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Introduction

Sarcopenia is very common in disabled people and frail 
older people. The prevalence of sarcopenia is approximately 
50% in rehabilitation settings (1,2). Of 394 inpatients without 
sarcopenia at hospital admission, 58 (14.7%) developed 
sarcopenia by hospital discharge (3). In addition, sarcopenia 
is associated with worse rehabilitation outcomes in older 
inpatients (4). Therefore, sarcopenia in disabled people and 
frail older people who require rehabilitation is an extremely 
important issue, because sarcopenia directly links to subsequent 
activities of daily living (ADL) and quality of life (QOL).

In hospitalized patients, sarcopenia may occur without 
intention, which is considered as a hospitalized-associated 
sarcopenia. Hospitalization-associated sarcopenia is defined 
as the sarcopenia which is caused by the progression of an 
acute and chronic inflammation and/or iatrogenic factors 
during hospitalization. It is difficult to completely prevent 
hospitalization-associated sarcopenia by the progression 
of an acute illness. However, some part of hospitalization-
associated sarcopenia is considered to be iatrogenic which 
can be prevented or treated. Iatrogenic sarcopenia is defined 
as sarcopenia caused by the activities of medical doctors, 
nurses, or other healthcare professionals in healthcare facilities 
(5). Iatrogenic sarcopenia is classified into activity-related 

sarcopenia caused by unnecessary inactivity or bed rest, 
nutrition-related sarcopenia caused by inappropriate nutritional 
care management, and disease-related sarcopenia in cases of 
iatrogenic diseases (5). Iatrogenic sarcopenia tends to occur in 
acute care hospitals due to unnecessary bed rest and not eating 
and inappropriate nutrition care management. Nutrition care 
management alone or rehabilitation alone may be inadequate 
for treating iatrogenic sarcopenia, because inpatients with 
sarcopenia tend to experience activity-, nutrition-, and disease-
related sarcopenia simultaneously. Rehabilitation and nutrition 
care is useful for preventing and treating sarcopenia. 

Dysphagia can occur because of sarcopenia in whole-body 
skeletal and swallowing muscles, which is called sarcopenic 
dysphagia whether the sarcopenia is iatrogenic or not. 
Sarcopenic dysphagia is characterized by swallowing difficulty 
because of a loss of mass and function in whole-body skeletal 
and swallowing muscles (4,6). Sarcopenic dysphagia may 
be common in older patients with dysphagia and sarcopenia 
(4,7). Sarcopenic dysphagia is not likely to occur in patients 
without whole body sarcopenia (8). Activity- and nutrition-
related sarcopenia during hospitalization may be attributed to 
iatrogenic sarcopenia in some patients. Sarcopenic dysphagia 
can be diagnosed with a diagnostic algorithm for sarcopenic 
dysphagia (9).

A concept of rehabilitation nutrition (4) is recommended for 
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preventing and treating iatrogenic sarcopenia and sarcopenic 
dysphagia (Figure 1). Rehabilitation nutrition is defined 
as that which 1) evaluates holistically by the International 
Classification of Functioning, Disability and Health (ICF), and 
the presence and cause of nutritional disorders, sarcopenia, 
and excess or deficiency of nutritional intake; 2) conducts 
rehabilitation nutrition diagnosis and rehabilitation nutrition 
goal setting; and 3) elicits the highest body functions, 
activities, participants, and QOL by improving nutritional 
status, sarcopenia, and frailty using ‘nutrition care management 
in consideration of rehabilitation’ and ‘rehabilitation in 
consideration of nutrition’ in people with a disability and 
frail older people (5). High-quality rehabilitation nutrition is 
implemented by a rehabilitation nutrition care process that 
involves assessment and diagnostic reasoning, diagnosis, 
goal setting, intervention, and monitoring (5) (figure 2). In 
particular, diagnosing sarcopenia and setting both a nutrition 
goal and a rehabilitation goal are very important to achieve 
the highest possible body functions, activities, participations, 
and QOL. In addition, aggressive nutritional management in 
rehabilitation can improve not only nutritional status but also 
function, activity, participation, and QOL (8, 10, 11). Therefore, 
rehabilitation nutrition for sarcopenia is very important for 
people with sarcopenia and it has been drawing attention.  

