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Abstract: (1) Background: The present work aims to conduct a systematic review and meta-analysis
of observational studies, in order to investigate the association of relative protein intake and physical
function in older adults; (2) Methods: Observational studies, that investigated the association between
protein intake and physical function in older adults, were retrieved from MEDLINE, SCOPUS,
CINAHL, AgeLine, EMBASE, and Cochrane-CENTRAL. Two independent researchers conducted
study selection and data extraction; (3) Results: Very high protein intake (>1.2 g/kg/day) and
high protein intake (>1.0 g/kg/day) groups showed better lower limb physical functioning and
walking speed (WS) performance, respectively, in comparison to individuals who present relative low
protein (<0.80 g/kg/day) intake. On the other hand, relative high protein intake does not seem to
propitiate a better performance on isometric handgrip (IHG) and chair rise in comparison to relative
low protein intake. In addition, there were no significant differences in the physical functioning of
high and middle protein intake groups; (4) Conclusions: In conclusion, findings of the present study
indicate that a very high (>1.2 g/kg/day) and high protein intake (>1.0 g/kg/day) are associated
with better lower-limb physical performance, when compared to low protein (<0.80 g/kg/day)
intake, in community-dwelling older adults. These findings act as additional evidence regarding
the potential need to increase protein guidelines to above the current recommendations. However,
large randomized clinical trials are needed to confirm the addictive effects of high-protein diets
(>1.0 g/kg/day) in comparison to the current recommendations on physical functioning. All data
are available in the Open ScienceFramework.

Keywords: sarcopenia; protein intake; physical function

1. Introduction

Sarcopenia is a geriatric condition characterized by progressive muscle atrophy accompanied
by loss of muscle strength and/or function [1]. The incidence of sarcopenia rises with aging and
its prevalence is markedly increased in older subjects [2]. In the absence of targeted interventions,
the clinical course of sarcopenia is marked by higher odds of mobility disability, loss of independence,
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and mortality [3-6]. In this sense, adequate protein intake and physical exercise have been suggested
as the two main strategies to counteract sarcopenia, and prevent its deleterious effects [7,8].

Although protein supplementation may be advisable in the management of sarcopenia,
the optimal protein requirement for older adults is presently unclear. Indeed, the established guidelines
recommended for a number of agencies, such as the Dietary Allowance (RDA), RDI (recommended
daily intake) [9], and the RNI (reference nutrient intake) [10] have been questioned, and researchers
have discussed if the recommended protein intake is enough to maintain the functional status or even
prevent its decline and muscle atrophy in older adults [11,12]. Most critical are regarding the RDA,
so that the main concern is that the amount of protein recommended is based on nitrogen balance
studies, which may be associated with a methodological bias [11,13].

Opinion articles and consensus statements have argued that older people should be encouraged to
consume greater quantities of protein than the RDA (1.0-1.5 g/kg) [11-14]. Findings from observational
studies are in line with these inferences, since higher protein consumption is associated with lower
risk of frailty, loss of lean body mass, slow walking speed, dynapenia, and poor balance [15-18].
Nevertheless, there is a lack of direct evidence testing the proposed cut-off points for protein
consumption. The few available studies have reported incongruent results regarding the association of
protein intake and physical function [17,19-21]. However, to the best of our knowledge, meta-analyses
have not been performed to determine the pool of results.

Therefore, the present work aimed at conducting a systematic review and meta-analysis of
observational studies to investigate the association of relative protein intake and physical function in
older adults.

2. Materials and Methods

We conducted a systematic review and meta-analysis of observational studies to assess the
association between relative protein intake and physical function in older adults. The study was
fully performed by investigators and no librarians were part of the team. This study complies with
the criteria proposed by the Primary Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) Statement [22], and the Meta-analysis of Observational Studies in Epidemiology (MOOSE)
guidelines [23]. All data are available in the Open Science Framework at https://doi.org/10.17605/
OSEIO/JP5SB.

2.1. Eligibility Criteria

The inclusion criteria consisted of: (a) Observational studies, including cross-sectional and
case-control studies, which investigated as primary or secondary outcome the association of relative
protein intake and physical function in older adults. Longitudinal cohort studies were also included
if crude baseline data were available; (b) participant age of 60 years or older; (c) direct assessment
of at least one physical function domain (studies provided self-reported physical function were
excluded); (d) provided the comparison of at least two groups with different relative protein intakes;
(e) mean values and a measure of dispersion (standard deviation or confidence interval) were
provided; (f) published studies (English language). We excluded randomized-clinical trials (RCTs),
quasi-experimental, cross-over studies and any kind of investigation that examined the effects of a
nutritional intervention associated or not with other interventions (e.g., physical exercise) on physical
function. Studies that enrolled institutionalized participants or non-institutionalized participants with
cognitive impairment and/or disorder, gastrointestinal and/or renal diseases, anorexia, cancer or
any kind of condition that may directly impair protein metabolism (e.g., maple syrup urine disease,
tyrosinemia) were also excluded. Sarcopenic and frailty older people were included.

