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Purpose of review

We describe the recent advances in rehabilitation nutrition, which is especially important for disabled or

frail older individuals.

Recent findings

Recent evidence pertaining to rehabilitation nutrition conducted in rehabilitation wards and acute care
hospitals has been accumulating. The combination of rehabilitation nutrition and rehabilitation
pharmacotherapy is important for eliciting higher functions. The 2020 update of the clinical practice
guidelines for rehabilitation nutrition provides a weak recommendation for enhanced nutritional care for
patients with cerebrovascular disease, hip fracture, cancer, or acute illness who are undergoing
rehabilitation. Rehabilitation nutritional care process and the International Classification of Functioning,
Disability and Health-Dietetics are used to implement high-quality rehabilitation nutrition. Aggressive
nutrition therapy incorporates the daily energy expenditure plus daily energy accumulation to increase
body weight and muscle mass. Preventing and treating sarcopenic dysphagia should include iatrogenic
sarcopenia prevention and aggressive nutrition therapy. The diagnosis criteria for respiratory sarcopenia
and sarcopenic respiratory disability have been established.

Summary

The International Association of Rehabilitation Nutrition and Total Nutrition Therapy Rehabilitation program
may contribute to international expansion of rehabilitation nutrition. Improving evidence—practice gaps in
rehabilitation nutrition and increasing national health insurance coverage of aggressive nutrition therapy
and rehabilitation nutrition teams are warranted.
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Rehabilitation nutrition is a new area of research
and clinical practice that has developed over the
past decade mainly due to the work of the Japanese
Association of Rehabilitation Nutrition members.
Rehabilitation nutrition involves (1) holistic evalu-
ation by the International Classification of Func-
tioning, Disability and Health (ICF), and the
presence and cause of nutritional disorders, sarco-
penia, and excessive or deficient nutritional intake;
(2) rehabilitation nutrition diagnosis and setting
rehabilitation nutrition goals; and (3) improve-
ments in nutritional status, sarcopenia, and frailty
using nutritional care management in consideration
of rehabilitation and rehabilitation in considera-
tion of nutrition to achieve the highest body func-
tions (e.g., swallowing function, activities, and
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participations) and quality of life (QOL) in disabled
or frail older individuals [1%2]. Malnutrition is a
cause of frailty and disability, including sarcopenic
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KEY POINTS

e Rehabilitation nutrition leads to improvements in the
functions and quality of life of disabled or frail older
individuals, by improving nutritional status, sarcopenia,
and frailty via nutritional care management in
consideration of rehabilitation and rehabilitation in
consideration of nutrition.

According to the 2020 update of the clinical practice
guidelines for rehabilitation nutrition published by the
Japanese Association of Rehabilitation Nutrition,
enhanced nutritional care is weakly recommended for
patients with cerebrovascular disease, hip fracture,
cancer, or acute illness who are undergoing
rehabilitation.

Aggressive nutrition therapy is a nutritional
management strategy, in which the daily energy
requirement is established according to the daily
energy expenditure and daily energy accumulation,
used in malnourished and/or sarcopenic individuals to
increase body weight and muscle mass.

Prevention of iatrogenic sarcopenia and the
combination of aggressive nutrition therapy and
dysphagia rehabilitation are important for preventing
and treating sarcopenic dysphagia, which is quite
common in older patients with dysphagia.

Sarcopenic respiratory disability is defined as
deteriorated respiratory function due to respiratory
sarcopenia, which is considered whole-body
sarcopenia and low respiratory muscle mass, along
with poor respiratory muscle strength and/or
respiratory function.

dysphagia [3""] and respiratory sarcopenic disability
[4]; therefore, nutritional management can improve
frailty and disability. Indeed, nutrition has become
necessary knowledge for physical therapists [5,6].

