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Abstract

Introduction Overweight and obesity are increasing global challenges associated with severe health risks. Lifestyle
factors like easy access to high-caloric foods and a decrease in physical activity contribute to weight gain. The
increase in fat mass (FM) and decrease in lean body mass (LBM) are supported by age-related changes in body
composition by the age of 30. Two dietary strategies, the volumetrics diet (VD) and time-restricted eating (TRE), have
shown promise in achieving sustainable loss of body weight (BW) and FM without requiring food group exclusions
or portion reductions. This study aimed to compare the impact of VD and TRE on body composition parameters and
their adherence rate in middle-aged normal-weight to overweight physically active people over 12 weeks.

Methods In this randomized controlled trial, 37 physically active participants were allocated to either VD or TRE
(VD:n=21, age: 39.48+8.83 years, body mass index (BMI): 25,38 +4.37 kg/mz; TRE:n=16,age: 42.06 +8.47, BMI:
26.38+2.81 kg/m?). Participants followed their assigned dietary strategy for 12 weeks while documenting their daily
food intake using the FDDB app. Adherence to the diets was self-reported weekly. The VD group consumed meals
with an energy density < 1.5 kcal/g and the TRE group restricted calorie intake to an 8-hour window (11:30 AM-7:30
PM). Measurements of BW, FM, LBM, BMI, waist circumference (WC) and hip circumference (HC) were taken at baseline
(TO) and after 4 (T1), 8 (T2) and 12 weeks (T3). Statistical analysis included linear mixed-effect models to compare
time, group and interaction effects on body composition.

Results Both VD and TRE groups showed significant reductions in BW (p=0.0002; d=0.61), absolute FM (p <0.0001;
d=0.85), relative FM (p <0.0001; d=0.84), BMI (p=0.0001; d=0.60), WC (p <0.0001; d=0.92), HC (p=0.003; d=0.51)
and WHR (p <0.0001; d=0.90) after 12 weeks. No significant differences were observed between groups or in
interaction effects for these parameters. Both groups maintained LBM throughout the intervention. Adherence rates
were significantly higher in TRE (5.78 +1.13 days/week) compared to VD (5.29 + 1.49 days/week; p=0.0002). Adherence
declined over time in both groups but not significantly. Dietary analysis showed no significant differences in energy
and macronutrient intake.
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Conclusion VD led to the same results as TRE but with a significantly lower adherence rate in the 12-week
intervention period. Both dietary approaches reduced BW and FM and maintained LBM in middle-aged, physically
active individuals without changing physical activity levels. Therefore, VD and TRE may counteract age-related body
composition changes as long-term measures. Further studies with larger samples and a longer study duration are

needed to confirm these findings.
Registration number DRKS00033809.
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Introduction

Overweight and obesity have been growing problems
across the globe for the past decades [1-3]. With increas-
ing body weight and a rise in fat mass, the risks for car-
diovascular diseases, type 2 diabetes mellitus, and mental
health disorders also increase [3]. The economic conse-
quences, such as high costs for the healthcare system,
should also not be neglected [4]. Lifestyle factors like easy
access to high-caloric food and a decrease in daily activ-
ity cause a growing number of people to be overweight
and obese [1-3]. This imbalance in energy consump-
tion and expenditure is supported by the age-related
change in body composition from the age of 30 [5, 6]. An
increase in body weight (BW) and fat mass (FM) with a
redistribution of body fat can be seen between the ages
of 30-70 [5, 7, 8]. Simultaneously, the age-related loss of
skeletal muscle mass (SMM) leads to a higher risk of falls
and fractures and can cause sarcopenia in older age [9].
As changes in body composition already occur in middle
adulthood, early preventive strategies such as dietary
modification can be implemented to either maintain BW,
FM, and SMM in individuals with a normal weight, or to
initiate measures aimed at reducing excess FM in over-
weight individuals, thereby minimizing the risk of devel-
oping obesity.

