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Abstract

Purpose This umbrella review aimed to assess whether dietary protein intake with regard to quantitative (higher vs. lower
dietary protein intake) and qualitative considerations (total, plant-based or animal-based protein intake) affects body weight
(BW), fat mass (FM) and waist circumference (WC).

Methods A systematic literature search was conducted in PubMed, Embase and Cochrane Database of Systematic Reviews
for systematic reviews (SRs) with and without meta-analyses of prospective studies published between 04 October 2007 and
04 January 2022. Methodological quality and outcome-specific certainty of evidence of the retrieved SRs were assessed by
using AMSTAR 2 and NutriGrade, respectively, in order to rate the overall certainty of evidence using predefined criteria.
Results Thirty-three SRs were included in this umbrella review; 29 were based on randomised controlled trials, a few
included cohort studies. In studies without energy restriction, a high-protein diet did not modulate BW, FM and WC in adults
in general (all “possible” evidence); for older adults, overall certainty of evidence was “insufficient” for all parameters. Under
hypoenergetic diets, a high-protein diet mostly decreased BW and FM, but evidence was “insufficient” due to low methodo-
logical quality. Evidence regarding an influence of the protein type on BW, FM and WC was “insufficient”.

Conclusion “Possible” evidence exists that the amount of protein does not affect BW, FM and WC in adults under isoener-
getic conditions. Its impact on the reduction in BW and FM under hypoenergetic conditions remains unclear; evidence for
an influence of protein type on BW, FM and WC is “insufficient”.

Keywords Umbrella review - Protein intake - Body weight - Fat mass - Waist circumference

Abbreviations Introduction
AMSTAR 2 A Measurement Tool to Assess Systematic

Reviews 2 Obesity is a chronic disease worldwide; its prevalence
BW Body weight almost tripled between 1975 and 2016 [1]. Android obe-
CHO Carbohydrates sity is of great concern due to the increased risk of obesity-
EAA Essential amino acids associated diseases, such as type 2 diabetes mellitus, hyper-
EN% Percentage of energy intake tension, cardiovascular diseases, and many types of cancer
FM Fat mass [2—4]. To prevent obesity, energy intake has to be adapted
MA Meta-analysis/meta-analyses to the individual energy requirement. However, this is chal-
RCT(s) Randomised controlled trial(s) lenging as the availability of energy-dense foods [5] and
SR(s) Systematic review(s) physical inactivity have increased [6].
wC Waist circumference Diets rich in protein may be beneficial for the preven-

tion and treatment of obesity as protein exerts a higher diet-
induced thermogenesis than carbohydrates (CHO) and fat.
Extended author information available on the last page of the article Moreover, protein can maximise lean body mass retention
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during weight loss, which in turn may counteract a decrease
in resting energy expenditure [7]. Furthermore, dietary pro-
tein stimulates the release of intestinal peptide hormones
(e.g., glucagon like peptide-1, peptide YY) with anorexi-
genic properties, which may increase satiety, thereby reduc-
ing food consumption and energy intake [7]. Overall, high
protein intake might favour a negative energy balance by
increasing energy expenditure and decreasing energy intake;
both might contribute to normalisation of body weight (BW)
[7].

In addition, protein quality (digestibility, content of indis-
pensable/essential amino acids [EAA], particularly leucine
as key stimulus in muscle protein synthesis, availability of
amino acids for muscle protein synthesis) may also be rel-
evant for the prevention and treatment of obesity [8]. For
example, whey protein has a higher protein quality (rapid
digestion, high content of EAA) than casein. Moreover,
amino acids from whey protein and casein are less catabo-
lised than soya protein, thus increasing their availability for
muscle protein synthesis [8]. Soya protein is digested rap-
idly, but contains less EAA than whey protein. Therefore,
whey protein may be beneficial during weight loss since a
higher preservation of lean body mass (or muscle mass) can
be expected [8]. Moreover, whey protein and casein have
higher effects on satiety than other proteins, which could
promote weight loss by a stronger suppression of hunger
sensations [8, 9].