2.2. Search Strategy and Selection Criteria

Studies published on or before August 2018 were retrieved from the following three electronic
databases by one investigator (H.J.C.]J): (1) MEDLINE (PubMed interface); (2) the Cochrane Library
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(Wiley interface); (3) SCOPUS (Elsevier interface); (4) CINAHL (EBSCO interface); (5) AgeLine (EBSCO
interface); and (6) EMBASE (EBSCO interface). Reference lists for reviews and retrieved articles for
additional studies were checked and citation searches on key articles were performed in Google
Scholar and ResearchGate for additional reports. Initially, a search strategy was designed using
keywords, MeSH terms, and free text words, such as protein consumption, physical function, older adults.
Additionally, keywords and subject headings were exhaustively combined using Boolean operators.
The complete search strategy used for the PubMed is shown in List S1. Only eligible full texts in
English language were considered for review. Authors were contacted if necessary.

2.3. Data Extraction and Quality Assessment

Titles and abstracts of retrieved articles were screened for eligibility by two researchers (H.J.C.-J.
and B.R.). If an abstract did not provide enough information for evaluation, the full-text was retrieved.
Disagreements were solved by a third reviewer (M.U.). Reviewers were not blinded to authors,
institutions, or manuscriptjournals. Studies that provided data for more than two groups—for example,
low, middle, high, and very high relative protein intake were also added—since the volunteers were not
shared among the groups. Data extraction were independently performed by two reviewers (H.J.C.-].
and L.M.-T) using a standardized coding form. Disagreements were solved by a third reviewer (M.U.).
Coded variables included methodological quality and the characteristics of the studies, including;:
Year, authors, country, study design, setting, sample size (1), age, prevalence of female, body mass
index (BMI), lean mass, appendicular muscle mass, dietary intake assessment method, total protein
intake, relative protein intake.

Afterwards, studies were allocated into four different groups (low (<0.8 g/kg/day), middle
(0.8-0.99 g/kg/day), high (>1.0 g/kg/day), and very high (>1.2 g/kg/day) protein intake). These
cutoffs were selected according to previous research. Indeed, longitudinal [24,25] and review [11-14]
studies have arguing that older adults should consume at least 1.0 g/kg/day of protein (i.e., high) to
maintain muscle mass and optimal physical functioning, so that values below the RDA (<0.8 g/kg/day)
may be considered low, while values higher than the RDA, but lower than the recommended for these
aforementioned studies may be considered middle. In addition, some evidence has proposed that a
minimum of 1.2 g/kg/day of protein should be consumed by older adults in attempt to avoid poor
health-related outcomes and maintain functional performance, regardless the presence of chronic
diseases [26,27]. In this sense, investigations that showed a mean protein intake of at least 1.2 g/kg/day
were allocated in the very high group.

The quality of reporting for each study was performed by two researchers (H.J.C.-]. and
L.M.-T) using the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
instrument [28]. The agreement rate between reviewers was « = 0.96 for quality assessment.

2.4. Statistical Analysis

Meta-analyses were conducted using Revman V.5. Effect size (ES) were measured using standard
mean difference (SMD) and mean difference and are reported with 95% confidence intervals (95% CI).
SMD was used in the comparisons between High protein intake and Very high protein intake versus
Low protein intake in relation to Mobility and Lower limb physical functioning, respectively, since the
investigations assessed the same outcome, but using different tools. However, the mean difference
was used in the remaining comparisons, since all the other studies used the same outcome. If the
required outcome metric was not reported in the study, values were calculated using available data.
Due to the different characteristics of the included studies, a random-effect model was used to calculate
the pooled ES. Heterogeneity across studies was tested using Q-statistics and I index was used to
assess inconsistency [29]. The I index was classified as not important (0-40%), moderate (30-60%),
substantial (50-90%), and considerable (75-100%).
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3. Results

3.1. Characteristics and Quality of Included Studies

Table 1 provides a general description of the included studies. Of the 4392 registers recovered
from electronic databases and hand search, 4253 records were excluded based on duplicate data, title
or abstract. One hundred thirty-nine studies were fully reviewed and assessed for eligibility. Finally,
seven studies met the inclusion criteria (Figure 1).