Figure 1
Mechanisms of iatrogenic sarcopenia and sarcopenic dysphagia

In this review, we discuss iatrogenic sarcopenia, 
sarcopenic dysphagia, rehabilitation nutrition for both, and the 
rehabilitation nutrition care process. A literature search was 
conducted on the MEDLINE via PubMed and the Cochrane 
Database of Systematic Reviews to identify relevant articles 
from January 2000 to May 2018. Any language restrictions 
were not applied.

Figure 2
The cycle of the rehabilitation nutrition care process

Iatrogenic sarcopenia

Definition of iatrogenic sarcopenia
Iatrogenic sarcopenia is a new concept (5) which is defined 

as sarcopenia caused by the activities of medical staff including 
doctors, nurses, or other health care professionals in healthcare 
facilities. Iatrogenic sarcopenia is categorized into the following 
three categories according to cause: 1) activity-related 
iatrogenic sarcopenia caused by unnecessary inactivity or 
unnecessary nil per os, 2) nutrition-related iatrogenic sarcopenia 
caused by inappropriate nutritional care management, and 
3) disease-related iatrogenic sarcopenia in case of iatrogenic 
diseases. Especially in acute phase hospitals, concentrating on 
the treatment of diseases with less attention to nutrition and 
activity is more likely to cause iatrogenic sarcopenia.

The prevalence of sarcopenia is high in older inpatients: 
according to the GLISTEN study, 14.5% of 394 patients 
developed sarcopenia during hospitalization (3). Another study 
revealed that approximately 50% of older patients suffered 
from malnutrition or sarcopenia in post-acute care and 
rehabilitation (2, 12). In Japanese convalescent rehabilitation 
wards, sarcopenia was diagnosed in 53% of 637 patients and 
95.1% of patients with hospital-associated deconditioning after 
pneumonia (13).

Activity-related iatrogenic sarcopenia
Activity-related iatrogenic sarcopenia is mainly caused by 

muscle atrophy due to unnecessary bed rest and immobilization. 
Muscle atrophy associated with inactivity is caused by a 
decrease in muscle protein synthesis and an increase in muscle 
protein degradation. Leg muscle mass and strength decreases 
with only short period of inactivity (14, 15). It is reported 
that leg muscle mass was reduced by 1.4% and strength was 
decreased by 9.0% after 5 days of immobilization (15). During 
10 days of bed rest, muscle protein synthesis decreased by 
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30% and lean body mass in the lower limbs decreased by 6%, 
resulting in a 16% increase in muscle weakness (16). Days 
in bed, low body mass index and low muscle index were risk 
factors for development of sarcopenia (3). In this study, patients 
who developed sarcopenia spent an average of 5.1 days in 
bed compared with 3.2 days for those with no sarcopenia at 
discharge (3). Tentative nil per os is also a cause of activity-
related sarcopenia, especially sarcopenic dysphagia.

 
 Nutrition-related iatrogenic sarcopenia
Nutrition-related iatrogenic sarcopenia is caused by 

inappropriate nutritional management in the hospital. 
Malnutrition is a common problem in older people and it 
is significantly related to sarcopenia. The prevalence of 
malnutrition in older inpatients evaluated using the Mini 
Nutritional Assessment was 50.5% for rehabilitation and 38.7% 
for hospital (17). Sanchez-Rodriquez et al (12) reported that 
the prevalence of sarcopenia in a post-acute care geriatric unit 
was 37.5%, among which patients 90.9% fulfilled the European 
Society for Clinical Nutrition and Metabolism malnutrition 
criteria. Despite the high prevalence of malnutrition in older 
inpatients, malnutrition is not well recognized or treated. 
Starvation and sarcopenia were correctly recognized by only 
6-58% and 43-51% of surveyed dietitians, respectively (18-20). 
The Nutrition Day study, a multinational audit of nutritional 
data collected and systematically assessed, revealed that in half 
of the hospital wards in European countries that participated 
in the audit no action was taken against malnutrition despite 
detecting malnutrition (21).

