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Abstract

Background: Globally, the oldest old population is expected to triple by 2050.
Hospitalization and malnutrition can result in progressive functional decline
in older adults. Minimizing the impact of hospitalization on functional status
in older adults has the potential to maintain independence, reduce health and
social care costs, and maximize years in a healthy state. This study aimed to
systematically review the literature to identify nutritional interventions that
target physical function, body composition, and cognition in the older popula-
tion (> 75 years).

Methods: A systematic review was conducted to evaluate the efficacy of nutri-
tional interventions on physical function, body composition, and cognition in
adults aged > 75 years or mean age >80 years. Searches of PubMed (National
Institutes of Health, National Library of Medicine), Scopus (Elsevier),
EMBASE (Elsevier), Cumulative Index to Nursing and Allied Health Literature
(CINAHL) with Full Text (EBSCOhost), and PsycInfo (EBSCOhost) were con-
ducted. Screening, data extraction, and quality assessment were performed in
duplicate and independently (CRD42022355984; https://www.crd.york.ac.uk/
prospero/display_record.php?RecordID=355984).

Results: Of 8311 citations identified, 2939 duplicates were excluded. From
5372 citations, 189 articles underwent full-text review leaving a total of 12 stud-
ies for inclusion. Interventions were food-based, protein-based, carbohydrate-
based, personalized, or used parenteral nutrition. Ten studies monitored
anthropometric or body composition changes with three showing maintenance
or improvements in lean mass, body mass index, triceps skinfold, and mid-
upper arm circumference compared with the control group. Six studies moni-
tored physical function but only the largest study found a beneficial effect on
activities of daily living. Two of three studies showed the beneficial effects of
nutritional intervention on cognition.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.
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INTRODUCTION

By 2050, it is estimated that one in six people worldwide
will be classified as an older adult aged >65 years with
one in four living in Europe and Northern America.'
Globally, the population aged >80 years old is expected
to triple by 2050." These estimates are consequential as
currently in the USA, adults aged >65 years are twice as
likely (21%) to require hospital admissions than those in
middle age (45-64 years; 8%).> This is even more pro-
nounced in the oldest or very old population, typically
defined as >80 years by the World Health Organization
and American Geriatrics Society. Such individuals are at
even higher risk of hospitalization and associated adverse
health outcomes.>* Reducing the impact of hospitaliza-
tion on physical function is integral to maintaining inde-
pendence in this growing population.’

Hospitalization is a major risk factor for the accelera-
tion of functional decline, cognitive decline, and frailty in
older adults.’"'® The prevalence of older adults acquiring
a new functional disability in hospital is estimated at
30%'" with only one-third of those returning to baseline
1 year later.'? Malnutrition can exacerbate this functional
and cognitive decline.'> Approximately 20-29% of hospi-
talized older adults are malnourished with higher rates in
women, those aged >80 years, and those with one or
more co-morbidities.>'*'> This combination of pheno-
typic (low body weight, lean mass, or body mass index)
and etiological (reduced food intake, disease burden)
characteristics'® is estimated to cost $15.5 billion yearly
in the US." Older adults are particularly susceptible to
malnutrition due to a reduced basal metabolic rate,
energy requirements, and altered hormonal regulation of
hunger which can compromise nutrient intake.” Persons
at risk of malnutrition in hospital settings have
a ~ 1.43 day longer length of stay, worse functional out-
comes (e.g., reduced muscle strength), body composi-
tional changes, and an increased average cost of
hospitalization.'”®™® As a result, optimizing nutritional
intake in hospitals has become a target for improving
functional outcomes in older adults.

Conclusion: There are few, high-quality, nutrition-based interventions in
older adults >75 years. Despite heterogeneity, our findings suggest that large,
longer-term (>2 weeks) nutritional interventions have the potential to main-
tain body composition, physical function, and cognition in adults aged 75 years
and older during hospitalization.

body composition, cognition, hospital, nutrition, nutritional supplementation, oldest old,

Key points

« There is a paucity of high-quality, nutrition-
based interventions in hospitalized older adults
(= 75 years).

« Findings from this systematic review suggest
that longer-term (>2 weeks) nutritional inter-
ventions have the potential to maintain body
composition, physical function, and cognition
in adults aged 75years and older during
hospitalization.

Why does this paper matter?

Identifying interventions to minimize the adverse
effects of hospitalization on body composition,
physical function, and cognition in the oldest old,
one of the fastest-growing age groups worldwide,
can maintain independence and lead to reduc-
tions in associated costs.

Older adults have unique nutritional needs.'**! Older
adults have a greater anabolic threshold of dietary pro-
tein/amino acid intake required to stimulate muscle pro-
tein synthesis.”> A recent review has suggested that the
oldest old require higher protein intakes (>1.0 g/kg body
weight)'® with a requirement of 0.8-1.5 g/kg body weight
reported in smaller samples of healthy octogenarians.*>**
Maintaining higher vitamin D levels between 40 and
60 nmol/L may be beneficial for cognition, strength, and
musculoskeletal health."® Dietary patterns consisting of
higher intakes of fruits, vegetables, nuts, dairy, fish, and
wholegrains may delay muscle strength decline."® Differ-
ences in gut microbiota with age may alter nutrient avail-
ability and absorption.?>® Most prior work studying the
unique nutritional needs of the oldest old adults have
been conducted in the outpatient setting."?

Acute illness or procedural stressors occurring during
hospitalization may trigger greater requirements for
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energy and nutrients, though very little is understood. A
greater understanding of the impact of existing nutri-
tional interventions in hospitalized older adults is critical
to improve functional outcomes post-hospitalization."?
The objective of this systematic review was to identify
nutritional interventions that target physical function,
body composition, and cognition in older adults
(= 75 years).

METHODS
Protocol registration

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement was followed as
a reference protocol standard.”” A PRISMA flow chart is
included (Figure 1). The protocol was registered with the
International Prospective Register of Systematic Reviews
PROSPERO, Registration Number CRD42022355984;
available at https://www.crd.york.ac.uk/prospero/display_
record.php?RecordID=355984.

Eligibility criteria

The PICOS (Population, Intervention, Comparison, Out-

inclusion and exclusion criteria for this review and these
criteria were developed prior to the screening phase.
Older adults aged >75years (or mean age >80 years)
with or without co-morbidities were included. A lower
age range of 75 years was chosen due to the expected lim-
ited research in the oldest old adults. All dietary interven-
tions (e.g., single nutrients/nutraceuticals, supplements,
whole foods, parenteral/ enteral nutrition support) were
included. Interventions solely using Vitamin D
were excluded as a result of previous systematic reviews
in this area (e.g.,’®). Multicomponent interventions
including nutrition and exercise were also excluded. The
comparator or control in the included studies was hospi-
talized people in the same age group without the inter-
vention and receiving usual care. Full-text prospective
intervention studies (e.g., randomized controlled trials
[RCTs]) published in peer-reviewed journals were
included; review papers, letters, editorials, and observa-
tional studies were excluded.