International recommendations on protein intake are
around 0.8 g/kg BW/day for healthy adults [10]. This cor-
responds to a mean daily intake of 11% of energy (EN%)
for an adult with a reference BW of 70 kg and a total energy
requirement of 2200 kcal/day. The recommendations on pro-
tein intake apply to people with normal weight; for people
with under- or overweight or obesity, it is recommended to
adjust the BW to the reference weight. In European coun-
tries, average protein intake of adults ranged from 67 to
114 g/day for men and 59 to 102 g/day for women, which
corresponds to an average intake of 0.8—1.25 g/kg BW/day
or 12-20 EN% [11].

The German Nutrition Society is currently developing
an evidence-based guideline for protein intake regarding
the impact of protein amount and type on several outcomes
in the general adult population, namely bone health [12],
kidney health [13], blood pressure, cancer, cardiovascular
diseases, muscle health, type 2 diabetes mellitus and BW
and related outcomes [14]. The current manuscript focuses
on the latter. The collection of evidence for each outcome
will form the basis for the overall conclusion of the guide-
line [14].

The key question behind this umbrella review was to
assess the overall certainty of evidence whether dietary
protein intake with regard to quantitative (higher vs. lower
dietary protein intake) and qualitative (total, plant-based or
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animal-based protein intake) considerations affects BW, fat
mass (FM) and waist circumference (WC).

Methods

We conducted an umbrella review (PROSPERO:
CRD42018082395) following the methodology published by
Kroke et al. [14]. Two authors each independently conducted
the literature search, selection of systematic reviews (SRs),
data extraction, assessment of methodological quality and
outcome-specific certainty of evidence (AMA, JH, AL, AS),
as well as the grading of the overall certainty of evidence
(SE, SEg). Any disagreements were resolved by discussion
and consensus [14].

Data sources and searches

The systematic literature search was performed in PubMed,
Embase and Cochrane Database of Systematic Reviews for
SRs with or without meta-analyses (MA) published between
04.10.2007 and 04.01.2022. The date of 10/2007 origi-
nates from the decision to cover a 10-year period, i.e. the
initial database search was conducted in 10/2017, and the
last update in 01/2022. The search strategies are presented
in Supplementary Material 1. In addition to the database
search, the reference lists of the included SRs were reviewed.

Selection of systematic reviews

Titles and/or abstracts of retrieved records were screened
according to the pre-defined inclusion/exclusion criteria to
identify potentially eligible publications. The full texts of
potentially relevant publications were assessed for eligibil-
ity. It was tolerated that some of the primary studies were
incorporated more than once into different SRs, the overlap
of primary studies was documented and the percentage of
overlapping was assessed by calculating the corrected cover
area according to Pieper et al. [15].

Publications were included if they met the follow-
ing criteria: (i) evaluated the association between protein
intake and BW, FM and WC in the general adult popula-
tion including older adults and recreational athletes, (ii) SR
with or without MA of prospective studies in humans, i.e.
randomised controlled trials (RCTs), prospective cohort
studies, case-cohort studies or nested case—control studies.
Inclusion of case—control studies was tolerated if another
study type was predominant, (iii) manuscript was written in
English or German.

Exclusion criteria were as follows: (i) study popula-
tions consisted exclusively of children, pregnant and/or
lactating women and/or top athletes, (ii) not investigating
the specific effect of protein, (iii) not investigating relevant
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protein—outcome relationships, (iv) conference proceedings
or abstracts, (v) individual studies (RCTs, cohort studies,
other primary studies), and (vi) umbrella reviews.

Data extraction

The following data from each included SR were extracted
into a standardised form: the first author’s surname, year
of publication, study type, duration range of primary stud-
ies, study population, intervention/exposure(s), outcome(s),
effect estimate(s) including 95% confidence interval,
P-value(s) and heterogeneity estimate(s). In case of miss-
ing data, corresponding authors were contacted.

Assessment of methodological quality
and outcome-specific certainty of evidence

The methodological quality of each retrieved SR was
assessed by a modified version of the “A Measurement Tool
to Assess Systematic Reviews 2 tool (AMSTAR 2) [16]
(Supplementary Material 2). SRs were rated on a scale from
“high” to “critically low” quality. SRs graded as “critically
low” by AMSTAR 2 were excluded from the current work.

