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ABSTRACT

In recent years the focus of healthcare and nutritional science in older adults has shifted from mortality towards physical performance and quality of
life. The aim of this review was to summarize observational studies on physical performance in malnourished (MN) or at risk of malnutrition (RMN)
older adults compared with well-nourished (WN) older adults. Eligible studies had to report on nutritional status and objectively measured physical
performance in older adults (=60 y). MN or RMN groups had to be compared with a WN group, measured with a validated nutrition screener. Ovid
Medline and Web of Science were searched until 13 November, 2020. Study quality was scored using a modified Newcastle-Ottawa Scale (NOS).
Results were analyzed by meta-analysis when possible, or narratively reviewed otherwise. Forty-five studies (16,911 participants in total) were
included from studies in outpatient clinics (n = 6), nursing homes (n = 3), community-dwelling older adults (n = 20), hospitalized patients (n = 15),
or a combination (n = 1). Studies used 11 different screeners of malnutrition, and 8 types of physical performance measures. Meta-analysis showed
that compared with MN, WN groups had better hand grip strength (mean difference [MD] = 4.92 kg; 95% ClI: 3.43, 6.41; P < 0.001; n = 23), faster
gait speed (MD = 0.16 m/s; 95% Cl: 0.05, 0.27; P = 0.0033; n = 7), performed faster on timed-up-and-go (MD = -5.94 s; 95% Cl: -8.98, -2.89; P <
0.001; n = 8), and scored 1.2 more short physical performance battery points (95% Cl: 1.32, 2.73; P < 0.001; n = 6). Results were less pronounced
when compared with RMN. Narratively, all studies showed an association for knee extension strength, 6-min walking test, and multicomponent
tests, except for the chair stand test. Study limitations include no studies scoring “good” on NOS, lack of confounder adjustment, and high
heterogeneity. Overall, evidence from cross-sectional studies indicate an association between malnutrition and worse physical performance in
older adults. This study is registered in PROSPERO as CRD42020192893.  Curr Dev Nutr 2022;6:nzac007.
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Introduction

Malnutrition, sarcopenia, and low physical performance are prevalent
among the older population (1, 2). Malnutrition (here used synony-
mously with undernutrition) can be defined as “a state resulting from
lack of intake or uptake of nutrition that leads to altered body composi-
tion (decreased fat-free mass) and body cell mass leading to diminished
physical and mental function and impaired clinical outcome from dis-
ease” (3). Low dietary intake is usually regarded as the main determi-
nant of malnutrition, but many other factors can be at play (4); experts
in geriatric nutrition consider low intake, high requirements, and im-

paired bioavailability as core determinants of malnutrition. These 3 are
directly or indirectly affected by dozens of possible determinants at var-
ious levels and from various domains, including diarrhea, poverty, and
multimorbidity for example (4-6).

The main diagnostic criteria for sarcopenia are low muscle strength
and low muscle quantity or quality. Muscle quantity is measured by
muscle mass, whereas quality considers muscle architecture or mus-
cle function per unit of muscle mass (7). When additionally low physi-
cal performance is present, sarcopenia is categorized as severe (7). Low
physical performance is an important indicator as it predicts adverse
outcomes (7).
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Physical performance is a broad and multidimensional concept. It
has been described as including ambulatory status, postural control and
stability, functional mobility, functional extremity strength, dynamic
balance, and overall endurance (8). Recently, the European Society
for Clinical and Economic Aspects of Osteoporosis, Osteoarthritis
and Musculoskeletal Diseases (ESCEO) defined it as “an objectively
measured whole-body function related with mobility,” and that low
physical performance may be evident before effects on activities of
daily living can be measured (9). To study the treatment of sarcopenia
they advise using the combination of muscle strength and physical
performance (10).

Malnutrition, sarcopenia, and physical performance are thought to
have complex origins and are interrelated. Malnutrition affects sarcope-
nia and physical performance via the loss of muscle mass and strength,
and changes in the nervous and skeletal systems (11, 12). All 3 result
in poor health outcomes such as higher morbidity, lower quality of life,
and higher mortality (13-15).

Quality of life is among the most important outcomes among older
adults, of which physical performance is a key element (16). Improv-
ing physical performance or preventing decline is a goal of many in-
terventions aimed at older adults. Contrary to factors such as age,
gender, and many comorbidities, nutritional status is a modifiable
factor and nutritional interventions are a popular intervention aimed
at improving physical performance. However, the effectiveness of im-
proving physical performance via nutritional interventions remains
unclear.

Systematic reviews on the association of nutritional interventions
with physical performance are inconsistent (17-20); the included stud-
ies focused on a broad range of nutritional interventions and varying
outcomes. Moreover, the nutritional status of the participants in these
systematic reviews was not defined. Instead, participants were defined
as frail, sarcopenic, or healthy older adults (17-20), potentially causing
further discrepancies since the intervention effects may differ between
well-nourished and malnourished older adults (21). The systematic re-
view and meta-analysis that did include well-defined malnourished pa-
tients found inconsistent results (14).

Systematic reviews on the association of malnutrition with sarcope-
nia do exist. However, these reviews focused on hospitalized patients
specifically (22) or reported that the lack of generally accepted defini-
tions in the past prevented valid comparison (23). Additionally, the use
of BMI in these reviews as a single measure of nutritional status is inad-
equate and likely contributes to inconclusive results due to the existence
of sarcopenic obesity (23).

In order to improve understanding of the inconsistent results of nu-
tritional intervention effects on physical functioning, it is important to
clarify the underlying assumption that malnourished older adults have
reduced physical performance compared with well-nourished (WN)
peers. A systematic review on the association between malnutrition and
physical performance is lacking despite many observational studies that
report on these outcomes. Therefore, with this systematic review we aim
to clarify current knowledge and summarize existing findings of obser-
vational studies on physical performance in malnourished compared
with well-nourished older adults. We focus on studies that used vali-
dated, multidimensional screeners, or assessment tools of malnutrition
as well as objectively measured outcomes of physical performance tests
or muscle strength.

Methods

This systematic review is registered in PROSPERO as CRD42020192893
and adhered to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses guidelines for systematic reviews and meta-analyses
(24).

Search strategy

We conducted a systematic search in 2 online databases: “Ovid Med-
line” and “Web of Science core selection.” Publications from any date
until 13 November, 2020 were searched with terms selected based on
literature, which consisted of synonyms of malnutrition, physical per-
formance, older adults, and observational studies (full search strategy
in Tables 1 and 2). Hand searching consisted of a nonsystematic pre-
search in Google Scholar and backward snowballing of the included
studies from the systematic search. If full-text publications could not
be obtained via the university library, the corresponding author was
contacted via ResearchGate or email twice. If corresponding authors
could not provide the full-text article, or if after 2 approaches no an-
swer was received, the study was excluded. Abstracts and unpublished
studies were not considered in the current review.

Study selection

The title and abstract of the systematic search results were screened to
remove duplicates, animal studies, in vitro studies, intervention studies,
and review articles. Subsequently, full-text articles of potentially rele-
vant publications were independently screened based on study inclu-
sion and exclusion criteria. Screening and data extraction were sep-
arately performed by 2 researchers. Conflicts were resolved through
discussion between the 2 researchers. Remaining disagreements were
discussed among the research team until consensus was reached.

