Emerging Science

Effects of dietary protein intake on body composition changes
after weight loss in older adults: a systematic review and
meta-analysis

Jung Eun Kim, Lauren E. O’Connor, Laura P. Sands, Mary B. Slebodnik, and Wayne W. Campbell

Context: The impact of dietary protein on body composition changes after older
adults purposefully lose weight requires systematic evaluation. Objective: This sys-
tematic review and meta-analysis assessed the effects of protein intake (<25% vs
>25% of energy intake or 1.0g/kg/d) on energy restriction—induced changes in
body mass, lean mass, and fat mass in adults older than 50 years. Data Sources:
PubMed, Cochrane, Scopus, and Google Scholar were searched using the keywords
“dietary proteins,” “body composition,” “skeletal muscle,” and “muscle strength.”
Study Selection: Two researchers independently screened 1542 abstracts. Data
Extraction: Information was extracted from 24 articles. Data Synthesis: Twenty
randomized control trials met the inclusion criteria. Conclusion: Older adults re-
tained more lean mass and lost more fat mass during weight loss when consuming

higher protein diets.

INTRODUCTION

Older adults experience age-related changes in body
composition, including increased body mass and fat
mass and decreased lean mass, which includes skeletal
muscle. Age-related loss of skeletal muscle mass, or
sarcopenia, is associated with impaired mobility, in-
creased risk of morbidity, and reduced quality of life in
older adults.” In addition to losing lean mass, older
adults gain fat mass and the prevalence of overweight
and obesity in the United States has progressively in-
creased during the past 3 decades.* The Centers for
Disease Control and Prevention reported that the prev-
alence of obesity (body mass index >30kg/m?*) among
adults 60 years and older in 2011-2012 was 35.4%.”
Obesity is associated with an increased risk of chronic
diseases and a reduced physical functioning capacity,
both of which contribute to disproportionately high
healthcare expenditures and premature mortality.®®

Furthermore, obesity may contribute to the loss of skel-
etal muscle mass or quality because of decreased physi-
cal activity, skeletal muscle inflammation, leptin
resistance,” or impaired skeletal muscle mammalian tar-
get of rapamycin signaling pathway,'® the key regulating
pathway for skeletal muscle protein synthesis.''
Purposeful moderate dietary energy restriction
(500-750 kcal/d energy deficit) is an effective way for
overweight/obese adults to reduce body mass and fat
mass and improve their health profile."*'* However,
on average, approximately 25% of the body mass lost by
dietary energy restriction consists of lean mass.'>'®
Exercise training and nutrition are potential determi-
nants of the quality of body composition changes that
occur with weight loss. Regarding exercise training, a
recent systematic review strongly supports the effective-
ness of aerobic and resistance exercise training to help
men and postmenopausal women aged >50 years re-
tain lean mass or reduce the loss of lean mass during
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diet-induced weight loss."” Regarding nutrition, profes-
sional nutrition and obesity societies recommend mod-
erate dietary energy restriction and a protein intake of
1.0 g per kilogram of body mass per day while dieting to
prevent or improve medical complications associated
with obesity.'” Higher total dietary protein intakes
(1.2-1.5g/kg/d) are reported to preserve lean mass and
improve body composition during weight loss in young,
middle-aged, and older adults when compared with
normal protein intakes (0.8 g/kg/d).">'”""* One meta-
analysis study in young and middle-aged adults indi-
cated that higher protein intakes promote positive body
composition changes by retaining lean mass during en-
ergy restriction,”” but whether similar effects occur in
older adults has not been systematically evaluated.
Therefore, the present systematic review and meta-anal-
ysis of randomized control trials (RCTs) was conducted
to assess and evaluate the effects of protein intake on di-
etary energy restriction-induced changes in body mass,
lean mass, and fat mass in groups of adults with a mean
age of 50 years and older.

METHODS

The current study followed the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses) guidelines.”’ The description of the PICOS
(population, intervention, comparison, outcome, and
setting) criteria used to define the research question is
presented in Table 1.

Data sources

A computerized search of the literature was conducted
on January 23, 2015, using PubMed (http://www.ncbi.

Table 1 Description of the PICOS criteria used to define
the research question

Parameter Description

Population
Intervention

Adults mean age >50y

Groups who consumed energy-re-
stricted diets with either >25% of
energy intake from protein or protein
of >1.0 g/kg/d during weight loss

Groups who consumed energy-
restricted diets with either <25% of
energy intake from protein or protein
of <1.0g/kg/d during weight loss

Changes in whole-body composition,
including body mass, lean mass, and
fat mass

Randomized controlled trials

What is the effect of higher dietary
protein intake on whole-body
composition changes after weight
loss in older adults?

Comparison

Outcome

Setting
Research question
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nlm.nih.gov/pubmed), Cochrane (http://www.cochrane.
org/), Scopus (http://www.scopus.com/), and Google
Scholar (http://scholar.google.com/) databases. Search
terms in PubMed included “dietary proteins” [MeSH]
AND (“body composition” [MeSH] OR “muscle, skele-
tal" [MeSH] OR “muscle strength"[MeSH]), and the
search was limited to “human,” “English,” and “adults
(194 years).” Inputted search terms in Google Scholar
also included “dietary proteins” AND (“weight loss” OR
“weight reduction”) AND (“body composition” OR
“skeletal muscle” OR “muscle strength”), and “English”
was selected as a limitation. “Dietary proteins” AND
(“body composition” OR “skeletal muscle” OR “muscle
strength”) were used as search strings for Scopus and
Cochrane. Reference lists of the articles identified via
the PubMed search as well as those of a previously pub-
lished meta-analysis®® and a meta-regression>” were re-
viewed to identify additional relevant articles.

