2063 ± 119 1249 ± 88 1706 ± 129c 1050 ± 96 <0.001 0.065 0.079
RMR (kcal/day) 1738 ± 29 1552 ± 23 1687 ± 31 1535 ± 25 <0.001 0.350 0.231
RMR-adjustedb (kcal/day) 1733 ± 29 1548 ± 23 1693 ± 31 1538 ± 26 <0.001 0.489 0.296
Respiratory quotient 0.79 ± 0.01 0.72 ± 0.01 0.79 ± 0.01 0.73 ± 0.01 <0.001 0.175 0.648

Values are means with standard errors. Data were analyzed by repeated measures analysis of variance (time-by-group) and adjusted for sex. Abbreviations: BMI, body mass
index; LM, lean mass; VAT, visceral adipose tissue; RMR, resting metabolic rate.

a Calculated as the sum of lean mass of the arms and legs.
b Adjusted further for the change in total body lean mass.
c P < 0.05 vs P52 at the same time point (from Sidak's post hoc test following analysis of variance adjusted for sex).

Fig. 2. Contribution of lean mass to total weight loss (DLM/DBW, %) induced by an 8-week very-low-calorie diet with normal (52 g/day) or high (77 g/day) protein content in
subjects with overweight or obesity, across quintiles of protein intake normalized for baseline lean mass. Values are means with 95% confidence intervals for n ¼ 16e18.
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from large randomized trials and meta-analyses of many smaller
trials indicate that high-protein diets induce significantly greater
amounts of weight loss than conventional low-fat or high-
carbohydrate diets, particularly during the early phase of dieting
(3e6 months) [10]. Moreover, despite the greater weight loss,
higher protein intakes have been associated with retention of LM
[12,23] and preservation of RMR [12]. This may be advantageous for
the maintenance of lost weight [11], as greater reductions in RMR
after weight loss have been linked to greater weight regain [5e9].
However, the beneficial effects of protein-rich diets on weight loss
and the preservation of LM and RMR have been observed exclu-
sively in studies with more moderate calorie restriction, i.e. at en-
ergy intakes >1000 kcal/day [12,23] (and even then, not always
5730
[24]). Whereas, results from several small studies (8e15 subjects
per diet arm) with severely restricted energy intakes (�1000 kcal/
day for 1e4 weeks) provide no evidence that increasing protein
intake augments weight loss or preserves LM and RMR
[19,20,25,26]. Therefore, the mechanisms that have been proposed
to mediate the beneficial effects of high-protein diets on BW and
body composition under moderate calorie restriction, such as
increased satiety and decreased hunger, increased diet-induced
thermogenesis, increased fat oxidation, and improved nitrogen
balance [27,28], may not be operational under severe calorie re-
striction. For instance, dietary protein-mediated improvements in
nitrogen balance do not coincide with greater weight loss [26] or
retention of LM [25], and diet-induced shifts in the mixture of



Fig. 3. Relationship between protein intake normalized for baseline lean mass and change in body weight induced by an 8-week very-low-calorie diet with normal (52 g/day; P52)
or high (77 g/day; P77) protein content in subjects with overweight or obesity.
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substrates being oxidized do not result in corresponding changes in
the tissue composition of lost weight [29]. It is also reasonable to
assume that the thermogenic effect of dietary proteinwhich results
in greater diet-induced thermogenesis and thus, a more negative
energy balance [30], will be less pronounced as calorie restriction
becomes more severe, e.g. with VLCD feeding. In support, at an
energy intake of ~1000 kcal/day, isocaloric substitution of carbo-
hydrate or fat by protein, yielding diets with high- or normal-
protein content (36 vs 15 E% from protein, respectively), does not
facilitate weight loss despite mitigating the decrease in total energy
expenditure [26]. Finally, the satiating effect of dietary protein
when food is consumed ad libitum [31] may be less important or
more difficult tomanifest during VLCD feeding, because hunger and
food cravings are already suppressed to a considerable extent (and
significantly more than with moderate calorie restriction) [32]. In
the absence of studies that directly test these hypotheses, however,
all these arguments remain speculative.

