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Abstract: The object of this study is to determine the impact of the rehabilitation dose on the
nutritional status at discharge from a convalescent rehabilitation ward in malnourished patients with
hip fracture. This retrospective case-control study involved malnourished patients with hip fracture
aged 65 years or older who had been admitted to a convalescent rehabilitation ward and whose
data were registered in the Japan Rehabilitation Nutrition Database. The primary outcome was
nutritional status at discharge. Patients were classified according to whether nutritional status was
improved or not at discharge, according to the Mini Nutritional Assessment-Short Form® (MNA-SF)
score. The association between improved nutritional status and rehabilitation dose was assessed by
a logistic regression analysis. Data were available for 145 patients (27 men, 118 women; mean age
85.1 £ 7.9 years). Daily rehabilitation dose was 109.5 (median 94.6-116.2) min and the MNA-SF score
at admission was 5 (median 4-6). Nutritional status was improved in 97 patients and not improved
in 48. Logistic regression analysis showed the following factors to be independently associated
with nutritional status at discharge: Functional Independence Measure score (OR 1.042, 95% CI
1.016-1.068), energy intake (OR 1.002 CI 1.000-1.004), daily rehabilitation dose (OR 1.023, 95% CI
1.002-1.045), and length of hospital stay (OR 1.026, 95% CI 1.003-1.049). The daily rehabilitation dose
in malnourished patients with hip fracture may positively impact nutritional status at discharge.

Keywords: malnutrition; hip fracture; rehabilitation dose; older adults; convalescent rehabilita-
tion ward

1. Introduction

The rapidly aging population in Japan has been accompanied by a steady increase
in the number of hip fractures in the elderly [1,2]. These fractures are burdensome for
both patients and the health care system, particularly in terms of the ongoing need for
nursing care. One solution to this problem is intensive rehabilitation starting in the early
postoperative period so that patients can learn to walk again and optimize their ability
to perform activities of daily living (ADL). A greater rehabilitation dose has been shown
to improve the Functional Independence Measure (FIM) score, increase the likelihood of
return to home, and shorten hospital stays [3]. However, 14-65% of patients with hip
fracture are malnourished [4,5], and aggressive rehabilitation without nutritional care may
worsen nutritional status. Energy intake and macro- or micronutrient needs are increased
during rehabilitation, which may increase risks in patients who may already have nutrient
deficiencies [6-9]. Therefore, rehabilitation should be implemented with an understanding
of both nutritional status and physical function.
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The appropriate rehabilitation dose that takes nutritional status into account in patients
with hip fracture is not known. Previous studies have reported that improved nutritional
status in patients with hip fracture contributes to recovery of the ability to perform ADL at
discharge and that an increased rehabilitation dose improves outcomes [3,10]. However, to
our knowledge, there are no reports on the relationship between rehabilitation dose and
nutritional status at discharge.

Therefore, the purpose of this study was to clarify the effect of rehabilitation dose
during convalescent rehabilitation on nutritional status at discharge in malnourished
patients with hip fracture.

2. Materials and Methods
2.1. Japan Rehabilitation Nutrition Database

This retrospective case-control study included patients with hip fracture whose data
had been registered in the Japan Rehabilitation Nutrition Database (JRND). This database
is managed by the Japanese Association of Rehabilitation Nutrition and was created to
disseminate clinical research findings on rehabilitation nutrition worldwide. The database
contains data on patients with pneumonia in acute care hospitals and those with stroke
or hip fracture treated in convalescent rehabilitation wards. As of 31 March 2018, there
were 11 participating centers and 1100 case registrations. Data recorded in the JRND at
admission are age, sex, dates of onset and admission, diagnosis, type of surgery, Charlson
Comorbidity Index (CCI) score [11], pre-fracture public long-term care insurance certi-
fication, medications, serum albumin level, FIM score, Food Intake LEVEL Scale (FILS)
score [12], level of consciousness, height, body weight, Mini Nutritional Assessment-Short
Form® (MNA-SF), energy intake, dietary form, and route of feeding. Energy intake was
evaluated as the mean over the first week after admission. The method for estimating
energy intake was not specified when it was registered in the database. Most hospitals in
Japan plan menus with commercially available software, incorporating the Standard Tables
of Food Composition in Japan—2015 [13]. The amount of each food item consumed by the
patient is visually observed by nursing staff or a registered dietitian and is recorded as a
percentage. These data are then converted into energy intake by a registered dietitian using
the standard tables [14]. Data recorded at discharge are the date of discharge, destination,
total rehabilitation dose, FIM and MNA-SF scores, and weight. The study was approved
by the Jikei University School of Medicine (approval number: 27-150 (8035)). Because only
anonymized clinical data are registered in the JRND, informed consent was obtained via
an opt-out procedure. All participating centers provide information about the JRND and
the opt-out procedure to all patients. Patients can withdraw from the registry at any time.