The most important factor for weight loss is a calorie
deficit, regardless of the strategy used to achieve it [10].
However, an adequate protein intake is necessary for pre-
serving muscle mass [11]. For adults, the current recom-
mended dietary allowance (RDA) for protein is 0.8 g per
kg BW per day [12]. Many dietary approaches can help
to reduce BW and FM and improve health outcomes,
but the adherence rates in the long-term are low [13].
For successful therapy and prevention, it's important
that a program can be easily integrated into everyday life
to change the lifestyle in the long term. Also, the exclu-
sion of certain food groups and reduced meal portions
can cause hunger and dissatisfaction [14, 15]. However,
continuous calorie restriction also entails certain risks.
In particular, for individuals with normal-weight, a pro-
longed low energy availability may lead to deficiencies
in macro- and micronutrients as well as a loss of SMM
which could increase the risk of falls and fractures [16—
18] Two types of diet that do not require reducing the

meal portions and avoiding certain food groups are the
volumetrics diet (VD) and time-restricted eating (TRE).
Therefore, these two concepts could work not only as a
short-term measure for weight reduction but also as
long-term diets for the prevention of age-related gain in
FM [19, 20].

VD is based on a reduced dietary energy density [21].
The energy density of food is defined as the amount of
energy (in kcal or kJ) in a given weight (e.g. g or 100 g) of
food. An energy density of up to 1.5 kcal/g, i.e. a maxi-
mum of 150 kcal per 100 g, is classified as a low energy
density [22]. By reducing dietary energy density, a caloric
deficit can be achieved [15]. The aim is to be able to eat
to satiety with low-calorie, nutrient-dense foods. A study
by Rolls & Bell (1999) indicates that it’s also the volume
of food and not only its energy content that influences
satiety. Reduced hunger and a decreased total energy
intake were detected with a simultaneous moderate
loss in BW and FM in overweight and obese people in
short- and long-term observations [23, 24]. The review
of Pérez-Escamilla et al. (2012) showed positive associa-
tions between low energy density and greater weight loss,
better weight maintenance or lower weight increase in
many studies [25]. Other studies showed no difference in
weight loss between low energy density and other dietary
strategies [25, 26].

TRE is a form of intermittent fasting that restricts food
intake to specific time periods of the day [27]. The best-
known form of TRE is the 16:8 method, in which calorie
intake is limited to 8 h daily [28]. In the remaining 16 h
of the day, only drinks such as water, unsweetened tea,
coffee and calorie-free soft drinks are permitted. Previ-
ous studies demonstrated a reduction in overall calorie
consumption when implementing TRE with a decrease
in BW and FM [28-32]. However, the effects on BW,
EM and lean body mass (LBM) are inconclusive in these
studies.

Previous studies have investigated the effects of VD
or TRE in individuals with obesity who did not engage
in regular activity [23, 30, 33]. As previously mentioned,
changes in body composition and energy metabolism
begin as early as the fourth decade of life. Furthermore,
the prevalence of being overweight continues to increase,
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which is associated with a heightened long-term risk of
developing obesity.

To date, no studies examined the impact of both nutri-
tion strategies on normal weight and overweight indi-
vidual- who are physically active prior to the intervention
and maintain their exercise routines throughout the
intervention period. Therefore, this study aimed to inves-
tigate the effects of VD and TRE on body composition
parameters and adherence without altering the physi-
cal activity in middle-aged normal weight to overweight
physically active adults.