Eligibility criteria

Studies published in Dutch or English were considered eligible. For full-
text screening, inclusion criteria were used in the following order: the
general older adult population was the target population of this review.
As age cut-offs for “older adults” vary around the world, a low cut-oft of
60 y or older was chosen to enable a broad worldwide inclusion. For va-
lidity and comparability, a common and validated nutrition screener or
assessment tool that measured more than only BMI or unintentional
weight loss had to be used. The studies had to compare participants
who were malnourished (MN) or at risk of malnutrition (RMN) to a
reference group of WN older adults. Physical performance had to be
measured in an objective way for accuracy and comparability and had
to measure ambulatory status, postural control, and stability, functional
mobility, functional extremity strength, dynamic balance, or overall en-
durance. We included measures of muscle strength for their strong as-
sociation with adverse outcomes and importance in activities of daily
living (25) and recommendation by ESCEO (10). Due to the scarcity of
cohort studies, the included studies had to report on the cross-sectional
association between nutritional status and physical performance. Stud-
ies comprising mostly individuals with highly fatal disease were ex-
cluded.
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TABLE 1 Ovid Medline search query

Malnutrition and physical performance 3

Ovid Medline: 13/11/2020 Hits
1 exp malnutrition/ 122,680
2 (malnutrition or malnourished or undernutrition or undernourished) 52,821
3 Tor2 150,594
4 exp physical functional performance/ 1744
5 (physical performance or functional performance or functional status or performance 466,631
status or physical function or physical fitness or gait speed or walking speed or
mobility or handgrip or leg strength or short physical performance battery or
SPPB or EPESE or chair stand or sit to stand or timed up or TUG or balance)
6 4or5 467,049
7 3and 6 4844
8 exp aged/ 3,160,522
9 (aged or aging or ageing or older adult or elderly or geriatric) 5,610,038
10 8or?9 5,610,038
1" 7 and 10 2197
12 exp observational study/ 87,463
13 (observational study or cohort or epidemiologic or case-control or cross-sectional or 1,576,745
longitudinal)
14 120r13 1,576,745
15 11 and 14 770

EPESE, Established Populations for the Epidemiologic Study of the Elderly; SPPB, short physical performance battery; TUG,

timed-up-and-go test.

Data extraction

The following data were extracted from each included study: biblio-
graphic information [last name of first author, publication year, name
of study (if applicable)]; country and setting; sample size; age and gen-
der distribution; malnutrition screener or assessment tool; proportion
of population that was MN or RMN; physical performance measure(s)
used; association measures (including means for meta-analysis); co-
variates. For each study, a plus sign was added to indicate hypothe-
sized results (MN/RMN was associated with significantly worse physi-
cal performance compared with WN people), a minus sign to indicate
opposing results, and a zero indicates no significant association was
found. When expected associations were only found in subgroups (in
either the RMN or MN groups and/or when an association was only
observed in men or women), this was indicated by 0/+. Studies were
tabled in alphabetical order.

TABLE 2 Web of Science search query

Quality assessment

The quality of the studies was assessed using the Newcastle-Ottawa
Scale (NOS) for cohort studies adapted to cross-sectional studies
(Table 3) (26, 27). The NOS assesses subject selection (repre-
sentation of the sample, justification of sample size, nonrespon-
dents’ characteristics), ascertainment of the exposure (malnutri-
tion screening or assessment tool), comparability of the studied
groups and confounders, objectivity of the outcome assessment
(physical performance or muscle strength measure), and appropri-
ateness of the statistical analysis. A maximum score of 9 points
could be obtained; selection (max. 5 points), comparability (max.
2 points), and outcome (max. 2 points). The overall study score
was defined as unsatisfactory (0-4 points), satisfactory (5-7 points),
or good (8-9 points). The quality assessment was independently
performed by 2 reviewers and conflicting results were resolved

Web of Science core selection: 17/11/2020 Hits
1 ALL = (malnutrition OR malnourished OR undernutrition OR undernourished) 57,549
2 ALL = (physical performance OR functional performance OR functional status OR 3,119,235
performance status OR physical function OR physical fitness OR gait speed OR
walking speed OR mobility OR handgrip or leg strength OR short physical
performance battery OR SPPB OR EPESE OR chair stand OR sit to stand OR
Timed Up OR TUG OR balance)
3 #2 AND #1 6825
4 ALL = (aged OR aging OR ageing OR older adult OR elderly OR geriatric) 3,650,889
5 #4 AND #3 3766
6 ALL = (observational study OR cohort OR epidemiologic OR case-control OR 1,719,562
cross-sectional OR longitudinal)
7 #6 AND #5 1413

EPESE, Established Populations for the Epidemiologic Study of the Elderly; SPPB, short physical performance battery; TUG,

timed-up-and-go test.
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TABLE 3 Modified Newcastle-Ottawa Scale

Category Points
Selection (max. 5)
1 Representative of the sample (max 1)
a. Truly representative of the average in the target population (random sample or whole population) 1
b. Somewhat representative of the average in the target population (nonrandom sample) 1
c. Selected group/convenience sample
d. No description of the sampling strategy
2 Sample size (max 1)
a. Justified and satisfactory (including sample size calculation) 1
b. Not justified
3 Nonrespondents (max 1)
a. Comparability between respondents and nonrespondents characteristics is established, and the response rate is 1
satisfactory (>60%)
b. The response rate is unsatisfactory, or the comparability between respondents and nonrespondents is unsatisfactory
c. No description of the response rate or the characteristics of the responders and nonresponders
4 Ascertainment of the exposure (malnutrition) (max 2)
a. A validated measurement tool is described and does not include a measure of physical functioning 2
b. A validated measurement tool is described, but includes measure of physical functioning 1
c. No description of the measurement tool or criteria
Comparability (max. 2)
5 The subjects in different outcome groups are comparable, based on the study design or analysis. Confounding factors are
controlled for
a. Study controls for age and gender 1
b. Study controls for any additional factor 1
Outcome (max. 2)
6 Assessment of the outcome (physical performance measure)
a. Measurements are taken in a standardized manner/via a standardized protocol 1
b. Record linkage 1
c. Self-report
d. No description of standardization or reference to standardized way
7 Statistical test
a. The statistical test used to analyze the data is clearly described and appropriate, and the measurement of the association 1

is presented as either an OR/PR, Cl, and P value, a g-coefficient, SE, and P value or means, SD, P value
b. The statistical test is not appropriate, not described, or incomplete

through discussion between the 2 researchers. Remaining disagree-
ments were discussed among the research team until consensus was
reached.