Inclusion criteria

Inclusion criteria were as follows: RCT; subject mean
age >50 years; weight loss via dietary energy restriction
only (no concurrent exercise training); protein intake
modified by protein supplementation and/or a pre-
scribed higher protein diet; and use of an acceptable
method of body composition assessment. Acceptable
methods were dual-energy X-ray absorptiometry
(DXA), air-displacement plethysmography, hydrostatic
weighing, and assessment of total body potassium or
deuterated water, since these are considered reliable
and valid methods to detect lean mass changes in older,
overweight, and obese adults during weight loss.”> >’

Article selection and data extraction

All searches combined yielded 1536 results (PubMed:
708; Cochrane: 2; Scopus: 109; and Google Scholar:
717), and 6 additional relevant articles were identified
from other reference lists. All abstracts were indepen-
dently obtained and screened by the primary reviewer
(J.EK.) and the secondary reviewer (L.E.O.). Of the
1542 articles, 1518 were excluded for the following rea-
sons: study was not a dietary-protein-related RCT; sub-
ject mean age was <50 years or no mean age was
reported; study contained no dietary energy restriction;
no lean mass measure was reported or lean mass was re-
ported only graphically; or study used an unacceptable
method of body composition assessment, such as bio-
electrical impedance or skinfold thickness.”** The full
texts of the 24 eligible articles were independently
assessed by the primary and secondary reviewers to fur-
ther assess inclusion eligibility and to avoid selection
bias. Four of the 24 articles were excluded because they
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did not report primary outcomes, so 20 RCTs were
used for this study (Figure 1). When possible, corre-
sponding authors of the published articles were con-
tacted via email to acquire unpublished data. When
results for male and female subjects’>! or high-protein
intakes achieved using different sources of protein
(chicken vs beef, whey protein vs mixed protein, respec-
tively)'*** were presented separately, they were treated
as distinct interventions. In addition, results were in-
cluded from studies in which postintervention measure-
ments were obtained after a combined period of energy
restriction and subsequent energy balance.’®>"**

Primary (J.E.K.) and secondary (L.E.O.) reviewers
also independently extracted the following information
from selected articles using an electronic form: first au-
thor’s last name; publication year; study population;
sample sizes in each intervention; subject mean age, sex,
and body mass index; intervention duration; total pro-
tein intakes and sources of dietary protein in each inter-
vention; amount of dietary energy deficit for weight
loss; techniques used for dietary control; method of
body composition assessment; and pre- and postinter-
vention and net changes in body mass, lean mass, and
fat mass.

All of the studies included in this review measured
body composition using DXA. There were some

discrepancies in how lean mass was reported, with 16
studies using the term lean mass, 1 study using the term
lean soft tissue,”” and 3 studies using the term fat-free
mass."**>>” However, for this review, these terms were
considered synonymous and the term lean mass is used
consistently. After information was collected from cor-
responding authors or from elsewhere,?® it was noted
that only 4 of the 20 studies included bone mineral con-
tent within lean mass.'"**”"*’ The studies that included
bone mineral content within lean mass were included
in the analyses because bone mineral content only ac-
counts for approximately 5% of total lean mass*’; more-
over, bone turnover (remodeling) is very slow,
requiring a minimum of 4 to 6 months, and may con-
tinue for 1 to 2 years.*' In addition, weight loss in over-
weight and obese individuals induces <1% of bone
loss.*”

Critical appraisal

The risks of selection, performance, and detection
biases were evaluated from selected studies using a
modified Cochrane tool for assessing risk of bias (see
Table S1 in the Supporting Information online).*’
Details of methods for assessment of dietary control
and body composition are also included in this table.

Articles and websites identified through
PubMed, Cochrane, Scopus, and Google
Scholar searching (As of 1/23/2015)
(n=1,536)

Additional articles identified

from other sources
(n=6)

l

(n=1,542)

Articles and websites screened

l—>

Articles and websites excluded
(n=1,518)

(n=24)

Full-text articles assessed for eligibility

] [ Eligibility ] [ Screening ] [Idcntiﬁcation]

l g (n=4)

Full-text articles excluded

No primary outcomes reported

(n=20)

Articles included in qualitative synthesis
(Systematic Review)

!

Included

—

Articles included in quantitative synthesis
(Meta-analysis)

(n=15 for body mass; n=16 for lean mass; n = 14 for fat
mass when higher protein group defined as = 25% of
the total energy from protein)

(n=12 for body mass; n=13 for lean mass; n = 12 for fat
mass when higher protein group defined as = 1.0 g/kg/d)

Figure 1 PRISMA flow chart of literature selection process.
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Calculations

For this review, higher protein intake is defined as either
(1) >25% of the daily total energy intake from protein
during the intervention period, or (2) >1.0 g/kg/d, calcu-
lated by dividing the reported total dietary protein intake
during the intervention period by the mean of pre- and
postintervention body mass. The 1.0g/kg/d threshold
was chosen on the basis of a retrospective regression
analysis of data from 106 older men and women (com-
bined from 6 studies) who completed 12-week interven-
tion periods with known protein intakes and resistance
training.** Protein intake predicted the change in lean
mass over time, with the regression line crossing
the point of no change in lean mass at approximately
1.0 g/kg/d. In addition, a previous study estimated the di-
etary protein intake in US adults aged 51 years and older
using data obtained from the National Health and
Nutrition Examination Survey 2005-2006, and a protein
intake of 1.0 g/kg/d represented the 50th and 75th per-
centiles of usual protein intake in men and women, re-
spectively.*> Some articles did not report mean changes
for body mass,”*>*° lean mass,”***® or fat mass”>**"*®
during an intervention period, and thus the estimated
changes from reported pre- and postintervention body
mass and lean mass values were calculated manually for
the systematic review.

