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Abstract:
Nutritional disorders diminish the effectiveness of physical therapy. The pathogenesis of nutritional disorders, such as sarco-
penia, frailty, and cachexia, differs from disease to disease. Disease-specific nutrition can maximize the function, activity,
participation, and quality of life for patients undergoing physical therapy, a practice known as nutritional physical therapy.
Understanding and practicing disease-specific nutritional physical therapy is essential to meet patients’ diverse needs and
goals with any disease. Thus, the physical therapist division of the Japanese Association of Rehabilitation Nutrition, with
advice from the Japanese Society of Nutrition and Swallowing Physical Therapy, developed this review. It discusses the im-
pact of disease-specific nutritional physical therapy on sarcopenia and frailty in community-dwelling older adults, obesity
and metabolic syndrome, critical illness, musculoskeletal diseases, stroke, respiratory diseases, cardiovascular diseases, diabe-
tes, renal disease, cancer, and sports.
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1. Introduction

Malnutrition, sarcopenia, frailty, and cachexia impair the
health status and reduce the effectiveness of physical therapy.
It is necessary to deal with nutritional disorders according to
their pathogenesis as they differ from disease to disease. Skele-
tal muscle atrophy occurs early in the disease in patients with
critical illness due to increased muscle breakdown caused by
severe invasion. In stroke patients, dysphagia and motor para-
lysis lead to malnutrition and sarcopenia. Osteoarthritis and
osteoporotic fractures indicate different nutritional disorders
in patients with musculoskeletal diseases. Chronic heart fail-
ure, chronic obstructive pulmonary disease, and cancer cause
cachexia by pathogenic mechanisms characteristic of each dis-
ease and lead to a poor prognosis. Therefore, it is necessary to
understand disease-specific nutritional physical therapy to deal
with these nutritional disorders. We aim to provide a basis for
practicing disease-specific nutritional physiotherapy through

this review.

2. Disease-specific Nutritional Physical
Therapy (Table 1)

Sarcopenia and frailty in the community-
dwelling older adults
Sarcopenia and frailty are geriatric syndromes that should not
be ignored during physical therapy. Sarcopenia is a skeletal
muscle disease that causes age-related loss of muscle mass,
muscle weakness, and decreased physical function, leading to
falls, hospitalization, and death (1). Sarcopenia is categorized as
primary and secondary sarcopenia. Primary sarcopenia indi-
cates sarcopenia with no apparent cause other than aging. Sec-
ondary sarcopenia indicates the presence of causes other than
aging. It is caused by disease, inactivity, inadequate intake of
energy or protein (2). The prevalence of sarcopenia in com-
munity-dwelling older adults is approximately 10%-20% in Ja-
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pan (3), (4), and it is a risk factor for disability and death (4). The
Asian Working Group for Sarcopenia criteria (5) and its 2019
version (6) have been widely used in Japan. Frailty is a compre-
hensive concept that indicates the physical, psychological, and
social aspects of aging (7), (8). The Fried criteria (7) evaluate physi-
cal frailty, and the prevalence of physical frailty is approxi-

mately 10% in Japan (9), (10), (11). The diagnostic criteria of social
frailty are not standardized, but it is a risk factor for disabili-
ty (12), depression (13), and death (12). Thus, comprehensive inter-
ventions based on understanding the multiple aspects of frail-
ty are needed.

Resistance training (RT) combined with nutritional thera-

Table 1. Disease-specific Nutritional Physical Therapy.

Disease Disease-specific nutritional physical therapy

Sarcopenia and
frailty in the
community-
dwelling older adults

Physical therapy for older people with sarcopenia and frailty includes a combination of resistance training, aerobic and balance exercises, and
nutrition. Amino acid (EAA), and leucine metabolites such as β-hydroxy-β-methylbutyrate (HMB) and creatine, is effective for muscle protein
synthesis(16), (17).

Obesity and
metabolic syndrome

Nutritional therapy for obesity and metabolic syndrome aims to increase muscle mass and decrease body fat mass simultaneously (24). To reduce 1
kg of stored fat, 7,500 kcal must be consumed. To increase muscle mass, protein should be unrestricted, and resistance training and protein intake
should be combined. Aerobic exercise is effective for reduction of fat mass (25), (26).