Information sources

Searches of PubMed (National Institutes of Health,
National Library of Medicine), Scopus (Elsevier),
EMBASE (Elsevier), Cumulative Index to Nursing and
Allied Health Literature (CINAHL) with Full Text

come, Setting) framework was used to determine (EBSCOhost), and PsycInfo (EBSCOhost) were
[ Identification of studies via datab and registers [ Identification of studies via other method ]
—
c Records identified from*:
2 PubMed (n = 1,446) Records identified from:
ki Scopus (n = 1,464) Record‘s rfemoved before Forward Citation searching
:é’ EMBASE (n = 4,075) » screl:t;’g lrlliiéte records removed (n = 481)
;:': CINAHL (n = 1,197) A E2 939 Reverse citation searching
3 Psycinfo (n = 129) (n=2,939) (n = 400)
Total (n = 8,311)
—
Records screened Records excluded**
(n=5,732) (n=5,183)
! v
> Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reports not retrieved
£ (n=189) (n=0) (n=10) (n=0)
8
2
8 | v
Reportsiassessad for eligibility Reports excluded (n = 177): Reports assessed for eligibility Re[i,c\zlr;tsnexgu:e(g (=n3=) 19
(n=189) Wrong age (n = 142) (n=10) W 9 Ogt 4
Wrong location (community) (n = 7) Wrong L u ctt)_mesh(n _'t )I d
Wrong location (hospital and fong:-oca |on_( ospliatan
community) (n =7) community) (n _.1)
Wrong outcomes (n = 5) Wrong Intervention (n = 1)
_J Wrong study design (n = 4) Wrong Study Design (n = 1)
Trial was retracted (n = 3)
Wrong intervention (n = 4)
° B s . . No control group (n = 2)
.§ Stu_dles included in review Wrong publication type (n = 2)
2 (n=12) Not in English language (n = 1)
FIGURE 1 PRISMA 2020 flow diagram depicting study selection process.
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conducted. See Supplemental Materials 1 and 2 for infor-
mation on strategy development and the search
strategies used.

Outcome measures

Primary outcomes included measures of skeletal muscle
function (e.g., sit-to-stand, hand grip strength, gait
speed), body composition (e.g., lean/muscle mass, fat
mass, weight, anthropometry), and cognition. Skeletal
muscle function and body composition were chosen as
these are components of sarcopenia, obesity, sarcopenic
obesity, and frailty definitions—phenotypes associated
with adverse health outcomes.>*?° Cognition has an
important impact on hospitalization in older adults. Indi-
viduals with cognitive impairment or dementia are at
higher risk of hospital-acquired morbidity and mortality.’
Additionally, there is mounting evidence to suggest that
hospitalization leads to accelerated cognitive decline in
older adults, particularly if they experience delirium dur-
ing their hospital stay.'®

If available, secondary outcomes (falls, re-
hospitalization, disability, frailty, mortality) were
recorded from the results of the included studies. Due to
expected heterogeneity amongst the literature, an effect
of the intervention on the outcome was determined by
the presence of a statistically significant (p < 0.05) differ-
ence pre- and post-intervention or compared with the
control group.

Selection process

The final study screening process was completed in two
distinct phases: title and abstract review, and then full-
text article review using Covidence (Veritas Health Inno-
vation, Melbourne, Australia). In the first phase, two
reviewers independently screened title and abstracts of
citations for inclusion based on the pre-defined eligibility
criteria (LD, DB, CS, CMW). A second round of screening
was performed by two independent reviewers assessing
the full-text articles. Any conflicts in the title/abstract
and full-text screening stages were resolved by a third
reviewer. See Supplemental Material 1 for information
on piloting the selection process and data extraction/
synthesis.

Assessment of risk of bias

Quality assessment of each article included was per-
formed by two reviewers. Risk of bias was assessed using

the Joanna Briggs Institute tools according to study
type.”® See Supplemental Material 1 for more
information.

RESULTS
Study selection

A total of n = 8311 citations were identified via database
searches, of which n = 2939 duplicates were excluded
(Figure 1). The initial screen resulted in n = 5372 unique
citations. During the title and abstract screening,
n = 5183 citations were excluded because they did not
meet the inclusion criteria. The remaining n = 189 full-
text articles were then evaluated. Of these, n = 177 were
excluded for not meeting inclusion criteria. The final
analysis included n = 12 studies in this review. An addi-
tional n =881 citations were identified and screened
through forward/backways citations searching of the
12 included studies, but none of these met the inclusion
criteria. A PRISMA flow diagram depicting the study
selection process and reasons for exclusion at each stage
can be found in Figure 1.

Study characteristics

Study characteristics are outlined in Tables 1 and 2. The
12 included studies were conducted in hospitals across
eight countries: Australia,**** France,>**> Hong Kong,**
Spain,®’?*  Sweden,***° Switzerland," the United
Kingdom,* and the United States.* Six studies were con-
ducted in orthopedic wards,>>"** two in rehabilitation
wards,***® two in geriatric wards,***> one in a general
medical ward," and one in a post-acute setting.** Inter-
ventions consisted of one food-based,>? eight oral nutri-
tional supplement-based (seven protein,**>*4°** one
carbohydrate-based®), two registered dietitian-led>**,
and one parenteral nutrition.*> The mean participant age
ranged from 80.9 to 85.6 years with a study duration
ranging from 5 to 105 days. Sample size ranged from
19 to 881 participants. Eleven studies recruited both male
and female participants, while one study only recruited
females.** Seven studies reported baseline BMI which
ranged from 21.7 to 25.1 kg/m>.

Assessment of risk of bias

Of the 12 studies included, nine were assessed
using the JBI for RCTs and three were assessed using
the JBI tool for pseudo-randomized control trials
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TABLE 1 Baseline characteristics of the included studies-food-based and protein oral supplementation interventions.
% Age BMI

Author Country location duration Intervention arms n Female (years) (kg/m?)