Materials and methods

Study design

The study was conducted as a randomized controlled
trial for 12 weeks. The primary parameters BW, relative
and absolute FM, LBM, BMI, waist circumference (WC)
and hip circumference (HC) were measured at baseline
(TO), after 4 weeks (T1), 8 weeks (T2) and 12 weeks (T3).
A one-week familiarization phase was conducted before
the intervention phase to get the subjects used to the
food documentation with the Food Database app (FDDB)
(Food Database GmbH, 28217 Bremen, Germany). This
phase is not included in the statistical analysis because
subjects had to continue their normal diet and were not
divided into one of the nutritional concepts. After the
familiarization phase, participants were assigned to the
VD or TRE group to perform the dietary strategy for 12
weeks. They were supervised by a nutrition coach and
documented their nutrition daily with FDDB. The study
was approved by the local ethics committee of the IST
University of Applied Sciences Dusseldorf, Germany (No.
0820231ST233, approved in December 2023) and has
been registered in the German registry for clinical stud-
ies (DRKS00033809). The study took place between Janu-
ary 2024 and April 2024. The study design can be seen in
Fig. 1.
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Participants

Physically active participants between 30 and 65 years
were recruited with an email newsletter sent to all cus-
tomers of Bi PHiT GmbH (Munich, Germany). Inclu-
sion criteria were exercising one to three times a week
and a BMI between 18,5 and 34,9 kg/m? The exclusion
criteria were chronic illnesses and acute injuries, preg-
nancy, eating disorders and smoking. All participants
were informed about the study procedure and provided
written informed consent before participating. After par-
ticipants were checked for suitability and completed the
familiarization phase, they were randomized into VD and
TRE groups based on gender, age and body weight.

Physical activity

At the beginning of the study, participants had to report
on the type of sports and the number of training ses-
sions they completed per week. One training session was
defined as 60 min. During the study period, it was man-
datory for participants to not change their training fre-
quency and type of sports.

Dietary strategies

All participants received information about nutritional
basics (energy balance, macronutrients and micronu-
trients) and were instructed in their specific dietary
concepts before the study. They were supervised by a
nutrition coach during the whole intervention. Both
groups had to document their diet with the FDDB app
every day. FDDB is a validated application for dietary
analysis [34]. The basal metabolic rate of each subject was
calculated using the Benedict-Harris Eq. [35]. To approx-
imate the total energy expenditure, this value was multi-
plied by the physical activity level (PAL) factor [36]. The
PAL factor of every participant was estimated from their
reported physical activity. No explicit recommendations
were given for the macronutrient, fiber or calorie intake.
The calorie target of each person was set to 6000 kcal in
the app to not restrict the subjects’ eating behavior. No
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explicit recommendations were given for the macronutri-
ent, fiber or calorie intake, either in the app or otherwise.
The app was only be used as a documentation tool.

The participants in the VD group had to ensure an
energy density of no more than 1.5 kcal/g in each meal
[22]. They were given instructions for calculating the
energy density and a table listing the energy density of
numerous common foods. They were allowed to eat and
combine any food while maintaining a low energy den-
sity. Only energy-containing drinks such as alcohol, juices
and soft drinks were forbidden. Participants in the TRE
group were required to consume their calories between
11:30 AM and 7:30 PM with a possible deviation of half
an hour. They were free in their food and drink selection
during this time window. In the 16-hour fasting period,
they were allowed to consume drinks such as water,
unsweetened tea, coffee and calorie-free soft drinks.

Measurements - body composition

The primary parameters BW, FM, LBM, WC and HC
were measured every four weeks (T0-T3) in the studio
of Bi PHiT GmbH in Munich. The measurements took
place between 7.00 and 11.00 A.M. Participants came
fasted and were instructed to drink only 0.5 L of water.
BW, FM and LBM were measured using a bioelectrical
impedance analysis (BIA) (TANITA BC-601 CG; Tanita
Corporation, Tokyo, Japan). The BMI was calculated with
the following Eq. [37]:

BMI (kg/m?) — Body weight (kg)
(Height (m)2)

WC was measured at the narrowest part of the waist and
HC at the thickest part of the buttocks, both with a mea-
suring tape. In addition, the waist-to-height ratio (WHR)
was calculated at each measurement by dividing the waist
circumference of each subject by their height. The WHR
is a measurement tool to help assess central obesity in
adults with a BMI below 35 kg/m? [38]. Central obesity
is categorised into three degrees depending on the waist-
to-height ratio: healthy central adiposity with a WHR of
0.4 to 0.49, increased central adiposity with a WHR of 0.5
to 0.59 and high central adiposity with a WHR of 0.6 or
more. The last two degrees are indicating an increased
health risk with type 2 diabetes, hypertensions and car-
diovascular disease.