Nutrition-related iatrogenic sarcopenia occurs as a result of 
insufficient energy-related and protein intake-related starvation. 
None of the patients with hospital-associated deconditioning 
had a normal nutritional status, and 44% of those patients 
had starvation-related malnutrition (22). Patients undergoing 
rehabilitation often consume less energy and protein than 
they need (23). A texture-modified diet is difficult to meet 
the patients’ requirements for energy and protein compared 
to consumption of the normal hospital diet (24). The patients 
who consumed approximately <22 kcal/kg/day during the acute 
period showed significantly poorer recovery from dysphagia 
and poorer outcomes compared to those who consumed 
approximately >22 kcal/kg/day (25). Prevention of nutrition-
related iatrogenic sarcopenia is important, because starvation 
deteriorates rehabilitation outcomes.

Disease-related iatrogenic sarcopenia 
Disease-related iatrogenic sarcopenia develops following 

iatrogenic diseases. Iatrogenic disease is a disease or symptoms 
induced in patients by the treatment or instructions of doctors, 
which results in harmful consequences for the patients’ health, 
for example adverse drug effects, falls, nosocomial infections, 
pressure ulcers, and complications related to surgery. One 
meta-analysis showed the incidence of iatrogenic disease 
to be between 3.4% and 33.9% (26). Causes of iatrogenic 

diseases include medical equipment, pharmaceuticals, medical 
materials, misdiagnosis by doctors, medical malpractice (e.g., 
inappropriate drug selection, inappropriate and immature 
surgery, examination), and nosocomial infection (27, 28). It 
should be noted that polypharmacy is one of the risk factors for 
sarcopenia (26, 29, 30). 

Sarcopenic dysphagia

Sarcopenic dysphagia is characterized by swallowing 
difficulty resulting from a loss of mass and function in whole-
body skeletal and swallowing muscles (4, 6). However, 
neuromuscular disease-related sarcopenia is not included in 
sarcopenic dysphagia, because dysphagia due to neuromuscular 
diseases appears to be a separate category (9). Whole-body 
skeletal muscle mass is associated with severe dysphagia in 
cancer patients (31, 32). Age-related decline in swallowing 
muscle mass has been reported in the tongue (33), geniohyoid 
muscle (34), and pharyngeal muscles (35), The mean cross-
sectional area of the geniohyoid muscle in the midsagittal plane 
in younger adult and older adult females is approximately 
490mm2 and 340mm2, respectively (31% reduction), and 
approximately 520mm2 and 440mm2 in younger and older adult 
males, respectively (15% reduction) (34). Pharyngeal wall 
thickness in young and older women measured by magnetic 
resonance imaging showed a mean thickness at the level of the 
anterior inferior second cervical vertebra of 0.25cm in women 
in their 20’s, 0.22cm in women in their 60’s, and 0.19cm in 
women in their 70’s (35). 

Age-related changes in swallowing muscles have 
been studied mainly in rats. An age-related decrease in the 
expression of myosin heavy chain mRNA and protein was 
found in the rat genioglossus but not in the masseter and 
geniohyoid muscles (36). In the klotho mouse, the deficiency 
in amino acids caused by the active movement of the masseter 
muscle and tongue was shown to stimulate the autophagic-
lysosomal pathway via down-regulation of the mTOR signaling 
pathway (37). Tongue muscle composition shifted to more 
slowly contracting muscle fibers in aged rats (38, 39). However, 
muscle fiber size was decreased only in the transverse and 
verticalis muscles (38). Although the number of primary 
dendrites of hypoglossal motoneurons decreased significantly 
with age in rats, no age-associated changes were found in the 
number or size of hypoglossal motoneurons (40). In older 
human cadavers, the number of macrophages per striated 
muscle fiber in the larynx and pharynx were 5-6 times greater 
than those in the tongue, shoulder, and anus (41). Thinning and 
death of striated muscle fibers may therefore occur frequently 
in the larynx and pharynx. In rats’ extrinsic tongue muscles, 
the number of muscle fibers was reduced in older rats, with 
significant increases in cell death due to apoptosis (42). These 
results indicate the presence of sarcopenia in swallowing 
muscles with aging. 