Food-based intervention

Collins et al.* Australia Geriatric Ward Control: Standard hospital diet 61 52% Median 80 N/A

14 days (range 75-85)
Case: Modified menu with more calorie- 61 48% Median 84 N/A
rich options + low calorie options (range 75-88)
removed
Protein oral supplementation
Olofsson Sweden Orthopedic Control: Regular post-operative care 74 77% 822+ 5.6 23.3+4.0
40
S Department 27.4 +15.9 days  cyqe: protein enriched meals 83 75% 821+ 638 251 +4.1
(30 kcal/kg), protein drinks twice daily
(2 x 200 mL)

Botella- Spain Control: Standard hospital menu 30 77% 83.7+79 23.6 + 2.4
Carfeigero Hip Flr(acture Orthopedic Ward e 1 protein powder (9 g protein and 30 90% 83.1+6 24.2 + 3.0
etal. 2 weeks 38 kcal) x 4/day

Case 2: Supplement drinks (200 mL, 30 70% 84.6 + 5.7 23.7+3.5
18.8 g protein, 250 kcal) x 2/day
Bouillanne France Control: Dietary protein was spread over 34 67% 85.6 20.9
etal. > Geriatric Rehabilitation Ward the meals
6 weeks Case: 78% protein intake delivered at 29 79% 84.1 20.7
12:00 pm.
Abalan et al.* France Control: Standard hospital menu 14 100% 85.36 + 6.28 N/A
Orthopedic surgery ward (1386 =+ 440 kcal, 64 + 23 g protein)
105 days Case: Oral liquid supplements (400 kcal; 15 93% 85.13 + 7.78 N/A
22.5 g protein per 2 cartons) in
addition to normal hospital menu.
Botella- N/A Control: Standard or texture-adapted diet 30 66.70%  82.1+ 7.3 24.3 +/— 3.0
Carretero Orthopedic Ward to meet calculated metabolic rate
37
etal. N/A Case: Oral nutritional supplements (20 g 30 80% 851+ 4.4 24.6 +/—3.2
protein and 200 kcal each; x
2/day)
Myint et al.> Hong Kong Control: Standard hospital diet 60  63% 81.7 + 6.4 N/A
Depz}rtment of l(iiehablhtatlon Case: Oral nutritional supplement x 2/ 61 69% 80.9 + 6.5 N/A
Maximum 29.9 days day (total 18-24 g protein and 500 kcal
per day) on top of standard hospital
diet
Williams UK Control: Standard hospital menu 19 100% 81.9 + 7.7 N/A
42 g
Sl LAl Case: Two to three oral nutritional 19  100% 81.4 + 6.6 N/A

20.2 + 5.9 days

supplements/day in addition to normal
food (mean 8.8 g protein; 240 Kcal
/can)

Note: *All values are mean + SD unless otherwise specified.

Abbreviations: BMI = Body Mass Index.

(Supplemental Tables 1 and 2). One study did not conceal
the allocation to the treatment group,*' two studies had
outcome assessors who were not blind to treatment
assignment,*>*! two studies had intervention team mem-
bers who were not blind to treatment assignment,>>*!
and one study had participants who were not blind to
treatment assignment.*’ In another study, it was unclear
whether allocation to treatment groups was concealed
and whether participants, those delivering treatment, or
outcome assesors were blind to treatment assignment.*
Two studies lacked sufficient information to allow for an
overall appraisal.*>** One of these studies was evaluated
as needing more information because the study lacked a
thorough description of the control group and chose not

to blind the outcome assessors to treatment assignment.*°
The second study was evaluated as needing more
information due to a lack of clarity regarding both
concealment of treatment group allocation and whether
participants were blind to their respective group
assignment.*

Primary outcome measures

Below, we present a narrative synthesis of the
results grouped by intervention type and further sub-
grouped by primary outcome type; outcomes are outlined
in Table 3.
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TABLE 2 Baseline characteristics of the included studies-carbohydrate oral supplementation, personalized interventions, parenteral
nutrition.
% Age BMI
Author Country location duration Intervention arms n Female (years) (kg/m?)
Carbohydrate oral supplementation
Gunnarsson Sweden Control: Standard hospital food and 50 76% 809 + 84 N/A
et al.* Orthopedic Ward intravenous fluids

Carbohydrate drink = 5 days
post-operatively

Case: Carbohydrate supplement drink 50 66%
three times a day (900 kcal total)

81.5+9 N/A

and glucose infusion

(1000 mL/12 h)

Personalized interventions

Holyday Australia Control: Standard nutritional care 72 54% 834+09 233+0.7
13 o -
etal. Geriatric Medicine Wards Case: Texture modified meals, oral 71 61% 83.7+0.8 23.8+0.7
12.5 + 1.2 days nutritional supplements, nutrient
dense snack options, extra
assistance from staff
Baumgartner  Switzerland Control: Standard hospital menu 442 51% 82.5+8.8 24.0+44
41 .
etal General medical ward Case: individualized nutritional 439  53% 822+9.0 244449
Mean 10 days support (daily protein intake of 1.2
to 1.5 g/kg, with lower targets for
those with acute renal failure (0.8 g/
kg of body weight)
Parenteral nutrition
Thomas USA Control: nutritionally balanced diet 10 70% 82.5+9.8 21.8+4.6
etal.® Post-acute setting without parenteral supplementation
15.8 + 6.7 days (range 8-23)  (yge: 1.5 g/kg protein and 30 keal/kg 9 44.40% 842492 21.7+48

for PPN group.

as peripheral parenteral nutrition +

oral nutrition (PPN; 3% amino acid,
3% glycerin, electrolyte solution) in
addition to a standard diet.

Note: *All values are mean + SD unless otherwise specified.
Abbreviations: BMI, body mass index; PPN, peripheral parenteral nutrition.

Food-based interventions

Collins et al. provided a modified hospital menu with
more calorie-rich options compared to a standard menu
with low-calorie options.? Despite a greater intake of
protein and energy, the intervention had no effect on
handgrip strength or change in body weight after 14 days
(Table 3).

Protein-based interventions

Physical function

Seven nutrition interventions were protein-based,
three of which measured physical function as an out-
come®****? (Table 3). Botella-Carretero et al. con-
ducted a three-arm trial for 2 weeks—a standard

hospital menu (control), supplemental protein powder,
or oral nutritional supplement drinks.*® There was no
benefit of either intervention on post-surgical duration
of immobilization. Bouillanne et al. provided the
majority of daily protein as a bolus for 6 weeks and
found no improvement in handgrip strength and activ-
ity of daily living score (ADLS).** Williams et al. pro-
vided oral nutritional supplement drinks for 3 weeks
and found similar handgrip strength and time taken to
achieve mobility using a walking frame compared to
the control group.** The protein-based nutrition inter-
ventions did not have a significant impact on physical
function.