Adherence

To investigate the adherence and feasibility of VD and
TRE in everyday life, a questionnaire was sent to the
participants every Sunday. They had to self-report how
many days they could stick to their dietary concept the
previous week. In the VD group, a day was considered
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non-adherent when there was a meal with an energy
density over 1.5 kcal/g. In the TRE group, a day was non-
adherent when food or calorie-rich drinks were con-
sumed during the fasting period. Both groups had to give
reasons for not complying with the concept. They had
to rate the feasibility of the diet in their everyday life on
a scale of 1-5 (1=1It was very difficult for me; 5=1It was
very easy) for the previous week. They were also asked to
describe their mood and well-being in the questionnaire
such as sleep quality, energy level during the day or feel-
ing of hunger. The weekly questionnaire can be found in
the supplemental material.

Statistical analysis

A priori power analysis was performed with G*Power
version 3.1.9.6 (F-Test, ANOVA: Repeated measures,
within-between interaction). A moderate effect (f=0.25),
an a-error of 0.05, a power of f= 0.95, two groups and
four measurements were used for the calculation. The
correlation between repeated measures was set to 0.5 and
the nonsphericity correction ¢ to 1. The estimated mini-
mum sample size was 36 participants.

All statistical analyses were conducted using R (Version
4.4.1, R Core Team, 2023). The parameters were tested
for normal distribution with the Shapiro-Wilk test. Base-
line characteristics, dietary intake and adherence to the
dietary concepts between the groups were analyzed by
independent samples t-test. The changes in adherence
to the concepts in each group over time were tested with
the paired t-test. The Mann-Whitney-U-Test was used
to examine differences in training frequency between
VD and TRE. Linear mixed-effect models (LMM) were
used to analyze differences in the body composition and
circumference variables between the groups (VD vs.
TRE), for time (TO0, T1, T2, T3) and in their interaction
(time*group). The lme4 package was used in R [39]. The
variable time was classified as a continuous variable as
it was assumed to have a linear effect over the interven-
tion phase. The variable group was categorized as a factor
with two levels (VD and TRE). A significant difference
between the groups at baseline showed up as a group
effect. Significant changes over time, regardless of group,
were reported as time effects and a significant change
between the groups over time was assumed as an inter-
action effect. The variables training frequency and sex
were added as a fixed covariate of no interest. To analyze
the influence of protein intake on the development of
LBM, participants were divided into three groups based
on their daily protein intake (Group 1: < 0.8 g/kg BW;
Group 2: 0.8-1.2 g/kg BW; Group 3: >1.2 g/kg BW). A
regression analysis was used to detect any difference in
the change of the LBM between the three groups over the
intervention period.
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Fig. 2 Participant flow diagram

Table 1 Baseline characteristics of participants

Parameter VD (n=21) TRE (n=16) p-value
Male 4 7

Female 17 9

Age (years) 39.48+883 42.06+847 <0.001*
Height (cm) 17043+7.68  17250+£764  <0.001*
Body weight (kg) 735941280  7899+1349  0.200
Fat mass (kg) 21.00+7.66 2197+624 0.664
Fat mass (%) 2833+7.72 27.71+6.31 0.795
Lean body mass (kg) 4995+9.76 5411+£10.27 0214
BMI (kg/m2) 2538+437 26.38+2.81 0.404
Waist circumference (cm)  81.02+11.30  85.03+9.76 0.237
Hip circumference (cm) 102.55+7.91 104.88+7.59 0.362

Data are presented as mean +standard deviation
*indicates a significant difference between groups
BMI, body mass index; TRE, time-restricted eating; VD, volumetrics diet

A p-value of <0.05 was defined as statistical signifi-
cance [40]. Effect sizes (d) were calculated with Cohen’s
d for the changes in body composition per group over the
intervention period. Effect sizes are classified as trivial
(d<0.2), small (0.2<d<0.5), medium (0.5<d<0.8) and
large (d>0.8) [41].