The mean and percent changes in body mass, lean
mass, and fat mass and the percent body mass loss as fat
mass and lean mass were calculated and each variable
was categorized according to different magnitudes of
change. Absolute change in body mass and percent
change in body mass, respectively, were classified as fol-
lows: >10-kg loss, <10- to >5-kg loss, and <5-kg loss;
and >10% loss, <10% to >5% loss, and <5% loss. These
categorizations were based on previous studies reporting
that the loss of 5 to 10kg or 5% to 10% of body mass re-
sulted in improved fasting blood glucose, blood pressure,
and plasma lipid profiles.*”~>" Changes in lean mass and
fat mass were categorized as previously described" (for
the specific categories, see Table §2'%!#303%46-4854-57 4y
the Supporting Information online), and the percentages
of body mass loss as fat mass and as lean mass were cate-
gorized on the basis of the widely cited rule that approxi-
mately 25% of body mass loss will be lean mass, with the
remaining 75% being fat mass for sedentary adults.”” In
addition, previous findings demonstrated that dietary en-
ergy restriction concurrent with exercise training attenu-
ated the percentage of body mass loss as lean mass from
25% to 12% in young and middle-aged adults® and
from 24% to 11% in older adults.'® Each number in pa-
rentheses (see Table S2 in the Supporting Information
online) represents an intervention, and the number of
interventions varied for changes in body mass, fat mass,
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and lean mass, since some original articles did not report
raw data for all of these parameters.

Statistical analyses

Statistical analyses were conducted by using Stata/SE 12
software (StataCorp LP, College Station, TX, USA), and
data are reported as means * standard deviations or as
weighted mean differences (WMDs) and 95% confi-
dence intervals (CIs). The overall effect sizes were calcu-
lated using the Stata 12 metaan function, using either
the fixed-effects or the random-effects option, depend-
ing on heterogeneity statistics. Heterogeneity was as-
sessed using chi-square tests and the I* statistic. A
significant chi-square test (P<0.05) and an I? statistic of
50% or greater indicated heterogeneity in effect sizes
between the studies and therefore warranted the use of
a random-effects model; when the chi-square test was
nonsignificant (P>0.05) and the I statistic was less
than 50%, a fixed-effects model was used.

RESULTS
Study features and subject characteristics

Twenty articles met all inclusion criteria, and interven-
tion-specific results were included in this review.
Descriptions of the intervention features (intervention
duration and dietary energy and protein intakes) and
subject characteristics (age, sex, body mass index, clinical
health status) are summarized in Table 2. The degree of
energy restriction among selected articles varied, with av-
erage energy intake ranging from 1250 to 1697 kcal/d
and average energy deficit ranging from 500 to 750 kcal/
d. The length of the energy restriction interventions
ranged from 8 weeks to 2 years. End-of-study measure-
ments were obtained at the end of an energy restriction
period (15 studies) or after a 4-week period of energy
balance after an energy restriction period (5 studies).
There were 22 and 21 groups with normal protein intake
and 24 and 19 groups with higher protein intake when
protein intake was expressed as a percentage of energy
intake or as grams per kilogram of body mass per day,
respectively. The mean protein intakes of the normal
protein groups were 18% of total energy intake (range,
15%-22%) and 0.79g/kg/d (range, 0.58-0.97 g/kg/d),
while the mean protein intakes of the higher protein
groups were 31% of the total energy intake (range, 25%-
40%) and 1.31 g/kg/d (range, 1.01-1.57 g/kg/d).

Quality of selected studies

. 35,46,48,54 .
Four studies were deemed at low risk of selec-

tion bias, since they provided specified methods of
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Figure 2 Changes in body mass (A and C), percent body mass (B and D), fat mass (E and G), percent fat mass (F and H), lean mass (I
and K), percent lean mass (J and L), percent body mass loss as lean mass (M and 0), and percent body mass loss as fat mass (N
and P) in higher-protein and normal-protein groups. A, B, E, F, |, J, M, and N are results from the normal-protein group and the higher-
protein group when protein intakes were defined as <25% and 225% of the daily total energy intake, respectively. C, D, G, H, K, L, O, and P
are results from the normal-protein group and the higher-protein group when protein intakes were defined as <1.0 and 21.0 g/kg/d, respec-
tively. Each percentage represents the proportion of groups in the categories of each variable.
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randomization and/or allocation concealment in the
original articles, while other selected articles did not
clearly report the randomization and allocation con-
cealment methods (see Table S1 in the Supporting
Information online). Only 2 of the 20 articles provided
details on whether participants and study investigator(s)
were blinded during the intervention®* or until the
data collection was completed.”® Three articles indi-
cated all foods were provided to the subjects,’*>>°
while 11 articles reported that a portion of total protein
or nonprotein energy intake was supplied to the sub-
jects,!>1430:31,33736.4657 The remaining articles noted
that dietary intakes were controlled by providing die-
tary education and/or counseling from dietitians.
Dietary compliance was monitored via 24-hour recalls,
food records, food diaries, or daily food check-off logs,
and 15 of the 20 articles used multiple methods to mon-
itor dietary compliance. All selected articles assessed
body composition via DXA.