Critically ill Prevention of ICU-AW is an important intervention. Within 3-5 days after ICU admission, avoid over-feeding and gradually increase protein
intake to 1.3 g/kg/day and calories to 70% of predicted levels (129). Start early mobilization with adequate protein intake and moderate energy
expenditure by exercise, as muscle protein degradation increases due to hypercatabolism. After 5 days, nutrition should be maintained at a protein
intake of at least 1.2 g/kg/day to induce muscle protein anabolism in collaboration with exercise stimulation. The exercise load should be 40% of
the maximum load.

Musculoskeletal
diseases

Emphasizing protein intake throughout the entire surgical process (pre- and postsurgical periods) reduces muscle atrophy and loss of function due
to increased muscle protein catabolism and immobilization after orthopedic surgery (130). Protein intake of 1.2-2.0 g/kg/day is considered for the
rehabilitation period following major surgery. For obese osteoarthritis patients, a combination of energy restriction (estimated energy expenditure
−300-1000 kcal), meal replacement supplements with protein, resistance training, and aerobic exercise improves function and relieves pain(131).

Stroke Nutritional interventions include adjusting food texture and initiating oral intake early in patients with mild dysphagia. Tube feedings early and
percutaneous endoscopic gastrostomy are recommended for patients who require enteral feedings for more than 28 days (132) in patients with severe
dysphagia. Rehabilitation includes early mobilization, swallowing training, and assessment of eating posture. Administration of fortified
nutritional supplements, a combination of leucine-enriched amino acid intake, and rehabilitation effectively improve sarcopenia and ADL (57), (58).

Respiratory diseases Nutritional therapy such as dietary advice and fat and/or protein-enriched supplementation for stable COPD patients increased body weight,
muscle mass, 6-min walk distance, and health-related QOL (71). Small and frequent oral intake is effective in avoiding dyspnea. The combination of
exercise therapy such as resistance training and walking exercises and nutrition therapy effectively increases body weight and muscle mass and
improves exercise tolerance, especially in patients with malnutrition(71).

Cardiovascular
diseases

In the therapeutic strategies for cardiac cachexia, comprehensive cardiac rehabilitation is useful, including appropriate heart failure medications,
nutrition therapy, and exercise. Aerobic exercise training counteracts skeletal muscle wasting in addition to improving exercise tolerance.
Resistance training is also recommended for cardiovascular disease patients with frailty and sarcopenia. In patients with chronic heart failure,
protein intake of 1.2-1.5 g/kg and caloric supplementation based on 25-30 kcal/kg depending on the degree of stress (133) should be combined with
exercise therapy.

Diabetes Aerobic exercise and resistance training or a combined approach reduce the risk of developing type 2 diabetes and improve cardiovascular disease
risk factors (134). Nutritional therapy optimizes total energy intake (25-35 kcal/target body weight/day) and corrects nutrient imbalances such as
limiting saturated fatty acids.

Kidney disease Aerobic exercise and resistance training are recommended to improve exercise tolerance and QOL. In nondialysis patients with severe renal
dysfunction, exercise intensity is adjusted according to age and physical function (135). Energy and protein intake according to the severity of kidney
disease and sarcopenia. In patients with low L-carnitine levels, the administration of L-carnitine maintains and improves exercise tolerance and
muscle mass (136).

Liver disease Nutritional therapy (energy: 35-40 kcal/kg/day, protein: 1.3-1.5 g/kg/day) such as BCAA supplementation and late evening snacks are
recommended (137). Aerobic exercise, resistance training, or a combined approach is effective, but it needs to be careful with decreasing hepatic
blood flow during and after exercise.

Cancer A multidisciplinary approach, including physical and nutritional therapy, is recommended to improve the response to treatment, prognosis, and
QOL (44). The combination of aerobic exercise and resistance training effectively improves fatigue and QOL. Nutritional physical therapy needs to
be considered based on cancer treatment or palliative care.

Sports Athletes’ physical activity decreases immediately after injury or surgery, while rehabilitation and training for returning to competition often
involve high-intensity exercise (106). Therefore, exercise energy expenditure and energy stores need to be considered in terms of energy needs (106).
Because female athletes are prone to low energy availability (LEA), physical therapists should conduct nutritional screening including LEA
(weight, eating disorder, bone density/damage, amenorrhea, etc.) (110), (138), when conducting rehabilitation.