It is also possible that the relationship between LM and RMR
becomes more complicated during conditions of hypocaloric diet-
ing and weight loss. LM comprises a heterogeneous compartment
of tissues with a wide range of metabolic rates per unit of mass. In
response to diet-induced weight loss, the relative decrease in high-
metabolically active components of LM (i.e. organs such as the
heart, kidneys, and liver) is significantly greater than the relative
decrease in low-metabolically active components of LM (e.g. skel-
etal muscle and bone) [33]. Importantly, decreases in organ mass
do not significantly correlate with each other or with the change in
total body LM [33]. As a result, and despite that LM typically ac-
counts for ~80% of the inter-individual variability in RMR during
weight-stable conditions [34,35], the weight loss-induced change
in LM explains a much smaller portion (14e18%) of the decrease in
RMR in response to calorie restriction [33,36]. Thus, the assumption
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that a protein-mediated preservation of LM would mitigate the
reduction in RMR during weight loss is not an unequivocal (albeit
not an unreasonable) proposition.

Our study has some limitations that need to be taken into ac-
count when interpreting our results and translating them into
clinical practice. First, the relatively short duration (2 months) does
not allow for delineating the long-term effects of the additional
dietary protein on body weight homeostasis. However, although
there are certainly studies with longer duration VLCD treatment
(2e6months) [2,37], these diets are seldom used in clinical practice
for long periods. Moreover, in a meta-analysis of 23 randomized
controlled trials inwhichmore than 1000 participants were treated
with high-protein or standard-protein hypocaloric diets for 4e52
weeks, no compelling evidence was found to suggest that the
benefits of high-protein diets on LM and RMR preservation during
weight loss depend on the duration of calorie restriction [12].
Second, we evaluated body composition immediately after VLCD
feeding, without any stabilization at the new, lower body weight,
whichmay have confounded the contribution of fat mass and LM to
total weight loss [38]. Nevertheless, we have no reason to assume
that this methodological detail would have a systematically
different effect between our two VLCD groups. Therefore, even
though our estimations of the contribution of LM to lost weight
may not be a true reflection of the new steady-state, they should
still provide an accurate representation of the relative effects of the
higher-protein VLCD vs the standard-protein VLCD. On the other
hand, our study included 3e5 times more subjects than previous
studies examining protein-rich VLCDs [19,20,25,26], was among
the lengthiest ones [18], and included groups that were balanced at
baseline and representative of the general population of patients
with overweight or obesity, who are the main target group of TDR
products.
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5. Conclusion

Our results indicate that consuming 77 vs 52 g/day of protein
has no beneficial effects on the retention of LM and RMR when
individuals with overweight or obesity are treated with a VLCD
(energy intake 600e700 kcal/day) for 2 months. These findings
provide no support for the recent decision to increase the pro-
tein content of TDR products in the EU. If anything, the added
protein calories may lead to smaller reductions in BW and fat
mass.

Data sharing

The authors commit to responsible sharing of data. This includes
summary data and anonymized individual patient data as well as
other material (e.g. protocols, clinical study reports). Requests from
any qualified researchers who engage in rigorous, independent
scientific research should be addressed to the corresponding
author. Data will be provided following review and approval of a
research proposal and statistical analysis plan and execution of a
data sharing agreement.

Funding

The study was supported by The Beef Checkoff (a program of the
National Cattlemen's Beef Association, USA) and the Danish Agri-
culture & Food Council. Lighter Life (Essex, UK) sponsored formula
and protein products for the study. The sponsors had no role in
study design; in the collection, analysis and interpretation of data;
in thewriting of the report; and in the decision to submit the article
for publication.

Author contributions

FM: Data curation; Formal analysis; Validation; Visualization;
Writing - original draft. MFH: Conceptualization; Investigation;
Project administration; Writing - review & editing. SA, MIS, SIR:
Investigation; Methodology; Project administration; Writing - re-
view & editing. CR: Data curation; Software; Validation; Writing -
review & editing. AS: Conceptualization; Project administration;
Supervision;Writing - review& editing. NRWG: Conceptualization;
Data curation; Funding acquisition; Investigation; Supervision;
Writing - review & editing.