Results of systematic review. Compared with the normal
protein group, the higher protein group lost comparable
body mass, greater fat mass, and less lean mass
(Figure 2 and Table S2 in the Supporting Information
online). The vast majority (>90%) of the normal pro-
tein and higher protein groups lost >5kg of body mass
and >5% of body mass (Figure 2A-D). With regard to
fat mass, 57% and 71% of the normal protein and
higher protein groups lost >5kg as fat mass during the
intervention periods, respectively (Figure 2E), and per-
cent change in fat mass apparently was not different be-
tween the normal protein and higher protein groups
(63% vs 69% with >15%) (Figure 2F). However, 23% of
the normal protein group vs 13% of the higher protein
group lost >3 kg of lean mass (Figure 2I), and 41% of
the normal protein group vs 21% of the higher protein
group lost >5% of lean mass (Figure 2J). Moreover,
48% of the normal protein group lost >30% of body
mass as lean mass, while 22% of the higher protein
group lost >30% of body mass as lean mass
(Figure 2M). In contrast, 52% of the normal protein
group lost >70% of body mass as fat mass, while 76% of
the higher protein group lost >70% of body mass as fat
mass (Figure 2N). When higher protein intake was de-
fined as >1.0g/kg/d, similar results in fat mass loss
were observed (Figure 2G and 2H). With regard to lean
mass, 24% of the normal protein group vs 16% of the
higher protein group lost >3kg of lean mass
(Figure 2K), and 47% of the normal protein group vs
20% of the higher protein group lost >5% of lean mass
(Figure 2L). Finally, 50% and 21% of the normal protein
and higher protein groups, respectively, lost >30% of
body mass as lean mass (Figure 20), but 57% and 78%
of the normal protein and higher protein groups,
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respectively, lost >70% of body mass as fat mass
(Figure 2P).

Results of meta-analysis The energy restriction-induced
loss of body mass was not different between normal
protein intake and higher protein intake when protein
intake was expressed as a percentage of energy intake
(Figure 3) or grams per kilogram per day (Figure 4).
The aggregated mean difference in body mass was
—0.54kg (95%CI, —1.30 to 0.23) and —0.06 kg (95%CI,
—0.66 to 0.53), respectively. Compared with the normal
protein group, the higher protein group lost less lean
mass when protein intake was expressed as a percentage
of energy intake (WMD 0.45kg; 95%CI=0.20-0.71)
(Figure 5) or grams per kilogram per day (WMD
0.83 kg; 95%CI=0.47-1.19) (Figure 6) and lost more fat
mass when protein intake was expressed as a percentage
of energy intake (WMD —0.57kg; 95%CI=—-0.98 to
—0.15) (Figure 7), with a trend when expressed as
grams per kilogram per day (WMD —0.53kg;
95%CI=—1.08 to 0.03) (Figure 8).

DISCUSSION

Guidelines for successful and healthful weight loss
among overweight and obese older adults emphasize
consuming higher dietary protein when dieting.'?
However, the scientific foundation supporting the po-
tential benefit of higher dietary protein intake to mini-
mize the loss of lean mass, including skeletal muscle
mass, during diet-induced weight loss requires system-
atic review. This section considers the effects of the
higher protein diet on body composition during weight
loss, the description of the higher protein diet, the
changes in lean mass vs skeletal muscle mass during
weight loss, and the strengths and limitations of the cur-
rent systematic review and meta-analysis.

Effects of energy-restricted high-protein diets on body
mass, lean mass, and fat mass

Results from this systematic review and meta-analysis
of findings from RCTs consistently indicate that older
men and women better retain lean mass while losing
body mass during periods of diet-induced energy re-
striction when they consume higher protein vs normal
protein diets. Qualitatively, about one-half (48%-50%)
of the normal protein groups lost >30% of body mass
as lean mass, compared with 21% to 22% of the higher
protein groups; furthermore, only 9% to 14% of the
normal protein groups lost <20% of body mass as lean
mass, compared with 39% to 42% of the higher protein
groups. These observations complement and support
previous research in young and middle-aged
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adults.">'”""” Quantitatively, the current meta-analysis

determined that older adults who consumed higher
protein diets (expressed as a percentage of energy in-
take) during energy restriction preserved about the
same amount of lean mass (WMD 0.45kg;
95%CI=0.20-0.71kg) as participants older than 18
years (WMD 0.43 kg; 95%CI=0.09-0.78 kg) in a previ-
ous analysis.”> When protein intake was expressed as
grams per kilogram per day, higher protein-diet-related
lean mass retention was also comparable for older
adults (WMD 0.83 kg; 95%CI=0.47-1.19kg) and youn-
ger adults who consumed >1.05 g/kg/d vs <1.05 g/kg/d
(WMD 0.60 kg; 95%CI=0.16-1.05kg).** These findings
are significant because older adults typically present
lower initial lean mass than younger adults, and older
adults are also more likely to lose lean mass during
weight loss."”

Complementary to lean mass retention, higher pro-
tein diets also increased fat mass loss. The analyses for
older adults showed that 76% to 78% of the higher pro-
tein groups lost >70% of body mass as fat mass, com-
pared with 52% to 57% of the normal protein groups,
while only 22% to 24% of the higher protein groups lost
<70% of body mass as fat mass, compared with 43% to
48% of the normal protein groups; these findings are
consistent with those from a previous meta-analysis of
results from studies conducted in younger adults.*® The
greater fat mass loss with higher protein diets may be re-
lated to higher protein-diet-induced increases in whole-
body energy expenditure, including resting energy ex-
penditure and thermic effect of feeding.sg’59 In addition,
higher protein diets may increase fat oxidation in over-
weight and obese subjects.”” Because few articles in-
cluded in this review reported these results, findings
specific to energy expenditure should be interpreted with
caution. Only 3 articles’ >* reported changes in resting
energy expenditure, 2 articles’™> reported changes in
thermic effect of feeding, and no articles reported
changes in fat oxidation during weight-loss interven-
tions. Two articles reported that resting energy expendi-
ture and thermic effect of feeding were reduced after
energy restriction, with no difference in resting energy
expenditure change between higher protein and normal
protein groups, but a significantly smaller reduction of
thermic effect of feeding in higher protein group com-
pared with normal protein group was observed. The
smaller reduction in thermic effect of feeding with higher
protein vs normal protein diets’>* is consistent with
other research.’"* While higher protein diets appar-
ently influence both fat mass loss and thermic effect of
feeding, more research is needed to establish associations
between these two parameters and to assess cause-and-
effect relationships. Nonetheless, these results collectively
indicate that consuming higher dietary protein during
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weight loss improves body composition by helping retain
lean mass and reduce fat mass.