This review aims to summarize the recent devel-
opments in rehabilitation nutrition, such as the
current evidence, clinical practice guidelines, reha-
bilitation nutritional care process, ICF-Dietetics,
aggressive nutrition therapy, sarcopenic dysphagia,
respiratory sarcopenia, and sarcopenic respiratory
disability.

Recent evidence in rehabilitation nutrition from
rehabilitation wards has accumulated. Convalescent
rehabilitation wards can provide program rehabili-
tation therapy up to 3 h per day based on national
health insurance coverage in Japan. Assignment of
registered dietitians to convalescent rehabilitation
wards is mandatory or effort mandatory from 2020.
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Sarcopenic obesity diagnosed based on the presence
of both sarcopenia and a high body fat percentage is
associated with lower activities of daily living (ADL)
and a lower rate of home discharge [7,8]. Malnutri-
tion was found to be associated with poor improve-
ment after poststroke cognitive impairment [9]. An
elevated creatinine-based estimated glomerular fil-
tration rate and low hemoglobin level are associated
with risk of sarcopenia, dysphagia, and lower ADL
after stroke [10,11]. Moreover, a systematic review
and meta-analysis showed that nutritional status
was associated with decreased functionality and that
the prevalence of sarcopenia was 40-76% in
patients undergoing geriatric rehabilitation [12].

Rehabilitation nutrition increase patient func-
tions in the rehabilitation ward. An improvement
in the hemoglobin level was associated with faster
recovery of ADL and a shorter hospital stay in patients
with anemic stroke [13]. Muscle mass gain was asso-
ciated with better recovery of ADL after sarcopenic
stroke [14]. Frequent and individualized nutritional
support improved nutritional status, physical func-
tion, and dysphagia after stroke [15]. The chair-stand
exercise was associated with improved swallowing
function, ADL, and length of hospital stay in patients
with dysphagic stroke [16], whereas a whey protein-
based nutritional formula enriched with leucine and
vitamin D improved physical performance and func-
tion in older sarcopenic patients [17].

Recent evidence in rehabilitation nutrition has
also been reported from acute care hospitals. Less
energy intake at 1 week after hospitalization was an
independent risk factor for mortality, difficult at-
home discharge, and pneumonia recurrence in older
patients with pneumonia [18]. Nutritional improve-
ment was associated with improvements in ADL and
dysphagia in malnourished patients with pneumo-
nia [19]. Energy intake affected femur muscle thick-
ness on the nonparalysis side in older patients after
stroke [20]. Individualized intensive nutritional
treatment improved the ADL of older stroke patients
at risk of malnutrition [21]. Moreover, a systematic
review and meta-analysis showed that exercise and
nutritional intervention were effective in improving
frailty and physical function in hospitalized older
patients [22]. The recent evidence indicates the
importance of rehabilitation nutrition in acute care
hospitals, although assignment of registered dieti-
tians to acute care wards is not mandatory in Japan.

A combination of rehabilitation nutrition and
rehabilitation pharmacotherapy is also important
for eliciting higher functions. Rehabilitation phar-
macotherapy aims to help frail older or disabled
people achieve the highest level of function and
QOL [23"]. For example, a sodium-glucose cotrans-
porter 2 inhibitor resulted in the development of
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malnutrition and sarcopenia in type 2 diabetes
patients [24], and anticholinergic and sedative drug
burden was associated with poorer performance of
ADL and postural balance in stroke patients [25].
Moreover, decreased use of potentially inappropri-
ate medications during hospitalization can improve
ADL [26]. Combination of anamorelin administra-
tion with rehabilitation nutrition might lead to
better function and QOL in patients with cachectic
cancer in Japan [27].

The 2020 update of the clinical practice guidelines for
rehabilitation nutrition for patients with cerebrovas-
cular disease, hip fracture, cancer, or acute illness was
published by the Japanese Association of Rehabilita-
tion Nutrition [28"]. Enhanced nutritional care is
weakly recommended for patients with cerebrovas-
cular disease, hip fracture, cancer, or acute illness

who are undergoing rehabilitation. In these clinical
practice guidelines, enhanced nutritional care refers
to all types of nutritional care in addition to standard
nutritional care, such as regular hospital/institution
diets or individual habitual diets.