2.2. Participants

This study involved 234 patients with hip fracture at nine centers who were admitted
to a convalescent rehabilitation ward. Patients younger than 65 years, those with an MNA-
SF score of >8 at admission, and those with missing data were excluded. Patients who had
spent >60 days in an acute care hospital after hip fracture, and those with a convalescent
rehabilitation stay of >91 days, were also excluded because they were not covered by
public medical insurance for acute care or rehabilitation beyond these times.

2.3. Main Outcome Measurement

The primary outcome was nutritional status at discharge from a rehabilitation ward.
The MNA-SF was used to assess nutritional status [15-17]. This instrument comprises
six questions concerning food intake, weight loss, gait, mental stress or acute illness,
neurological and psychological problems, and body mass index. It is a validated nutritional
screening tool that can identify patients aged 65 years or older who are malnourished
or at risk of malnutrition; a score >12 indicates good nutrition, 8-11 as at risk, and <7
as malnutrition. In this study, we classified nutritional status at discharge as improved
(MNA-SF score >8) or not improved (MNA-SF score <7).
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2.4. Rehabilitation Dose

In the convalescent rehabilitation ward, public medical insurance covers individual
rehabilitation for patients with hip fracture provided by physical therapists, occupational
therapists, and speech-language-hearing therapists for nine units per day (1 unit = 20 min),
7 days per week, for up to 90 days. The time allocation for each type of rehabilitation
can be tailored according to the needs of the individual patient. In this study, the daily
rehabilitation dose was defined as the total amount of time spent on physical therapy, oc-
cupational therapy, and speech-language-hearing therapy during hospitalization, divided
by the length of the hospital stay.

2.5. Statistical Analysis

The items surveyed were age, sex, CCI score, FIM score, MNA-SF score, FILS score,
energy intake, daily rehabilitation dose, length of hospital stay, and the number of hospital
beds in the convalescent rehabilitation wards at admission. The unpaired ¢-test was used
to examine continuous variables with a normal distribution, and the Mann-Whitney U test
was used to examine continuous and ordinal variables that were not normally distributed.
The chi-square test was used for nominal variables. Next, the effect of the rehabilitation
dose on nutritional status at discharge was assessed by logistic regression analysis. For
the dependent variable, the patients were assigned to two groups: one group with no
change in MNA-SF status at discharge and another group with improved MNA-SF status
at discharge. To account for multicollinearity, we checked whether each variable had
a Spearman’s rank correlation coefficient with an absolute value of <0.7. All statistical
analyses were performed using IBM SPSS Statistics version 18 (IBM Corp., Armonk, NY,
USA). Statistical significance was set at 5%.

3. Results

Data for a total of 234 patients with hip fracture at nine centers were registered in the
JRND. After exclusion of patients younger than 65 years (n = 6), those with missing data
(n = 12), those who were transferred for rehabilitation after spending >60 days in an acute
care ward (n = 1), those whose stay in a convalescent rehabilitation ward was >91 days
(n =11), and those with an MNA-SF score of >8 at admission (1 = 59), data of 145 patients
at nine centers were ultimately available for analysis (Figure 1).