Included studies were published between 2014 and 2018, the majority had a prospective
longitudinal cohort design [17,30-32], while two had a cross-sectional design [20,33] and one study was
a case-control [21]. Overall, a total of 8754 community-dwelling older adults from six different countries
were included. Volunteers were characterized as healthy in three studies [17,31,34], post-menopausal
in two studies [20,31], sarcopenic in one study [21], and diabetic in one study [32]. Mean age of the
subjects ranged from 67.8 to 83.0 years, and the percentage of women among total subject population
of various study groups varied from 10% to 100%. Mean BMI ranged from 23.7 kg/m? to 29.5
kg/ m?, so that one study investigated volunteers with normal BMI [34], while the other six studies
investigated overweight individuals [17,20,21,31-33]. Limited information was available regarding
the clinical characteristics of study participants. Nevertheless, osteoporosis, diabetes, hypertension,
depression, rheumatoid arthritis, and heart diseases were diagnosed among the included individuals.
Lean mass and appendicular skeletal muscle represented 55.8% and 24.4%, respectively, of the total
weight. Twenty-nine percent of the volunteers reported an episode of fall in the 12 months before the
investigations. Physical and functional evaluations included isometric handgrip strength (IHG), knee
extensor strength, one-leg stance, usual walking speed (WS), chair rise, tandem walk speed, narrow
walk speed, short physical performance battery (SPPB), and timed 8-foot walk. However, only IHG,
WS, knee extensor strength, SPPB, and chair rise were included in the final analysis, due to availability
of data. According to protein intake per kg of body weight, volunteers could be divided into four major
groups: Low (<0.8 g/kg/day), middle (0.8-0.99 g/kg/day), high (>1.0 g/kg/day), and very high (>1.2
g/kg/day). Methods to evaluate dietary intake included 24-h dietary recall (28.5%), 3-day dietary
intake record (28.5%), 4-day dietary intake record (14.3%), food frequency questionnaire (14.3%), and
the Semi Quantitative-Food Frequency Questionnaire (SQFFQ) (14.3%).
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Figure 1. Flowchart of the present study.
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Table 1. General description of the included studies.

6 of 16

Dietary Total
Study . . . Female Lean Appendicular Intake Protein STROBE
Year Authors Country Design Population Setting Sample Size Age %) BMI Mass Muscle Mass  Assessment Intake Score
Method (g/Day)
ten 24-hdietary  HP:89.5;
2018 Haaf Netherland Cross-sectional Healthy Community-dwelling HP: 80; LP: 60 83.0 10 26.1 — — y e 19
etal. recall LP: 64.7
HP: 41.3,
16.4, 6.5; 3-day HP: 83.4;
Isanejad .. o . . HP =112; MP = 269; MP:40.1, dietary T
2016 otal Finland Longitudinal Healthy Community-dwelling LP =171 67.8 100 26.6 159, 6.7 — intake MP.gEl').Z, LP: 20
LP:39.1, record :
15.6, 6.6
206 "M cinada Longitudinal Diabetic Community-dwelling ~ HP: 73; LP: 99 750 62 295 — 24-h dietary  HP: 91; LP: 20
etal. recall 64.3
Larocque United Post-menopausal Food LP =42.6;
2015 ot al. States Longitudinal women Community-dwelling LP = 1756; HP = 2889  80.1 100 26.8 — — freq}lency. HP = 716 17
questionnaire
. 3-day Sarcopenic:
. . o Sarcopenic:19.0; . i
2015 Verlaan Umted Case-control Sarcopenic an'd Community-dwelling Sarcopenic: .66’ 71.1 39 26.1 — Non-sarcopenic: c'hetary 725; .19
etal. Kingdom non-sarcopenic Non-sarcopenic: 66 204 intake Non-sarcopenic:
: record 75.3
Semi
Quantitative-Food
Chan . g . . LP =617; MP =677;
2014 ctal. China Longitudinal Healthy Community-dwelling HP = 705, HP2 = 727 71.6 49.8 23.7 — — Freqt.xency. — 19
Questionnaire
(SQFFQ)
4-day
Gregorio  United . Post-menopausal . . e _ LP=40.7, LP=17.0,HP dietary LP=49.7;
2014 ot al. States Cross-sectional women Community-dwelling LP =97; HP = 290 73.0 100 27.4 HP = 382 159 intake HP =797 20
record

BMI = body mass index; HP = high protein; MP = middle protein; LP = low protein.
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Table 2 provides the general characteristics of the volunteers according to their relative protein
intake. All groups presented similar mean age (~73 years). The lowest sample size was observed in
the middle protein intake group, followed by the very high protein intake group, low protein intake
group and high protein intake group. The groups presented a similar mean lean mass and mean
appendicular mass. However, it is important to observe that High protein intake and Very high protein
intake groups showed a higher percentage of lean mass when compared to Low protein intake and
Middle protein intake groups. In addition, a greater performance in knee extensor strength and SPPB
was observed in High protein intake and Very high protein intake groups when compared to Low
protein intake group. Protein, carbohydrate and fat intake increased according to relative protein
intake. It should be stressed that these parameters were not reported by all the investigations.