The process of rehabilitation nutritional care is a
systematic problem-solving method used to assess
nutritional status, sarcopenia, and nutrient intake
in disabled or frail elderly people [1%2]. Rehabilita-
tion nutritional care involves five steps: rehabilita-
tion nutrition assessment and diagnostic reasoning,
rehabilitation nutrition diagnosis, rehabilitation
nutrition goal setting, rehabilitation nutritional
intervention, and rehabilitation nutrition monitor-
ing (Fig. 1). Assessment of rehabilitation nutrition

Nutritional status Assessment/ ICF
Functions dlagno .StIC Frailty
reasoning =
QOL Nutritional assessment
Monitoring Diagnosis
Rehabilitation in Nutritional status
consideration of nuttition -
Sarcopenia
Nutrition care management in
consideration of rehabilitation Nutrient intake
SMART goal
. . Specific
Intervention Goal setting || Measurable
Achievable
Relevant
Time-bound

Process of rehabilitation nutritional care. The process of rehabilitation nutritional care has five steps: rehabilitation
nutrition assessment and diagnostic reasoning, rehabilitation nutrition diagnosis, rehabilitation nutrition goal setting, rehabilitation
nutritional intervention, and rehabilitation nutrition monitoring. Goal setting using the SMART concept in both nutrition and
rehabilitation before intervention is important. SMART, specific, measurable, achievable, relevant, and time-bound.
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includes ICF, frailty, and nutritional assessments.
Rehabilitation nutrition diagnosis is divided into
three major categories with 15 subitems: nutritional
status (undernutrition, overnutrition, at risk of mal-
nutrition [undernutrition, overnutrition], lack of
nutrients, excess nutrients, not applicable), sarco-
penia (sarcopenia, decreased muscle mass, decreased
muscle strength and/or physical performance, not
applicable), and excess and/or insufficient nutrient
intake (excess nutrient intake, insufficient nutrient
intake, prediction of excess nutrient intake, predic-
tion of insufficient nutrient intake, not applicable).

The most important step in the process of reha-
bilitation nutritional care is rehabilitation nutrition
goal setting. Goal setting should be performed in
accordance with the concept of specific, measurable,
achievable, relevant, and time-bound (SMART)
[1%2]. For example, nutritional improvement and
ADL independence are not SMART goals. In con-
trast, gaining 1kg body weight within 1 month,
consuming three meals of pureed food orally, and
weaning from tube feeding within 2 weeks are all
SMART goals. Both nutritional and rehabilitation
goals should be set prior to intervention.

Rehabilitation nutritional intervention includes
nutritional care management in consideration of
rehabilitation and rehabilitation in consideration
of nutrition. Nutritional care management and
rehabilitation programs are interdependent, and
each should be conducted with awareness of the
interventions of the other. Rehabilitation nutrition
monitoring includes assessments of nutritional sta-
tus, functions, and QOL.