234 patients with hip fractureregistered in the
Japan Rehabilitation Nutrition Database

[Younger than 65 years (1 = 6)

Missing data (n =12)

[Transferred after a stay in acute care of >60 days
(n=1)

[—Stay in a convalescent rehabilitation ward for >91
days (n=11)

MNA-SF score at admission =8 (n="59)

145 patients

Nutritional status improved (MNA-SF =8) Nutritional status not improved (MNA-SF <8)
97 patients 48 patients

Figure 1. Study design. MNA-SE, Mini Nutritional Assessment-Short Form.
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The 145 patients (27 men, 118 women; mean age 85.13 & 7.94 years) received a daily
rehabilitation dose of 109.49 (median 94.61-116.21) min and had an MNA-SF score of
5 (median 4-6) at admission. There were 97 patients in the improved group and 48 in the
not improved group. In the improved group, 88 patients (91%) were deemed to be at risk
of malnutrition (MNA-SF score 8-11) and 9 (9%) were considered to have good nutritional
status at discharge (MNA-SF score >12).

The results for each survey item and the results of univariate analysis for the two
groups are presented in Table 1. The group with improved nutritional status had a younger
mean age (84.2 years vs. 86.9 years, p = 0.009), higher median FIM score on admission
(71 vs. 46, p < 0.001), higher MNA-SF score on admission (median 5 vs. 4, p < 0.001), and
higher FILS score on admission (9 vs. 8, p < 0.001). This group also had a higher median
energy intake (1400 vs. 1200 kcal/day, p < 0.001), higher median daily rehabilitation dose
(110.6 vs. 101.11, p = 0.008), and higher median number of hospital beds (206 vs. 60,
p = 0.012). However, there was no difference in CCI (p = 0.225) or length of hospital stay
(p = 0.696). All variables had a Spearman’s rank correlation coefficient with an absolute
value less than 0.7 (Table 2), indicating that there was no multicollinearity in the logistic
regression analysis.

Table 1. Patient characteristics overall and by study group at baseline.

Overall Nutritional Status Improved Nutritional Status Not Improved

Variables (1 = 145) 1 =97) (1 = 48) p-Value
Age, years, mean £ SD 85.1£79 842 £6.9 86.9 £9.6 0.009 2
Female sex, 1 (%) 118 (81) 80 (82) 38 (79) 0.630 €
CCI, median (IQR) 1(0-2) 1(0-2) 1(1-2) 0.225°
Admission FIM score, b
median (IQR) 63 (46-81) 71 (55-85.5) 46 (33.3-64.5) <0.001
Admission MNA-SF score, b
median (IQR) 5 (4-6) 5 (4-6.5) 4 (3-5.8) <0.001
Admission FILS score, . b
median (IQR) 9 (8-10) 9 (8-10) 8 (7-9.8) <0.001
Energy intake, kcal/day, - - . b
median (IQR) 1400 (1160-1400) 1400 (1260-1490) 1200 (1008.5-1400) <0.001
Daily rehabilitation dose, = . B b
min/day, median (IQR) 109.5 (94.6-116.2) 110.6 (103.3-117.9) 101.11 (77.4-113) 0.008
Hospital stay, days median (IQR) 71 (50.5-85) 73 (50.5-85) 67.5 (50-84.8) 0.696 ©
Number of hospital beds, b
median (IQR) 104 (50.5-206) 206 (60-206) 60 (40-206) 0.012

SD, standard deviation; CCI, Charlson Comorbidity Index; IQR, interquartile range; FIM, Functional Independence Measure; MNA-SE,
Mini Nutritional Assessment-Short Form; FILS, Food Intake LEVEL Scale; # unpaired ¢-test; b Mann-Whitney U test; € chi-squared test.