Anorexia The American Psychiatric Association guidelines recommend starting at 30-40 kcal/kg/day and increasing 70-100 kcal/kg/day during the weight
gain phase (112). The National Institute for Clinical Excellence guidelines for anorexia nervosa set a weekly weight gain goal of 0.5-1 kg for inpatients
and 0.5 kg for outpatients, adding approximately 3,500-7,000 kcal/week (113). Controlled physical activity (116) and low-intensity resistance
training (117) are safe and beneficial for restoring body composition, maintaining bone density, and decreasing anxiety (115).

Depression The Mediterranean diet is associated with a lower risk of depression (120). Eicosapentaenoic acid and docosahexaenoic acid are effective in treating
mood disorders, impulse control disorders, and psychotic disorders (121). Both aerobic and resistance exercise are beneficial for depression, and the
higher the intensity and volume of exercise, the more effective (123), (124).
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py with amino acids is effective for sarcopenia in older
adults (14), (15), (16), (17). Physical therapy, such as RT, aerobic exer-
cise, and balance exercise (18), combined with nutritional thera-
py, mainly amino acids, effectively prevents functional impair-
ment.

Obesity and metabolic syndrome
Obesity and metabolic syndrome lead to a decline in physical
function and quality of life (QOL). In Japan, obesity is de-
fined as a body mass index (BMI) of ≥25 kg/m2; this is lower
than the World Health Organization definition of ≥30 kg/
m2(19). The prevalence of obesity in Japan is approximately 30%
of men aged 40-60 years and more than 20% of women aged
≥50 years (20). Obesity is also associated with impaired mobili-
ty, instrumental activities of daily living (IADL), and QOL (21).

Sarcopenic obesity has a stronger impact on negative
health outcomes than obesity alone in older adults; it has a
higher risk for IADL decline, frailty, falls, hip fractures, gait
disturbance, cardiovascular disease, and death than obesity
alone (22), (23). Insulin resistance due to intramuscular fat accu-
mulation, proinflammatory cytokines such as interleukin
(IL)-6, and vitamin D deficiency accelerate the loss of muscle
mass and decrease muscle strength, leading to physical dys-
function (24), (25).

Nutritional physical therapy for obesity and metabolic
syndrome aims to increase muscle mass and decrease body fat
simultaneously. In a systematic review, combined interven-
tions of RT and protein intake improved lean body mass and
lower extremity muscle strength compared with RT alone in
obese older adults (26). Nutritional physical therapy for obesity
includes combined RT and nutritional interventions, as well
as aerobic exercises (27), (28).

Critically ill patients
In critically ill patients, such as those with sepsis, a state of sys-
temic hypercatabolism exists, causing various biological reac-
tions, including the production of inflammatory cytokines
and increased immune activity. Skeletal muscle proteins break
down into amino acids used for endogenous energy supply in
the form of protein synthesis and glucose regeneration. As a
result of the degradation of skeletal muscle, which accounts
for most of the protein stored in the body, muscle mass and
bodyweight decrease. Myofibrillar proteins (actin and myo-
sin), accounting for 60%-70% of the muscle proteins, are de-
graded (29). In critically ill patients, the amount of muscle pro-
teins lost per day is 250 g, equivalent to 750-1,000 g of muscle
mass (30). This amount can be translated into approximately
four times the daily loss of skeletal muscle mass due to short
periods of fasting (31). Skeletal muscle dysfunction in critically
ill patients admitted to the intensive care unit (ICU) is called
ICU-acquired weakness (ICU-AW). It worsens the patient’s
prognosis and health-related QOL even if they are eligible for
discharge (29). ICU-AW complicates about half of all critically
ill patients with sepsis, multiple organ failure, or prolonged

mechanical ventilation management (32). In addition, the devel-
opment and progression of ICU-AW is caused by the com-
bined and synergistic effect of invasive medication, hypoactivi-
ty, and malnutrition (33). Therefore, it is extremely important
to reduce these factors as countermeasures for ICU-AW.