The ICF-Dietetics, developed by the Dutch Asso-
ciation of Dietitians, is another method for rehabili-
tation nutrition. Approximately 900 dietetics-
related categories were added to the ICF to form
the ICF-Dietetics [29"]. Implementation of the ICF-
Dietetics requires a holistic perspective of function-
ing with greater attention on participation and
environmental factors, which have been overlooked
in traditional nutritional care management [297].
However, the ICF-Dietetics is used in only 7 out
of 56 (12.5%) hospitals in Jeddah, Saudi Arabia
[30] and is not used in most hospitals in Japan. A
qualitative study of the ICF-Dietetics addressed six
implementation objectives: (1) provide information
to other professional groups, (2) provide training on
the ICF-Dietetics coding system, (3) integrate the
ICE-Dietetics into an electronic health information
system, (4) apply the ICF-Dietetics for goal setting
and evaluation, (5) establish a learning environ-
ment, and (6) define individual goals for change
[31]. Both rehabilitation nutritional care and the
ICF-Dietetics should be used more widely in
clinical practice.
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Aggressive nutrition therapy is defined as nutri-
tional care management in which the daily energy
requirement is established according to the daily
energy expenditure and the daily energy accumula-
tion [32"]. Daily energy requirement equals daily
energy expenditure in well-nourished individuals
to maintain body weight. The aim in obese individ-
uals wanting to lose body weight is to reduce the
daily energy requirement to less than the daily
energy expenditure. Similarly, the target daily
energy requirement should be higher than the daily
energy expenditure in undernourished individuals
wanting to gain body weight and muscle mass.
Aggressive nutrition therapy is performed in mal-
nourished and/or sarcopenic individuals to increase
body weight and muscle mass.

There are two key questions regarding the imple-
mentation of aggressive nutrition therapy. The first
is ‘Should nutrition status and/or muscle status be
improved?’ The answer is yes primarily to avoid
complications related to malnutrition and muscle
wasting. From a rehabilitation nutrition perspec-
tive, the answer is yes if improvement of malnutri-
tion and/or sarcopenia leads to improved functions
and QOL. For example, aggressive nutrition therapy
does not improve functions or QOL in the case of
malnourished and/or sarcopenic patients with cer-
vical spinal cord injury at a higher position on the
spinal cord and complete quadriplegia, with the
exception of cases of pressure ulcer prevention in
severely undernourished patients. The second key
question is ‘Can nutrition status and/or muscle
status be improved?’ Improving malnutrition and/
or sarcopenia is difficult in patients with terminal-
stage disease, severe inflammation, or refeeding
syndrome or a risk thereof. If the answers to these
two key questions are both yes, aggressive nutrition
therapy will be indicated.

The level of daily energy accumulation is deter-
mined by nutrition goal setting. The amount of
energy accumulation per 1kg body weight is gener-
ally 7500 kcal [327]. If the nutrition goal is to gain 1 kg
of body weight in 1 month, the hypothetical daily
energy accumulation would be 250kcal, which is
7500 Kkcal divided by 30days. However, adjustment
of nutritional provision via regular monitoring of
rehabilitation nutrition is necessary. Moreover, a
combination of aggressive nutrition therapy and
resistance training must be performed to increase
body weight via muscle gain instead of fat gain.

Sarcopenic dysphagia is dysphagia due to sarcopenia
in both generalized skeletal muscles and
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swallowing-related muscles and is excluded if
whole-body sarcopenia is absent [3""]. Lower laryn-
geal movement and enlargement of the pharyngeal
cavity have been observed in sarcopenic patients
[33]. The prevalence of sarcopenic dysphagia in
inpatients who require dysphagia rehabilitation
was 32% [34]. Moreover, the prevalence of sarco-
penic dysphagia in older inpatients with pneumo-
nia was 81% [35]. Therefore, sarcopenic dysphagia is
quite common in older patients with dysphagia, and
both clinical and research interests in sarcopenic
dysphagia are growing.

Recent studies have investigated swallowing
muscle mass and function in patients with sarco-
penic dysphagia. Geniohyoid muscle mass was inde-
pendently associated with maximum tongue
pressure and tongue muscle mass [36]. Digastric
muscle mass and intensity were independent factors
for sarcopenic dysphagia [37]. Geniohyoid muscle
mass was significantly associated with the severity of
dysphagia after salvage surgery for head and neck
cancer [38]. Older patients with sarcopenic dyspha-
gia had weaker pharyngeal contractility, a greater
rate of upper esophageal sphincter dysfunction [39],
a longer duration of submental muscle activity, and
a higher amplitude of the submental muscles during
swallowing [40].