Synthesis of results

If information did not match up and authors did not reply, numbers in
tables were chosen over numbers in text or over percentages. Narrative
results reported effect measures from the articles, except for categorical
data reported as numbers: these were converted to ORs where possible.
The number of studies reporting an association were reported per cat-
egory of physical functioning [categories data-driven and based on do-
main(s) of physical performance or muscle strength: hand grip strength
(HGS), gait speed, timed-up-and-go (TUG), short physical perfor-
mance battery (SPPB), chair stand test (CST), knee extension strength
(KES), other multicomponent tests, 6-min walking test (6MWT), and
remaining measures as “other”], and per setting (hospital inpatient, hos-
pital outpatient, nursing home, community dwelling). For studies which
assessed malnutrition with several screeners or assessment tools, the
choice was made in the following order: Mini Nutritional Assessment
(MNA), Nutritional Risk Screening 2002 (NRS2002), Subjective Global
Assessment (SGA), Seniors in the Community: Risk Evaluation for Eat-
ing and Nutrition IT (SCREEN II), Mini Nutritional Assessment-Short
Form (MNA-SF), Short Nutritional Assessment Questionnaire (SNAQ)

(based on times used in the other studies and ascertainment of expo-
sure).

Meta-analysis
Meta-analysis was conducted if sufficient data were available (>5
studies) and if outcomes between studies were reasonably homoge-
neous (e.g. same unit, scale, classification of malnutrition). Authors
of relevant articles were contacted if required data were not reported.
The Cochrane Handbook for conducting meta-analyses was followed
(28). Results (mean differences) were pooled using a random-effects
model. The extent of statistical heterogeneity was quantified using
both the chi-squared test and the I-squared statistic. With respect
to the latter, a value of >50% was used as a threshold for indicat-
ing substantial statistical heterogeneity (28). If >5 studies were in-
cluded, sensitivity analyses were conducted to assess the influence of
a single study on the overall estimate and to explore the impact of
studies that were judged to be at high risk of bias as assessed by
NOS.

The meta-analyses were conducted using R (version 3.6.3, R Foun-
dation for Statistical Computing, Vienna). The “meta” package was used
for calculations and data visualizations.
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( Identification of studies via databases >

Records identified from:

Databases (n =2183)
Web of Science (n = 1413)
Ovid Medline (n = 770)
Manual additions (n =67)

c
.2
=1
©
o
k=
b=
=
[}
=

Total n = 2250

Records removed before screening:

Duplicate records removed (n = 270)

Records screened (n = 1980)

-

Records excluded (n = 1755)

Reports sought for retrieval (n = 225)

-

Reports not retrieved (n=1)

Screening

Reports assessed for eligibility

(n=224) T

Reports excluded:

Population age (n = 20)

Not cross-sectional (n = 1)

No/no valid malnutrition tool (7 =17)

No/no objective measure of physical performance (n=64)
No comparison to well-nourished group (n=7)

Not the right association reported (n=56)

Population majority very ill (n=4)

Language other than English or Dutch (n=10)

Total (n = 179)

Y

Studies included in review (n = 45)

FIGURE 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of identification, screening, and inclusion
of studies. Excluded reports mention the primary reason of exclusion.

Results text screening. At this stage, 179 records were excluded for not meet-

ing the inclusion criteria, leaving 45 studies for the qualitative review
The searches resulted in a total of 2250 records, from which 270 dupli- (Figure 1). The included studies (Table 4) were published between
cates were removed. The remaining 1980 records were screened based 2002 and 2020 and included between 41 and 1425 participants, to-
on title and abstract, leading to the further exclusion of 1755 studies.  taling 16,911 participants. Most studies were performed in Europe (n =
One other record could not be retrieved, leaving 224 records for full-  20) or Asia (n = 14). Others took place in Oceania (1 = 3), South Amer-
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TABLE 6 Number of studies showing an association between malnutrition or risk of malnutrition and worse physical
performance, split per type of physical performance test, both when all studies are included and when only studies of satisfactory

quality (NOS >5) are included'

No association,

Association in subgroups

Expected association,

Type of physical n (%) only,* n (%) n (%) Total, n
performance test All NOS >5 All NOS >5 All NOS >5 All NOS >5
HGS 9 (30%) 4 (26.7%) 8 (26.7%) 4 (26.7%) 13 (43.3%) 7 (46.7%) 30 15
Gait speed 6 (42.9%) 5(62.5%) 0 (0%) 0 (0%) 8 (57.1%) 3(37.5%) 14 8
TUG 5 (50%) 3 (50%) 0 (0%) 0 (0%) 5 (50%) 3 (50%) 10 6
CST 4 (57.1%) 1(33.3%) 0 (0%) 0 (0%) 3 (42.9%) 2 (66.7%) 7 3
KES 0 (0%) 0 (0%) 0 (0%) 0 (0%) 3 (100%) 1 (100%) 3 1
6MWT 0 (0%) 0 (0%) 1 (50%) 1 (50%) 1 (50%) 1 (50%) 2 2
SPPB 1(11.1%) 1(14.3%) 1(11.1%) 1(14.3%) 7 (77.8%) 5(71.4%) 9 7
Multi-component 0 (0%) 0 (0%) 0 (0%) 0 (0%) 5 (100%) 3 (100%) 5 3
Other 1 (33.3%) 1 (100%) 0 (0%) 0 (0%) 2 (66.7%) 0 (0%) 3 1
Total 6 (31.3%) 15 (32.6%) 10 (12.1%) 6 (13.0%) 47 (56.6%) 25 (54.5%) 83 46

TCST, chair stand tests; HGS, hand grip strength; gait speed, gait speed test; TUG, timed up-and go; KES, knee extension strength; NOS, Newcastle-Ottawa Scale; MN,
malnourished; multi-component tests, mobility and physical performance tests spanning multiple domains; RMN, risk of malnutrition; SPPB, short physical performance

battery; 6MWT, 6-min walking test.

*Association in subgroups only: an association is a) only found in the MN group, not in the RMN group or b) vice versa, or ¢) an association is only observed in RMN or
MN groups, but only in men or in women, or d) associations differ in RMN/MN groups per gender.

ica (n=2), Russia (n = 2), Turkey (n = 2), Egypt (n = 1), or Europe and
North America combined (n = 1). The NOS quality score was “unsatis-
factory” for 19 studies, “satisfactory” for 23 studies, and 3 studies scored
in both those categories, depending on the analysis. No studies scored
“good” on the NOS (Table 5), which could mainly be attributed to lack
of confounder adjustment (comparability), no sample size justification,
and lack of information on nonresponders.

Most studies used the MNA (74) (n = 18) to assess malnutrition,
followed by its shorter screener version, MNA-SF (75) (1 = 13). The re-
maining articles used the SNAQ (76) (n = 3), Geriatric Nutritional Risk
Index (77) (n = 1), NRS2002 (78) (n = 1), European Society for Clini-
cal Nutrition and Metabolism (ESPEN) definition (79) (n = 1), Nutri-
tion Screening Initiative (NSI) (80) (n = 1), or Global Leadership Ini-
tiative on Malnutrition (GLIM) criteria (81) (n = 1). Six studies used 2
or 3 screeners or assessments of malnutrition; Borkent et al. (32) used
SCREEN II (82) and SNAQ65+ (83), Holst et al. (42) used MNA, Mal-
nutrition Universal Screening Tool (MUST) (84), and NRS2002, Pers-
son et al. (56) used SGA (85), MNA, and MNA-SE, Schrader et al. (63)

used MNA and MNA-SF, Zhang et al. (72) used NRS2002 and SGA, and
Zhou et al. (73) used NRS2002 and MNA-SE.