The results of the logistic regression analysis are shown in Table 3. Among the
covariates selected by the forced entry method, the FIM score on admission (odds ratio [OR]
1.042, 95% confidence interval [CI] 1.016-1.068), energy intake (OR 1.002, CI 1.000-1.004),
daily rehabilitation dose (OR 1.023, 95% CI 1.002-1.045), and length of hospital stay (OR
1.026, 95% CI 1.003-1.049) were extracted as independent predictors of improvement in
nutritional status. The odds ratio of a 20 min (1 unit) increase in daily rehabilitation dose
for clinical improvement in nutritional status was 1.583 (95% C1 1.043-2.401, p = 0.031).
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Table 2. Spearman’s rank correlation coefficient for each survey item.
Daily
Variabl A ccl Admission  Admission Admission Energy Rehabilita- Iﬁngﬂ.‘; olf NI}II mbc.etl‘ (l)f
ariables 8¢ FIM MNA-SF® FILS Intake tion wpa oopta
D Stay Beds
ose
Age 1 —0.079 —0.303 ** —0.159 —0.216 ** —0.210* 0.028 0.295 ** 0.061
CCI 1 —0.125 —0.058 —0.128 —0.020 0.018 0.050 —0.032
Admission FIM 1 0.359 ** 0.514 ** 0.330 ** 0.173 * —0.315** 0.255 **
Admission - ok * -
MNA-SF® 1 0.413 0.270 0.062 —0.174 0.120
Admission FILS 1 0.357 ** 0.055 —0.160 0.074
Energy intake 1 0.151 —0.091 0.283 **
Daily rehabilitation 1 0.135 0.315 *
dose
Length of hospital 1 0.045
stay
Number of hospital 1
beds

CCI, Charlson Comorbidity Index; FIM, Functional Independence Measure; MNA-SE, Mini Nutritional Assessment-Short Form; FILS, Food
Intake LEVEL Scale; * p < 0.05; ** p < 0.01.

Table 3. Logistic regression analysis of the effect of daily rehabilitation dose on improved nutritional
status at hospital discharge.

95% CI
Variables OR p-Value
Lower Upper
Age 0.970 0.914 1.030 0.321
Sex 0.448 0.140 1.438 0.177
CCI 0.866 0.588 1.275 0.467
Admission FIM score 1.042 1.016 1.068 0.001
Admission MNA-SF score 1.349 0.991 1.837 0.057
Admission FILS score 0.987 0.684 1.423 0.944
Energy intake 1.002 1.000 1.004 0.048
Daily rehabilitation dose 1.023 1.002 1.045 0.031
Length of hospital stay 1.026 1.003 1.049 0.023
Center 1.234 0.976 1.562 0.079
Number of hospital beds 1.001 0.995 1.008 0.742

OR, odds ratio; CI, confidence interval; CCI, Charlson Comorbidity Index; FIM, Functional Independence Measure;
MNA-SF, Mini Nutritional Assessment-Short Form; FILS, Food Intake LEVEL Scale.

4. Discussion

In this study, there were two notable clinical findings regarding nutritional status
and appropriate rehabilitation dose. First, in malnourished patients with hip fractures
admitted to the convalescent rehabilitation ward, an increased daily rehabilitation dose was
associated with improved nutritional status at discharge. Second, the nutritional status of
67% of malnourished patients with hip fracture admitted to the convalescent rehabilitation
ward improved while in the hospital.

Convalescent rehabilitation wards in Japan aim to prevent patients from becoming
permanently bedridden and to allow them to return to home by improving their indepen-
dence in ADL. Physical therapists, occupational therapists, and speech-language-hearing
therapists provide up to 180 min per day of intensive rehabilitation from the first day of
hospitalization onward. However, it has been reported that 26.2% of patients with hip
fracture admitted to a convalescent rehabilitation ward have insufficient energy intake [18].
If energy intake is less than energy expenditure, aggressive exercise therapy is unlikely to
be useful and may actually worsen nutritional status. In this study, nutritional status was
thought to have improved by increasing the rehabilitation dose after ensuring the level of
nutrition necessary for rehabilitation. Even if aggressive nutritional therapy was provided
for patients with malnutrition, if exercise therapy was not implemented at the same time,
there would be an increase in body fat mass, which would inhibit performance of ADL.
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Therefore, the effectiveness of nutritional therapy depends on the amount of exercise
therapy administered. Previous studies have reported that exercise therapy in conjunction
with nutritional therapy leads to greater synthesis of muscle proteins [19,20] and improved
nutritional status [21,22]. It has also been shown that an increased rehabilitation dose has a
positive effect on body weight and walking ability, which is included in the sub-items of
the MNA-SF [10,23].