Diagnosis of sarcopenic dysphagia is mainly
performed using a reliable and validated diagnostic
algorithm for sarcopenic dysphagia, developed by
the Japanese Working Group on Sarcopenic Dyspha-
gia [41]. In a scoping review of sarcopenic dyspha-
gia, 10 papers used this diagnostic algorithm [41].
The presence of whole-body sarcopenia and dyspha-
gia and the absence of other potentially causative
diseases of the dysphagia are necessary to diagnose
sarcopenic dysphagia. An additional diagnostic cri-
terion is the strength of the swallowing muscles,
which is assessed by tongue pressure. A tongue
pressure < 20 kPa is considered to indicate probable
sarcopenic dysphagia, whereas a tongue pressure of
> 20 kPa or that cannot be measured is considered to
indicate possible sarcopenic dysphagia.

Prevention of iatrogenic sarcopenia can lead to
prevention of sarcopenic dysphagia. latrogenic sar-
copenia is sarcopenia caused by the activities of
doctors, nurses, or other healthcare workers in
healthcare facilities [1%,2]. The three causes of iatro-
genic sarcopenia are inappropriately low activity
levels, inappropriate nutritional care management,
and iatrogenic diseases including polypharmacy.
For example, among inpatients with aspiration
pneumonia with a nil per os status, only 5.3% were
prescribed > 20kcal/kg, and only 6.4% were pre-
scribed > 1.0 g/kg amino acids on day 7 of nil per os
[42]. Moreover, the 25th percentile of daily energy
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intake in inpatients who require dysphagia rehabil-
itation was 648kcal [34]. latrogenic sarcopenia
due to inappropriate nutritional management is
quite common and should be avoided in acute
care hospitals.

Aggressive nutrition therapy combined with
dysphagia rehabilitation may further improve sar-
copenic dysphagia. An energy intake of approxi-
mately 35 kcal/kg/day based on ideal body weight
(IBW) along with dysphagia rehabilitation was sug-
gested for sarcopenic dysphagia in a position paper
[3""]. An energy intake of > 30 kcal/kg/day and pro-
tein intake of > 1.2 g/kg/day based on IBW increased
tongue strength in older adults with sarcopenia [43].
Furthermore, providing > 30kcal/kg/day energy
based on IBW improved swallowing function more
compared with providing < 30kcal/kg/day energy
in patients with sarcopenic dysphagia [44]. A scop-
ing review of sarcopenic dysphagia treatment
showed that six of eight case reports used rehabili-
tation nutrition to improve body weight, swallow-
ing function, and ADL [41]. A combination of
aggressive nutrition therapy and dysphagia rehabil-
itation performed by an interdisciplinary rehabilita-
tion nutrition team may be useful for treating
sarcopenic dysphagia.

The Japanese Working Group of Respiratory Sarco-
penia defined respiratory sarcopenia as whole-body
sarcopenia and low respiratory muscle mass, along
with poor respiratory muscle strength and/or respi-
ratory function [4]. Kera et al. defined respiratory
sarcopenia according to a cut-off value of the peak
expiratory flow rate of 1 standard deviation below
the mean [45]. However, whole-body sarcopenia
and respiratory muscle mass are also important for
defining and diagnosing respiratory sarcopenia.
Indeed, whole-body sarcopenia was associated with
reduced diaphragmatic muscle thickness and respi-
ratory function in older individuals [46]. The param-
eter respiratory muscle function was correlated with
reduced handgrip strength and functional
impairment but not with lean mass [47].