Table 2. Characteristics of the volunteers according to relative protein intake *.

Low Protein Middle Protein High Protein Very High Protein

Intake (0.67) Intake (0.88) Intake (1.3) Intake (1.5)
Variables n=2641 n =395 n=5619 n =1145
Anthropometric characteristics
Age (years) 73.8 74.0 74.6 73.5
BMI (kg/m?) 29.1 26.7 27 27.1
Lean Mass (l‘fvggig’t;“ relation to 41.0 (53) 40.1 (56.1) 38.7 (58.7) 38.2 (58.1)
Appendicular Muscle Mass (kg) — 19.0 (25.5) 204 (24.7) 15.9 (24.2)

(% in relation to weight)

Physical functional tests

IHG (kg) 20.4 27.5 243 19.1
Knee Extensor Strength (Ib) 54.5 44.5 52.1 57.5
One-Leg Stand (s) 13.5 19.3 18.4 15.3
Chair Rises (s) 11.4 10.6 11.8 13.5
Tandem Walk Speed for 6 m (m/s) 0.30 0.34 0.33 —
Usual Walking Speed (m/s) 11 1.2 1.2 1.07
SPPB (points) 9.9 9.0 11.0 10.6
Timed 8-Foot Walk (m/s) 1 — 1.1 1.1
Dietary factors
Protein (g/day) 58.8 67.4 85.4 87.2
Carbohydrate (g/day) 162.6 199.8 2159 220.6
Fat (g/day) 43.6 58.6 64.4 —

BMI = body mass index; IHG = Isometric handgrip; SPPB = Short physical performance battery (i.e., combination
of results in gait speed, chair stand e balance tests; The final score ranged from 0 (worst performance) to 12 (best
performance). * Information was not available by all the included investigations.

Study quality results are shown in Table S1, while the point by point analysis is shown in Table
S2. The overall score ranged from 17 to 20. All studies reported the items required by the STROBE
criteria in relation to the abstract (items 1 and 2), clarity of the outcomes (items 7 and 15), methods
of assessment (item 8), handle of quantitative variables (item 11), statistical methods and analysis
(items 12, 16), discussion (items 18-21), and funding (item 22). However, 14.2% of the studies failed
to clearly state specific objectives, including any prespecified hypotheses (item 3), the main aim of
the investigation (item 4), describe the setting, locations and relevant dates of recruitment and data
collection (item 5) [25], give the characteristics of study participants (item 14); and report other analyses
done—e.g., analyses of subgroups and interactions, and sensitivity analyses (item 17). In turn, 28.5%
did not properly report the eligibility criteria, and the sources and methods of selection of participants
(item 6), 71.4% did not describe any efforts to address potential sources of bias (item 9), 57.1% explained
how the study size was arrived at (item 10) and reported numbers of individuals at each stage of study
(item 13).
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3.2. High Protein Intake verses Low Protein Intake

A total of four studies provided information to investigate the association of high and low
protein intake with physical function (Figure 2). It should be stressed, that Rahi et al. [32] provided
their data according to gender, and the results are presented accordingly. Upper-limb muscle
strength—Upper-limb muscle strength was measured by IHG in all studies. Three studies were
added in the meta-analysis [17,20,31]. Results did not demonstrate significant differences in IHG
between the groups, and a small non-significant ES was observed (ES = —0.36; 95% CI = —1.15 to
0.44, p = 0.38). Moderate heterogeneity was found across studies ()(2 =4.16,df=2,p=0.12, I?= 52%)
(Figure 2a). Lower-limb muscle strength—Lower-limb muscle strength was evaluated by chair-rise and
knee extensor strength. A meta-analysis of three studies—but evaluating four subgroups—observed a
small non-significant difference between groups (ES = —0.09; 95% CI = —0.26 to 0.08, p = 0.30). A not
important heterogeneity was found across studies (x*=3.75,df =3, p =029, 12 = 20%) (Figure 2b).