As a measure of physical performance, HGS was used most often
(n = 30), followed by gait speed measures (n = 14), TUG (86) (n =
10), SPPB (87) (n =9), and CST (88) (n = 7). Three studies used KES,
5 used a multicomponent performance measure, and 2 used 6MWT
(89). The remaining 3 outcomes were grouped as “other” (Tinetti gait
test, and balance tests from Tinetti (90) or from SPPB).

Meta-analyses were performed for the outcomes gait speed (n = 7),
SPPB (n = 6), TUG (n = 8), and HGS (n = 23). For each outcome, the
WN group was compared with the RMN and MN groups. Substantial
heterogeneity (I* >50%) was present for gait speed (both comparisons),
SPPB (WN compared with MN), TUG (WN compared with RMN),
and HGS (both comparisons). Studies not included in the meta-analysis
were used in the narrative review.

When taking into account all data regardless of study quality, of the
83 analyses included from the 45 articles, 56.6% showed an association
between malnutrition and low physical performance. Another 12% re-

TABLE 7 Number of studies showing an association between malnutrition or risk of malnutrition and worse physical
performance, split per setting, both when all studies are included and when only including studies of satisfactory quality (NOS >5)

are included’

No association,

Association in subgroups

Expected association,

n (%) only,* n (%) n (%) Total, n
Setting All NOS >5 All NOS >5 All NOS >5 All NOS >5
Hospital inpatient 8 (33.3%) 5(41.7%) 4 (16.7%) 1(8.3%) 12 (50%) 6 (50%) 24 12 (50%)
Outpatient 6 (40%) 5 (55.6%) 0 (0%) 0 (0%) 9 (60%) 4 (44.4%) 15 9 (60)
Nursing home 1(16.7%) 1 (50%) 2 (33.3%) 1 (50%) 3 (50%) 0 (0%) 6 2 (33.3%)
Community dwelling 11 (29.7%) 4 (17.4%) 4 (10.8%) 4 (17.4%) 22 (59.5%) 15 (65.2%) 37 23 (62.2%)
Community dwelling 0 (0%) NA NA NA 1 (100%) NA 1 0 (0%)
& hospital
Total 26 (31.3%) 15 (32.6%) 10 (12.1%) 6 (13.0%) 47 (56.6%) 25 (54.5%) 83 46

TMN, malnourished; NOS: Newcastle-Ottawa Scale; RMN, risk of malnutrition.

*Association in subgroups only: an association is a) only found in the MN group, not in the RMN group or b) vice versa, or ¢) an association is only observed in RMN or
MN groups, but only in men or in women, or d) associations differ in RMN/MN groups per gender.
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Well-nourished Risk of malnutrition
Study Total Mean SD Total Mean SD Mean Difference MD  95%Cl  Weight
Chatindiara (34), Both
Turusheva (69), Both 491 2368 940 106 19.71 978 —=—
Zhang (72), Women 277 17.50 550 375 1350 5.40 =
Zhang (72), Men 209 2830 7.50 482 22.00 7.90 -
Johansson (44), Women 225 2350 570 52 19.70 6.10 =
Johansson (44), Men 270 41.30 850 32 3420 9.10
Suzana (66), Both 92 2250 7.60 68 20.90 7.50 —
Dent (36), Both 35 1970 820 84 17.30 7.70

149 2235 816 18 19.84 6.15

251 [062 564] 34%
397 [1.93; 6.01] 4.9%
4.00 [3.15; 4.85] 6.8%
6.30 [5.06; 7.54] 6.2%
3.80 [1.98; 562] 53%
7.0 [3.79;10.41] 32%
160 [-0.76; 3.96] 4.4%
240 [0.78; 558] 33%

Goldfarb (39), Both 677 27.50 10.40 380 24.00 10.40 - 3.50 [2.19; 4.81] 6.1%
55 9

Inoue (43), Both 14.60 6.00 8 11.90 7.00 —— 270 [0.59; 4.81] 4.8%
Lecheta (48), Both 38 1860 574 53 1520 5.70 —— 340 [1.02; 5.78] 4.4%
Misu (53), Both 157 29.60 6.80 47 2860 6.70 = 1.00 [-1.19; 3.19] 4.7%
Ogawa (55), Both 106 27.60 690 25 21.00 4.80 — 6.60 [4.31; 8.89] 4.5%
Zhou (73), Both 88 2440 1932 54 1801 1554 ——=——6.39 [0.60; 12.18] 1.5%
Holst (42), Both 75 1580 6.00 158 12.30 7.00 - 3.50 [1.76; 5.24] 5.4%
Kaburagi (45), Both 103 2290 6.80 27 18.90 7.40 —— 4.00 [0.92; 7.08] 3.4%
Chevalier (35), Both 147 1860 1.00 24 17.10 1.00 150 [1.07; 1.93] 7.2%
Norman (54), Both 22 17.30 850 80 13.56 6.63 —— 3.74 [-0.10; 7.58] 2.7%
Pierik (57), Women 123 1510 575 60 14.80 535 = 0.30 [-1.39; 1.99] 5.5%
Pierik (57), Men 121 27.10 10.30 70 24.30 8.91 = 2.80 [0.02; 5.58] 3.8%
Borkent (32), Both 59 2993 921 133 26.21 10.09 —— 3.72 [0.81; 6.63] 3.7%

Hegendorfer (41), Both ~ 478 2329 955 68 17.85 7.86 = 544 [3.39; 7.49] 4.9%

Random effects model 3997 2494 <

351 [2.72; 4.30] 100.0%
Heterogeneity: I = 82%, <% = 2.1922, P < 0.01

-10 -5 5 10
Favours RMN  Favours WN

FIGURE 2 Forest plot illustrating the mean difference of HGS (kg)
between well-nourished versus at risk of malnutrition groups. HGS,
handgrip strength; MD, mean difference; RMN, risk of malnutrition;
WN, well-nourished.

ported associations in subgroups only, meaning an association was only
found in the RMN or MN group, in men or women, or a combination
of these. Lastly, 31.3% did not report any association. No studies de-
scribed a statistically significant association between a worse nutritional
status and better physical performance. Leaving out the studies of unsat-
isfactory quality, 25 studies remained, comprising results on 46 relevant
analyses. Of these, 54.4% reported an association between nutritional
status and physical performance (Table 6). Another 13.0% of analyses
showed results in subgroups only, with 32.6% not reporting an associa-
tion.

The included populations consisted mainly of community-dwelling
older adults (n = 20) and hospitalized patients (n = 15), with some out-
patient populations (n = 6) and older adults living in nursing homes (n
= 3) or a combination of community-dwelling and hospital populations
(n = 1). In all of these settings, at least half of the analyses showed an
association between nutritional status and physical performance (Table
7); 12 of the 24 (50%) analyses in hospitalized patients reported the
expected association, as well as 9 of the 15 (60%) analyses in outpa-
tient clinic settings, 3 of the 6 (50%) analyses in nursing homes, and 22
of the 37 (59.5%) analyses in community-dwelling populations. When
only studies of satisfactory quality were included, the expected associa-
tion remained similar for hospitalized patients (50%), and community-
dwelling (65.2%) populations, but was somewhat lower in studies
with outpatient data (44.4%). In nursing home residents, no studies
showed a clear association when only data of satisfactory quality were
included.