Other factors contributing to skeletal muscle dysfunction
in critically ill patients include inactivity and malnutrition. In-
activity causes a decrease in muscle protein synthesis and an
increase in protein degradation, leading to skeletal muscle
atrophy. The decrease in muscle protein synthesis is observed
early in the inactive period (6-24 h) and is prolonged (34). Bed
rest for 5 days decreases the size of muscle fibers by 3.5%-10%
and muscle strength by 9%-13% (35). In patients with severe dis-
ease, inadequate energy intake leads to a worse prognosis. In-
sufficient energy causes increased catabolism, which leads to
further weight loss as protein and fat are broken down and
consumed. In a study of the relationship between cumulative
energy balance and prognosis, survival was poor in patients
with multiple organ failure at levels of less than 10,000 kcal (36).

An appropriate combination of nutrition and exercise
therapy should be used to reduce catabolic effects and pro-
mote recovery. A recovery program with a focus on physical
therapy and nutrition is recommended in the early stages of
ICU admission (37). In the early stages of the disease, the pa-
tient should receive enteral nutrition with high protein and
leucine-containing amino acids, early mobilization and exer-
cise therapy, and neuromuscular electrical stimulation thera-
py (38). It is important to correct the imbalance between catabo-
lic and anabolic effects in the acute phase through rehabilita-
tion nutrition intervention to promote the recovery of physi-
cal functions.

Musculoskeletal diseases
Patients with musculoskeletal diseases often suffer from mal-
nutrition and sarcopenia. In hip fracture patients, the preva-
lence of malnutrition and sarcopenia was 7%-26% and
11%-76.4%, respectively (39). Malnutrition and sarcopenia di-
minish functional recovery and increase mortality and mor-
bidity (39), (40). Sarcopenic obesity is due to age-associated loss of
muscle mass and increased fat mass, obesity-associated inflam-
mation, and pain-associated inactivity (41). The development
and progression of sarcopenic obesity lead to the development
and progression of osteoarthritis (41). Sarcopenic obesity delays
functional recovery in patients after hip arthroplasty (42).

Nutritional physical therapy is effective in patients with
musculoskeletal diseases and coexisting nutritional disorders.
Nutritional therapy for older patients with hip fracture under-
going rehabilitation reduces mortality and improves muscle
strength and ADL (43), (44). The updated clinical practice guide-
lines for rehabilitation nutrition recommended enhanced nu-
tritional therapy in patients with hip fractures undergoing re-
habilitation (44). It is especially useful to combine physical ther-
apy and nutrition therapy, such as oral nutritional supple-
ments and individual nutritional counseling. In obese patients
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with osteoarthritis, a combination of diet and exercise therapy
is useful for weight loss, functional improvement, and pain re-
lief (45), (46). Furthermore, energy restriction (estimated energy
expenditure of −300-1000 kcal) combined with meal replace-
ment supplements, RT, and aerobic exercise is useful (46), (47).

Stroke
Stroke patients suffer from malnourishment, mainly due to
impaired consciousness and dysphagia. The prevalence of mal-
nutrition in patients with stroke ranges from 6.1% to 62% (48),
and is associated with an increased incidence of infections,
pressure ulcers, gastrointestinal bleeding, longer hospital stays,
and mortality during hospitalization. In recovery-phase stroke
patients, malnutrition diminishes ADL improvement (49).

Stroke-related sarcopenia is caused by denervation, muscle
atrophy, and dysphagia (50). The prevalence of sarcopenia in pa-
tients with stroke is 53.6% (51)(52) and sarcopenia leads to re-
duced ADL recovery, dysphagia, and a lower rate of home dis-
charge (53) compared with nonsarcopenia. Decreased muscle
cross-sectional area (54), (55), (56) and increased subcutaneous and
intramuscular fat mass (56) caused by paralysis is characteristic
of strokes.

In the case of nutritional problems in patients with stroke,
the combined intervention of exercise and nutrition therapy
effectively improves clinical outcomes. The updated clinical
practice guidelines for rehabilitation nutrition recommend en-
hanced nutrition therapy for patients with stroke undergoing
rehabilitation (44). The combination of leucine-enriched amino
acid intake and rehabilitation effectively increases skeletal
muscle mass and improves ADL in stroke patients with sarco-
penia in the convalescent rehabilitation wards(57), (58).