) Higher protein intake Lower protein intake Mean Difference Mean Difference

a
Study or Subgroup Mean SD  Total Mean SD  Total Weight IV, Random, 95% CI IV, Random, 95% CI
Gregdrio etal, 2014 191 6.4 290 185 6 97 21.0%  0.60[-0.80,200]
Isanejad etal,, 2016 245 45 112 259 7 171 223% -1.40[2.74,-0.06)
Larocque etal, 2016 16.7 41 2889 17 41 1756 56.7% -0.30-0.54,-0.06)
Total (95% CI) 3291 2024 100.0%  -0.36 [-1.15,0.44]

Heterogeneity: Tau?= 0.28; Chi*= 4.16, df= 2 (P = 0.12), F= 52% -10 -5 0 s 10
Test for overall effect Z= 0.87 (P = 0.38) High upper muscle strengh Low upper muscle strengh

b) Higher protein intake Lower protein intake Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD _ Total Weight IV, Random, 95% CI IV, Random, 95% CI
Gregério etal, 2014 135 79 290 149 59 97 37.2% -019[-0.42,004) —&T
Isanejad etal, 2016 841 22 12 787 6.97 171 355% 0.100.14,0.33) T
Rahi et al., 2016 (men) 704 228 43 766 245 63 163% -0.26 [-0.65,0.13) —_—T
Rahi et al., 2016 (wornen) 446 155 30 461 138 36 11.0% -0.10 059, 0.38) . E—
Total (95% CI) 475 367 100.0% -0.09 [-0.26, 0.08] q

Heterogeneity. Tau*=0.01; Chi*=3.75, df= 3 (P = 0.29), F = 20%

4 ' + +
Test for overall effect Z=1.03 (P = 0.30) -1 -0.5 0 0.5 1

High upper muscle strengh Low upper muscle strengh
Figure 2. Mean difference in (a) Upper-limb muscle strength and Standardized mean difference in (b)
Lower-limb muscle strength according to protein intake. Squares represent study-specific estimates;
diamonds represent pooled estimates of random-effects meta-analyses.

3.3. Mobility

Mobility was evaluated by 10-m WS [17] and 6-m WS [34]. In the study of Chan et al. [34], three
out of four groups showed a high protein intake (>1.0 g/kg/day). In this sense, groups will be
mentioned as Chan et al., 2014, 2014b, and 2014c, according to relative protein intake. In addition,
the groups were evaluated alone and grouped. A small ES were observed when the analysis was
performed with Chan et al. [34] (1.0 g/kg/day) and Isanejad et al. [17] (ES = 0.10; 95% CI= —0.06
to 0.27, p = 0.23, x> = 20.66, df = 1, p < 0.00001, I? = 95%) (Figure 3a), as well as with Chan et al.
(2014b) (1.4 g/kg/day) and Isanejad et al. [15] (ES = 0.11; 95% CI = —0.05 to 0.26, p = 0.18, x> = 18.41,
df =1, p < 0.00001, I?> = 95%) (Figure 3b). The combination of the groups—Chan et al. (2014 and
2014b)—changed the results, so that a small and significant ES was observed (ES = 0.07; 95% CI = 0.01
to 0.12, p = 0.02, x2=20.84, df =2, p < 0.00001, I2 = 90%) (Figure 3c). Significant results were also
observed when Chan et al. (2014c) was evaluated alone (ES = 0.13; 95% CI = 0.01 to 0.24, p = 0.04,
x> =10.29,df =1, p = 0.01, I> = 90%) (Figure 3d) and with the other groups (ES = 0.06; 95% CI = 0.02 to
0.11, p = 0.003, x? =27.52,df = 3, p < 0.00001, I> = 89%) (Figure 3e).
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a Higher protein intake Lower protein intake Mean Difference Mean Difference
Study or Subgroup Mean SD__ Total Mean SD __ Total Weight IV, Random, 95% CI v, 95% CI
Chanetal, 2014 104 021 677 102 021 617 519% 0.02[-0.00, 0.04)
Isanejad et al., 2016 172 028 12 153 031 171 481% 0.19(0.12, 0.26] ]
Total (95% C1) 789 788 100.0%  0.10 [-0.06,0.27)
Heterogeneity. Tau®= 0.01, Chi*= 20.66, df= 1 (P < 0.00001), = 95% 3 R 3 1 3
Testfor overall effect Z=1.20 (P = 0.23) High mobility Low mobility
b) Higher protein intake Lower protein intake Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD __ Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chanetal, 20140 1.05 02 705 102 o 617 522% 0.03(0.01,0.05]
Isanejad et al., 2016 172 028 112 153 031 171 478% 0.19(0.12, 0.26) =
Total (95% CI) 817 788 100.0% 0.11 [-0.05, 0.26)
Heterogeneity: Tau®= 0.01, Chi*= 18.41,df= 1 (P < 0.0001); F= 5% tl -o'ls ) 015 1‘
Testfor overall effect Z= 1.33 (P = 0.18) High mobility Low mobility
c) Higher protein intake Lower protein intake Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD __ Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chanetal, 2014 1.04 01 677 1.02 o 617 374% 0.02-0.00,0.04)
Chanetal, 2014b 1.05 02 705 102 021 617 375% 0.03(0.01, 0.05)
Isanejad et al., 2016 172 028 112 153 03 171 251% 0.19(0.12,0.26] -
Total (95% CI) 1494 1405 100.0% 0.07 [0.01,0.12)
Heterogeneity: Tau®= 0.00, Chi*= 20.84, df= 2 (P < 0.0001), = 30% 5 05 3 05 1‘
Testfor overall effect Z=2.26 (P = 0.02) High mobility Low mobility
d) Higher protein intake Lower protein intake Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean SD  Total Weight IV, Rand 95% CI IV, Random, 95% CI
Chanetal, 2014c 109 022 727 102 ox 617 53.9% 0.07 [0.05, 0.09) a
Isanejad etal, 2016 172 028 112 153 031 171 461% 0.19[0.12,0.26) »
Total (95% CI) 839 788 100.0% 0.13[0.01,0.24) L 2
Heterogeneity. Tau?= 0.01; Chi*= 10.29, df= 1 (P = 0.001); P = 30% '1 _015 0?5 1?
Test for overall effect Z= 210 (P = 0.04) High mobility Low mobility
e) Higher protein intake Lower protein intake Mean Difference Mean Difference
Study or Subgroup Mean SD__ Total Mean SD__ Total Weight IV. Random, 95% CI IV, Random, 95% CI
Chanetal, 2014 1.04 021 677 1.02 o1 617 27.8% 0.02 [-0.00,0.04) ol
Chan etal,, 2014b 1.05 02 705 102 ox 617 27.9% 0.03[0.01, 0.05) il
Chan etal, 2014¢c 109 022 727 102 o 617 27.7% 0.07 [0.05, 0.09) -
Isanejad etal, 2016 172 028 12 153 031 171 166% 0.19[0.12,0.26) —
Total (95% CI) 221 2022 100.0% 0.06 [0.02,0.11) <
Heterogeneity. Tau? = 0.00; Chi*= 27.52, df= 3 (P < 0.00001); = 89% o2 o1 o o2
Test for overall effect Z=3.01 (P=0.003) High mobility Low maobility