Description of higher protein intake

The positive effects of higher protein diets on lean mass
retention and fat mass reduction during weight loss
were observed when higher protein intakes were de-
fined as either >25% of the daily total energy intake or
>1.0 g/kg/d. However, there were modest differences in
the number of intervention groups included in these
two analyses because not all interventions classified as
higher protein on the basis of percentage of energy in-
take had protein intakes >1.0 g/kg/d: 2 higher protein
groups in 1 study'* consumed <1.0g/kg/d (0.86 and
0.93 g/kg/d). From a metabolic perspective, it seems
preferable to assess the impact of protein intake on out-
comes of interest on the basis of the quantity consumed
(g/kg/d) rather than a relative proportion of energy in-
take (percentage of daily energy intake) because the
quantity of protein consumed contributes to amino
acid bioavailability. Consistent with this perspective,
lean mass retention was greater when higher protein
groups were classified using grams per kilogram per
day (Figure 6) vs percentage of daily energy intake
(Figure 5): WMDs (95%ClIs) were 0.83 (0.47-1.19) kg
and 0.45 (0.20-0.71) kg, respectively. Researchers
should be encouraged to provide sufficient and detailed
dietary and body mass information for macronutrient
intakes to be expressed both quantitatively and in pro-
portion to energy intake before (baseline) and at the
start and end of weight-loss interventions.

Changes in lean mass compared with changes in
skeletal muscle mass

In adults, body composition changes with advancing
age: overall lean mass is reduced, which is mainly due
to reduced skeletal muscle mass, while nonmuscle lean
mass, such as organs and connective tissues, is re-
tained.* The fact that differential changes in lean mass
with higher protein vs normal protein diets during
weight loss seem to occur in young®>** as well as older
adults is meaningful because older adults present lower
initial lean mass than younger adults in general. New
RCTs are needed to directly assess the effects of higher
protein vs normal protein intakes on energy
restriction-induced changes in body composition (in-
cluding skeletal muscle mass) in young and older adults,
especially older adults with sarcopenic obesity.

While changes in lean mass measured using DXA
are often attributed to changes in skeletal muscle mass,
this inference should be made with caution. While com-
puted tomography and magnetic resonance imaging are
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Higher protein Normal protein Mean difference (kg),

Reference Mean SD No of Mean SD No of (V::)lght random-effects
(kg) (kg) subjects  (kg) (kg) subjects [95% CI]
Jesudason’2 97 13.4 21 6.6 7.1 24 1.3 -3.1[-9.50, 3.30] Ll
de Souza® 74 52 172 15 5.0 159 9.1 0.10 [-0.10, 1.20] “.“
Aldrich-Mixed* 5.9 1.4 6 53 1.7 6 7.0 -0.60 [-2.36, 1.16] +
Aldrich-Whey32 73 1.8 6 53 1.7 6 6.4 -2.00 [-3.98, -0.02] ﬂ%
Belobrajdic’s 8.5 35 34 8.2 3.9 42 73 -0.30 [-1.97, 1.37] ——
Campbell?® 82 1.8 13 9.1 3.1 15 6.8 0.90 [-0.95, 2.75] p—
Wycherley?’ 9.0 4.8 12 8.6 4.6 16 33 -0.40 [-3.93, 3.13] +
Evangelista® 9.9 2.0 5 5.6 0.8 5 6.7 430 [-6.19, -2.41] —i— }
Gordon® -8.4 45 9 -112 38 15 33 2.80 [-0.71, 6.31] =
Mahon-Beef! 6.6 2.7 14 5.6 1.8 14 72 -1.00 [-2.70, 0.70] +
Mahon-Chicken® ~ -7.9 2.6 15 56 138 14 7.5 -2.30-3.92, -0.68] —
Leidy' 8.1 1.8 21 9.5 5.0 25 6.1 1.40[-0.71, 3.51] %F
Keogh36 4.8 6.6 14 7.6 8.1 11 1.5 2.80[-3.11,8.71] 0 =
Luscombe-M>! 4105 5.9 12 112 61 13 2.1 0.70 [-4.01, 5.41] %
Luscombe-F3! 713 3.1 15 7.9 5.4 17 4.1 0.60 [-2.41,3.61] %H
Farnsworth-M* 114 56 7 9.6 45 7 1.7 -1.80 [-7.12, 3.52] —_—
Farnsworth-F30 6.6 23 21 14 23 21 8.2 0.80 [-0.59, 2.19] @
Layman* 15 4.8 12 7.0 48 12 2.9 -0.57 [-4.41,3.27] +
Parker™ 6.1 26 26 4.6 3.4 28 7.5 -1.45 [-3.08, -0.18] H.%
T s PRRR U pl
Heterogeneity: Tau” = 1.363; Chi = 40.25, df = 18 (P = 0.002); I = 55% 0 8 6 4 2 0 2 4 6 8 1

Mean differences and 95% Cls for body mass (kg)

Figure 3 Effect of protein intake (percent total energy from protein) on energy restriction-induced changes in body mass.
A random-effects model was used for body mass index, since heterogeneity was observed in pooled data. Abbreviations: F, female; M, male;
SD, standard deviation.