Results

Seventy-eight individuals registered via the newsletter
(Fig. 2). 30 interests were excluded because the inclu-
sion criteria weren't satisfied (n=19) or they disagreed

Time-restricted eating (T0)
(n=23)

Drop out (n=7)
- Personal reasons (n=2)
- Lost to follow-up (n=5)

Completed entire study (T3)
(n=16)

with participating in the study after receiving detailed
information about the conditions (n=11). 48 subjects
attended the initial measurement. 11 people dropped out
during the intervention phase and a total of 37 partici-
pants (VD =21; TRE=16) completed the entire study. In
the VD group, 17 women and 4 men participated, while
the TRE group comprised 9 women and 7 men. At base-
line, a significant difference in age (p<0.001) and height
(p<0.001) was detected between the groups. No differ-
ences were detected in any other parameters at TO. All
participant characteristics at baseline are presented in
Table 1.

Physical activity
The types of sports participants reported in the ques-
tionnaire were classified into three categories: strength
training, endurance training and other physical activity.
The category “other physical activity” included sports
such as yoga or tennis that couldn’t be assigned clearly
as strength or endurance training. The number of train-
ing sessions per week per group was calculated in total
and for each category. There was no significant difference
in the total training frequency between the groups. For
the different training types, no significant difference was
detected between VD and TRE.

With these results, participants didn’t meet the guide-
lines on physical activity from the World Health Organi-
zation (WHO) of 150-300 min of moderate-intensity or
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Table 2 Training frequency for different training type categories

and in total

Training type VD TRE p-value
Strength training (TS/week) 1.76£1.00 156096 0495
Endurance training (TS/week) 048+060 050+063 0944
Other physical activity (TS/week)  067+£091 056+£063  0.999
Training frequency (TS/week) 290+£094 262+1.09 0462

Data are presented as mean +standard deviation. A training session is defined
as a duration of 60 min

TRE, time-restricted eating; TS, training sessions; VD, volumetrics diet

75-150 min of vigorous-intensity aerobic physical activ-
ity [42]. On average, they also didn’t meet the recommen-
dations for strength training of at least two days a week.
Table 2 shows the training frequency and the allocation
to the specific categories per group.

Measurements - body composition

BW changed significantly from pre- to post-interven-
tion in both groups (p=0.0002; 4=0.61), but no signifi-
cant difference was detected between the groups or in
the interaction effect. Significant time effects were also
observed in absolute (p<0.0001; 4=0.85) and relative
EM (p<0.0001; d=0.84), BMI (p=0.0001; d=0.60), WC
(p<0.0001; d=0.92), HC (p=0.003; 4=0.51) and WHR
(p<0.0001; d=0.90). No significant group or interaction
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effect was detected in any of these parameters. There was
no significant time, group and interaction effect for LBM.
All body composition parameters at every measure-
ment time can be seen in Table 3. Figures 3A-G show the
change in each parameter per group during the interven-
tion phase.

Dietary intake
The evaluation of the FDDB app showed no significant
difference in the average calorie intake between the
groups. Also, no significant difference was detected in
average fat, carbohydrate, and protein intake between VD
and TRE. The daily calorie deficit was calculated by sub-
tracting the daily calorie intake of every individual from
their energy requirement. The average calorie deficit was
184.19+634.95 kcal/d for VD and 113.50+410.62 kcal/d
for TRE. In the VD group, the average protein intake was
1.13+0.41 g/kg BW per day. The TRE group consumed
0.93+0.34 g/kg BW daily. Between the groups was no
significant difference in the daily protein intake per kg of
body weight.