Conflicts of interest

NRWG has received funding from the Danish Agriculture and
Food Council. AS participated in EFSA's working group that drafted
the “Scientific Opinion on the essential composition of total diet re-
placements for weight control” and was a member of the NDA-panel
at EFSA that edited and adopted the opinion. The other authors
report no conflicts of interest.

Acknowledgements

We thank clinical dietitians Maria R. Andersen and Marianne J.
Hansen, lab technician Søren Andresen, and bachelor student
Christian Luplau Colding (all affiliated with the Department of
Nutrition, Exercise and Sports at the University of Copenhagen) for
their help in the conduct of the study.

References

[1] Di Rosa C, Lattanzi G, Taylor SF, Manfrini S, Khazrai YM. Very low calorie
ketogenic diets in overweight and obesity treatment: effects on
5732
anthropometric parameters, body composition, satiety, lipid profile and
microbiota. Obes Res Clin Pract 2020;14:491e503.

[2] Tsai AG, Wadden TA. The evolution of very-low-calorie diets: an update and
meta-analysis. Obesity 2006;14:1283e93.

[3] Rattan S, Coxon A, Kreitzman S, Lemons A. Maintenance of weight loss with
recovery of resting metabolic rate following 8 weeks of very low calorie
dieting. Int J Obes 1989;13(Suppl 2):189e92.

[4] Van Gaal LF, Vansant GA, De Leeuw IH. Factors determining energy expen-
diture during very-low-calorie diets. Am J Clin Nutr 1992;56:224S. 9S.

[5] Pasman WJ, Saris WH, Westerterp-Plantenga MS. Predictors of weight main-
tenance. Obes Res 1999;7:43e50.

[6] Vogels N, Diepvens K, Westerterp-Plantenga MS. Predictors of long-term
weight maintenance. Obes Res 2005;13:2162e8.

[7] Astrup A, Gotzsche PC, van de Werken K, Ranneries C, Toubro S, Raben A, et al.
Meta-analysis of resting metabolic rate in formerly obese subjects. Am J Clin
Nutr 1999;69:1117e22.

[8] Ravussin E, Lillioja S, Knowler WC, Christin L, Freymond D, Abbott WG, et al.
Reduced rate of energy expenditure as a risk factor for body-weight gain.
N Engl J Med 1988;318:467e72.

[9] Bosy-Westphal A, Schautz B, Lagerpusch M, Pourhassan M, Braun W, Goele K,
et al. Effect of weight loss and regain on adipose tissue distribution, compo-
sition of lean mass and resting energy expenditure in young overweight and
obese adults. Int J Obes 2013;37:1371e7.

[10] Magkos F. The role of dietary protein in obesity. Rev Endocr Metab Disord
2020;21:329e40.

[11] Magkos F. Protein-rich diets for weight loss maintenance. Curr Obes Rep
2020;9:213e8.

[12] Wycherley TP, Moran LJ, Clifton PM, Noakes M, Brinkworth GD. Effects of
energy-restricted high-protein, low-fat compared with standard-protein,
low-fat diets: a meta-analysis of randomized controlled trials. Am J Clin
Nutr 2012;96:1281e98.

[13] EFSA Panel on Dietetic Products, Nutrition and Allergies. Scientific Opinion on
the essential composition of total diet replacements for weight control. EFSA J
2015;13:3957.

[14] Vilella SB, Vaqu�e LG. The Commission establishes the specific compositional
and information requirements for “total diet replacement for weight control
products” - Commission Delegated Regulation (EU) 2017/1798. Eur Food Feed
Law Rev 2018;13:108e15.

[15] Kaul S, Rothney MP, Peters DM, Wacker WK, Davis CE, Shapiro MD, et al. Dual-
energy X-ray absorptiometry for quantification of visceral fat. Obesity
2012;20:1313e8.