) Higher protein Normal protein Weight Mean difference (kg),
Reference Mean SD No of Mean SD No of %) fixed-effects
(kg) (kg) subjects  (kg) (kg) subjects [95% CI]
Jesudason? -9.7 13.4 21 -6.6 7.1 24 0.9 -3.10 [-9.50, 3.30] = ;
Aldrich-Mixed?*? -5.9 1.4 6 -53 1.7 6 11.4 -0.60 [-2.36, 1.16] >—.—<
Aldrich-Whey?? -1.3 1.8 6 -5.3 1.7 6 9.0 -2.00 [-3.98, -0.02] —E—
Belobrajdic5s 8.5 3.5 34 8.2 3.9 42 12.8 -0.30 [-1.97, 1.37] +
Campbell? 8.2 1.8 13 9.1 3.1 15 104 0.90 [-0.95, 2.75] ——
Wycherley?’ -9.0 4.8 12 -8.6 4.6 16 2.8 -0.40 [-3.93, 3.13] >—!‘—<
Gordon» -8.4 4.5 9 -11.2 3.8 15 2.9 2.80[-0.71, 6.31] ———
Leidy'3 -8.1 1.8 21 -9.5 5.0 25 8.0 1.40[-0.71, 3.51] »—:i—-—<
Keogh%® -4.8 6.6 14 -1.6 8.1 11 1.0 2.80[-3.11,8.71] : -
Luscombe-M3! -10.5 5.9 12 -11.2 6.1 13 1.6 0.70 [-4.01, 5.41] -
Luscombe-F*! -71.3 3.1 15 -19 5.4 17 3.9 0.60 [-2.41, 3.61] >—:*.—<
Farnsworth-M3? -11.4 5.6 7 -9.6 4.5 7 1.2 -1.80 [-7.12, 3.52] —
Farnsworth-F*0 -6.6 2.3 21 <74 2.3 21 18.3 0.80 [-0.59, 2.19] ><.><
Layman>* -1.5 4.8 12 -7.0 4.8 12 24 -0.57 [-4.41, 3.27] —_—a—
Pakert S1 262646 342134 C4SE308008] 8 _ji
Total 100 -0.06 [-0.66, 0.53] L 2
Heterogeneity: Tau? = 0.248; Chi® = 16.40, df = 14 (P = 0.290); I> = 15% '1‘0 'é é -‘4 'é 6 é “1 é é 1b

Mean difference and 95% Cls for body mass (kg)

Figure 4 Effect of protein intake (g/kg/d) on energy restriction-induced changes in body mass. A fixed-effects model was used for lean
mass, since no heterogeneity was observed in pooled data. Abbreviations: F, female; M, male; SD, standard deviation.
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Higher protein Normal protein Mean difference (kg),

Reference Mean SD No of Mean SD No of zz,ie)lght fixed-effects
(kg) (kg) subjects  (kg) (kg) subjects [95% CI]
Jesudason’? -1.7 2.7 21 -1.8 2.9 24 2.4 0.10 [-0.15, 1.74] ~
de Souza’® -2.1 2.6 172 -2.5 2.5 159 214 0.40 [-0.15, 0.95] -
Mojtahedi® -4.1 4.2 13 2.4 4.0 13 0.7 -1.70 [-4.85, 1.45] !
Aldrich-Mixed?? -0.3 2.0 6 -1.1 2.2 6 1.1 0.80 [-1.58, 3.18] »—i.—<
Aldrich-Whey?3? -1.1 1.0 6 -1.1 2.2 6 1.7 -0.02 [-1.95, 1.91] »—-F
Belobrajdic® -1.9 3.0 34 -3.1 4.3 42 2.4 1.20 [-0.45, 2.85] »—%—-—<
Campbell3® -1.6 1.1 13 2.2 1.5 15 6.9 0.60 [-0.37, 1.57] >_<-_4
Wycherley®” 1.9 15 12 22 1.9 16 4.1 030 [-0.96, 1.56] —
Evangelista® 0.6 1.0 5 -0.3 0.3 5 7.7 0.90 [-0.02, 1.82] »—‘.—4
Gordon’? -2.1 1.8 9 -4.1 2.0 15 2.7 2.00[0.45, 3.55] :»—.—<
Mahon-Beef'* 2.2 1.3 14 -1.7 1.0 14 8.8 -0.50 [-1.36, 0.36] »—.Hi
Mahon-Chicken'* 2.3 1.0 15 -1.7 1.0 14 12.2 -0.60 [-1.33,0.13] >.>< |
Leidy'? -1.5 1.4 21 -2.8 2.5 25 49 1.30[0.15, 2.45] »:L.—<
Keogh®® -1.7 1.9 14 -2.5 24 11 22 0.79 [-0.94, 2.52] >—*:-—<
Luscombe-M3! -39 3.1 12 -3.8 4.0 13 0.8 -0.10 [-2.90, 2.70] >—i%—<
Luscombe-F3! 2.2 1.9 15 -3.1 2.1 17 33 0.90 [-0.49, 2.29] —E—
Farnsworth-M30 -2.5 74 7 -1.9 5.6 7 0.1 -0.60 [-7.48, 6.28] ol ;
Farnsworth-F30 -0.1 14 21 -1.5 1.4 21 9.0 1.40[0.55, 2.25] i’—-—‘
Layman® -0.9 1.0 12 -1.2 2.1 12 3.7 0.33[-0.99, 1.65] +
Parker3* -0.6 1.9 26 -1.4 2.9 28 39 0.79 [-0.50, 2.08] ’—‘.—‘
T e e X 45[020’071] ........ .