The NutriGrade scoring tool was used to rate the out-
come-specific certainty of evidence of included SRs [17] by
means of a numerical scoring system as high, moderate, low,
or very low (Supplementary Material 3). The NutriGrade
scoring tool was modified for the assessment of SRs without
MA, as described by Kroke et al. [14]. If an SR reported
more than one relevant outcome, each outcome-specific cer-
tainty of evidence was assessed separately.

Grading of the overall certainty of the evidence

After summarising the available evidence, two authors (SE
and SEg) graded the overall certainty of evidence based on
the criteria outlined in our protocol [14] and in Table 1. This
rating was double-checked by staff members of the German
Nutrition Society (AMA and JH) and thereafter reviewed
and approved by all co-authors.

Results

The process of study selection is outlined in Fig. 1. The lit-
erature search identified 7111 potentially relevant records.
After removal of duplicates, 5206 records were excluded by
screening on the basis of title and/or abstract. Thereafter, 107
records were excluded after assessing the full text. A total of
33 SRs were finally included in the present umbrella review
[18-50]. These SRs were published between 07/2009 and
03/2022. A list of excluded records after full-text assessment

including justifications for exclusion is provided in Supple-
mentary Material 4.

Study characteristics

Among these 33 SRs, 29 included solely RCTs [18-29, 31,
32, 3542, 44-50]. One SR considered solely cohort stud-
ies [30] and three SRs additionally addressed RCTs [33, 34,
43]. In total, 26 SRs conducted an MA [20-29, 32, 35-42,
44-50] and seven SRs were without MA [18, 19, 30, 31, 33,
34, 43]. One SR with MA analysed dose—response relation-
ships [35]. Some of the primary studies were incorporated
more than once into different SRs, but overall there was only
a “slight” overlap of primary studies of 2.2%, determined as
corrected covered area according to Pieper et al. [15], see
Supplementary Material 5. BW was addressed in 29 SRs
[18-20, 22, 23, 26-35, 37-50], FM in 21 SRs [18, 23-25,
27,29, 32-34,36-43, 45, 46,49, 50] and WC in 13 SRs [18,
21, 30, 32-35, 40, 42, 43, 48-50].

Most SRs investigated the effect/association of total pro-
tein [18, 21-42, 44-50], and five compared different types of
protein (e.g., soya vs. whey protein) [19, 20, 25, 40, 43]. Pro-
tein intake differed highly between the SRs, but the amount
in the control group reached at least the recommended pro-
tein intake for adults (0.8 g/kg BW/day for adults < 65 years,
1.0 g/lkg BW/day for adults > 65 years, which corresponds
to an intake about 10% EN under isoenergetic conditions)
(Table 2). Dietary intervention of included RCTs ranged
from two to 208 weeks; the duration of included cohort
studies ranged from one to seven years (Table 2). In three
SRs, the study durations of included studies were not men-
tioned or remained unclear [33, 34, 48]. Six SRs focused
on the effects of protein and/or different protein types in
older adults [22, 23, 28, 29, 36, 41]. All SRs except one [27]
were based on studies with men and women. The included
SRs contained healthy participants [18, 25, 27, 33, 45] and
subjects with risk factors of cardiometabolic diseases [20,
21,23, 26, 29, 36, 42, 48], one SR focused on nursing home
residents [22] and another on older adults with frailty [29].
In most SRs, specific restrictions on the participants’ health
status were lacking [19, 22, 24, 28, 30-32, 34, 35, 37-41,
43,44, 46, 47, 49, 50].

Methodological quality

Overall scores of AMSTAR 2 for each included SR are sum-
marised in Table 2. Supplementary Material 6 provides a
more detailed overview showing the assessments of each
individual item. Methodological quality of the included
SRs as assessed with AMSTAR 2 was high for eight SRs,
moderate for ten SRs, and low for 15 SRs. One SR rated as
“critically low” by AMSTAR 2 was excluded from the cur-
rent work (Fig. 1).
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Table 1 Grading the overall certainty of evidence according to meth-
odological quality, outcome-specific certainty of evidence, biological

certainty of evidence in a modified form according to the GRADE
approach [14, 56]

plausibility and consistency of results, and definition of the overall

Overall
certainty of
evidence

Underlying criteria

Definition/explanation

Convincing e At least one SR with or without MA of prospective studies
available

o If more than one SR with or without MA are available: all
overall results must be consistent.