Body composition and anthropometry
Six protein-based interventions measured body composi-
tion and anthropometry as outcomes’*>® %4042
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TABLE 3

Author
Food-based intervention

Collins et al.>
Mann Whitney U test (mean + SD)

Protein-based interventions

Olofsson et al.°

Student's t-test (mean + SD)

Botella-Carretero et al.3®
Student's t-test or Mann-Whitney U test

Bouillanne et al.>*
Mann Whitney U test (medians presented)

Abalan et al.®
Student's ¢-test or Mann Whitney U test
(mean + SD)

Botella-Carretero et al.3”
ANOVA with Tukey's post hoc

Myint et al.>®
Mann Whitney U test (mean + SD)

Williams et al.*?
Paired Student's t-test (difference in
means)

Physical function

Handgrip strength (kg): 1.4 + 5.8 versus
1.7 + 5.1; NS*

N/A

Post-surgical mobility: NS

Handgrip strength (N): 0.00 versus +3.5;
NS#

Activities of daily living score: 0.00 versus
0.00 score; NS*

N/A

N/A

N/A

A Handgrip strength (mmHg)
Control: —0.3 (NS)
Intervention: +0.5 (NS)

Effects of nutritional intervention on physical function, body composition and cognition in hospitalized oldest-old adults.

Body composition

A Body weight (%): 0.26 + 3.33 versus
—0.55 + 3.43; NS

A BMI (kg/m?): 23.0 + 3.8 versus 24.7 + 4.2;
NS

A Body weight (kg): 61.7 + 13.0 versus
66.2 + 14.1; NS

A BMI (kg/m?): NS
Tricipital Fold (mm): NS
Mid-brachial Circumference (cm): NS

Lean mass index (kg/m?): —0.21 versus
+0.38 (p = 0.011)*

Lean mass (kg): —0.41 versus + 0.91,
(p = 0.012)"

Appendicular muscle mass index (kg/m?):
—0.11 versus 0.21 (p = 0.047)"

Appendicular muscle mass (kg): —0.11
versus 0.21; NS*

N/A

A BMI (kg/m?): NS

A Tricipital fold: NS

A Mid upper arm circumference (MUAC)
(cm): NS

A Discharge BMI: —0.72 + 0.91 versus
—0.25 + 0.83 kg/m? (p = 0.012)"

4-weeks A post-discharge BMI: —0.49 + 1.01
versus 0.03 + 1.21 kg/m? (p = 0.012)"

A MUAC (cm): —0.09 + 0.83 versus —0.01
+ 0.99; NS*

Triceps Skinfold A: —0.66 + 1.78 versus
—0.13 + 1.16; NS*

A Triceps Skinfold (mm):
Control: —1.2 (p < 0.01)
Intervention: +0.1 (NS)
A MUAC (cm):

Cognitive function

N/A

Post-operative Delirium (%): 73 versus
55 (p = 0.02)

Days with Delirium: 7.9 + 13.4 versus
2.3 + 4.1 (p < 0.001)

N/A

N/A

AMini mental state score: —2.71 + 4.29
versus 3.47 + 2.10 (p < 0.001)*

N/A

N/A

N/A

(Continues)
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TABLE 3 (Continued)

Author

Carbohydrate-based intervention

Gunnarsson et al.>®

Mann Whitney U test (mean + SD)

Personalized interventions

Physical function

Time to frame mobility (days): mean + SD;
5.8 + 5.0 versus 4.3 + 2.2; NS* (difference
in means)

Walking assistance score: 3.6 + 0.9 versus
3.5+ 0.8; NS*

Functional Ability Score: 12.8 + 3.7 versus
11.9 + 4.1; NS*

Body composition

Control: —1.5 (p < 0.01)
Intervention: +0.2 (NS)

A Body weight (kg): 62.6 versus 68; NS

Cognitive function

Short portable mental status questionnaire
(SPMSQ): 6.0 + 3.7 versus 6.6 + 3.5; NS*

8

SOVI |

Holyday et al.>3 N/A A Body weight (kg): —0.9 + 0.4 versus —0.9  N/A
Student's ¢-test + 0.6; NS
(difference in means)
Baumgartner et al.*! DFS: N (%): N/A N/A
Student's t-test and linear regression 80 (18.1%) versus 47 (10.7%); odds ratio 0.54
models (odds ratios) (0.37,0.8)
(p = 0.002%)
LFS: N (%)
80 (33%) versus 87 (26%); odds ratio 6.42
(2.48,10.37)
(p = 0.001%)
Parenteral nutrition interventions
Thomas et al.*? A Functional inventory measure score: A Body weight (kg): 1.12 + 1.73 versus N/A
Student's ¢-test (mean + SD) 8.9 + 12.3 versus 6.2 + 3.3; NS* —2.42 + 3.31; NS*
A 6-metre walk time (s): —27.8 + 16.1
versus —16.7 + 11.55 NS*
37,38

Note: Throughout, results presented as control versus case. #- indicating comparison between both groups over time. Figures were not provided for two studies.
Abbreviations: DFS, decline in functional status (Barthel's index) of >10% at 30 days; FIM, functional inventory measure; LFS, low functional status at 30 days (Barthel's index <30); MUAC, mid-upper arm muscle
circumference (cm).
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(Table 3). Four of these studies measured BMI*® 3840
three of which showed no significant differences.’’***°
Both studies by Botella-Carretero et al. provided protein-
enriched oral nutritional supplements and had short
durations of approximately 2 weeks.*”*® Olofsson et al.
used a similar intervention that was longer in duration
(27.4 £ 15.9 days) but still found no effect on BMI
between groups.*® Dietary intake of the controls was
not documented and it is unclear whether both groups
consumed similar amounts. Only Myint et al. found
that the nutritional intervention maintained BMI both
at discharge and 4 weeks later, compared to the control
group whose BMI reduced.*® Oral nutritional supple-
ments were provided twice daily for approximately
1 month; BMI was then measured at discharge and
after 4 weeks. Results showed that, unlike the
control group, the intervention group maintained
their BMIL.*>° Three interventions measured tricipital
fold thickness as a body composition parameter.®’***>
Williams et al. showed a significant reduction in the
control group (p <0.01) but maintenance in the
intervention group.*> The two studies conducted by
Botella-Carreterro et al. did not show any effect of
the intervention on tricipital fold thickness.’’*® Two
interventions measured mid-upper arm muscle
circumference (MUAC).*®** Only Williams et al.
found a significant reduction in MUAC in the
control group (p < 0.01) but maintenance in the inter-
vention group.*” Bouillanne et al. showed significant
improvements in lean mass, lean mass index, and
appendicular skeletal muscle mass index in the inter-
vention group.*

Cognitive function

Two protein-based interventions measured cognitive
function®>*® (Table 3). Olofsson et al. found the interven-
tion group had improved post-operative delirium
(p=0.02) and a reduced number of days with
delirium (p < 0.001). Abalan et al. provided oral nutri-
tional supplements for 105 days on average and found
the intervention group had an improvement in their
mini-mental state score (p < 0.001).%

Carbohydrate based intervention

There was only one short (5-day) carbohydrate-based
intervention® (Table 3). The intervention group con-
sumed four carbohydrate supplements (1000 kcals) and
received a glucose infusion (600 kcals), while the control
group received intravenous fluid (200 kcals) only on the
morning of orthopedic surgery. The intervention did not
have any significant impact on walking assistance, func-
tional ability, body weight, or short portable mental sta-
tus at post-operative day five.