Sarcopenia of swallowing muscles and whole body muscles 
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are associated with dysphagia. Tongue muscle mass was less 
and tongue muscle echo-intensity on ultrasound was greater 
in patients with sarcopenic dysphagia than in patients without 
the disorder (43). Whole body sarcopenia and low body mass 
index and ADL were also independent predictors of sarcopenic 
dysphagia (8). Of 82 inpatients aged 65 years or older without 
dysphagia who had restricted oral intake for longer than 2 
days, 63 (77%) had whole body sarcopenia while 21 (26%) 
developed dysphagia, all of whom had whole body sarcopenia 
(P = .002). Furthermore, sarcopenia was positively associated 
with dysphagia in recent systematic review and meta-analysis 
(44). Therefore, sarcopenic dysphagia is not likely to occur in 
patients without whole body sarcopenia.

Sarcopenic dysphagia is diagnosed using a 5-step algorithm 
for the condition (Figure 3) (9). The diagnostic algorithm for 
sarcopenic dysphagia divides participants into three categories 
as follows: probable sarcopenic dysphagia, possible sarcopenic 
dysphagia, and no sarcopenic dysphagia. Patients who had 
a disease that was the obvious cause of the dysphagia were 
excluded. However, patients were included if they had stroke, 
brain injury, neuromuscular disease, head and neck cancer, or 
connective tissue disease in whom the main cause of dysphagia 
was considered to be age-, activity-, nutrition-, invasion-, or 
cachexia-related sarcopenia. Indeed, in stroke patients aged 
65 years or older receiving enteral nutrition, the risk of severe 
malnutrition independently predicts the achievement of full 
oral intake (45). Swallowing muscle mass decreases separately 
from neurological deficits, and sarcopenic dysphagia may 
interrupt recovery of swallowing function in stroke patients 
(45). Moreover, age-related swallowing muscle atrophy affects 
the complex pathophysiology of dysphagia in patients with 
acute stroke (46). 

In mouse aspiration pneumonia models, muscle atrophy 
in the diaphragm, the tibialis anterior and the tongue were 
observed. Furthermore, the cross-sectional area of a dorsal 
muscle group at the twelfth thoracic vertebra level by computed 
tomography decreased to 84.4% after aspiration pneumonia 
in human patients (47). Not only tongue strength but also lip 
force can be useful for diagnosing sarcopenic dysphagia (48). 
Assessment of swallowing muscle mass is not included in 
the diagnostic algorithm for sarcopenic dysphagia, because 
it is not easy to measure swallowing muscle mass in clinical 
practice. However, ultrasound examination can be used for 
assessing swallowing muscle mass and muscle quality (43). 
The prevalence of sarcopenic dysphagia assessed by a 5-step 
diagnostic algorithm for sarcopenic dysphagia was 32% in 
patients who require dysphagia rehabilitation, and sarcopenic 
dysphagia was independently associated with poor swallowing 
function at discharge (49).

Figure 3
Diagnostic algorithm for sarcopenic dysphagia

Rehabilitation nutrition for iatrogenic sarcopenia  
and sarcopenic dysphagia

 
Some cases of sarcopenia are iatrogenic and are affected 

by nutrition, activity and diseases in a complex manner. 
Sarcopenic dysphagia is also likely to follow iatrogenic 
sarcopenia. In this respect, rehabilitation nutrition can offer 
better effects (11, 50-59). A recent systematic review and meta-
analysis (56) showed some positive effects from a combination 
of exercise and nutritional interventions for older people with 
sarcopenia. Another systematic review showed that older 
people who received protein supplementation and performed 
resistance training showed a greater increase in lean mass 
and leg strength, compared to resistance training alone (51). 
Several randomized controlled trials have shown that exercise 
intervention, including resistance training, for older people with 
sarcopenia enables them to improve muscle mass, strength and 
walking ability (60-62). 