e In case of a positive or negative association, biological
plausibility is given

o All included SRs with or without MA must reach at least a
“moderate” outcome-specific certainty of evidence?; in addi-
tion, all included SRs must reach at least a methodological
quality® of “moderate”

Probable e At least one SR with or without MA of prospective studies
available

o If more than one SR with or without MA are available, the
majority of overall results must be consistent.!

e In case of a positive or negative association, biological
plausibility is given

e The majority* of included SRs with or without MA must
have reached at least a “moderate” outcome-specific cer-
tainty of evidence?; in addition, all included SRs must reach
at least a methodological quality® of “moderate”

Possible e At least one SR with or without MA of prospective studies
available

o If more than one SR with or without MA are available, the
majority of overall results must be consistent.'

e In case of a positive or negative association, biological
plausibility is given

e The majority* of included SRs with or without MA
must reach at least a “low” outcome-specific certainty of
evidence?; in addition, the majority* of all included SRs
must reach at least a methodological quality® of “moderate”

e No SR is available

OR

e The majority* of included SRs with or without MA reach a
“very low” outcome-specific certainty of evidence?; in addi-
tion, the majority of all included SRs reach a methodologi-
cal quality® of “low”

Insufficient

There is high level of confidence that the true effect lies close to
that of the estimate(s) of the effect

There is moderate confidence in the effect estimate(s):
The true effect is likely to be close to the estimate of the effect,
but there is a possibility that it is substantially different

Confidence in the effect estimate(s) is limited:
The true effect may be substantially different from the estimate
of the effect

There is very little confidence in the effect estimate(s):
The true effect is likely to be substantially different from the
estimate of effect

MA meta-analysis, SR systematic review

!Consistent: overall results of the SR have to be consistently either risk reducing or risk elevating or consistently showing no risk association

2Outcome-specific certainty of evidence refers to the NutriGrade rating

3Methodological quality refers the AMSTAR 2 rating; SRs graded as “critically low” by AMSTAR 2 are not considered

“Majority: >50% of the included SRs

Associations/effects of protein intake
and outcome-specific certainty of the evidence

The impact of total protein intake on BW-related out-
comes was investigated in 29 RCTs [18-29, 31, 32, 35-42,
44-50]; study characteristics are shown in Table 2. Four
SRs included cohort studies [30, 33, 34, 43]; the results
are shown in Table 2. Out of the 98 NutriGrade ratings of
outcome-specific certainty of evidence, twelve were rated
very low, 61 low and 25 moderate, respectively; none was
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ranked as high. Overall scores of NutriGrade for each SR are
summarised in Table 2. Supplementary Material 7 provides
a more detailed account showing the assessments of each
individual NutriGrade item.

(1) Effects of the amount of protein intake on BW, FM and
WC in studies without energy restrictions

The effect of the amount of protein intake on BW, FM and/
or WC in adults under predominantly isoenergetic conditions
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Records excluded based on title and
abstract review (n = 5,206)

Fig. 1 Flow diagram

was investigated in 16 SRs, among them 13 SRs with MA
[21, 24, 25, 27, 32, 35, 40, 42, 45-49] and 3 SRs without
MA [18, 30, 33] (Table 2). SRs with MA defined differ-
ent inclusion criteria on protein intake: >25 EN% vs. <20
EN% [32], differences of >3 EN% [49] and>5 EN% [35]
between both treatments, respectively, or supplemental pro-
tein intake of 20-50 g/day [42], 0.3—1.35 g/kg BW/day [40]
and 648 g/day [27]. Five SRs with MA did not consider the
amount of protein as inclusion criteria [24, 45-48]. In seven
out of 13 SRs with MA, the duration of protein interven-
tion was defined as inclusion criteria with >?2 weeks [21,
42], >4 weeks [25, 40, 49], > 6 weeks [24] and > 12 months
[32]. Intervention was conducted by supplementation with
whey protein [18, 21, 24, 27, 40, 42, 46], soya protein [45,
46, 48], beef protein [25] or dietary proteins without further
specification [32, 33, 35, 47, 49].