Respiratory Diseases
Chronic respiratory disease, mainly chronic obstructive pul-
monary disease (COPD), is associated with a higher incidence
of weight loss and sarcopenia, which leads to exacerbations
and death. The prevalence of malnutrition in COPD patients
is 24.6% and 45.0%, according to the European Society for
Clinical Nutrition and Metabolism (59) and the Global Leader-
ship Initiative on Malnutrition criteria (60), respectively, which
is associated with increased hospitalization and mortality. Un-
intentional progressive weight loss is the strongest independ-
ent risk for mortality (61). The prevalence of sarcopenia in pa-
tients with COPD was 15.5% (62)-21.6% (63), which is associated
with a decreased predicted forced expiratory volume in the
first second, exercise tolerance, and QOL compared with non-
sarcopenic patients (62). In addition, reduced muscle strength (64)

and fat-free mass (65) are independent predictors of mortality in
patients with COPD. Low skeletal muscle mass is a risk factor
for mortality in patients with idiopathic pulmonary fibrosis
(66), (67).

Sarcopenia in respiratory diseases is caused by aging, de-
creased activity, chronic inflammation, and malnutrition; mal-
nutrition and sarcopenia overlap in COPD patients (68). Pa-

tients with COPD have chronically elevated inflammatory cy-
tokines (69). Muscle strength and skeletal muscle mass were sig-
nificantly correlated with high-sensitivity tumor necrosis fac-
tor (TNF), IL-6, and aging, and lower BMI, cardiovascular
complications, and elevated high-sensitivity TNF were associ-
ated with sarcopenia in COPD patients (70).

The combination of exercise and nutrition therapy effec-
tively increases body weight and muscle mass and improves ex-
ercise tolerance, especially in patients with malnutrition. Nu-
tritional supplementation for stable COPD patients increases
weight gain, muscle mass, 6-min walk distance, and health-re-
lated QOL (71). The combination of nutritional supplementa-
tion and exercise resulted in greater weight gain, with greater
improvement in the malnutrition group than in the nutrition-
al supplementation alone group. In the statement of nutri-
tional assessment and therapy in COPD from the European
Respiratory Society, nutritional intervention is probably effec-
tive in malnourished patients, most likely when combined
with exercise (72). Recently, the definitions and diagnostic crite-
ria for respiratory sarcopenia and sarcopenic respiratory disa-
bility have been developed (73). Future studies should examine
the prevalence and impact of interventions, including nutri-
tional physical therapy, in older patients with respiratory dis-
eases.

Cardiovascular diseases
The obesity paradox occurs in patients with cardiovascular
disease. Weight loss, cachexia, and loss of muscle mass are risk
factors for poor prognosis. Increasing BMI improves cardio-
vascular and all-cause mortality in patients with coronary ar-
tery disease (74) and heart failure (75). Unintentional progressive
weight loss is an independent predictor of all-cause mortality
in patients with chronic heart failure (76). The prevalence of ca-
chexia and sarcopenia in ambulatory patients with heart fail-
ure was 18.8% and 21.3%, respectively (77); in addition, 6.7% of
patients had comorbid cachexia and sarcopenia (77). Skeletal
muscle loss in patients with heart failure exacerbates other
clinical symptoms, leading to decreased QOL, prolonged hos-
pitalization, increased frequency of readmission, and reduced
survival (78). Sarcopenia is an independent predictor of 1-year
mortality in patients with heart failure with reduced ejection
fraction and preserved ejection fraction (79).

To improve cachexia in heart failure, a combination of ap-
propriate medications, nutritional therapy, and exercise is use-
ful. Nutritional therapy increases body weight; it reduces all-
cause mortality and hospital readmission in patients with
heart failure coexisting with malnutrition or cardiac cachexia,
but the strength of the evidence is poor (80). Systemic inflam-
mation is associated with increased skeletal muscle break-
down, leading to decreased skeletal muscle mass and
strength (81). Exercise reduces inflammatory cytokines and im-
proves exercise tolerance in patients with heart failure (82).
Aerobic exercise training counteracts skeletal muscle wasting
in the therapeutic strategies of cardiac cachexia (83). Compre-
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hensive cardiac rehabilitation, including nutrition, exercise,
and medication, has been shown to increase nutritional intake
and improve muscle strength and walking speed, even in pa-
tients with sarcopenia hospitalized with cardiovascular dis-
ease (84).