Other

Holyday et al. implemented an intervention (control 13.4
+ 1.3days vs. intervention 12.5+ 1.2days) that
included modified hospital meals, oral nutritional
supplements, assistance with meals, and nutritional
education®® (Table 3). The intervention did not have any
significant effect on body weight. An intervention of indi-
vidualized nutritional support (approximately 10 days) by
Baumgartner et al. found improvements in functional
status in the intervention group compared to the control
group (10.7% vs. 18.1% experienced >10% decline in
Barthel's index at 30 days).*!

Parenteral nutrition

Only one study used parenteral nutrition (Table 2) and
found no effect of the 15.8 (£6.7) day intervention on the
functional inventory measure, change in timed 6-meter
walk, and change in body weight.*?

Secondary outcome measures

There was no effect of any nutritional intervention on
falls,’” re-hospitalization,**>’ or fractures.’” Three studies
reported the effect of nutritional interventions on
mortality—two reported no effect>**® whereas Botella-
Carreterro et al. provided oral energy and protein supple-
ments twice daily and found a lower risk of all-cause
mortality in the intervention group up to 180 days post-
discharge.”’

DISCUSSION

In this systematic review of the literature, we identified
12 nutritional intervention trials for older adults
(= 75 years) in hospital-based settings. Our key findings
from these heterogeneous studies were that only longer
duration, protein-based interventions maintained or
improved body compositional measures (n = 3/10), phys-
ical function (n = 1/6) or cognition (n = 2/3) in hospital-
ized older adults. No effects tended to be found in
smaller studies of shorter durations. Thus, our findings
suggest that hospital-based nutritional interventions have
the potential to maintain body composition, physical
function, and cognition in adults aged 75 years and older
but further research is required.

Aging is associated with a yearly loss of muscle mass
(~1%)** and hospitalization results in even greater losses
of total, lean, and fat mass.”® The quantity and quality of
dietary protein is important for maintaining and improv-
ing muscle mass, especially in older adults who have
greater dietary protein requirements due to the anabolic
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resistance of aging.”>** In a systematic review of hospital-
ized and community-dwelling older adults (>60Yy),
protein-rich foods and supplements had a small effect
size on fat-free mass although there was no association
with duration or quantity.*® Body composition was the
most commonly measured outcome category reported in
this review. Seven studies identified no beneficial effect
of the intervention on either BMI or body weight.****37~
4043 However, these studies were primarily of either short
one or two-week durations,>*3*37* or had low enroll-
ment.** The studies that did show an effect were of a lon-
ger duration and either found a small improvement in
lean or muscle mass* or maintenance of post-discharge
BMI in contrast with the control group (—0.49 + 1.01
vs. 0.03 + 1.21 kg/m?, p = 0.012).°° Maintaining muscle
mass is integral to maintaining physical function® and,
particularly relevant to our aim, we found that the study
by Bouillanne et al. led to improvements in lean mass.**
It is possible that this may relate to the anabolic thresh-
old of dietary protein/amino acid intake in older adults*
whereby only the intervention group exceeded this
threshold in one meal (> 40 g).** Therefore, future
research should consider the quantity and timing of pro-
tein intake in relation to body composition of hospital-
ized older adults.

In older adults, muscle strength reduces at a rate of
~3% per year** which is exacerbated by hospitalization.*
While a recent umbrella review found an unclear effect
of nutritional interventions alone on muscle strength in
older adults, the review found that protein enhanced the
effects of resistance exercise on strength.*” In this present
review, the majority of studies found no effect of nutri-
tional interventions on different measures of physical
function.****383%42 However, most studies were small
(n = 38-122) and of varying duration (approx. 14 days to
6 weeks),*>****3%%> making it unclear whether these
studies were sufficiently powered to identify minimal
detectable changes.*®

Findings in older adults (> 60y) suggest that oral
nutritional supplements are associated with improve-
ments in physical function.*® Indeed, we identified a
large study providing individualized high-protein nutri-
tional support which showed improved Barthel's index
(a composite self-reported measure of physical function)
scores.*’ The favorable effect of nutrition in this study
may relate to the large sample size. These findings con-
trast with a similar study by Bouillanne et al. which
found no difference in the effect of a pulsed protein diet
on ADLS over a six-week period.>* Although both inter-
ventions aimed for levels of protein intake greater than
the recommended daily allowance, the duration and
mode of administration were different. Another potential
reason for the discordant findings of these two studies

may relate to differences in the outcome tools: ADL
score® versus the Barthel's Index.*’ The Barthel's Index
includes additional measures of mobility and stair climb-
ing that are not included in the ADL score.

Cognition was the least reported outcome measure in
the studies identified; however, two of three studies iden-
tified favorable effects. Using similar protein-based inter-
ventions of oral nutritional supplements but with
differing durations (1 month® to 105 days®®), improve-
ments in delirium-related outcomes or mini mental state
scores were found. In contrast, a much shorter
carbohydrate-based study by Gunnarsson et al. found no
effect on cognition.”® These discordant findings may
relate to differences in the actual intervention itself or
the cognition outcome used: short portable mental status
questionnaire versus the mini mental state score.” The
exact mechanism of the positive associations found
between nutrition and cognition in this review is unclear.
Others have hypothesized that the Mediterranean diet*’
and omega three fatty acids® may lead to improved neu-
rovascular health, reduced oxidative stress, or reductions
in chronic inflammation and thus improve or maintain
cognition in older adults. However, the studies so far
have been heterogeneous or failed to find an effect.*>*°
Similar to physical function, there are inherent chal-
lenges when measuring baseline cognition in hospital
whereby it may be speculated that a patient's improve-
ment in cognition relates to their medical recovery rather
than a nutritional intervention. However, given the favor-
able results identified in randomized controlled trials,
further research is warranted.