HGS

For HGS, 13/30 (43.4%) studies showed an association with nutritional
status and 8/30 (26.7%) showed an association in subgroups only. When
only including studies of satisfactory quality, 7/15 (46.7%) studies report
an association.

Twenty-three out of the 30 studies using HGS were included in the
meta-analysis (Figures 2 and 3). WN groups had a significantly higher
HGS compared with groups at RMN [mean difference (MD) = 3.51
kg; 95% CI: 2.72, 4.30; P < 0.001] and compared with MN groups
(MD = 4.92 kg; 95% CI: 3.43, 6.41; P < 0.001). Sensitivity analyses

Well-nourished Malnourished

Study Total Mean SD Total Mean SD Mean Difference MD  95%-Cl  Weight
Turusheva (69) 491 2368 940 8 16.29 9.56 7.39 [0.71;14.07) 3.5%
Zhang (72) 449 17.20 550 203 13.20 560 4.00 [3.08; 4.92] 10.9%
Zhang (72) 514 27.60 7.70 177 20.60 7.70 = 7.00 [5.68; 8.32] 10.4%
Ramsey (59) 224 2445 931 55 23.357.35 R 110 [1.19; 3.39] 89%
Reijnierse (60) 154 2631 861 27 24.82 7.44 - 149 [163; 461] 7.6%
Wang (71) 166 27.70 7.10 167 21.30 7.60 - 6.40 [4.82; 7.98] 10.1%
Dent (36) 35 1970 820 53 1270 620 - 7.00 [3.81;10.19] 7.5%
Goldfarb (39) 677 27.50 10.40 101 20.90 9.90 e 6.60 [4.52; 8.68] 9.3%
Inoue (43) 55 14.60 6.00 51 870 6.70 - 590 [347; 833 8.7%
Lecheta (48) 38 1860 574 5 2050 6.76 -1.90 [-8.10; 4.30] 3.8%
Chevalier (35) 147 1860 1.00 11 15.10 4.20 = 350 [1.01; 599] 8.6%
Norman (54) 22 17.30 850 10 667 391 —#— 10.63 [6.33;14.93] 58%
Pourhassan (58) 34 2030 870 7 17.30 570 3.00 [-2.14; 8.14] 4.8%
Random effects model 3006 875 < 4.92 [3.43; 6.41] 100.0%
Tt

Heterogeneity: /* = 76%, ©* = 5.0996, P < 0.01
0 -5 0 5 10
Favours MN  Favours WN

FIGURE 3 Forest plot illustrating the mean difference of HGS (kg)
between well-nourished versus malnourished groups. HGS,
handgrip strength; MD, mean difference; MN, malnourished; WN,
well-nourished.

showed that there was no single study affecting the overall estimate
considerably.

Gait speed

Most studies measuring gait speed (8/14, 57.1%) reported an associa-
tion with nutritional status, but this reduced to 3/8 (37.5%) when only
including studies of satisfactory quality.

Seven of the 14 studies were included in the meta-analysis
(Figures 4 and 5). WN groups walked significantly faster compared with
RMN groups (MD = 0.09 m/s; 95% CI: 0.03, 0.16; P = 0.0038) and MN
groups (MD = 0.16 m/s; 95% CI: 0.05, 0.27; P = 0.0033).

TUG

Half of all studies reporting the TUG test showed an association with
MN (5/10) and was the same (3/6) when selecting only studies of satis-
factory quality.

Eight of the 10 studies assessing TUG were included in the meta-
analysis (Figures 6 and 7). WN groups were faster on the TUG com-
pared with RMN groups (MD = -2.53 s; 95% CI: -4.42, -0.65; P =
0.0085). However, sensitivity analyses showed that the study of Romero-
Ortuno (62) affected the overall estimate considerably (results without
this study: MD = -1.84 s; 95% CI: -3.53; -0.16; P = 0.032). The differ-
ence was more pronounced for WN groups compared with MN groups
(MD = -5.94 5; 95% CI: -8.98, -2.89; P < 0.001).

CsT
CST was the only measure of physical performance for which most stud-
ies (4/7,57.1%) did not find an association with nutritional status. How-
ever, in studies of satisfactory quality 2/3 (66.7%) did find an associa-
tion.

Seven studies reported on a type of CST, all using different effect es-
timates. Adly et al. (29) reported on 1-time impaired sit-to-stand time
(>2 s) for which the MN group had an OR of 0.491 (95% CI: 0.12—
1.94) and the RMN group an OR of 0.35 (95% CI: 0.11-1.05) compared
with WN. Chang et al. reported the number of times participants could
rise from a chair in 30 s; for the WN group this was 16.74 & 6.73 and
for the RMN group 13.79 % 7.15 times (33). Lim et al. reported on 5-
times CST in points (max. 3), with the WN group scoring 2.88 £ 0.35
and the MN group 2.57 & 0.57 (50). Misu et al. reported on the 5 times
chair stand test (5CST) in seconds; the WN group had a mean of 8.80
=+ 2.71s and the MN group of 8.86 + 2.68 s (53). Ramsey et al. re-
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Well-nourishedRisk of malnutrition

Study Total Mean SD Total Mean SD Mean Difference MD  95%-Cl  Weight
Chatindiara (34) 149 101 018 18 097 022 4}—-% 0.04 [-0.06;0.15] 15.2%
Misu (53) 157 140 0.18 45 141 021 —— -0.01 [-0.08; 0.06] 20.4%
Goldfarb (39) 677 079 0.35 380 064 0.35 — 0.15 [0.11;0.19] 23.6%
Chevalier (35) 71 064 003 78 0.53 0.03 0.11 [0.10;0.12] 26.4%
Lelli (49) 59 099 026 29 0.82 025 ——#%—— 0.17 [0.06;0.28] 14.4%
Random effects model 1113 550 —_— 0.09 [0.03; 0.16] 100.0%

Heterogeneity: /> = 78%, <* = 0.0039, P < 0.01
02 -01 0 01 02
Favours RMN  Favours WN

FIGURE 4 Forest plot illustrating the mean difference of gait
speed (m/s) between well-nourished versus at risk of malnutrition

groups. MD, mean difference; RMN, risk of malnutrition; WN,
well-nourished.

ported on the Z-scores of the natural logarithm (Z LN) 5CST in seconds,
with 8 0.53 (95% CI: 0.19, 0.87) (59) and Tramontano reported on poor
5CST (>11.6 s), showing an OR of 3.03 (95% CI: 0.68-13.45) for MN
compared with WN and an OR of 1.18 (95% CI: 0.56-2.46) for RMN
compared with WN (68). Chatindiara et al. defined low 5-times CST as
>17 s, resulting in an OR 0f 0.76 (95% CI: 0.27,2.11) in RMN compared
with WN (34).