Four out of 10 SRs with MA of RCTs showed a reduction
of BW [35, 42, 47, 49], whereas six did not find any effects
[27, 32, 40, 45, 46, 48] (Table 2). The impact on FM was
investigated in nine SRs with MA. Again, most of them did

Full-text articles excluded (n = 107):
Irrelevant outcome (n = 18)
Irrelevant exposure (n = 40)
Relevant diet-disease relationship

Irrelevant population (n = 4)
Irrelevant study type (n = 20)

Only abstract available (n = 16)
Irrelevant language (n = 3)

Critically low AMSTAR 2 rating (n = 1)

Records identified through database Additional records identified
S searching (n =7,111): through other sources
g PubMed (n = 1,909) (n=0)
{E Cochrane (n=171)
s Embase (n =5,031)
K
PR Records after duplicates removed
(n =5,346)
o0
=
c
o v
S
&) Records screened R
(n =5,346) e
~—
o
A 4
Full-text articles assessed
F for eligibility > .
a (n=140) .
) .
w
not investigated (n = 4)
: .
Studies included in .
° qualitative synthesis « Other(n=1)
° (n=33)
E
©
=

not find an effect of the quantity of protein consumed on
FM [24, 25, 27, 32, 40, 45, 46]. However, Vogtschmidt et al.
[49] and Wirunsawanya et al. [42] found a decrease in FM
after higher protein consumption (Table 2). Seven SRs with
MA considered WC; five of them found no effects [32, 40,
42, 48, 49], whereas two found a decrease in WC by pro-
tein intervention [21, 35]. A multivariable meta-regression
analysis did not show a dose—response relationship between
the additional protein intake by intervention and the changes
in BW as well as WC taking into account differences in the
intake of protein (EN%), total energy and in CHO (EN%)
between intervention and control groups [35].

To sum up, most SRs with MA did not find an effect of
the amount of protein on BW, FM and WC in studies without
energy restriction. For BW, FM and WC, the majority of the
included SRs with and without MA reached at least a low
outcome-specific certainty of evidence, and the majority of
all included SRs reached at least a methodological quality
of moderate (Table 2). Therefore, the overall certainty of
evidence was graded as “possible” that the amount of protein
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intake does not affect BW, FM and WC in adults under iso-
energetic conditions.

(2) Effects of the amount of protein intake on BW, FM and
WC in studies without energy restrictions in the subgroup
of older adults

The impact of the amount of protein intake on BW under
predominantly isoenergetic study conditions in older adults
was investigated in five SRs with MA [22, 23, 28, 29, 41];
four considered FM [23, 29, 36, 41] (Table 2). WC was not
investigated by any SR. Only Donaldson et al. [22] defined
protein intake as inclusion criterion, which had to be at least
10 g/day higher in the protein intervention group compared
to the control group. The period of intervention was not
an inclusion criterion in any SR except Hidayat et al. [41],
which included only RCTs with an intervention duration of
more than twelve weeks. Intervention was performed for 3
to 6 months [28], 12 to 72 weeks [41], 8 to 24 weeks [36]
and up to 9 months [22, 29]. Intervention was conducted by
supplementation of milk protein [28, 41] or by intake of non-
meat protein and mixture of (dietary) protein types except
meat [29, 36] (Table 2). Two SRs with MA did not provide
any details on the type of protein [22, 23].

Five SRs with MA investigated the effect of the amount
of protein intake on BW; three of them found an increase in
BW in older adults [22, 28, 29], whereas two did not detect
an effect [23, 41] (Table 2). The impact on FM was inves-
tigated in four SRs with MA. Three of them did not find
an effect on FM [23, 29, 41]. Only Liao et al. [36] found a
decrease in FM (Table 2).

To sum up, most SRs with MA in older adults found
an increase in BW due to a higher protein intake without
modulating FM. However, the majority of the included
SRs reached only a low outcome-specific certainty of evi-
dence and had only low methodological quality (Table 2).
Consequently, the overall certainty of evidence was graded
as “insufficient” that the amount of protein ingested may
increase BW without affecting FM in older adults under
isoenergetic conditions. Since no SR was identified for WC,
evidence was also “insufficient”.