Diabetes, kidney disease, and liver disease
Many patients with diabetes, kidney disease, and liver disease
have nutritional disorders that lead to increased complications
and mortality (85), (86), (87). The mechanisms of the onset of sarco-
penia due to hyperglycemia have not been elucidated, but an
accumulation of advanced glycation end-product (88), changes
in the skeletal muscle extracellular matrix, and reduced insulin
action have been suggested as possible factors (89). Decreased
physical function and loss of muscle mass are attributed to in-
flammation and atherosclerosis syndrome (90), cardio-renal ane-
mia syndrome, and abnormal bone mineral metabolism asso-
ciated with chronic kidney disease (91). Liver disease is often as-
sociated with sarcopenia due to elevated ammonia and low
branched-chain amino acid levels caused by protein-energy
malnutrition (92), (93).

The combination of nutritional and physical therapy is ef-
fective for the treatment of diabetes and liver disease. A Co-
chrane review of patients at high risk of developing type 2 dia-
betes reported that a combination of nutritional therapy and
physical activity intervention reduced or delayed the onset of
type 2 diabetes compared with each intervention alone (94). A
systematic review of patients with cirrhosis showed that exer-
cise and nutritional therapy effectively improve sarcopenia (95).

Cancer
Most patients with cancer who require rehabilitation are mal-
nourished or sarcopenic (96). Weight loss is associated with
shorter survival, lower QOL (97), poor adherence to anticancer
therapy, and increased side effects in patients with cancer (98), (99).
Furthermore, patients with gastrointestinal cancers, such as
esophageal cancer, frequently develop malnutrition and skele-
tal muscle weakness, which leads to increased postoperative
complications and mortality (100), (101), (102).

The effects of comprehensive interventions, including ex-
ercise and nutrition therapy, have been reported in cancer pa-
tients. The updated clinical practice guidelines for rehabilita-
tion nutrition recommend enhanced nutritional care for pa-
tients undergoing (or after) anticancer treatment and rehabili-
tation (certainty of evidence: moderate; recommendation lev-
el: weak) (44). In patients with upper gastrointestinal cancer,
preoperative physical rehabilitation, and nutritional interven-
tions, mainly whey protein, improved preoperative and post-
operative exercise tolerance than usual care (103). Physical reha-
bilitation and nutritional intervention in the perioperative pe-
riod reportedly improved postoperative muscle strength in pa-
tients with sarcopenic older gastric cancer (104). Combined exer-
cise and nutritional interventions have shown safety and high
compliance in older pancreatic cancer and nonsmall cell lung

cancer patients undergoing chemotherapy (105). Thus, nutri-
tional physical therapy is recommended in the perioperative
period, including preoperatively and during chemotherapy, in
patients with cancer.

Sports
It is important for physical therapists to assess athletes’ nutri-
tional status and cooperate with dietitians as needed. The
combined application of nutritional care management is bene-
ficial in physical therapy for injured athletes (106), (107)． Immobi-
lization of the affected area, decreased activity, and increased
muscle protein catabolism due to trauma or postsurgical in-
flammation cause loss of skeletal muscle mass and weakness,
affecting the possibility of returning to play (106), (107). In addi-
tion, limited or decreased physical activity may increase body
fat deposition. The combination of rehabilitation and nutri-
tional management reduces postoperative complications, min-
imizes disability and loss of skeletal muscle mass, and maxi-
mizes the possibility of returning to play (106). In nutritional
management, the following are considered: metabolic fluctua-
tion during trauma or postoperatively and energy consump-
tion in rehabilitation (106). Physical therapy for returning to
play often involves high-intensity exercise, which increases en-
ergy expenditure. A negative energy balance decreases skeletal
muscle mass. Therefore, physical therapists need to cooperate
with dietitians and consider optimizing energy requirements,
nutrient timing, and use of selected nutritional supplements.