In this study, 67% of malnourished patients with hip fracture admitted to the con-
valescent rehabilitation ward showed improved nutritional status during their hospital
stay. This figure is lower than the 91% improvement in nutritional status documented
in patients with stroke admitted to a convalescent rehabilitation ward [24]. A possible
explanation for this difference may be that the patients in the present study were older. At
present, the average age of patients with hip fracture admitted to convalescent rehabili-
tation wards in Japan has been reported to be 79.6 years and that of stroke patients to be
73.1 years [25]. Moreover, the average age of patients with hip fracture has been increasing
year by year, and it will be necessary to increase the measures taken to prevent malnutrition
in the future. The average length of hospital stay has been reported to be 54.9 days for
patients with hip fracture and 83.3 days for patients with stroke [25]. Therefore, the effect
of nutritional therapy during hospitalization may be more difficult to confirm in patients
with hip fracture, who tend to have a shorter hospital stay. Furthermore, patients with
hip fracture undergo highly invasive surgery, in addition to the invasive nature of the
fracture itself, which may be associated with a hypermetabolic state during the period of
nutritional management [26]. Under the health care insurance system in Japan, patients
with hip fracture can stay in a convalescent rehabilitation ward for up to 90 days, which
means that their nutrition status needs to be improved rapidly within the time window
available. It has been reported that dietary intake in patients with hip fracture is increased
more by multidisciplinary nutritional care than by conventional nutritional care [27]. In
2020, medical fees for a stay in a Japanese convalescent rehabilitation ward were revised to
require that a dietitian with the highest possible certification is working full-time on the
ward, and their greater collaboration with other rehabilitation therapists is acknowledged
as a future requirement.

This study has several limitations. First, the rehabilitation dose was analyzed as a
total quantity and did not examine the distribution of rehabilitation doses in terms of
physical therapy, occupational therapy, and speech-language-hearing therapy. Second,
the qualitative content of the rehabilitation could not be investigated and will need to be
investigated in the future. Third, we have not collected and adjusted data on socioeconomic
factors such as education, marriage status, number of family members, and household
income that could affect nutritional status. Finally, daily protein intake is not included in
the JRND; therefore, relevant survey results are not available. Given that protein intake may
be directly related to improved nutritional status, further research in this area is needed.

5. Conclusions

In malnourished patients with hip fracture, admitted to a convalescent rehabilitation
ward, increased daily rehabilitation dose improved nutritional status at discharge in 67%
of cases. It is essential to ensure a balance between nutritional therapy and rehabilitation
dose to improve nutritional status in these patients.

Author Contributions: Conceptualization, Y.I., H.W., S.N. (Shinta Nishioka) and R.M.; Data curation,
Y.I and R.M.; Formal analysis, Y.I,, H.W., S.N. (Shinta Nishioka) and R.M.; Investigation, Y.I.; Method-
ology, Y.I., HW.,, S.N. (Shinta Nishioka) and R.M.; Project administration, H.W.; Resources, R.M.;
Supervision, H.W., S.N. (Shinta Nishioka) and R.M.; Validation, Y.I., HW., S.N. (Shinta Nishioka)
and R.M.; Visualization, Y.I., HW., S.N. (Shinta Nishioka) and R.M.; Writing—original draft, Y.I;
Writing—review & editing, H.W., S.N. (Shinta Nishioka), S.N. (Shin Nomura) and R.M. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.



Healthcare 2021, 9, 722 70f8

Institutional Review Board Statement: The study was approved by the Jikei University School of
Medicine (approval number: 27-150 (8035)).