The regression analysis showed no significant influence
of protein intake on the development of LBM between
the three groups separated by their daily protein intake.

Table 3 Body composition parameters per group at every measurement time

Parameter TO T1 T2 T3 p-value (group) p-value ES (d) p-value (1)
Pre-intervention (4 weeks) (8 weeks) Post-intervention (timeTO-T3) (timeTO-T3)
(12 weeks)

Body weight (kg)
VD 73.59+12.80 7200+12.14 717541217 7197+11.88 0.200 0.0002* 061 0.832
TRE 7899+ 1349 7784+1310 7704+1245 7723+11.385

Fat mass (kg)
VD 21.00+7.66 19.27+737 19.06+6.81 18.86+6.94 0.664 <0.0001* 0.85 0.629
TRE 2197+6.24 20.70+£591 20.77+£5.69 20.11+561

Fat mass (%)
VD 2833+7.72 26.52+7.58 2644+7.17 26.08+7.49 0.795 <0.0001* 0.84 0.307
TRE 27.71+6.31 26561645 27.03+6.58 26.13+6.57

Lean body mass (kg)
VD 49.95+9.76 50.08+935  5005+965  5040+9.69 0214 0.139 0.24 0497
TRE 54.11+10.27 5427+1045 5346+1036 54.25+10.23

BMI (kg/m?)
VD 25.38+4.37 2483+4.12 24.74+4.12 2481+4.04 0.404 0.0001* 0.60 0973
TRE 26.38+2.81 25994263 25741249 25.82+2.39

Waist circumference (cm)
VD 81.02+11.30 79.31+£9.90 774541043 77194943 0.237 <0.0001* 0.92 0.241
TRE 85.03+9.76 83.69+1028 82.31+£9.68 8231+9.14

Hip circumference (cm)
VD 102.55+7.91 101.88+8.01 100.24+852 10031+£7.92 0.362 0.003* 0.51 0.947
TRE 104.88+7.59 10486+6.59 102.75+7.72 10256+546

Waist-to-height ratio
VD 048+0.07 047+0.06 046+0.07 045+0.06 0.408 <0.0001* 0.90 0.210
TRE 049+0.04 0.48+0.05 0.48+0.04 0.48+0.04

Data are presented as mean + standard deviation. p-values are from linear mixed-effect models. *indicates a significant difference

BMI, body mass index; ES, effect size; |, interaction effect; TRE, time-restricted eating; VD, volumetrics diet
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Fig. 3 A-H Changes in body composition over time (TO-T3), separated by group. (A) body weight, (B) body mass index, (C) absolute fat mass (kg), (D)
relative fat mass (%), (E) lean body mass, (F) waist circumference, (G) hip circumference, (H) Waist-to-height ratio. *indicates a significant difference to TO.
Data were analyzed using linear mixed-effects models. TRE, time-restricted eating; VD, volumetrics diet
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Table 4 Dietary intake per group

(2025) 24:94

Macronutrient VD TRE p-value
Kilojoule
(kJ/d) 7083.72+1530.58 7452454239597 0.650
(kJ/kg BW) 96.94+20.05 95.05+18.97
Kilocalories
(kcal/d) 1691.84+365.55 177990157224 0.650
(kcal/kg BW) 23.20+4.64 23.10£5.30
Fat
(g/d) 6447+£16.77 7347+29.18 0.362
(g/kg BW) 0.88+0.22 0.94+0.26
Carbohydrate
(g/d) 17444+ 46.04 186.74+55.51 0.537
(g/kg BW) 239+0.59 244+0.61
Protein
(g/d) 84.29+32.12 75.65+32.12 0.460
(g/kg BW) 1.16+£0.39 0.97+0.32

Data are presented as mean = standard deviation
BW, body weight; TRE, time-restricted eating; VD, volumetrics diet

The absolute and relative dietary intake per group is
shown in Table 4.