KES

All 3 studies reporting KES showed an association with MN, of which
one was of satisfactory quality. Norman et al. reported a median KES of
10.3 kg (7.3-16.4) in WN people, 8.0 kg (5.0-12.0) in RMN, and 5.0 kg
(3.0-7.0) in MN (54). Ogawa et al. reported KESs of 42.8 £ 10.9 Nm/kg
in WN and 35.8 £ 7.29 in RMN (55). Pourhassan et al. reported a mean
isometric KES of 17.5 + 6.8 in WN and 12.4 kg + 4.6 in MN participants
(58).

6MWT

Two studies used the 6MWT, both of which were of satisfactory quality.
One study showed an association with a mean of 421.2 4= 141.4 m in
WN and 320.9 £ 132.0 m in RMN (55). Tramontano et al. defined poor
6MWT as <331 m, for which MN showed an OR of 2.73 (95% CI: 1.06—
12.08), whereas RMN had an OR of 1.91 (95% CI: 0.86-4.22) compared
with WN.

SPPB

The majority of all (7/9, 77.8%) and of satisfactory quality studies (5/7,
71.4%) showed an association between nutritional status and SPPB. Six
of the 9 studies were included in the meta-analysis (Figures 8 and 9).
WN groups scored 1.2 more points compared with RMN groups (95%
CI: 0.88, 1.51; P < 0.001) and 2.0 more points compared with MN
groups (95% CI: 1.32,2.73; P < 0.001).

Multicomponent test

Five studies used a multicomponent test spanning multiple domains, all
of which showed an association with nutritional status. Three of these
studies were of satisfactory quality. WN people scored a mean 25.20 +
3.82 pts on the Tinetti performance-oriented mobility assessment com-
pared with 22.15 4 6.28 in RMN and 20.09 =£ 6.29 in MN (47). Mobility
scale scores were 86.14 & 16.71 in WN and 66.29 =& 23.23 in MN (50).
WN people scored a mean 18.9 & 1.4 on Tinetti’s Elderly mobility scale,
whereas the RMN group scored 18.2 & 2.2 (66). Hegendorfer et al. used
a physical test for which the median value of WN people was 9 (6, 12)
and for RMN/MN this was 6.5 (4, 9.79) (41). Lastly, Ferdous et al. used
a 6-item performance test, scoring the percentage of limitation in any of
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Well-nourished Malnourished
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl  Weight
Ramsey (59)
Reijnierse (60)
Goldfarb (39)
Chevalier (35)

218 078 0.28 50 064 027
136 0.76 030 21 068 0.26 T
677 0.79 035 101 049 0.36
71 064 003 4 056 0.13 T

—— 0.15 [0.06;0.23] 27.0%
0.08 [-0.04;0.20] 22.8%
—#— 0.30 [0.23;0.37] 28.0%

0.08 [-0.05;0.21] 22.2%

Random effects model 1102 176
Heterogeneity: /° = 80%, t* = 0.0091, P < 0.01

= 0.16 [ 0.05; 0.27] 100.0%

[ a——
-0.3-02-01 0 0.1 02 03
Favours RMN  Favours WN

FIGURE 5 Forest plot illustrating the mean difference of gait
speed (m/s) between well-nourished versus malnourished groups.
MD, mean difference; RMN, risk of malnutrition; WN,
well-nourished.

the tasks. The RMN had an OR of 1.92 (95% CI: 1.07-3.45) and MN an
OR of 4.24 (95% CI: 2.17-8.27) compared with WN (ORs are approxi-
mated due to missing values) (37).

Other measures of physical performance

The remaining physical performance measures are the Tinetti gait
analysis, Tinetti balance component, and balance component from
SPPB (59, 47). Two of the 3 showed an association with nutri-
tional status. The one showing no association was of satisfactory
quality.

The mean Tinetti gait score in WN people was 10.82 & 1.74, in RMN
this was 9.51 & 2.74, and in MN it was 9.06 & 2.68 (47). The Tinetti
balance component had a mean score of 14.38 & 2.30 in WN, 12.64 +
3.76 in RMN, and 11.03 £ 3.88 in MN (47). Ramsey et al. looked at the
3 balance components of SPPB separately, calculating ORs for being un-
able to maintain 10 seconds for each of the 3 tests, comparing RMN/MN
with WN (side-by-side: OR 0.69 (95% CI: 0.23, 2.02), semi-tandem: OR
0.67 (95% CI: 0.31, 1.43), tandem: OR 1.02 (95% CI: 0.51, 2.04) (59).

Discussion

This systematic review and meta-analysis aimed to summarize observa-
tional, cross-sectional studies on physical performance in MN or at-risk
groups compared with WN older adults. The majority of the included
45 studies on physical performance in MN or at-risk groups and WN
older adults reported that being MN or being RMN is associated with
lower physical performance compared with WN older adults. Meta-
analyses with gait speed, SPPB, TUG, and HGS data showed that WN
groups walked faster, scored higher on the SPPB, were faster in the TUG,
and had better handgrip strength compared with MN groups. These as-
sociations were also already present, but to a lesser extent, when com-
paring to RMN groups. The narrative review of the satisfactory quality

Well-nourished Risk of malnutrition
Study Total Mean SD Total Mean SD Mean Difference MD  95%Cl  Weight
Romero-Ortuno (62)
Lecheta (48)
Misu (53)
Schrader (64)
Kieswetter (46)
Borkent (32)
Kocyigit (47)

516 959 397 40 16.00 7.90
38 1270 609 53 12.80 4.82
157 671 113 47 654 136
11 1550 520 61 1890 5.80
78 19.90 13.30 95 23.20 13.00
59 10.97 4.28 125 12.35 6.41 o
563 1268 666 232 17.10 1147 -

| -6.41 [:8.88,-3.94] 13.9%
010 [-243; 2.23] 14.2%
047 [-0.26; 0.60] 18.0%
-3.40 [-6.80; 0.00] 11.4%
-3.30 [-7.24; 0.64] 10.1%
-1.38 [-2.95; 0.19] 16.2%
-4.42 [6.00;-2.84] 16.1%

-2.53 [-4.42; -0.65] 100.0%

Random effects model 1422 653 e
Heterogeneity: I° = 90%, <* = 5.0906, P < 0.01

5 0 5
Favours WN  Favours RMN

FIGURE 6 Forest plot illustrating the mean difference of the TUG
(s) between well-nourished versus at risk of malnutrition groups.
MD, mean difference; RMN, risk of malnutrition; TUG,
timed-up-and-go test; WN, well-nourished.
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Well-nourished Malnourished

Study Total Mean SD Total Mean SD Mean Difference MD  95%Cl  Weight
Ramsey (59) 194 19.06 1595 41 21.71 10.90 Sl 265 [-6.67; 1.37) 28.1%
Lecheta (48) 38 1270 609 5 2370 14.24 ————+ -11.00 [-23.63; 163] 5.3%
Schrader (64) 11 1550 520 14 2130 8.00 —— 5.80 [11.00;-0.60] 21.2%
Kieswetter (46) 78 19.90 13.30 10 23.80 12.70 ——— 390 [1231; 4.51] 10.6%
Kooyigit (47) 563 12.68 6.66 67 21.21 12.90 — 853 [1167;-5.39] 34.8%
Random effects model 884 137 = -5.94 [-8.98; -2.89] 100.0%
| . . —]

Heterogeneity: 1% = 33%, 1 = 4.3742, p = 0.20
-20 10 0 10 20
Favours WN  Favours MN
FIGURE 7 Forest plot illustrating the mean difference of the TUG
(s) between well-nourished versus malnourished groups. MD, mean
difference; MN, malnourished; TUG, timed-up-and-go test; WN,
well-nourished.

studies using KES, 6MW'T, CST, and multicomponent tests showed that
the majority of these studies reported lower physical performance in
MN (or RMN) groups compared with WN groups as well. No studies
reported an inverse association.