Informed Consent Statement: Informed consent was obtained via an opt-out procedure.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We thank the staff of the following hospitals for providing patient data regis-
tered in the JRND: Tsurumaki Onsen Hospital, Tamana Regional Health Medical Center, Nagasaki
Rehabilitation Hospital, Nakanoshima Iwaki Hospital, Kanazawa Nishi Hospital, Jikei Univer-
sity Daisan Hospital, Atagawa Hospital, Sakurakai Hospital, Miharu Hospital, Mihono Hospital,
Karatsu Higashimatsuura Medical Association, Haradoi Hospital, Minamisoma Municipal General
Hospital, Nanko Hospital, Nishi Hiroshima Rehabilitation Hospital, Sapporo Nishimaruyama Hos-
pital, Nishinomiya Kyoritsu Neurosurgical Hospital, Yasuoka Hospital, Yanagihara Hospital, and
Hananooka Hospital.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Miyasaka, D.; Endo, N.; Endo, E.; Sakuma, M.; Yamamoto, N.; Tanabe, N.; Imai, N.; Suda, K. Incidence of hip fracture in Niigata,
Japan in 2004 and 2010 and the long-term trends from 1985 to 2010. J. Bone Miner. Metabol. 2016, 34, 92-98. [CrossRef]

2. Orimo, H.; Yaegashi, Y.; Onoda, T.; Fukushima, Y.; Hosoi, T.; Sakata, K. Hip fracture incidence in Japan: Estimates of new patients
in 2007 and 20-year trends. Arch. Osteoporos. 2009, 4, 71-77. [CrossRef]

3. Miyai, L; Sonoda, S.; Nagai, S.; Takayama, Y.; Inoue, Y.; Kakehi, A.; Kurihara, M.; Ishikawa, M. Results of new policies for
inpatient rehabilitation coverage in Japan. Neurorehabil. Neural Repair. 2011, 25, 540-547. [CrossRef] [PubMed]

4. Marshall, S. Protein-energy malnutrition in the rehabilitation setting: Evidence to improve identification. Maturitas 2016, 86,
77-85. [CrossRef] [PubMed]

5. Churilov, I.; Churilov, L.; Maclsaac, R.J.; Ekinci, E.I. Systematic review and meta-analysis of prevalence of sarcopenia in post
acute inpatient rehabilitation. Osteoporosis Int. 2018, 29, 805-812. [CrossRef]

6. Inoue, H.; Morioka, K.; Okamoto, K.; Tsutsumi, H.; Ishino, S.; Kiritani, N.; Kubo, H.; Nara, M.; Tsuji, Y. Energy requirements for
patients in convalescent rehabilitation using motor scores as in the Functional Independent Measure. Asia Pac. J. Clin. Nutr. 2019,
28, 31-34. [CrossRef] [PubMed]

7. Nii, M.; Maeda, K.; Wakabayashi, H.; Nishioka, S.; Tanaka, A. Nutritional improvement and energy intake are associated with
functional recovery in patients after cerebrovascular disorders. J. Stroke Cerebrovasc. Dis. 2016, 25, 57-62. [CrossRef]

8. Bauer, J.; Biolo, G.; Cederholm, T.; Cesari, M.; Cruz-Jentoft, A.].; Morley, ].E.; Phillips, S.; Sieber, C.; Stehle, P; Teta, D.; et al.
Evidence-based recommendations for optimal dietary protein intake in older people: A position paper from the PROT-AGE
study group. J. Am. Med. Dir. Assoc. 2013, 14, 542-559. [CrossRef]

9.  Antoniak, A.E.; Greig, C.A. The effect of combined resistance exercise training and vitamin D 3 supplementation on muscu-
loskeletal health and function in older adults: A systematic review and meta-analysis. BM] Open 2017, 7, €014619. [CrossRef]

10. Nishioka, S.; Wakabayashi, H.; Momosaki, R. Nutritional status changes and activities of daily living after hip fracture in
convalescent rehabilitation wards: A retrospective observational cohort study from the Japan Rehabilitation Nutrition Database.
J. Acad. Nutr. Diet. 2018, 118, 1270-1276. [CrossRef]