LIMITATIONS OF EXISTING
EVIDENCE AND FUTURE
DIRECTIONS FOR RESEARCH

The findings of this systematic review are limited by the
few, heterogenous interventions, mostly of short dura-
tions, and outcomes identified. The primary outcomes
chosen are inherently affected by the effects of recovering
from an acute illness and as such it is difficult to extricate
the specific impact of the nutritional intervention which
should be considered when interpreting the findings pre-
sented. Moreover, it is unclear whether statistically signif-
icant changes in the outcomes are clinically significant in
this particular context. We chose not to include nutrition
interventions that were paired with exercise despite the
well-acknowledged beneficial effects of exercise on
the outcomes included in this review. The rationale for
this was due to (i) a similar systematic review in this area
which was recently published® and, (ii) patients often
receive individualized physiotherapy in the hospital
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setting. Lastly, we restricted our search to studies pub-
lished in English and, although recent evidence suggests
such filters do not affect estimates or conclusions,> we
may have omitted relevant studies. There are strengths to
this study whereby a thorough, peer-reviewed search
strategy was utilized. Screening, data extraction, and risk
of bias assessment were independently assessed by two
reviewers and a tabular and narrative synthesis of find-
ings is presented.

Further research is required in the adults aged 75 years
and older; however, care should be taken regarding the
choice of outcomes used, study duration, and having a suf-
ficiently powered sample size to detect a difference. Inter-
ventions that are protein-based and of sufficient quality
and quantity which consider the anabolic threshold of
aging may be most effective. Future studies should con-
sider including a broad array of objective and subjective
physical function measures, detailed body composition
metrics, and comprehensive cognitive assessments that
include delirium. None of the studies we reviewed
included biomeasures (e.g., blood or stool markers) which
may be earlier, more sensitive markers of diet change.

CONCLUSION

There are few, high-quality, nutrition-based interventions
in the oldest-old hospitalized adults. Despite heterogene-
ity in the interventions identified in this study, we found
that smaller, shorter-duration studies failed to find
favorable effects. However, one large individualized,
high-protein nutritional intervention was beneficial for
physical function (activities of daily living), the protein
content of meals was identified as important for muscle
mass by another, and oral nutritional supplementation
was beneficial for cognition. Future work should include
larger samples and be conducted over longer periods of
time to move the field forward.

AUTHOR CONTRIBUTIONS

Lisa Dowling, David H. Lynch, and John A. Batsis designed
research. John A. Batsis, Micah Prochaska, and Megan
Huisingh-Sheetz provided study oversight. Dakota Batchek,
Chang Sun, Charlotte Mark-Wagstaff, Emily Jones con-
ducted research. Lisa Dowling, Dakota Batchek, Chang
Sun, analyzed data and wrote the paper. Lisa Dowling had
primary responsibility for final content. All authors have
read and approved the final manuscript.

ACKNOWLEDGMENTS

MP receives funding support: National Heart, Lung, and
Blood Institute K23 Patient-Oriented Research Career Devel-
opment Award NIH/NHLBI NIH/NHLBI1K23HL140132.

JAB receives funding support: NIH K23-AG-051681,
National Institute on Aging R01-AG-077163.

CONFLICT OF INTEREST STATEMENT
LD, DL, DB, CS, CMW, EJ, MP, MHS-none to declare.
JAB-Equity in SynchroHealth LLC.

SPONSOR'S ROLE
Sponsors had no role in the design, analysis or interpreta-
tion of this work.

ORCID

Lisa Dowling ‘© https://orcid.org/0000-0002-8332-358X
David H. Lynch @ https://orcid.org/0000-0002-2512-9367
Emily Jones © https://orcid.org/0000-0002-4294-7564
John A. Batsis ‘© https://orcid.org/0000-0002-0845-4416

TWITTER
Lisa Dowling kA LisaMDowling
REFERENCES

1. Organization WH. Ageing. Accessed January 19, 2023 https://
www.un.org/en/global-issues/ageing

2. Statistics NCfH. Persons with Hospital Stays in the Past Year,
by Selected Characteristics: United States, selected years 1997-
2018. Accessed June 1, 2023 2023.

3. Leij-Halfwerk S, Verwijs MH, van Houdt S, et al. Prevalence of
protein-energy malnutrition risk in European older adults in
community, residential and hospital settings, according to
22 malnutrition screening tools validated for use in
adults> 65 years: a systematic review and meta-analysis.
Maturitas. 2019;126:80-89.

4. NICE. NICE Guidelines [CG161] Falls in Older People: Asses-
sing Risk and Prevention. Accessed December, 2020 https://
www.nice.org.uk/guidance/cg161

5. Dent E, Morley J, Cruz-Jentoft A, et al. Physical frailty: ICFSR
international clinical practice guidelines for identification and
management. J Nutr Health Aging. 2019;23:771-787.

6. Gill TM, Gahbauer EA, Han L, Allore HG. The relationship
between intervening hospitalizations and transitions between
frailty states. J Gerontol A Biol Sci Med Sci. 2011;66(11):1238-
1243. doi:10.1093/gerona/glr142

7. Lee JS, Auyeung TW, Leung J, Kwok T, Woo J. Transitions in
frailty states among community-living older adults and their
associated factors. J Am Med Dir Assoc. 2014;15(4):281-286. doi:
10.1016/j.jamda.2013.12.002

8. Mendonga N, Kingston A, Granic A, Jagger C. Protein intake
and transitions between frailty states and to death in very old
adults: the Newcastle 85+ study. Age Ageing. 2020;49(1):32-38.
doi:10.1093/ageing/afz142

9. Lehmann J, Michalowsky B, Kaczynski A, et al. The impact of
hospitalization on readmission, institutionalization, and mor-
tality of people with dementia: a systematic review and meta-
analysis. J Alzheimers Dis. 2018;64(3):735-749.

10. Goldberg TE, Chen C, Wang Y, et al. Association of delirium
with long-term cognitive decline: a meta-analysis. JAMA Neu-
rol. 2020;77(11):1373-1381.