In other cases, athletes may experience low energy availa-
bility (LEA) because of increased energy expenditure due to
exercise or extreme dietary restrictions. The prevalence of LEA
in athletes is 22%-58%; it is present in both sexes but is particu-
larly common in women (108). Para-athletes with spinal cord in-
jury also have a high risk of LEA (109). Long-term LEA can
cause health problems such as emaciation, osteoporosis, ame-
norrhea, and anemia and affect sports performance (108), (109).
Previous studies have shown that physical therapists involved
in athletic rehabilitation lack knowledge and awareness of
LEA and nutritional status (110). Adjusting the physical therapy
program and the load considering the nutritional status leads
to the prevention of LEA and its complications (e.g., stress in-
jury and stress fracture) (110). Physical therapists need to use nu-
tritional screening to assess the nutritional status of athletes
and cooperate with dietitians and clinicians to prevent and im-
prove LEA(110).

Anorexia nervosa
Anorexia nervosa (AN) is a complex, severe disease character-
ized by abnormal eating behavior. Severe malnutrition with
excessive weight loss causes cardiovascular, gastrointestinal dis-
orders, and metabolic abnormalities (111). Fat intake is often re-
duced in patients with AN compared with healthy controls,
while the carbohydrate and protein intake results are not con-
sistent (111). The American Psychiatric Association guidelines
for AN recommend starting at 30-40 kcal/kg/day (approxi-
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mately 1,000-1,600 kcal/day) and increasing gradually to
70-100 kcal/kg/day during the weight gain phase (112). National
Institute for Clinical Excellence guidelines for AN recom-
mend 0.5-1 kg as a weekly weight gain goal for inpatients and
0.5 kg for outpatients. Thus, approximately 3,500-7,000 kcal
per week are recommended to achieve these goals (113). It is nec-
essary to select a variety of foods without avoiding essential
nutrients. During the initiation of nutritional therapy, atten-
tion should be paid to refeeding syndrome caused by rapid re-
feeding. Refeeding syndrome is caused by hypophosphatemia,
hypokalemia, and hypomagnesemia, which lead to arrhyth-
mia, congestive heart failure, and hypotension (111).

It is controversial how to manage physical activity and ex-
ercise in patients with AN. Many patients with AN have hy-
peractivity (114). Hyperactivity leads to increased energy re-
quirements to achieve weight gain, worse clinical outcomes,
longer hospital stays, and relapse of AN (115). Thus, rest has
been a priority for patients with AN. However, controlled
physical activity (116) and low-intensity resistance training (117)

can be performed safely and may be beneficial in restoring lean
mass, maintaining bone mineral density, and decreasing anxi-
ety (115). It is unclear what level of physical activity and exercise
is safe and beneficial in patients with AN.

Depression
Depression is a psychiatric disorder closely related to nutri-
tional factors in the prevention and treatment phases. Meta-
analysis shows that obesity and metabolic syndrome lead to
the onset of depression, and conversely, depression is accom-
panied by overeating and decreased physical activity, which
causes obesity and metabolic syndrome (118), (119). Mediterranean
diet is associated with a lower risk of depression (120). The
American Psychiatric Association recommends supplementa-
tion of eicosapentaenoic acid and docosahexaenoic acid
among n-3 (omega-3) unsaturated fatty acids for mood disor-
ders, impulse control disorders, and psychotic disorders (121).

Increasing physical activity and exercise are effective for
depression. A Cochrane systematic review reported that the
effect of exercise on depression was mild to moderate (122). Both
aerobic and anaerobic exercise is effective in reducing depres-
sion symptoms (123), (124). For major or minor depression in sub-
jects aged 60 years or older, high-intensity (80% maximum
load) progressive RT improved depression symptoms com-
pared with low-intensity (20% maximum load) (125). In addi-
tion, for mild to moderate major depression, the 17.5 kcal/kg/
week exercise group reduced depression symptoms, while the
7 kcal/kg/week group was as effective as the control group (126).
Both aerobic and resistance exercise are beneficial for depres-
sion, and the higher the intensity and volume, the more effec-
tive (127).

3. Future Perspectives

This review discusses the results of studies that provide evi-

dence for the beneficial effects of disease-specific nutritional
physiotherapy; however, the evidence for nutritional physical
therapy is not abundant. Further clinical research is needed to
provide evidence for disease-specific nutritional physiotherapy.

This is the secondary English version of the original Japa-
nese manuscript for “Disease-specific nutritional physical ther-
apy: A position paper by the Japanese Association of Rehabili-
tation Nutrition” (128).
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