Heterogeneity: Tau? = 0.181; Chi? = 28.72, df = 19 (P = 0.070); I> = 34%

-8 -6 -4 -2 0 2 4 6 8
Mean difference and 95% Cls for lean mass (kg)

Figure 5 Effect of protein intake (percent total energy from protein) on energy restriction-induced changes in lean mass. A fixed-

effects model was
deviation.

used for fat mass, since no heterogeneity was observed in pooled data. Abbreviations: F, female; M, male; SD, standard

Higher protein Normal protein Mean difference (kg),

Reference Mean SD No of Mean SD No of Weight fixed-effects
(kg) (kg) subjects  (kg) (kg) subjects (%) [95% CI]
Jesudason™? -1.7 2.7 21 -1.8 2.9 24 4.8 0.1[-1.54, 1.74] =
Mojtahedi®® -4.1 4.2 13 2.4 4.0 13 1.3 -1.70 [-4.85, 1.45] = |
Aldrich-Mixed?? -0.3 2.0 6 -1.1 22 6 23 0.80 [-1.58, 3.18] ,_!‘_4
Aldrich-Whey?*? -1.1 1.0 6 -1.1 2.2 6 35 -0.02 [-1.95, 1.91] ,_._l_<
Belobrajdic’® -1.9 3.0 34 -3.1 4.3 42 4.8 1.20 [-0.45, 2.85] »—i—«
Campbell*® -1.6 1.1 13 2.2 1.5 15 13.8 0.60 [-0.37, 1.57] .-.-4
Wycherley?’ -1.9 1.5 12 2.2 1.9 16 8.1 0.30 [-0.96, 1.56] »-.1,_4
Gordon*? -2.1 1.8 9 -4.1 2.0 15 54 2.00[0.45, 3.55] b—
Leidy"? -1.5 1.4 21 2.8 2.5 25 9.8 1.30[0.15, 2.45] »—.—4
Keogh® -1.7 1.9 14 2.5 2.4 11 43 0.79 [-0.94, 2.52] »—-—<
Luscombe-M?3! -3.9 3.1 12 -3.8 4.0 13 1.6 -0.10 [-2.90, 2.70] >—-i—<
Luscombe-F3! 2.2 1.9 15 -3.1 2.1 17 6.7 0.90 [-0.49, 2.29] >—*—<
Farnsworth-M3° 2.5 74 7 -1.9 5.6 7 0.3 -0.60 [-7.48, 6.28] -
Farnsworth-F30 -0.1 14 21 -1.5 1.4 21 18.0 1.40[0.55, 2.25] '
Layman* -0.9 1.0 12 -1.2 2.1 12 7.5 0.33 [-0.99, 1.65] >—.“—‘
ket 06 19264293 78 0791050208 —
Total 100 0.83[0.47,1.19] *
Heterogeneity: Tau? = 0.000; Chi? = 10.80, df = 15 (P = 0.766); I> = 0% 8 6 4 =2 0 2 4 6 8

Mean difference and 95% Cls for lean mass (kg)

Figure 6 Effect of protein intake (g/kg/d) on energy restriction-induced changes in lean mass. A fixed-effects model was used for body
mass index, since no heterogeneity was observed in pooled data. Abbreviations: F, female; M, male; SD, standard deviation
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Higher protein Normal protein

Mean difference (kg),

Reference Mean SD No of Mean SD No of (V:;e)lght fixed-effects
(kg) (kg) subjects  (kg) (kg) subjects [95% CI]

Jesudason’? -6.2 7.7 21 -4.9 5.1 24 1.1 -0.13 [-5.17,2.57] :

de Souza® 53 3.9 172 -5.0 3.8 159 249 -0.30 [-1.13, 0.53] -

Aldrich-Mixed3? -5.2 1.2 6 -4.3 1.7 6 6.2 -0.90 [-2.57,0.77] »—‘——«

Aldrich-Whey*? -6.0 1.7 6 -4.3 1.7 6 4.6 -1.70 [-3.62, 0.22] —

Belobrajdic® -6.5 3.7 34 -5.1 33 42 6.8 -1.40 [-3.00, 0.20] »—.3—4

Campbell*® -6.6 1.8 13 -6.9 23 15 7.4 0.30 [-1.22, 1.82] >—%.—<

Wycherley?’ -7.1 4.0 12 -6.5 3.7 16 2.0 -0.60 [-3.50, 2.30] —

Gordon®? -6.3 3.0 9 -7.0 3.0 15 2.8 0.70 [-1.78, 3.18] >—i——-—<

Mahon-Beef'* -4.3 2.1 14 -39 1.5 14 9.4 -0.40 [-1.75, 0.95] >—‘.—<

Mahon-Chicken'* -5.6 2.2 15 -39 1.5 14 9.2 -1.70 [-3.06, -0.34] >—-—:H

Leidy!3 6.6 1.8 21 6.6 3.0 25 8.7 0.00 [-1.41, 1.41] —

Keogh*® -39 4.8 14 -6.9 6.1 11 0.9 3.00 [-1.40, 7.40] >i—l—<

Luscombe-M3! -5.6 4.2 12 -5.9 4.0 13 1.7 0.30 [-2.92, 3.52] >—%—.—<

Luscombe-F3! -4.3 3.1 15 -4.8 4.9 17 2.2 0.50[-2.31,3.31] >—%~I—<

Farnsworth-M30 -9.0 7.1 7 -7.6 8.2 7 0.3 -1.40 [-9.44, 6.64] =

Farnsworth-F30 -6.6 6.4 21 -7.1 9.2 21 0.8 0.50 [-4.29, 5.29] ’—%—.—‘

Layman>* -5.6 4.8 12 -4.7 24 12 1.9 -0.86 [-3.90, 2.18] >—I:—<
ket 482626 A6 26 3 91 L2601 -