Figure 3. Mean differences in Mobility according to protein intake. (a) Chan et al., 2014, and Isanejad
et al., 2016; (b) Chan et al., 2014b, and Isanejad et al., 2016; (c) Chan et al., 2014ab, and Isanejad
et al., 2016; (d) Chan et al., 2014c, and Isanejad et al., 2016; (e) Chan et al., 2014abc, and Isanejad
et al., 2016. Squares represent study-specific estimates; diamonds represent pooled estimates of
random-effects meta-analyses.

3.4. Middle Protein Intake verses High Protein Intake

A total of four studies provided information to investigate the association of high and middle
protein intake with physical function (Figure 4). Upper-limb muscle strength—Upper-limb muscle
strength was measured by IHG in all studies. Three studies were added in the meta-analysis [17,21,33].
Results did not demonstrate significant differences in IHG between groups, and a large non-significant
ES was observed (ES = 1.09; 95% CI = —3.78 to 5.96, p = 0.66). A considerable heterogeneity was found
across studies (x? = 25.07, df = 2, p = < 0.00001, I? = 92%) (Figure 4a). Mobility—Mobility was evaluated
in three studies. Pooling of results indicated a small and non-significant ES (ES = 0.17; 95% CI= —0.12
to 0.46, p = 0.26). A considerable heterogeneity was found across studies (x> = 56.46, df =2, p = <
0.0001, 12 = 96%) (Figure 4b). Lower-limb muscle strength—Lower-limb muscle strength was evaluated by
chair-rise in all studies. A meta-analysis of two studies observe a moderate non-significant difference
between the groups (ES = 0.49; 95% Cl= —0.01 to 0.99, p = 0.05). An insignificant heterogeneity was
found across studies (x2 = 0.72,df =1, p =040, 2 = 0%) (Figure 4c).
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Figure 4. Mean difference in (a) Upper-limb muscle strength; (b) Mobility; and (c) Lower-limb muscle
strength according to protein intake. Squares represent study-specific estimates; diamonds represent

pooled estimates of random-effects meta-analyses.

3.5. Very High Protein Intake verses Low Protein Intake

A total of five investigations provided information to investigate the
intake and low protein intake with physical function (Figure 5). Due to the

association of very high protein
lack of available evidence, we

did not divide the evaluation according to the type of physical assessment, as was performed above,
and studies should assess at least one lower limb physical function to be included. The evaluations

included knee extensor strength [32], SPPB [20], and walking speed [34].

Pooling of results indicated a

small and significant ES (ES = 0.18; 95% CI = 0.01 to 0.35, p = 0.04). A considerable heterogeneity was

found across studies ()(2 =15.56, df =4, p = 0.004, I? = 74%).