Appropriate and aggressive nutritional care is an important 
part of rehabilitation nutrition for preventing and treating 
iatrogenic sarcopenia and sarcopenic dysphagia. Maintaining 
energy and protein intake helps to preserve muscle mass (63). 
Replenishment of essential amino acids is highly likely to be 
effective in improving muscle strength and physical functions. 
According to a study in community-dwelling older women 
with sarcopenia, ingesting 3g of a leucine-rich essential amino 
acid mixture for 3 months increased knee extension strength 
(61). The fat-free mass was high in the group with a high total 
protein intake calculated from the 3-day diet for older women 
(64). 

It is important to consider the energy requirement for 
improving nutritional status in the case of malnutrition, together 
with setting the energy requirement according to the intensity 
of rehabilitation and activity. Nii et al. (65) reported that higher 
energy intake at admission (35.5kcal/kg/day [current body 
weight]; 95% confidence interval, 29.15-41.0) was associated 
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with greater Functional Independence Measure efficiency in 
convalescent patients with cerebrovascular disorders. Hebuterne 
et al. (66) explained that older people require 8,800–22,600kcal 
to gain 1kg. Taking this into account, for nutrition care for 
older people with malnutrition it is suggested to add to the 
energy expenditure the amount of energy accumulation needed 
for weight gain. This suggestion is supported by several case 
reports in which aggressive nutrition care with an energy 
intake of approximately 35kcal/kg/day (ideal body weight) was 
implemented along with dysphagia rehabilitation (10, 11, 57). 
As a result, in addition to a weight gain of approximately 10 kg, 
both physical and swallowing function improved.

To prevent activity-related iatrogenic sarcopenia, early 
mobilization and early rehabilitation is important. Early 
rehabilitation for older patient with severe aspiration pneumonia 
contributes to a decrease in in the 30-day in-hospital mortality 
rate (67). Compared to conventional approaches, a program 
for enhanced recovery after surgery—a new operative care 
program including aggressive postoperative rehabilitation and 
preoperative feeding—significantly reduced overall morbidity 
rates, accelerated functional recovery, and shortened the 
primary and total hospital stay without compromising the 
readmission rate (68, 69). 

Tentative nil per os causes wasting of swallowing-related 
muscles and leads to sarcopenic dysphagia and decreased 
swallowing function (70). In this respect, it is important to 
start early oral intake based on an appropriate swallowing 
assessment. The Kuchi-Kara Taberu Index (KT Index) is a 
multifaceted and comprehensive tool for preventing iatrogenic 
sarcopenia and encouraging early oral intake in people with 
eating and swallowing problems. The reliability and validity of 
the KT Index has been verified (71). The KT Index consists of 
13 items related to comprehensive evaluation and support skills 
for improving oral intake: willingness to eat, overall condition, 
respiratory condition, oral condition, cognitive function while 
eating, oral preparatory and propulsive phases, severity of 
pharyngeal dysphagia, position and endurance while eating, 
eating behavior, daily living activities, food intake level, food 
modification, and nutrition. The KT Index is indicated by a 
radar chart that reveals weaknesses requiring intervention and 
strengths to be maintained and strengthened (Figure 4). The 
effects of intervention are evaluated by comparing the radar 
charts before and after the intervention.

Rehabilitation nutrition team management is also an 
important aspect of treating older people with sarcopenia. 
Analysis of data from an online questionnaire among members 
of the Japanese Association of Rehabilitation Nutrition 
showed that the availability of a rehabilitation nutrition team 
independently affected sarcopenia evaluation and practice 
of rehabilitation nutrition (72). For older people with severe 
pneumonia, multidisciplinary comprehensive care including 
nutritional care and encouragement of early mobilization was 
an independently associated with hospital stay duration and oral 
intake at discharge (55).