[16] Christensen P, Meinert Larsen T, Westerterp-Plantenga M, Macdonald I,
Martinez JA, Handjiev S, et al. Men and women respond differently to rapid
weight loss: metabolic outcomes of a multi-centre intervention study after a
low-energy diet in 2500 overweight, individuals with pre-diabetes (PRE-
VIEW). Diabetes Obes Metabol 2018;20:2840e51.

[17] Heymsfield SB, Thomas D, Martin CK, Redman LM, Strauss B, Bosy-
Westphal A, et al. Energy content of weight loss: kinetic features during
voluntary caloric restriction. Metabolism 2012;61:937e43.

[18] Yang MU, van Itallie TB. Variability in body protein loss during protracted,
severe caloric restriction: role of triiodothyronine and other possible de-
terminants. Am J Clin Nutr 1984;40:611e22.

[19] Merra G, Miranda R, Barrucco S, Gualtieri P, Mazza M, Moriconi E, et al. Very-
low-calorie ketogenic diet with aminoacid supplement versus very low
restricted-calorie diet for preserving muscle mass during weight loss: a pilot
double-blind study. Eur Rev Med Pharmacol Sci 2016;20:2613e21.

[20] Hendler R, Bonde 3rd AA. Very-low-calorie diets with high and low protein
content: impact on triiodothyronine, energy expenditure, and nitrogen bal-
ance. Am J Clin Nutr 1988;48:1239e47.

[21] Vazquez JA, Kazi U, Madani N. Protein metabolism during weight reduction
with very-low-energy diets: evaluation of the independent effects of protein
and carbohydrate on protein sparing. Am J Clin Nutr 1995;62:93e103.

[22] DeHaven J, Sherwin R, Hendler R, Felig P. Nitrogen and sodium balance and
sympathetic-nervous-system activity in obese subjects treated with a low-
calorie protein or mixed diet. N Engl J Med 1980;302:477e82.

[23] Krieger JW, Sitren HS, Daniels MJ, Langkamp-Henken B. Effects of variation in
protein and carbohydrate intake on body mass and composition during en-
ergy restriction: a meta-regression 1. Am J Clin Nutr 2006;83:260e74.

[24] Englert I, Bosy-Westphal A, Bischoff SC, Kohlenberg-Muller K. Impact of
protein intake during weight loss on preservation of fat-free mass,
resting energy expenditure, and physical function in overweight post-
menopausal women: a randomized controlled trial. Obes Facts 2021;14:
259e70.

[25] Larsen AE, Bibby BM, Hansen M. Effect of a whey protein supplement on
preservation of fat free mass in overweight and obese individuals on an en-
ergy restricted very low caloric diet. Nutrients 2018;10:1918.

[26] Whitehead JM, McNeill G, Smith JS. The effect of protein intake on 24-h en-
ergy expenditure during energy restriction. Int J Obes Relat Metab Disord
1996;20:727e32.

[27] Westerterp-Plantenga MS, Nieuwenhuizen A, Tome D, Soenen S,
Westerterp KR. Dietary protein, weight loss, and weight maintenance. Annu
Rev Nutr 2009;29:21e41.

[28] Westman EC, Feinman RD, Mavropoulos JC, Vernon MC, Volek JS, Wortman JA,
et al. Low-carbohydrate nutrition and metabolism. Am J Clin Nutr 2007;86:
276e84.

http://refhub.elsevier.com/S0261-5614(21)00475-1/sref1
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref1
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref1
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref1
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref1
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref2
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref2
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref2
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref3
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref3
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref3
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref3
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref4
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref4
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref5
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref5
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref5
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref6
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref6
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref6
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref7
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref7
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref7
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref7
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref8
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref8
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref8
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref8
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref9
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref9
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref9
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref9
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref9
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref10
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref10
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref10
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref11
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref11
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref11
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref12
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref12
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref12
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref12
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref12
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref13
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref13
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref13
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref14
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref14
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref14
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref14
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref14
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref14
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref15
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref15
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref15
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref15
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref16
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref16
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref16
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref16
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref16
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref16
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref17
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref17
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref17
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref17
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref18
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref18
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref18
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref18
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref19
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref19
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref19
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref19
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref19
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref20
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref20
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref20
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref20
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref21
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref21
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref21
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref21
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref22
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref22
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref22
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref22
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref23
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref23
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref23
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref23
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref24
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref24
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref24
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref24
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref24
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref24
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref25
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref25
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref25
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref26
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref26
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref26
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref26
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref27
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref27
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref27
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref27
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref28
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref28
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref28
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref28