(3) Effects of the amount of protein intake on BW, FM and
WC in studies with energy restriction

The effect of the amount of protein intake on BW under
hypoenergetic study conditions was investigated in six SRs
with MA [27, 35, 37-39, 50] and in one SR without MA
[31]; the effect on FM was studied in six SRs with MA
[23, 27, 37-39, 50] (Table 2). Two SRs with MA inves-
tigated WC [35, 50]. Protein intervention and study dura-
tion differed strongly between SRs (Table 2). For example,
in the SR with MA of Wycherley et al. [39] protein intake

differed at least by 10 EN% between energy-restricted diet
with high vs. standard-protein content with an intervention
of >4 weeks. In the SR with MA of Kim et al. [37], protein
intake was >25 EN% (or> 1.0 g/lkg BW/day) vs. <25 EN%
(or < 1.0 g/kg BW/day) for at least 8 weeks (Table 2). Inter-
vention was conducted with a mixture of (dietary) protein
types as part of a whole diet approach (Table 2).

Four out of six SRs with MA found a decrease in BW
in response to a higher protein intake under hypoenergetic
conditions [35, 38, 39, 50], whereas two did not observe an
effect of the protein intervention [27, 37]. FM was investi-
gated by six SRs with MA as outcome [23, 27, 37-39, 50],
and five of them found a decrease in FM [23, 37-39, 50].
WC decreased in the MA of Santesso et al. [35], but did not
change in the MA of Zhang et al. [50] (Table 2).

To sum up, the majority of SRs with MA found a stronger
decrease in BW by a higher intake of protein under hypo-
energetic conditions, but most of the included SRs reached
a low outcome-specific certainty of evidence and a low
methodological quality. Therefore, the overall certainty of
evidence for an impact of protein intake on BW under hypo-
energetic conditions was rated as “insufficient”. In most SRs
with MA, FM decreased in response to a higher intake of
protein under energy restriction, but the majority of included
SRs reached only a low outcome-specific certainty of evi-
dence and a low methodological quality. Hence, the overall
certainty of evidence that a protein-rich hypoenergetic diet
affects FM is “insufficient”. For WC, the effect of protein
intake was also judged to be “insufficient” as consistent risk
associations/effects were lacking (Table 2).

(4) Effects of the amount of protein intake on maintenance
of BW, FM and WC after BW reduction in subjects with
overweight/obesity

Effects of the amount of protein intake on the maintenance
of BW after a previous weight loss in adults with overweight
or obesity through an energy-restricted diet were investi-
gated in three SRs, two of them with MA [26, 44] and one
without MA [34]. We did not identify any SRs with FM as
outcome parameter. One SR without MA investigated the
effects on WC [34]. As shown in Table 2, all SRs considered
studies with highly different protein intakes (e.g., addition of
30-48 g/day or addition of 10-15 EN%) with a duration of
3 to 12 months [26], 3 months to 3 years [44] or > 6 months
[34].

Both SRs with MA found a further decrease in BW with
higher protein intake compared to lower intake after initial
weight loss [26, 44]. In the SR without MA, total protein
intake did not show consistent associations with changes in
BW or WC [34] (Table 2).

To sum up, a further decrease in BW after BW reduction
was found in both SRs with MA, which may contribute to
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long-term weight maintenance. Yet, as most SRs reached a
very low outcome-specific certainty of evidence and a low
methodological quality, the overall certainty of evidence was
graded as “insufficient” that a higher protein intake prevents
a regain of BW in adults with overweight or obesity after
achieving weight loss by means of an energy-restricted
diet. Due to the lack of SRs on FM, the overall certainty of
evidence for an association between the amount of protein
intake and FM was “insufficient”. For WC, only a single SR
without MA is available showing different associations with
protein intake on the basis of two cohort studies. Therefore,
the overall certainty of evidence was judged as “insufficient”
without considering the grading criteria.