Figure 4
The Kuchi-Kara Taberu Index (KT Index)

Rehabilitation Nutrition Care Process 

Definition
The rehabilitation nutrition care process is defined as a 

systematic problem solving method for nutrition status, 
sarcopenia, nutrient intake, and frailty in people with a 
disability and frail older people. This model may help the 
multidisciplinary rehabilitation nutrition team to detect the 
overlapping problem between rehabilitation and nutrition, 
set the appropriate goal for older individuals, and choose 
an adequate rehabilitation and nutrition-related approach. 
Rehabilitation nutrition care process includes rehabilitation 
nutrition assessment and diagnostic reasoning, rehabilitation 
nutrition diagnosis, rehabilitation nutrition goal setting, 
rehabilitation nutrition intervention, and rehabilitation nutrition 
monitoring (5).

Along with the nutrition care process (73), the rehabilitation 
nutrition care process stresses the etiology of rehabilitation 
nutrition problems. On the other hand, unlike the nutrition 
care process, the rehabilitation nutrition care process focuses 
on a multidisciplinary approach specified for individuals with 
disability or older adults with frailty. Therefore, rehabilitation 
nutrition diagnosis includes not only nutritional problems but 
also broader concepts such as sarcopenia.

Rehabilitation nutrition assessment and diagnostic 
reasoning

Rehabilitation nutrition assessment should include 
a comprehensive assessment by the ICF, clinical history, a 
detailed nutritional assessment including nutritional status 
and nutritional intake, and the presence of sarcopenia and its 
etiology based on appropriate criteria. Diseases, trauma and 
injuries often cause rehabilitation nutrition problems such as 
malnutrition, insufficient nutritional intake, and sarcopenia. 
Conversely, rehabilitation nutrition problems are potential 
triggers of the diseases and/or injuries. For example, vitamin 
D deficiency may increase the risk of hip fracture (74) and 
cardiovascular disease (75). 
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Diagnostic reasoning is considered to be the most critical 
skill of a physician (76). In the rehabilitation nutrition care 
process, the multidisciplinary team should use diagnostic 
reasoning to make a rehabilitation nutrition diagnosis. Two 
systems for decision making have been proposed: System 1, 
heuristic and intuitive and System 2, systematic and analytical 
(76). Rehabilitation nutrition diagnosis may depend on System 
1 because few rehabilitation nutrition problems so far have 
reliable data on prevalence and specific clinical characteristics.

Rehabilitation nutrition diagnosis
Rehabilitation nutrition diagnosis simply identifies the 

rehabilitation- and nutrition-related problems. It comprises 
three major categories with 15 sub-items: nutritional status, 
sarcopenia, and excess and/or insufficient nutrient intake (Table 
1). Unlike medical diagnosis, rehabilitation nutrition diagnosis 
focuses on only rehabilitation and nutrition-related problems, 
and should not be used to diagnose other diseases and/or 
injuries. 

Table 1
Rehabilitation nutrition diagnosis

Major categories Sub-items

1) Nutritional status Malnutrition (undernutrition)

Overnutrition

A t  r i s k  o f  m a l n u t r i t i o n 
(undernutrition, overnutrition)