Very high proteinintake  Low protein intake Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean SD  Total Mean SD _Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Chanetal., 2014b 1.05 02 705 102 021 617 289% 0.15[0.04, 0.25] &+
Chanetal., 2014c 1.09 0.22 721 102 021 617 29.0% 0.3210.22, 0.43] L
Gregério et al., 2014 10.6 16 290 99 19 97 206% 0.4210.18, 0.65] e
Rahi et al., 2016 (men) 704 228 43 766 245 63 123% -0.26 [-0.65, 0.13] -1

Rahi et al., 2016 (women) 446 155 30 461 138 3% 92% -0.10-0.59, 0.38] I

Total (95% Cl) 1795 1430 100.0% 0.18[0.01,0.35] <@
Heterogeneity: Tau? = 0.02; Chi? = 15.56, df = 4 (P = 0.004); ! = 74% 1 05 : 0?5 1

Test for overall effect: Z = 2.05 (P = 0.04)

Low physical functioning  High physical functioning

Figure 5. Standardized mean difference in Lower-limb muscle functioning according to protein
intake. Squares represent study-specific estimates; diamonds represent pooled estimates of

random-effects meta-analyses.

4. Discussion

The present study was designed to investigate the available evidence regarding the association of
relative protein intake and physical function in older adults. Findings of this investigation indicate
that individuals with relatively very high (>1.2 g/kg/day) and high (>1.0 g/kg/day) protein intakes
show higher mobility and lower limb physical functioning, respectively, in comparison to those with

relative low protein (<0.80 g/kg/day) intake.
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The assessment of study quality demonstrated that reports were of very good quality and scored
between 17 and 20. The main bias associated with the studies was the lack of adequate description
about the efforts to address potential sources of bias (item 9), the design of the study size (item 10),
and the report regarding the number of participants in all the phases of the study (item 13).

Although in recent years several study groups have strongly recommended that older adults
consume greater levels of protein intake than the RDA, there is a lack of direct evidence testing this
hypothesis [11,13]. Several observational studies have demonstrated incongruent results, so that it
is possible to observe null [19,33,34] and positive [17,20,21] associations between protein intake and
physical function in older adults.

To the best of our knowledge, this is the first study that directly compared the physical function
of older adults with different relative protein intakes. Our findings support at least partially the need
to increase protein guidelines to above the current RDA in older adults, since the very high and high
protein intake groups showed better muscular health when compared to the low protein intake group.
The plausibility behind these findings is based on the anabolic resistance hypothesis, according to
which the muscular anabolic response to appropriate stimulation would be blunted in advanced age (to
review, see Calvani et al. [14]; Landi et al. [35]). This idea is supported by the observation that the aging
muscle presents diminished muscle protein synthesis in response to small amount of essential amino
acids (EAAs) [36], the key nutrient for the stimulation of protein synthesis. This would eventually lead
to muscle catabolism, loss on lean body mass, dynapenia, and impairment on muscle function [35].
Higher availability of EAAs, mainly leucine, seems to be necessary to reverse overcome the anabolic
resistance of muscle [37]. Therefore, the greater physical performance observed in the groups with
higher protein intake levels (i.e., very high and high) might be ascribed to a larger EAAs availability.

Although our findings demonstrated that very high and high protein intakes were associated with
greater physical functioning in comparison to low protein intake, there were no differences between
high and middle protein intake groups. These results are interesting and deserve concern because the
middle group represented the level of protein intake recommended by the RDA.

The main motivation for considering changes from a minimum of 0.8 g/kg/day to 1.0 g/kg/day
has been the findings of longitudinal studies that demonstrated preserved muscle mass [24] and lower
risk of frailty [25] in older adults who had a protein intake >1.0 g/kg/day, as well as the evidence that
showed a significant reduction on muscle mass of older adults who consumed the current RDA of
protein for a long period [38]. However, no previous studies had directly comparing these proposed
protein cutoffs, and the lack of significant differences between high and middle groups may occur,
because the values of protein intake are similar, according to ten Haaf et al. [33].

Nonetheless, some researchers may argue that very high protein intake could be sufficient to
elicit significant differences, since the studies of Vellas et al. [26] and Mustafa et al. [27] demonstrated
that a very high protein intake was associated with a lower risk to poor health-related outcomes and
physical disability. However, there was no available evidence to compare very high and middle protein
intake groups. Taken together, these data suggest that a protein intake higher than 1.0 g/kg/day
causes beneficial effects when compared to protein intake levels lower than 0.8 g/kg/day, but more
studies are still necessary to precisely define the different effects of very high and high protein intakes in
comparison to middle protein intake.