(5) Effects of the type of protein on BW, FM and WC

The effects of the type of protein on BW were investigated in
four SRs. Two of them included an MA and were based on
RCTs [20, 40]. Two SRs without MA included intervention
studies [19, 43], Chalvon-Demersay et al. [43] additionally
included cohort studies. FM was investigated in two SRs
with MA [25, 40] and two SRs without MA [19, 43]. WC
was investigated in one SR with MA [40] and in two SRs
without MA [19, 43]. The participants were mostly healthy
[25, 40, 43], partly with metabolic impairment [43], or they
suffered from hypercholesterolaemia [20]. Two SRs with
MA compared the effect of plant vs. animal protein for 4 to
24 weeks [20] and 5 to 7 years [43], respectively. Another
SR with MA studied the effect of whey protein vs. other
proteins [40]. SRs without MA compared a variety of plant
proteins (mostly soya) with protein of animal origin (mostly
casein) [43] or alternative plant proteins (e.g., lupine, pea,
fava bean, rice, oat, hemp, lentil) with milk protein [19]
(Table 2).

Neither of the SRs with MA found an effect of the type of
protein on BW [20, 40]; the results of SRs without MA are
consistent since most of the included RCTs did not report
different effects of animal and plant protein on BW [19, 43].
Valenzuela et al. [25] compared the intake of beef protein
and whey protein on FM in healthy adults, mostly athletes,
but did not find differences in these types of protein. Miller
et al. [40] examined whey protein vs. other proteins, but did
not find a specific effect of whey protein. Supplementation of
whey protein did not affect WC compared to other proteins
[40]. Most RCTs in SRs without MA did not find an effect of
the protein type on WC [19, 43]. Results from cohort studies
are unclear [43] (Table 2).

To sum up, neither of the SRs with MA showed an effect
of protein type on BW, FM and WC. The results from SRs
without MA on these parameters remain unclear. As the
majority of included SRs reached a low methodological
quality and a low outcome-specific certainty of evidence for
each outcome, the overall certainty of evidence that the type

@ Springer

of protein may influence BW, FM and WC was considered
to be “insufficient”.

Discussion

The aim of this umbrella review was to assess whether the
amount and type of protein may affect BW, FM and WC
in adults with consideration of the overall certainty of evi-
dence. To our knowledge, this umbrella review is the first to
provide a summary evidence assessment of previous SRs.
Our major finding is that there is “possible” evidence that
under isoenergetic study conditions the amount of protein
did not affect BW, FM and WC in the general adult popula-
tion. For further settings, such as (i) older adults, (ii) hypo-
energetic diets, and (iii) diets following weight reduction, the
overall certainty of evidence was graded as “insufficient”.
Moreover, the evidence for an influence of the type of pro-
tein on BW, FM and WC was also “insufficient”.

Our finding that the amount of protein did not affect BW
and related parameters in studies without intended energy
restriction may be explained by the combination of several
factors, such as methodological limitations (e.g., ad libitum
food consumption in free-living subjects, which is deter-
mined by a couple of exogeneous factors; high variation in
the duration of interventions). Furthermore, the assumed
physiological effect of a high protein intake (e.g., ther-
mogenic effect) seems to be negligible in settings without
energy restriction.

For older adults, albeit with “insufficient” evidence, most
of the considered SRs with MA found an increase in BW in
response to higher protein intakes (under isoenergetic condi-
tions), which could not be explained by an increase in FM.
This suggests that older people may benefit from a high-
protein diet since the observed increase in BW may be partly
explained by fat-free mass. Some nutrition societies (e.g.,
German Nutrition Society, ESPEN) recommend a higher
protein intake (e.g., 1.0 vs. 0.8 g/lkg BW/day) for older adults
to combat age-related losses of muscle mass and muscle
strength [51, 52]. In five out of six SRs, the higher pro-
tein intake was achieved via administration of milk protein
including whey protein [22, 28, 29, 36, 41] (Table 2), which
was mostly combined with physical activity [22, 23, 29, 36,
41]. Whey protein has been discussed to be an optimal pro-
tein source to support muscle protein synthesis at rest and
following resistance training to induce muscle hypertrophy
and strength gains. The anabolic effect of whey protein is
explained by its amino acid content (high EAA, branched-
chain amino acids, particularly leucine), rapid digestibility,
and high availability within the plasma and muscle tissue
upon consumption to induce muscle protein synthesis [8].