ASUAOI SuOWWO)) dANEAI) d[qeoridde o) Aq pauraA0S axe sa[anIE V() tasn Jo sa[nI 10§ AIRIqIT AUIUQ AJ[IAY UO (SUOIPUOD-PUR-SULIA)/WOD" A[IM  ATRIQIUT[UO//:5d1Y]) SUONIPUOY) PUE SWLIAL, A 33§ *[$70T/20/8Z] U0 Areqr suruQ K1 1821 £q 66L81°SS[/1 11 1°01/10p/wod KofimKreiqrouriuo-sjeuwmolsse//:sdny woiy papeoumod ‘0 ‘STHSTEST



12

| JAGS

DOWLING ET AL.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Loyd C, Markland AD, Zhang Y, et al. Prevalence of hospital-
associated disability in older adults: a meta-analysis. J Am Med
Dir Assoc. 2020;21(4):455-461.e5.

Boyd CM, Landefeld CS, Counsell SR, et al. Recovery of activi-
ties of daily living in older adults after hospitalization for acute
medical illness. J Am Geriatr Soc. 2008;56(12):2171-2179.
Granic A, Mendonga N, Hill T, et al. Nutrition in the very old.
Nutrients. 2018;10(3):269. doi:10.3390/nu10030269

Cereda E, Pedrolli C, Klersy C, et al. Nutritional status in older
persons according to healthcare setting: a systematic review
and meta-analysis of prevalence data using MNA®. Clin Nutr.
2016;35(6):1282-1290.

Stratton R, Smith T, Gabe S. Managing Malnutrition to
Improve Lives and Save Money. On behalf of BAPEN (British
Society of Enteral and Parenteral Nutrition). 2018.

Cederholm T, Jensen G, Correia MIT, et al. GLIM criteria for
the diagnosis of malnutrition-a consensus report from the
global clinical nutrition community. J Cachexia Sarcopenia
Muscle. 2019;10(1):207-217.

Goates S, Du K, Braunschweig CA, Arensberg MB. Economic
burden of disease-associated malnutrition at the state level.
PLoS One. 2016;11(9):e0161833.

Elia M. The cost of malnutrition in England and potential cost
savings from nutritional interventions (full report). Malnutri-
tion Action Group of BAPEN and National Institute for Health
Research Southampton Biomedical Research Centre. 2015.
Ruiz AJ, Buitrago G, Rodriguez N, et al. Clinical and economic
outcomes associated with malnutrition in hospitalized patients.
Clin Nutr. 2019;38(3):1310-1316. doi:10.1016/j.clnu.2018.05.016
Alley DE, Koster A, Mackey D, et al. Hospitalization and
change in body composition and strength in a population-
based cohort of older persons. J Am Geriatr Soc. 2010;58(11):
2085-2091.

Deutz NE, Matheson EM, Matarese LE, et al. Readmission and
mortality in malnourished, older, hospitalized adults treated with
a specialized oral nutritional supplement: a randomized clinical
trial. Clin Nutr. 2016;35(1):18-26. doi:10.1016/j.clnu.2015.12.010
Bauer J, Biolo G, Cederholm T, et al. Evidence-based recom-
mendations for optimal dietary protein intake in older people:
a position paper from the PROT-AGE study group. J Am Med
Dir Assoc. 2013;14(8):542-559. doi:10.1016/j.jamda.2013.05.021
Tang M, McCabe GP, Elango R, Pencharz PB, Ball RO,
Campbell WW. Assessment of protein requirement in octoge-
narian women with use of the indicator amino acid oxidation
technique. Am J Clin Nutr. 2014;99(4):891-898.
Courtney-Martin G, Ball RO, Pencharz PB, Elango R. Protein
requirements during aging. Nutrients. 2016;8(8):492.

Badal VD, Vaccariello ED, Murray ER, et al. The gut micro-
biome, aging, and longevity: a systematic review. Nutrients.
2020;12(12):3759.

Rashidah NH, Lim SM, Neoh CF, et al. Differential gut micro-
biota and intestinal permeability between frail and healthy older
adults: a systematic review. Ageing Res Rev. 2022;82:101744.

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic
reviews. Syst Rev. 2021;10(1):1-11.

Prokopidis K, Giannos P, Katsikas Triantafyllidis K, et al. Effect
of vitamin D monotherapy on indices of sarcopenia in
community-dwelling older adults: a systematic review and meta-
analysis. J Cachexia Sarcopenia Muscle. 2022;13(3):1642-1652.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: revised
European consensus on definition and diagnosis. Age Ageing.
2019;48(1):16-31. doi:10.1093/ageing/afy169

Donini LM, Busetto L, Bischoff SC, et al. Definition and diag-
nostic criteria for sarcopenic obesity: ESPEN and EASO con-
sensus statement. Clin Nutr. 2022;41(4):990-1000.

JBL. Critical Appraisal Tools. Accessed September, 2022
https://jbi.global/critical-appraisal-tools

Collins J, Porter J, Truby H, Huggins CE. A foodservice
approach to enhance energy intake of elderly subacute
patients: a pilot study to assess impact on patient outcomes and
cost. Age Ageing. 2017;46(3):486-493. doi:10.1093/ageing/
afw238

Holyday M, Daniells S, Bare M, Caplan GA, Petocz P, Bolin T.
Malnutrition screening and early nutrition intervention in hos-
pitalised patients in acute aged care: a randomised controlled
trial. J Nutr Health Aging. 2012;16(6):562-568. doi:10.1007/
$12603-012-0022-3

Bouillanne O, Curis E, Hamon-Vilcot B, et al. Impact of protein
pulse feeding on lean mass in malnourished and at-risk hospi-
talized elderly patients: a randomized controlled trial. Clin
Nutr. 2013;32(2):186-192. d0i:10.1016/j.cInu.2012.08.015
Abalan F, Manciet G, Dartigues JF, et al. Nutrition and SDAT.
Biol Psychiatry. 1992;31(1):103-105. doi:10.1016/0006-3223(92)
90013-p

Myint MW, Wu J, Wong E, et al. Clinical benefits of oral nutri-
tional supplementation for elderly hip fracture patients: a sin-
gle blind randomised controlled trial. Age Ageing. 2013;42(1):
39-45. d0i:10.1093/ageing/afs078

Botella-Carretero JI, Iglesias B, Balsa JA, Arrieta F,
Zamarron 1, Vazquez C. Perioperative oral nutritional supple-
ments in normally or mildly undernourished geriatric patients
submitted to surgery for hip fracture: a randomized clinical
trial. Clin Nutr. 2010;29(5):574-579. doi:10.1016/j.clnu.2010.
01.012

Botella-Carretero JI, Iglesias B, Balsa JA, Zamarrén I,
Arrieta F, Vazquez C. Effects of oral nutritional supplements in
normally nourished or mildly undernourished geriatric
patients after surgery for hip fracture: a randomized clinical
trial. J Parenter Enter Nutr. 2008;32(2):120-128. do0i:10.1177/
0148607108314760