The remaining “other” tests are the only category for which
most studies did not report a statistically significant association, al-
though most effect estimates reported that MN people (or RMN
people) had lower physical performance and the number of studies
was low.

Population

Comparing studies performed in different healthcare settings, studies
in hospitalized patients, outpatients, and community-dwelling people
overall showed similar results in the narrative review, with approxi-
mately half of the studies confirming an association between malnutri-
tion and physical performance. These results were similar when using
all quality studies and when only studies of satisfactory quality were in-
cluded. In contrast, studies in nursing home populations were mostly of
poor quality and none of the studies of satisfactory quality reported an
association.

The high prevalence of (risk of) malnutrition of >50% in the nursing
home studies could have contributed to this difference (71, 54, 48), in
line with previous results (91).

Secondly, none of the care home studies adjusted their analyses for
confounders. Other factors that play an important role in malnutri-
tion and physical performance are thus not accounted for, despite be-
ing highly prevalent in nursing home residents, such as comorbidities,
polypharmacy (71), and sarcopenia (92).

Malnutrition screeners and assessment tools

In the included studies, 11 different screeners or assessment tools of
malnutrition were used. These needed to be validated and address more
than weight loss or a low BMI only. Although both weight loss and low

Well-nourishedRisk of malnutrition

Study Total Mean SD Total Mean SD Mean Difference MD  95%-Cl Weight
Tramontano (68) 84 1043 021 117 948 018 0.95 [0.89; 1.01] 47.0%
Goldfarb (39) 677 7.40 3.00 380 6.10 3.30 - 1.30 [0.90; 1.70] 27.2%
Ogawa (55) 106 11.60 1.20 25 9.60 2.90 ——+—— 2.00 [0.84;3.16] 6.5%
Kieswetter (95) 80 4.80 260 104 3.60 2.50 —— 1.20 [0.45;1.95] 13.3%
Vahlberg (70) 163 8.99 279 31 7.23 325 ———— 1.76 [0.54;2.98] 6.0%

Random effects model 1110 657
Heterogeneity: /7 = 50%, t* = 0.0557, P = 0.09

1.20 [0.88; 1.51] 100.0%

3 2 1 0 1 2 3
Favours RMN  Favours WN

FIGURE 8 Forest plot illustrating the mean difference of the SPPB
(points) between well-nourished versus at risk of malnutrition
groups. MD, mean difference; RMN, risk of malnutrition; SPPB,
short physical performance battery; WN, well-nourished.

Well-nourished  Malnourished
Study Total Mean SD Total Mean SD Mean Difference MD  95%-Cl  Weight
84 1043 021 21 7.95 043
220 738 319 52 6.13 3.38
677 7.40 3.00 101 4.90 3.10
80 4.80 260 11

Tramontano (68)
Ramsey (59)
Goldfarb (39)
Kieswetter (95)

248 (2.29,2.67] 36.7%
1.25 [0.24;2.26] 21.2%
—#— 250 [1.85;3.15] 28.6%
3.80 2.40 ——=——  1.00 [-0.53;2.53] 13.5%

Random effects model 1061 185

==  2.03 [1.32;2.73] 100.0%
Heterogeneity: /° = 66%, 1* = 0.3405, P = 0.03

3 -2 4 0 1 2 3

FIGURE 9 Forest plot illustrating the mean difference of the SPPB
(points) between well-nourished versus malnourished groups. MD,
mean difference; RMN, risk of malnutrition; SPPB, short physical
performance battery; WN, well-nourished.

BMI can be indicators of malnutrition and are part of the phenotypic
side of malnutrition, the latest GLIM consensus paper of the global clini-
cal nutrition community diagnoses malnutrition when etiologic as well
as phenotypic factors are present (81). Etiologic factors consist of in-
flammation/disease burden or reduced food intake/absorption and are
essential in selecting the right treatment. Many of the validated nutri-
tion screeners and assessment tools (MNA-SE, NRS2002, MUST, ES-
PEN, SGA) measure weight reduction as well as disease burden and
reduced food intake (81) and therefore, reflect the recent GLIM con-
sensus better than assessing 1 aspect only. Only 1 included study in
our review (58) used the actual GLIM criteria for diagnosis, with 10
other screening and assessment methods used by others. However, no
single screening or assessment method can adequately screen and pre-
dict relating outcomes (93) and reported prevalence of malnutrition or
RMN is dependent on the screener or assessment of choice (94, 95),
likely contributing to differences between studies and withing studies
that used multiple methods to identify malnutrition or malnutrition
risk.

Physical performance

The outcome of interest for this systematic review, physical perfor-
mance, had to be measured objectively, rather than self-reported mea-
sures or estimates to reduce reporting bias. We grouped these into
8 main categories of HGS, gait speed, TUG, CST, KES, 6MWT, mul-
ticomponent tests, and a category of “others.” There is no consensus
on the best measure of physical performance; the European Society
for Clinical and Economic Aspects of Osteoporosis and Osteoarthri-
tis working group on frailty and sarcopenia advises the use of 4 m
walking test and SPPB to measure physical performance and HGS
for muscle strength (9). The European Working Group on Sarcope-
nia suggests the use of gait speed, SPPB, TUG, and the 400 m walking
test and provides cut-off points (7). These tests were among the most
used test in this systematic review, although individual studies used
a myriad of different methods (e.g. average walking speed compared
with maximum walking speed, or means compared with dichotomiz-
ing), units and cut-offs, reducing comparability even within a category.
Additionally, this systematic review included studies using CST, KES,
6MWT, various multicomponent tests, and some others. Due to low
study numbers and study quality, we could not compare the differ-
ent measures of physical performance. In this systematic review, there
seems to be no large differences between these methods in their asso-
ciation with malnutrition, but this should be studied in more detail in
future.
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Meta-analysis

Meta-analyses showed that MN groups had worse scores on HGS, gait
speed, TUG, and SPPB compared with WN groups and that these results
were also present in RMN people, but with a smaller effect. Since for
multiple comparisons substantial statistical heterogeneity was present,
results of the meta-analyses should be interpreted with care. Hetero-
geneity among studies originated from the way of classifying nutritional
status (i.e. different tools/screeners and cut-off points) and small dif-
ferences in measuring the outcome. An example of the latter is how
HGS was determined in studies: taking the mean or maximum value
and measuring the dominant hand or both hands. However, mean dif-
ferences of the 4 outcomes were often at the same side of the spectrum,
favoring the WN groups.