Under hypoenergetic study conditions, most of the SRs
with MA showed that a higher protein intake lowers BW
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and FM more than a lower protein intake under free-living
conditions. The overall certainty of evidence was only rated
as “insufficient” as the demands on methodological qual-
ity were not fulfilled. Protein intake with a high-protein
diet was > 1.0 g/kg BW/day in two SRs of RCTs [23, 37].
Effects attributed to protein, such as increased diet-induced
thermogenesis and hunger suppression/satiety, seem to be
especially relevant under the setting of energy restriction
and weight reduction [53, 54].

Whether the origin of protein, e.g., from animal vs.
plants, has an impact on BW, FM and WC remains unclear
due to “insufficient” evidence. Current dietary guidelines
recommend plant-based diets. In addition to vegetables, fruit
and cereals, this also implies a regular consumption of pro-
tein sources of plant origin, such as legumes and nuts [55].
Due to the great importance of plant-based foods as part of
a healthy and sustainable diet, further studies on the role of
the protein type on BW, FM and WC are needed.

Currently, a lot of SRs are available on the impact of pro-
tein quantity on BW and associated parameters in different
settings. This allows differentiated statements on the impact
of protein amount on BW, FM and WC. Considering the type
of protein, however, only a few SRs could be found; these
investigated quite different questions (e.g., animal vs. plant
protein; whey vs. other protein). Moreover, the investiga-
tion of the effects of protein type requires an isonitrogene-
ous diet, which is difficult to implement if natural foods are
used. This is only practicable by using protein supplements
or isolates/concentrates. If natural food is used as a pro-
tein source, nutrient composition and energy density of the
diets may be different. This might affect hunger and sati-
ety, thereby influencing energy balance and thus BW in the
longer term. This point concerns studies on protein type, but
also on the amount of protein. An increased intake of dietary
protein requires a simultaneous decrease in either CHO or
fat intake to ensure an equal supply of energy. This aspect
of energy substitution is important, and it is rather ques-
tionable whether this was considered in all SRs included.
This problem might have been resolved by stricter criteria
for the selection of SRs, but this would have considerably
reduced the number of relevant SRs. Our search and selec-
tion strategy can also be critically questioned with regard
to the study collective. The aim of our umbrella review was
to investigate the health-promoting effects of the protein.
Some SR included both healthy adults and also subjects at
risk of obesity-associated diseases (Table 2). A further limi-
tation could be that the literature search was last updated
in 01/2022, and thus, it cannot be ruled out that any very
recently published SR regarding the effect of protein intake
on health outcomes have not been included in the present
umbrella review.

About one-fourth of all SRs of RCTs defined the addi-
tional protein intake by intervention or the difference in

protein intake compared to control treatment as criteria for
eligibility [22, 32, 35, 37, 39, 49], whereas most SRs did
not [18-21, 23-29, 31, 33, 34, 36, 38, 40-48, 50]. The pro-
tein intake by intervention was mostly given in grammes per
day [18, 19, 21, 22, 25, 27-29, 36, 41-46, 48] and partly in
grammes per kg BW [21, 23, 36, 37, 39-41, 45, 50]. Some-
times, total protein intake for both treatments was provided
in EN% [31-35, 37-39, 44, 47, 49]. In two SRs, data on
protein intake were completely missing [20, 24]. These dif-
ferences make it difficult to compare the different SRs with
each other to derive a specific amount of protein associated
with a preventive effect on BW.

We included the results of all relevant SRs, regardless
of overlap as our purpose was to present and describe the
current body of SR evidence. Having assessed the extent of
primary study overlap between the SRs, bias due to multiple
inclusion of the same primary studies in different SRs is
unlikely, as the primary study overlap is only small at 2.2%.

In conclusion, it is rather unlikely that the amount of pro-
tein may affect BW, FM and WC in adults under isoenergetic
conditions. The impact of a high-protein diet concerning
body composition and the reduction of BW under hypoen-
ergetic conditions remains unclear. In addition, the evidence
for an influence of the type of protein on BW, FM and WC
is “insufficient”. Thus, further SRs of RCTs with high meth-
odological quality are mandatory. This also implies a suf-
ficient number of well-controlled and well-designed RCTs.
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