Adherence

The self-reported weekly questionnaire showed a sig-
nificantly higher adherence rate for TRE with 5.78 +1.13
days per week compared to VD with 5.29+1.49 days
per week (p=0.0002; d=0.362). From the first week to
the last week, the adherence of VD dropped from 74 to
65%. This change over time in the group was not signifi-
cant (p=0.253). In TRE, the adherence dropped from 90
to 77% over the intervention phase, also not significantly
(p=0.202).

Discussion

This study aimed to investigate the effect of two dietary
concepts VD and TRE on body composition in middle-
aged physically active individuals. The results showed
significant decreases for the primary parameters BW,
absolute and relative FM, BMI, WC, HC and WHR in
both groups after the 12-week intervention phase. No
significant group difference was detected for any primary
parameter. Both groups maintained their LBM. Previous
studies support these observations of a reduction in BW
and FM for both dietary approaches in individuals with
overweight or obesity [23, 24, 29, 30, 43]. The findings
in the present study indicate that both concepts are not
only suitable as therapeutic methods against obesity but
also as prevention strategies to reduce the age-related FM
increase in individuals with normal-weight to overweight
[44]. Besides diet, physical activity also has an impact on
calorie expenditure. Participants in this study didn’t meet
the recommendations of the WHO for physical activ-
ity. Compliance with these guidelines could impact the
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primary parameters and other health outcomes and may
have led to a greater reduction in BW and FM [42].

The individuals trained two to three times per week,
including at least one strength training session. The
combination of TRE and exercise also led to a decrease
in FM and a preservation of SMM in previous studies
[43, 44]. The review of Kang et al. (2022) reported that
in three out of eleven studies a significant loss in SMM
during TRE in participants who are overweight or obese
[45]. In these three studies, no specific training program
was performed. A lack of studies makes it hard to apply
the potential effects of VD on normal-weight, physically
active people. In a study for weight loss with VD, indi-
viduals with overweight could maintain their SMM while
reducing their BW [26]. Overall, these findings suggest
VD and TRE could work as prevention strategies against
age-related loss of SMM if an appropriate training pro-
gram is practised simultaneously. A bigger training stim-
ulus is probably needed to increase SMM [46].

The dietary analysis showed a calorie deficit of
184.19+634.95 kcal/d for VD and 113.50+410.62 kcal/d
for TRE, although reaching a deficit was not specifically
required. These findings suggest that both VD and TRE
can lead to a calorie deficit only by following the concept
without specific limits for calorie intake. For weight loss
in obese individuals living with obesity, a deficit of 500 to
700 kcal/d is recommended [47]. However, a high calorie
deficit can cause muscle loss which should be avoided due
to a higher risk of fatigue and injuries, declines in muscu-
lar function and a lower resting calorie expenditure [11].
An article by Rolls & Bell (2000) concludes that an opti-
mal weight loss program should avoid an extreme caloric
deficit, satisfy hunger, and consider food preferences and
nutritional needs. VD and TRE both meet these crite-
ria. But there’s a risk that the calorie deficit will become
even smaller or disappear as adherence to the concept
declines. For maintaining or building SMM, daily pro-
tein intake is an important factor [11]. Both groups are
slightly above the current RDA for daily protein intake.
However, recent studies suggest even higher intakes of
1.2-1.6 g/kg BW per day for optimal health outcomes in
adults [48]. In those studies, groups with a protein intake
of 16-45% (i.e. 1.2-1.6 g/kg BW daily) showed greater
BW and FM loss and maintained more LBM compared
to the control group with a normal protein intake of
5-23%. Based on the results of the regression analyses in
this study, the daily protein intake did not influence the
development of LBM over 12 weeks. However, the caloric
deficit in this study was small and the influence of protein
intake on preservation of LBM may be more important
with larger caloric deficits [49].