The diagnostic criteria for respiratory sarcope-
nia were developed in the same way as the diagnos-
tic criteria for sarcopenic dysphagia [4]. Definite
respiratory sarcopenia is diagnosed in patients with
whole-body sarcopenia and low respiratory muscle
mass, along with poor respiratory muscle strength
and/or respiratory function, after excluding obvi-
ous causative respiratory diseases. Probable respira-
tory sarcopenia is diagnosed when whole-body
sarcopenia with low respiratory muscle strength
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Mechanism of sarcopenic dysphagia and respiratory sarcopenic disability in aspiration pneumonia. Aspiration
pneumonia may be prevented by resistance training, amino acid supplementation, or drug adjustment in older people with
frailty, presbyphagia, or presbypnea. Older people with aspiration pneumonia who are hospitalized in acute care hospitals
are at risk of developing whole-body sarcopenia, sarcopenic dysphagia, and respiratory sarcopenic disability due to disease-
related sarcopenia and iatrogenic sarcopenia. Rehabilitation nutrition can improve whole-body sarcopenia, sarcopenic

dysphagia and respiratory sarcopenic disability.

and/or deteriorated respiratory function are identi-
fied, after excluding obvious causative respiratory
diseases. Patients with potentially causative respi-
ratory diseases are diagnosed with possible respira-
tory sarcopenia.

The Japanese Working Group of Respiratory
Sarcopenia also proposed definitions for sarcopenic
respiratory disability and ‘presbypnea,’ a novel term
combining presby- (geriatric) and -pnea (respira-
tory) [4]. Sarcopenic respiratory disability is a dis-
ability with deterioration of respiratory function
due to respiratory sarcopenia. Functional disability
is defined by a modified Medical Research Council
grade of 2 (slower walking pace compared with
people of the same age due to breathlessness or
the need to stop for breath when walking at own
pace on a level surface) or higher. Presbypnea is
defined as a decline in respiratory function with
aging. Minor respiratory functional disability in
presbypnea is defined as a modified Medical
Research Council grade of 1 (shortness of breath
when hurrying or walking straight uphill). Older
people with frailty, presbyphagia (decline in swal-
lowing function due to aging) or presbypnea may
prevent aspiration pneumonia by resistance train-
ing, amino acid supplementation, or drug
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adjustment. However, if they suffer from aspiration
pneumonia, they are at risk of developing whole-
body sarcopenia, sarcopenic dysphagia, and respira-
tory sarcopenic disability due to disease-related sar-
copenia or iatrogenic sarcopenia (Fig. 2).

Leucine, B-hydroxy-p-methylbutyrate (HMB),
and protein have been shown to increase muscle
mass. Leucine supplementation is recommended for
older people with sarcopenia to increase muscle
mass in an umbrella review of systematic reviews
and meta-analyses [48]. Leucine binds to the pro-
teins Sestrin and LeuRS, which increases the activity
of mammalian target of rapamycin complex 1
(mTORC1) and promotes protein synthesis. More-
over, leucine inhibits the protein degradation path-
way of the ubiquitin-proteasome system. HMB
increases mTORCI1 activity in the same way as leu-
cine. Recent systematic review showed that HMB
supplementation significantly increased fat-free
mass in older people in older people [49]. Further-
more, supplementation of 3 g of HMB was beneficial
in improving muscle strength and body composi-
tion, especially in bedridden or frail older people
[50]. On the other hand, recommendation for pro-
tein supplementation to increase muscle mass was
weaker than for leucine [48].
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The concept of and evidence for rehabilitation nutri-
tion, aggressive nutrition therapy, sarcopenic dys-
phagia, respiratory sarcopenia, and sarcopenic
respiratory disability have evolved over the past
decade. Rehabilitation nutrition research from coun-
tries other than Japan is needed to develop a world-
wide consensus on rehabilitation nutrition. The
International Association of Rehabilitation Nutrition
(https://sites.google.com/site/jsthnt/international-
association-of-rehabilitation-nutrition-iarn) and
Total Nutrition Therapy Rehabilitation program
developed by the Japanese Association of Rehabilita-
tion Nutrition in 2019 may contribute to interna-
tional expansion of rehabilitation nutrition. In
addition, improving evidence—practice gaps in reha-
bilitation nutrition and reimbursement by national
health insurance for aggressive nutrition therapy and
rehabilitation nutrition teams are warranted.
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