Total 100 -0.57 [-0.98, -0.15] L 4

Heterogeneity: Tau? = 0.000; Chi? = 13.08, df = 17 (P = 0.730); I* = 0% 40 8 6 4 2 0 2 4 6 8 10

Mean difference and 95% Cls for fat mass (kq)

Figure 7 Effect of protein intake (percent total energy from protein) on energy restriction-induced changes in fat mass. A fixed-
effects model was used for lean mass, since no heterogeneity was observed in pooled data. Abbreviations: F, female; M, male; SD, standard

deviation.
Higher protein Normal protein Weight lYIean d.i.fference (kg),
Reference Mean SD No of Mean SD No of ) fixed-effects
(kg) (kg) subjects  (kg) (kg) subjects [95% CI]

Jesudason®? -6.2 7.7 21 -4.9 5.1 24 2.0 -1.30 [-5.17, 2.57] —a—
Aldrich-Mixed?? -5.2 1.2 6 -4.3 1.7 6 11.0 -0.90 [-2.57,0.77] ’—-’—‘
Aldrich-Whey3? -6.0 1.7 6 -4.3 1.7 6 8.2 -1.70 [-3.62, 0.22] >—.—H
Belobrajdic> -6.5 3.7 34 -5.1 33 42 12.0 -1.40 [-3.00, 0.20] *
Campbell3¢ -6.6 1.8 13 -6.9 2.3 15 13.2 0.30 [-1.22, 1.82] ’—'—‘
Wycherley?’ -7.1 4.0 12 -6.5 3.7 16 3.6 -0.60 [-3.50, 2.30] ’—*—‘
Gordon* -6.3 3.0 9 -7.0 3.0 15 49 0.70 [-1.78, 3.18] +
Leidy'? -6.6 1.8 21 -6.6 3.0 25 154 0.00 [-1.41, 1.41] "."
Keogh% -3.9 4.8 14 -6.9 6.1 11 1.6 3.00 [-1.40, 7.40] . E—
Luscombe-M?3! -5.6 4.2 12 -5.9 4.0 13 29 0.30 [-2.92, 3.52] ’—:r.—‘
Luscombe-F3! -4.3 3.1 15 -4.8 4.9 17 39 0.50 [-2.31, 3.31] +
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Figure 8 Effect of protein intake (g/kg/d) on energy restriction-induced changes in fat mass. A fixed-effects model was used for fat
mass, since no heterogeneity was observed in pooled data. Abbreviations: F, female; M, male; SD, standard deviation.

considered more suitable tools for measurement of skel-
etal muscle mass,”>* only 1 of 20 studies included in
this systematic review used magnetic resonance imaging
to measure skeletal muscle mass, whereas all 20 studies
utilized DXA to assess lean mass. Fortunately, strong
correlations exist between DXA-derived estimates of
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lean mass and computed tomography- and/or magnetic
resonance imaging-derived estimates of skeletal muscle
mass, especially for lower-limb lean mass***”°® in mid-
dle-aged and older adults. These findings support the
reliability of DXA as a surrogate measure of skeletal
muscle mass. There were, however, discrepancies with
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changes in regional (arms, legs, and trunk) lean mass
measured by DXA and in skeletal muscle mass derived
by magnetic resonance imaging during weight loss.®’
Generally, the use of DXA for monitoring changes in
whole-body composition after weight loss is effective
and practical, but caution is warranted when investigat-
ing regional lean mass changes after weight loss.

Strengths and limitations of the study

The findings of this review are limited by inconsisten-
cies in experimental design, intervention duration, and
level of energy restriction for weight loss among the se-
lected studies. Although primary and secondary re-
viewers thoroughly and independently reviewed
articles, the potential influence of publication bias may
still exist. In addition, this review is limited to changes
in soft tissue body composition (lean mass and fat
mass) and does not address the potential impact of pro-
tein intake on energy restriction-induced changes in
skeletal bone or indices of health and functional well-
being. Nonetheless, this work makes a unique contribu-
tion as the first systematic review and meta-analysis to
use both qualitative and quantitative assessments to
document the impact of higher protein intake on diet-
induced changes in body mass and body composition
in adults 50 years and older.

The assessment of the impact of protein intake on
changes in body mass and body composition on the
basis of the quantity of protein consumed (g/kg/d) vs a
relative proportion of energy intake (percentage of
daily energy intake) is novel and of importance for die-
titians and other healthcare providers who work with
older adults to help them lose weight. While counsel-
ing people to consume protein on the basis of grams
per kilogram per day is recommended, reasonably
comparable results were obtained when protein intake
was consumed on the basis of percentage of energy in-
take. If the latter method is used to recommend pro-
tein intakes, it is important to make sure that total
protein intakes are above the recommended dietary al-
lowance of 0.8 g/kg/d, and preferably above 1.0 g/kg/d.
It is also important to be mindful that the acceptable
macronutrient distribution range for protein (10%-
35% of total energy intake) is only applicable to states
of energy balance. In energy restriction states, crudely
the percentage of energy consumed as protein should
be increased by about 5% to retain the same quantity
of protein in the diet.

CONCLUSION

In summary, the findings of this systematic review and
meta-analysis provide support that men and women
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aged 50 years and older better retain lean mass while los-
ing fat mass when they consume energy-restricted
higher-protein rather than normal-protein diets.
Information gained from this review strengthens the sci-
entific foundation for older overweight and obese adults
to consume protein intakes >1.0 g/kg/d to help preserve
lean mass as part of a successful weight-loss intervention.
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