F. Magkos, M.F. Hjorth, S. Asping et al. Clinical Nutrition 40 (2021) 5726e5733
[29] Hall KD, Bemis T, Brychta R, Chen KY, Courville A, Crayner EJ, et al. Calorie for
calorie, dietary fat restriction results in more body fat loss than carbohydrate
restriction in people with obesity. Cell Metabol 2015;22:427e36.

[30] Westerterp KR, Wilson SA, Rolland V. Diet induced thermogenesis measured
over 24h in a respiration chamber: effect of diet composition. Int J Obes Relat
Metab Disord 1999;23:287e92.

[31] Weigle DS, Breen PA, Matthys CC, Callahan HS, Meeuws KE, Burden VR, et al.
A high-protein diet induces sustained reductions in appetite, ad libitum
caloric intake, and body weight despite compensatory changes in diurnal
plasma leptin and ghrelin concentrations. Am J Clin Nutr 2005;82:41e8.

[32] Martin CK, O'Neil PM, Pawlow L. Changes in food cravings during low-calorie
and very-low-calorie diets. Obesity 2006;14:115e21.

[33] Bosy-Westphal A, Kossel E, Goele K, Later W, Hitze B, Settler U, et al.
Contribution of individual organ mass loss to weight loss-associated decline in
resting energy expenditure. Am J Clin Nutr 2009;90:993e1001.
5733
[34] Arciero PJ, Goran MI, Poehlman ET. Resting metabolic rate is lower in women
than in men. J Appl Physiol 1993;75:2514e20. 1985.

[35] Bogardus C, Lillioja S, Ravussin E, Abbott W, Zawadzki JK, Young A, et al. Fa-
milial dependence of the resting metabolic rate. N Engl J Med 1986;315:
96e100.

[36] Heshka S, Yang MU, Wang J, Burt P, Pi-Sunyer FX. Weight loss and change in
resting metabolic rate. Am J Clin Nutr 1990;52:981e6.

[37] Lean MEJ, Leslie WS, Barnes AC, Brosnahan N, Thom G, McCombie L, et al.
Durability of a primary care-led weight-management intervention for
remission of type 2 diabetes: 2-year results of the DiRECT open-label, cluster-
randomised trial. Lancet Diabetes Endocrinol 2019;7:344e55.

[38] Vink RG, Roumans NJ, Arkenbosch LA, Mariman EC, van Baak MA. The effect of
rate of weight loss on long-term weight regain in adults with overweight and
obesity. Obesity 2016;24:321e7.

http://refhub.elsevier.com/S0261-5614(21)00475-1/sref29
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref29
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref29
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref29
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref30
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref30
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref30
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref30
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref31
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref31
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref31
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref31
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref31
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref32
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref32
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref32
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref33
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref33
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref33
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref33
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref34
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref34
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref34
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref35
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref35
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref35
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref35
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref36
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref36
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref36
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref37
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref37
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref37
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref37
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref37
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref38
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref38
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref38
http://refhub.elsevier.com/S0261-5614(21)00475-1/sref38

	A protein-supplemented very-low-calorie diet does not mitigate reductions in lean mass and resting metabolic rate in subjec ...
	1. Introduction
	2. Materials & methods
	2.1. Subjects
	2.2. Experimental design
	2.3. Assessments and outcomes
	2.4. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusion
	Data sharing
	Funding
	Author contributions
	Conflicts of interest
	Acknowledgements
	References