The adherence and feasibility of both concepts in every-
day life were tested as well. Both dietary approaches were
largely successfully implemented within the interventions
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and integrated into the participants’ daily routines.
Accordingly, both strategies can be considered preven-
tive approaches to weight regulation that may be effective
without explicitly focusing on energy intake. Adher-
ence to the respective dietary interventions resulted in
significant reductions in FM, BMI, and WHR in both
groups. BMI and WHR are recognized anthropometric
markers for the classification of overweight and obesity.
At baseline, both groups were positioned at the border-
line between normal-weight and overweight accord-
ing to both measures. The dietary modifications led to
comparable improvements in BMI and WHR across
the groups. A significant difference in adherence was
detected between the groups with a higher adherence for
the TRE group. In both groups, the percentage of com-
pliance dropped over the 12 weeks, but not significantly.
However, the decreasing adherence could explain the
plateau in almost every primary parameter after the first
four weeks. Recent studies for TRE show similar results,
where high adherence to the fasting window shows a sig-
nificant loss of BW, FM, visceral FM or BMI when com-
paring TRE with a non-TRE control group [30, 33]. Lowe
et al. (2014) detected a significant weight loss in both the
VD and meal-replacement groups, but significantly lower
weight regains in the VD group in the 2-year follow-up
[50].

Based on the results of this study, it can be assumed
that VD has the same effects on body composition
changes as TRE with less adherence. There are currently
no studies comparing VD and TRE. Therefore, further
studies should be conducted to support or refute these
assumptions. However, adherence to the strategies seems
to be a decisive factor for the effectiveness of both con-
cepts. It can be assumed that a higher adherence rate
could have led to greater changes in the primary param-
eters. Even if the strategies are not completely compatible
with everyday life, they still show potential benefits when
following them as good as possible.

Limitations

Although the present study indicates potential bene-
fits of VD and TRE against age-related changes in body
composition in middle-aged healthy individuals, it also
has some limitations. First, the sample size is too small
to make any final conclusions for the entire population.
Nevertheless, the observations are largely consistent with
those of other studies [23, 25, 29, 33]. Moreover, the sam-
ple size for both sexes was too small to conduct subgroup
analyses of effects in men and women. However, LMM
revealed no significant differences between the sexes,
suggesting that no substantial sex-related differences
were present in this study. Another limitation of this
study was the self-reported nutritional documentation.
Although it was with a validated nutrient tracker (FDDB
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app), underreporting of consumed food cannot be ruled
out [34]. The same applies to the adherence questionnaire
where participants had to self-report how many days
they complied with their concept. Especially for VD, it
isn’t easy to guarantee an energy density of no more than
1.5 kcal/g in a meal with different food combinations.
Also, the use of the FDDB app may have influenced the
food choices of the participants [34].

Further studies should have more controlled training
regimes, as this study just advised not to change physical
behavior during the study period. Individual differences
in training frequency and type of sports between the par-
ticipants might influence the changes in body composi-
tion. Also, the calculation of energy requirement with the
Harris-Benedict equation and the estimation of the PAL
factor can deviate from the actual needs and therefore
falsify the individual calorie deficit [51].

Conclusion

Based on the results of this study, it can be assumed that
VD leads to the same effects as TRE with a lower level of
adherence in a 12-week intervention. Both dietary strate-
gies reduced BW, FM, BMI, WC, HC and WHR in mid-
dle-aged normal-weight to overweight adults. However,
the sample size is too small to make any final conclusions.
Adherence to the concepts appeared to be an important
factor in success and a longer study period is needed to
observe any differences in the outcomes. All participants
were physically active adults and continued their regular
training during the study period. Both groups maintained
their LBM. These findings suggest that VD and TRE are
potential dietary approaches to counteract age-related
changes in body composition and can be used as long-
term measures with good adherence.
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