Additional heterogeneity in reporting and/or low numbers of stud-
ies, meant that not all studies were included in meta-analysis. Hetero-
geneity in reporting included different units of outcome that could not
be translated, such as using m/s versus total distance, or different dis-
tances/number of repetitions. CSTs, KES, 6-min walking test, multi-
component tests, and the remaining “other” tests were therefore only
reviewed narratively.

Physical performance is a clinically meaningful outcome measure
for sarcopenia and frailty (96). Clinically relevant changes need to be of
such a size that a participant can perceive this or that it affects participa-
tion (96). Although this study included cross-sectional data, we suggest
that the aforementioned, clinically relevant changes could give an indi-
cation of what differences between WN and MN or at-risk populations
are relevant. The meta-analysis results showed a gait speed difference
of 0.16 m/s for MN and 0.09 m/s for RMN groups compared with WN
people and a 1.2 point and 1.3 point difference, respectively, on SPPB.
Pereraetal. reported thata decline of 0.1 m/s on 4 m gait speed or 1 point
on SPPB per year increased the risk of 5-y mortality in observational
and clinical populations, indicating these differences could be clinically
relevant (97). This is in line with other studies showing that lower gait
speed, SPPB, and CST can lead to disability in activities of daily living
(25,98, 99).

Notably, clinical relevance is dependent on context, perspective, and
purpose (96). Considering the variation in the older population, rel-
evant differences likely vary between subgroups such as community-
dwelling, nursing home, and hospital populations. Regardless of
subgroup, interventions should aim at clinically relevant improve-
ments in physical performance through improvement of nutritional
status.

Bias and quality

In this review and meta-analysis of observational, cross-sectional data,
study quality was scored using a modified NOS and included studies of
unsatisfactory and satisfactory quality. None of the included studies had
a “good” NOS score. Using only satisfactory quality studies showed sim-
ilar result for most categories of physical performance compared with
using all studies, except for the category “other,” which included a very
low number of studies.

One of the contributors to the low NOS scores was that often the
data on nutritional status and physical functioning used in this review
were not the main analysis of the study, and were results of simple
analysis, meaning confounders were not accounted for. Cognition, so-
cial support (100), intestinal permeability (101), physical activity, ed-
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ucation, pain, depression (102), and multimorbidity (103) play an im-
portant role in physical performance and malnutrition (104). Not tak-
ing these into account might have changed the estimates and obscured
differences between types of physical performance measures. A poten-
tial upside of nutritional status and physical performance not being the
main focus of many articles is that the risk of publication bias might be
limited.

Physiology

This systematic review and meta-analysis showed low-quality evidence
that malnutrition and physical performance are associated. The 2 likely
form a vicious cycle (105), with some suggesting the existence of a
malnutrition-sarcopenia syndrome (20). On the one hand, moderate
evidence exists that low physical performance is a determinant of mal-
nutrition (5). On the other hand, malnutrition increases the risk of sar-
copenia incidence (106). Sarcopenia severity is determined by physi-
cal performance (81) in the presence of low muscle mass and strength
but cannot be explained by muscle mass loss alone (107). The patho-
physiology is not fully understood, but protein and energy balance
play a key role. Muscles are a key metabolic site for glucose and pro-
tein storage, which are released to maintain the protein content of
other organs when energy uptake does not meet demands, leading
to muscle breakdown (108). Low energy and protein intake, low ab-
sorption, and/or disease-related inflammation all favor this catabolic
state (109). Low intake of other nutrients such as vitamin D or an-
tioxidants might also play a role, although their role in this remains
unclear (105).

Intervention studies specifying MN populations (or at risk of) and
measuring physical performance are scarce and showed mixed results.
One systematic review in RMN adults showed no improvements in gait
speed, balance, and HGS due to volunteer-delivered interventions (110).
Other systematic reviews showed no effect on HGS (111) and TUG (14)
after dietary counseling or oral nutritional supplementation, respec-
tively. Interventions with combinations of supplementation with coun-
seling or exercise were inconsistent (14). Some other intervention stud-
ies in MN or at-risk populations (14) show improvements in walking
distance, but not HGS and SPPB (112), or performance improvements
only in subgroups at 1 of 3 time points (113) in community-dwelling
older adults.

Systematic reviews on related outcomes or in different populations of
older adults are more numerous, but also show mixed results: in clinical
muscle wasting populations (114), and frail and prefrail older adults (20,
115), certain dietary or physical performance interventions increased
physical performance. In another systematic review in older adults us-
ing the European Working Group on Sarcopenia in Older People def-
inition of sarcopenia (116), and an umbrella review of healthy aging
outcomes (117), results on nutritional interventions and physical per-
formance were ambiguous due to low numbers and heterogeneity.

We carried out this systematic review to study the underlying as-
sociation and to provide some clarity that could help decipher the in-
consistencies in the intervention studies. We aimed to reduce hetero-
geneity due to interventions and by clearly defining the nutritional
(risk) status of the population and the outcome measure. Overall, as ex-
pected, it appears that malnutrition in older adults is associated with
low physical performance, despite overall poor to moderate quality (no
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“good” NOS scores) of the studies. Perhaps the complexity and di-
versity in the origin of malnutrition and its relation to physical per-
formance underlie the inconsistencies of intervention studies on this
topic, and interventions should take into account the underlying etiol-
ogy (81, 112). However, low study quality and remaining heterogeneity
in measurements imply that strong conclusions cannot be drawn and
corrections for confounders are mostly lacking. Future studies should
focus on clearly defined MN populations, instead of grouping them
together with frailty, sarcopenia, or other diseases, and standardiza-
tion and clear reporting of physical performance would be welcomed.
With this, high-quality interventions tailored specifically to the MN
populations can be studied, since proof of high-quality evidence on
effective interventions in treating malnutrition in older adults is still
lacking (14).

Conclusion

This meta-analysis and narrative review provide low-quality evidence
for the association between malnutrition or risk of malnutrition and low
physical performance in older adults in studies in outpatient, hospital,
nursing home, and community-dwelling settings. Although 11 differ-
ent screeners or assessment tools of malnutrition and 8 main types of
physical performance tests were used, an association between malnutri-
tion and lower physical performance seems present among older adults.
Without studies of “good” quality according to the NOS scale and with
many methodological differences between the included studies regard-
ing population, determination of malnutrition, the reported outcomes,
and method of analysis, the overall results should be interpreted with
care.

For future research, both observational and interventional, we rec-
ommend performing studies of high quality with clearly defined MN
populations or at-risk populations and standardized outcomes and
methods of testing. Malnutrition should be assessed according to stan-
dardized GLIM criteria (81) and physical performance should be mea-
sured in standardized ways, as recommended in the latest European
Working Group on Sarcopenia in Older People number 2 consensus pa-
per. Future studies could additionally focus on differences between the
various physical performance tests and differences between subpopula-
tions.

Good quality studies in clearly defined MN older adult populations
are required to gain better insight into the relation between nutritional
status and physical performance. This way interventions can be devel-
oped to improve physical performance specifically in the MN popula-
tions, while being careful to consider the underlying reasons of malnu-
trition.
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