Lack of nutrients

Excess of nutrients

Absence

2) Sarcopenia Sarcopenia

Decreased muscle mass

Decreased muscle strength/ physical 
performance

Absence

3) Excess and/or insufficient nutrient 
intake

Excess nutrient intake

Insufficient nutrient intake

Prediction of excess nutrient intake

Prediction of insufficient nutrient 
intake

Nutritional status
The domain of nutritional status is composed of malnutrition 

(undernutrition), overnutrition, at risk of malnutrition, at risk 
of overnutrition, lack of nutrients, and excess of nutrients. 
Malnutrition is defined as “a state resulting from lack of intake 
or uptake of nutrition that leads to altered body composition 
(decreased fat free mass) and body cell mass leading to 
diminished physical and mental function and impaired clinical 
outcome from disease” (77) and can be used synonymously 

with “undernutrition” by the European Society for Clinical 
Nutrition and Metabolism terminology (78). Malnutrition 
should be identified using a validated assessment tool (79, 80) 
or consensus-based criteria (81, 82). Validated malnutrition 
screening tools would be useful to detect the individuals at risk 
of malnutrition who were not necessarily undernourished at the 
time. 

Overnutrition is the excess deposition of nutrients. This term 
includes overweight and obesity, which are defined as abnormal 
or excessive fat accumulation that may impair health (79). 
It can be defined by body mass index, waist circumference, 
or waist/hip ratio (83). Body composition analysis (e.g., 
bio-impedance analysis, dual-energy x-ray absorptiometry, 
computed tomography, and magnetic resonance imaging) may 
help to confirm the degree and distribution of fat accumulation. 
Individuals at risk of overnutrition are not necessarily obese 
or overweight at the time. Often, a person with apparent 
loss or excess of dietary intake is at risk of malnutrition or 
overnutrition, respectively.

Lack and excess of nutrients indicates under- or over-
accumulation of one or more nutrients in the body. Individuals 
with lack and excess of nutrients show various symptoms 
such as abnormal blood concentration and specific symptoms 
or signs of nutrient deficiency (e.g., iron-deficiency anemia) 
or toxicity (e.g., Parkinsonism by brain accumulation of 
manganese), respectively. These states can occur regardless 
of amount of intake of the target nutrients because it can also 
be affected by digestion, absorption, excretion or metabolic 
disorder.

Sarcopenia
In rehabilitation nutrition diagnosis, the sarcopenia category 

consists of three sub-items based on the component of the 
diagnostic criteria (84,85): sarcopenia, decreased muscle mass, 
and decreased muscle strength and/or physical performance. 
The etiology of sarcopenia should also be documented, such as 
aging, poor nutritional intake, inactivity and diseases/injuries 
(84).

Excess and/or insufficient nutrient intake
Excess or insufficient nutrient intake means that the habitual 

nutritional intake is too much or too little compared with the 
appropriate reference, such as the dietary reference intake 
in each country (86). Excess or insufficient nutrient intake 
raises the risk of various types of malnutrition and sarcopenia, 
although these conditions are not always accompanied by a 
lack or excess of nutrients. Several conditions produce a future 
risk of excess or insufficient nutrient intake (prediction of 
excess or insufficient nutrient intake). For example, if a stroke 
survivor with hemiplegia in a rehabilitation hospital had an 
excessive intake of sweetened beverages and snacks before 
the stroke and no compliance with the hospital diet, he or she 
may be predicted to have excess nutrient intake after discharge. 
Conversely, an individual with cancer who is scheduled for 
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chemotherapy with a higher possibility of adverse effects such 
as nausea or vomiting can be predicted to have insufficient 
nutrient intake.

Rehabilitation nutrition goal setting
Goal setting is a fundamental step for rehabilitation nutrition 

intervention. It should be performed in accordance with the 
SMART concept: Specific, Measurable, Achievable, Relevant, 
and Time-bound (87). Outcome measurements need to be 
Specific for the rehabilitation nutrition diagnosis. They also 
should be Measurable quantitative variables, rather than 
qualitative. An Achievable goal motivates both the clients and 
healthcare staff. For long-term goals, Relevant indicators for 
the clients would be employed instead of simple biomarkers 
or the results of functional tests. Because all interventions will 
be performed within a specific time frame, the goal should be 
Time-bound. 

Rehabilitation nutrition intervention
There are two aspects to the methods of rehabilitation 

nutrition intervention. Namely, Nutrition care management 
in consideration of rehabilitation and Rehabilitation in 
consideration of nutrition. 