11.  Charlson, M.E.; Pompei, P.; Ales, K.L.; MacKenzie, C.R. A new method of classifying prognostic comorbidity in longitudinal
studies: Development and validation. J. Chronic Dis. 1987, 40, 373-383. [CrossRef]

12.  Kunieda, K.; Ohno, T.; Fujishima, I.; Hojo, K.; Morita, T. Reliability and validity of a tool to measure the severity of dysphagia:
The food intake LEVEL Scale. |. Pain Symptom Manag. 2013, 46, 201-206. [CrossRef] [PubMed]

13. Standard Tables of Food Composition in Japan-2015, Seventh Revised Edition. Available online: http://www.mext.go.jp/en/
policy/science_technology/policy/title01/detail01/1374030.htm (accessed on 30 May 2021).

14. Nishiyama, A.; Wakabayashi, H.; Nishioka, S.; Nagano, A.; Momosaki, R. Energy intake at admission for improving activities of
daily living and nutritional status among convalescent stroke patients. Neurol. Med. Chir. 2019, 59, 313-320. [CrossRef]

15. Vellas, B.; Villars, H.; Abellan, G.; Soto, M.E.; Rolland, Y.; Guigoz, Y.; Morley, ].E.; Chumlea, W.; Salva, A.; Rubenstein, L.Z.; et al.
Overview of the MNA®- its history and challenges. J. Nutr. Health Aging 2006, 10, 456-463. [PubMed]

16. Rubenstein, L.Z.; Harker, J.O.; Salva, A.; Guigoz, Y.; Vallas, B. Screening for undernutrition in geriatric practice: Developing the
short-form mini-nutritional assessment (MNA-SF). ]. Gerontol. Biol. Sci. Med. Sci. 2001, 56, M366-M372. [CrossRef]

17.  Guigoz, Y. The mini-nutritional assessment (MNA®) review of the literature—What does it tell us? J. Nutr. Health Aging 2006, 10,
466-485.

18.  Umezawa, H.; Kokura, Y.; Abe, S.; Suzuki, C.; Nishida, A.; Uchiyama, Y.; Maeda, K.; Wakabayashi, H.; Momosaki, R. Relationship

Between Performance Improvement in Activities of Daily Living and Energy Intake in Older Patients with Hip Fracture
Undergoing Rehabilitation. Ann. Rehabil. Med. 2019, 43, 562-569. [CrossRef] [PubMed]


http://doi.org/10.1007/s00774-015-0648-4
http://doi.org/10.1007/s11657-009-0031-y
http://doi.org/10.1177/1545968311402696
http://www.ncbi.nlm.nih.gov/pubmed/21451116
http://doi.org/10.1016/j.maturitas.2016.01.014
http://www.ncbi.nlm.nih.gov/pubmed/26921933
http://doi.org/10.1007/s00198-018-4381-4
http://doi.org/10.6133/apjcn.201903_28(1).0005
http://www.ncbi.nlm.nih.gov/pubmed/30896411
http://doi.org/10.1016/j.jstrokecerebrovasdis.2015.08.033
http://doi.org/10.1016/j.jamda.2013.05.021
http://doi.org/10.1136/bmjopen-2016-014619
http://doi.org/10.1016/j.jand.2018.02.012
http://doi.org/10.1016/0021-9681(87)90171-8
http://doi.org/10.1016/j.jpainsymman.2012.07.020
http://www.ncbi.nlm.nih.gov/pubmed/23159683
http://www.mext.go.jp/en/policy/science_technology/policy/title01/detail01/1374030.htm
http://www.mext.go.jp/en/policy/science_technology/policy/title01/detail01/1374030.htm
http://doi.org/10.2176/nmc.oa.2019-0002
http://www.ncbi.nlm.nih.gov/pubmed/17183418
http://doi.org/10.1093/gerona/56.6.M366
http://doi.org/10.5535/arm.2019.43.5.562
http://www.ncbi.nlm.nih.gov/pubmed/31693846

Healthcare 2021, 9, 722 8of8

19.