Conversely, from a practical point of view, the consumption of high protein intake by older
adults has been the subject of intense scientific debate and a frequent concern of health professionals.
Nowadays, has been accepted that older adults without a previous history of kidney disease show
a lower risk of poor-health outcomes in response to high-protein diets [13,39]. However, although
higher glomerular filtration rate seems to be a normal mechanism in response to the elevated amount
of protein in the physiological system of patients with normal kidney function, an increased protein
intake may collaborate to decline in the renal function of patients with a pre-existing renal disease [39].
Therefore, findings of the present study should be carefully extrapolated for other populations than
healthy older adults.
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On the other hand, data of the present study demonstrated that high protein intake was not
associated with better performance on the IHG and chair rise when compared to low protein intake
group. These findings support the inferences that a higher protein intake may be associated with better
scores on some, but not all physical tests [19].

One possible explanation for these results is that a greater intake of protein might promote
better functioning of systems other than the neuromuscular system. It should be stressed that the
performance on the IHG and chair-rise seems to be mainly dictated by the neuromuscular system. On
the other hand, walking ability needs a larger integration among the body systems in comparison with
sit and stand up or tightening an object. Indeed, walking is a complex activity involving a variety of
neural process (e.g., sensory, cortical cognitive, temporal) [40,41], cerebral and peripheral vascular
beds [42,43], as well as lung [44], cardiac and muscular functions [45], to list a few. Consequently,
walking ability represents the functioning of multiple organ systems instead of just one system [46],
and marked disturbances in gait pattern may occur in response to cardiovascular, neurological and
neuromuscular pathologies [40,41].

Regarding the relationship between protein intake and neural functioning, for example, evidence
has demonstrated that an insufficient protein intake may impair spatial learning and memory and cause
brain atrophy [47], while high protein intake decreases markers of oxidative stress (lipid peroxidation)
in the brain of rats [48], and is associated with low levels of insoluble amyloid-f protein (Afp) in older
adults [49]. In addition, a systematic review showed that protein intake was positively associated with
cognitive function in older adults [50]. Furthermore, increased protein intake may cause changes in the
vessel wall structure and in cardiovascular control exerted by the central nervous system, consequently
mediating the negative association between protein intake and blood pressure [51,52].

Physical activity levels [33], vitamin intake [31], inflammation [15], mood disorders [53], and
the prevalence of chronic conditions (e.g., sarcopenia) [17] may also affect the relationship between
protein intake and physical function. In the study by Isanejad et al. [17], for example, higher protein
intake and physical function were significantly associated in non-sarcopenic, but not in sarcopenic
older women. These inferences are in keeping with the hypothesis that individuals suffering from
illness, physical stress, sarcopenia and/or frailty may require higher protein levels (1.2-1.5 g/kg)
than healthy older adults [11,12,14]. In the present investigation, a considerable heterogeneity (I?)
was observed in most of the studies. Although we tried to explore heterogeneity among the studies
performing the analysis with random effects, the investigations did not offer sufficient details about
the samples, as indicated in the quality assessment and food intake limiting the analysis of subgroups
and meta-regression (see Table 2). Therefore, our results should be taken with caution and should be
confirmed with further studies.

In this context, future studies aimed at investigating the association of protein intake and
physical function should collect a number of data allowing better inferences and an inclusion in
future systematic reviews and meta-analysis, including total and appendicular muscle mass, the
prevalence of morbidities, frailty and sarcopenia assessment, physical activity levels, and an extensive
report on food consumption (e.g., amino acid content, protein source) and not just the consumption of
macronutrients. Other limitations of the present study include the lack of comparison between low
and middle protein intake, as well as very high and middle protein intake (due to the lack of available
data), and the use of the mean protein intake to identify the groups.

In relation to the latter, we allocated the groups mentioned in the studies into low, middle, high,
and very high according to the mean protein intake reported. Nevertheless, it is possible that some
individuals showed higher or lower protein intake levels. One possible way to solve this problem
would be that future studies designed the groups based on proposed cut-offs for older adults [11,12,14],
instead of separatrix measures (e.g., quartiles), since a low quartile does not necessarily represent a
low protein intake.
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5. Conclusions

In conclusion, findings of the present study indicate that a very high (>1.2 g/kg/day) and
high protein intake (>1.0 g/kg/day) are associated with better lower-limb physical performance
when compared to low protein (<0.80 g/kg/day) intake in community-dwelling older adults. These
findings add evidence regarding the potential need to increase protein guidelines to above the current
recommendations. However, large randomized clinical trials are needed to confirm the addictive
effects of high-protein diets (>1.0 g/kg/day) in comparison to the current recommendations on
physical functioning.
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