Nutrition care management in consideration of rehabilitation
This aspect means nutrition care management for 

maximizing functions, activities, participation and QOL 
through improving nutritional status and/or sarcopenia in light 
of the ICF and/or ongoing rehabilitation program. Several 
studies reported that higher energy intake or improvement 
of nutritional status significantly correlates with higher 
functional capacity in the rehabilitation patients (65, 88, 
89). Rehabilitation patients with decreased muscle mass 
receiving an oral nutritional supplement showed greater 
functional recovery (53). A recent systematic review regarding 
rehabilitation and nutrition intervention for older adults with 
disability or sarcopenia is conducive to higher muscle strength 
(56,90), although one review reported higher mortality and 
hospitalization risk, probably due to selection bias of the 
included studies (91).  Therefore, the patients with apparent 
malnutrition or sarcopenia and disability may benefit from 
Nutrition care management in consideration of rehabilitation. 

Rehabilitation in consideration of nutrition
This aspect represents the rehabilitation for maximizing 

functions, activities, participation and QOL through improving 
nutritional status and/ or sarcopenia in light of nutritional 
status, sarcopenia, the ICF, and/or ongoing nutrition care. 
Individuals with starvation often experience fatigue, exhaustion 
and apathy, which depress functional capacity (92). In the 
tertiary-care acute general hospital, most of the older adults 
(88%) referred to the department of rehabilitation medicine for 
hospital-associated deconditioning were malnourished (22). 
These findings indicated that malnutrition itself may reduce 

physical and mental function, which are two of the targets of 
rehabilitation medicine. Therefore, a rehabilitation program 
should be planned with consideration for nutritional status 
and the ongoing nutritional care plan as well as the ICF. In 
Japan, with the emphasis on Rehabilitation in consideration of 
nutrition, the Ministry of Health, Labor and Welfare revised 
the medical fee system in the convalescent rehabilitation 
hospitals. Since April 2018, the convalescent rehabilitation 
hospitals can claim highest medical fee, if multidisciplinary 
rehabilitation nutrition team implements nutritional care 
management. Moreover, assignment of a registered dietitian for 
each convalescent rehabilitation ward is encouraged (93).

Rehabilitation nutrition monitoring
In the rehabilitation nutrition care process, the following 

indicators are recommended for monitoring: general condition, 
nutritional status, nutritional intake, body weight, body 
composition (e.g., body cell mass, muscle mass, fat mass), 
physical and mental function, ADL, and social participation. 
When implementing rehabilitation nutrition intervention, timing 
and frequency of rehabilitation nutrition monitoring should be 
scheduled. If the current rehabilitation nutrition intervention 
is not effective, the rehabilitation nutrition plan would be 
changed, if applicable. Monitoring frequency can be determined 
by patients’ condition, type and severity of rehabilitation 
nutrition diagnosis and specific indicators must be followed for 
the patients. In underweight stroke patients who undergo tube-
feeding, monitoring the patients’ nutritional status once per 
week may be superior to once per month (94).

Conclusion

Iatrogenic sarcopenia is caused by the activities of 
medical staff including doctors, nurses, or other health care 
professionals in healthcare facilities. Sarcopenic dysphagia 
is swallowing difficulty due to loss of mass and function in 
whole-body skeletal and swallowing muscles, which is often 
found in older patients after aspiration pneumonia and/or acute 
illness. These condition is promoted by unnecessary inactivity 
or unnecessary nil per os (activity-related), inappropriate 
nutritional care management (nutrition-related), and iatrogenic 
diseases (disease-related). Rehabilitation nutrition is effective 
to prevent or treat both iatrogenic sarcopenia and sarcopenic 
dysphagia. Rehabilitation nutrition care process can promote 
more theoretical and comprehensive practice of rehabilitation 
nutrition. Further research is required to verify the efficacy of 
rehabilitation nutrition for preventing or improving iatrogenic 
sarcopenia and/or sarcopenic dysphagia.
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