20.

21.

22.

23.

24.

25.

26.

27.

Mallinson, J.E.; Murton, A.J. Mechanisms responsible for disuse muscle atrophy: Potential role of protein provision and exercise
as countermeasures. Nutrition 2013, 29, 22-28. [CrossRef]

Drummond, M.J.; Dreyer, H.C.; Fry, C.S.; Glynn, E.L.; Rasmussen, B.B. Nutritional and contractile regulation of human skeletal
muscle protein synthesis and mTORC1 signaling. J. Appl. Physiol. 2009, 106, 1374-1384. [CrossRef]

Abizanda, P.; Lépez, M.D.; Garcia, V.P; Estrella, ].D.; Gonzalez, A.S.; Vilardell, N.B.; Torres, K.A. Effects of an Oral Nutritional
Supplementation Plus Physical Exercise Intervention on the Physical Function, Nutritional Status, and Quality of Life in Frail
Institutionalized Older Adults: The ACTIVNES Study. . Am. Med. Dir. Assoc. 2015, 16, 439.e9-439.e16. [CrossRef]

Rondanelli, M.; Klersy, C.; Terracol, G.; Talluri, J.; Maugeri, R.; Guido, D.; Faliva, M.A.; Solerte, B.S.; Fioravanti, M.; Lukaski, H.;
et al. Whey protein, amino acids, and vitamin D supplementation with physical activity increases fat-free mass and strength,
functionality, and quality of life and decreases inflammation in sarcopenic elderly. Am. J. Clin. Nutr. 2016, 103, 830-840. [CrossRef]
[PubMed]

Kirk-Sanchez, N.J.; Roach, K.E. Relationship between duration of therapy services in a comprehensive rehabilitation program
and mobility at discharge in patients with orthopedic problems. Phys. Ther. 2001, 81, 888-895. [CrossRef]

Nishioka, S.; Wakabayashi, H.; Nishioka, E.; Yoshida, T.; Mori, N.; Watanabe, R. Nutritional Improvement Correlates with
Recovery of Activities of Daily Living among Malnourished Elderly Stroke Patients in the Convalescent Stage: A Cross-Sectional
Study. J. Acad. Nutr. Diet. 2016, 116, 837-843. [CrossRef] [PubMed]

Kaifukuki Rehabilitation Ward Association. 2019 Annual Report from the Annual Survey Committee of Kaifukuki Rehabilitation Ward
Association; Kaifukuki Rehabilitation Ward Association: Tokyo, Japan, 2020.

Paillaud, E.; Bories, PN.; Le Parco, J.C.; Campillo, B. Nutritional status and energy expenditure in elderly patients with recent hip
fracture during a 2-month follow-up. Br. J. Nutr. 2000, 83, 97-103. [CrossRef] [PubMed]

Bell, ].J.; Bauer, ].D.; Capra, S.; Pulle, C.R. Multidisciplinary, multi-modal nutritional care in acute hip fracture inpatients-results
of a pragmatic intervention. Clin. Nutr. 2014, 33, 1101-1107. [CrossRef]


http://doi.org/10.1016/j.nut.2012.04.012
http://doi.org/10.1152/japplphysiol.91397.2008
http://doi.org/10.1016/j.jamda.2015.02.005
http://doi.org/10.3945/ajcn.115.113357
http://www.ncbi.nlm.nih.gov/pubmed/26864356
http://doi.org/10.1093/ptj/81.3.888
http://doi.org/10.1016/j.jand.2015.09.014
http://www.ncbi.nlm.nih.gov/pubmed/27126155
http://doi.org/10.1017/S0007114500000131
http://www.ncbi.nlm.nih.gov/pubmed/10743488
http://doi.org/10.1016/j.clnu.2013.12.003

	Introduction 
	Materials and Methods 
	Japan Rehabilitation Nutrition Database 
	Participants 
	Main Outcome Measurement 
	Rehabilitation Dose 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