Gunnarsson A-K, Lonn K, Gunningberg L. Does nutritional
intervention for patients with hip fractures reduce postopera-
tive complications and improve rehabilitation? J Clin Nurs.
2009;18(9):1325-1333. doi:10.1111/j.1365-2702.2008.02673.x
Olofsson B, Stenvall M, Lundstrém M, Svensson O,
Gustafson Y. Malnutrition in hip fracture patients: an interven-
tion study. J Clin Nurs. 2007;16(11):2027-2038. doi:10.1111/j.
1365-2702.2006.01864.x

Baumgartner A, Pachnis D, Parra L, et al. The impact of nutri-
tional support on malnourished inpatients with aging-related
vulnerability. Nutrition. 2021;89:111279. doi:10.1016/j.nut.2021.
111279

Williams CM, Driver LT, Older J, Dickerson JW. A controlled
trial of sip-feed supplements in elderly orthopaedic patients.
Eur J Clin Nutr. 1989;43(4):267-274.

Thomas DR, Zdrodowski CD, Wilson MM, Conright KC,
Diebold M, Morley JE. A prospective, randomized clinical
study of adjunctive peripheral parenteral nutrition in adult
subacute care patients. J Nutr Health Aging. 2005;9(5):321-325.

ASUAOI SuOWWO)) dANEAI) d[qeoridde o) Aq pauraA0S axe sa[anIE V() tasn Jo sa[nI 10§ AIRIqIT AUIUQ AJ[IAY UO (SUOIPUOD-PUR-SULIA)/WOD" A[IM  ATRIQIUT[UO//:5d1Y]) SUONIPUOY) PUE SWLIAL, A 33§ *[$70T/20/8Z] U0 Areqr suruQ K1 1821 £q 66L81°SS[/1 11 1°01/10p/wod KofimKreiqrouriuo-sjeuwmolsse//:sdny woiy papeoumod ‘0 ‘STHSTEST



NUTRITION INTERVENTIONS IN ADULTS >75 YEARS

JAGS_L_ B

44. Goodpaster BH, Park SW, Harris TB, et al. The loss of skeletal
muscle strength, mass, and quality in older adults: the health,
aging and body composition study. J Gerontol A Biol Sci Med
Sci. 2006;61(10):1059-1064. doi:10.1093/gerona/61.10.1059

45. Wall BT, Gorissen SH, Pennings B, et al. Aging is accompanied
by a blunted muscle protein synthetic response to protein
ingestion. PLoS One. 2015;10(11):e0140903.

46. Cheng H, Kong J, Underwood C, et al. Systematic review and
meta-analysis of the effect of protein and amino acid supple-
ments in older adults with acute or chronic conditions. Br J
Nutr. 2018;119(5):527-542.

47. Gielen E, Beckwée D, Delaere A, et al. Nutritional interven-
tions to improve muscle mass, muscle strength, and physical
performance in older people: an umbrella review of systematic
reviews and meta-analyses. Nutr Rev. 2020;79:121-147.

48. Beauchamp MK, Hao Q, Kuspinar A, et al. Reliability and min-
imal detectable change values for performance-based measures
of physical functioning in the Canadian longitudinal study on
aging. J Gerontol A Biol Sci Med Sci. 2021;76(11):2030-2038.

49. Loughrey DG, Lavecchia S, Brennan S, Lawlor BA, Kelly ME.
The impact of the Mediterranean diet on the cognitive func-
tioning of healthy older adults: a systematic review and meta-
analysis. Adv Nutr. 2017;8(4):571-586.

50. Andrieu S, Guyonnet S, Coley N, et al. Effect of long-term
omega 3 polyunsaturated fatty acid supplementation with or
without multidomain intervention on cognitive function in
elderly adults with memory complaints (MAPT): a randomised,
placebo-controlled trial. Lancet Neurol. 2017;16(5):377-389.

51. Han CY, Miller M, Yaxley A, Baldwin C, Woodman R,
Sharma Y. Effectiveness of combined exercise and nutrition
interventions in prefrail or frail older hospitalised patients: a

systematic review and meta-analysis. BMJ Open. 2020;10(12):
€040146.

52. Dobrescu A, Nussbaumer-Streit B, Klerings I, et al. Restricting
evidence syntheses of interventions to English-language publi-
cations is a viable methodological shortcut for most medical
topics: a systematic review. J Clin Epidemiol. 2021;137:209-217.

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

Data S1. Supplemental Material 1: Supplementary
methods.

Supplemental Material 2. Search strategies used for
the systematic review.

Supplemental Table 1. Risk of bias using Joanna Briggs
Institute tool for Randomized Control Trials.
Supplemental Table 2. Risk of bias using Joanna Briggs
Institute tool for Pseudo-Randomized Control Trials.

How to cite this article: Dowling L, Lynch DH,
Batchek D, et al. Nutrition interventions for body
composition, physical function, cognition in
hospitalized older adults: A systematic review of
individuals 75 years and older. J Am Geriatr Soc.
2024;1-13. doi:10.1111/jgs.18799

ASUAOI SuOWWO)) dANEAI) d[qeoridde o) Aq pauraA0S axe sa[anIE V() tasn Jo sa[nI 10§ AIRIqIT AUIUQ AJ[IAY UO (SUOIPUOD-PUR-SULIA)/WOD" A[IM  ATRIQIUT[UO//:5d1Y]) SUONIPUOY) PUE SWLIAL, A 33§ *[$70T/20/8Z] U0 Areqr suruQ K1 1821 £q 66L81°SS[/1 11 1°01/10p/wod KofimKreiqrouriuo-sjeuwmolsse//:sdny woiy papeoumod ‘0 ‘STHSTEST



	Nutrition interventions for body composition, physical function, cognition in hospitalized older adults: A systematic revie...
	INTRODUCTION
	Key points
	Why does this paper matter?
	METHODS
	Protocol registration
	Eligibility criteria
	Information sources
	Outcome measures
	Selection process
	Assessment of risk of bias

	RESULTS
	Study selection
	Study characteristics
	Assessment of risk of bias
	Primary outcome measures
	Food-based interventions
	Protein-based interventions
	Physical function
	Body composition and anthropometry
	Cognitive function
	Carbohydrate based intervention
	Other
	Parenteral nutrition


	Secondary outcome measures

	DISCUSSION
	LIMITATIONS OF EXISTING EVIDENCE AND FUTURE DIRECTIONS FOR RESEARCH
	CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	SPONSOR'S ROLE
	REFERENCES


