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Background and Objectives: Although appropriate nutrition management could improve rehabilitation outcomes, more than 40 % of patients in a convalescent rehabilitation ward (CRW) suffer from malnutrition. The
study was undertaken to investigate whether adequate nutrition for each patient in a CRW could be estimated
based on motor scores on the Functional Independence Measure (FIM-M). Methods and Study Design: In 218
patients in our CRW, both basal energy expenditure (BEE) on admission and average energy intake (EI) for 2
weeks were calculated, and EI was divided by BEE to estimate the activity index (e-AI). The patients were classified according to FIM-M to investigate the relationship between the FIM-M and the e-AI. Results: The e-AI
tended to increase in proportion to the FIM-M. In the N group, where the increase-decrease rate for body weight
was within 2%, the e-AI induced by a FIM-M greater than 60 was significantly higher than that induced by a
FIM-M up to 60 (1.3 vs 1.1, p<0.01). Compared to the N group, altering the e-AI caused the same tendency of
body weight change in patients with FIM-M greater than 60 and up to 60. Conclusions: The FIM-M could provide a criterial activity index for patients in a CRW when their energy requirement is appropriately estimated,
considering the intensity of their physical activity.
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INTRODUCTION
The convalescent rehabilitation ward (CRW) provides
intensive rehabilitation to improve the activities of daily
living (ADL) and to facilitate discharge to home. CRWs
were established in the year 2000, and have been increasing year by year in Japan.1 Most of the patients hospitalized in the CRW are elderly, and are admitted after treatment for acute diseases such as cerebrovascular diseases,
orthopedic diseases including hip fracture and hip replacement arthroplasty, among others. It has been reported that post-stroke patients who were overweight (body
mass index (BMI) approximately 25-27 kg/m 2) could
obtain favorable functional recoveries (as defined by a
modified Rankin Scale score of 0-1). The highest Functional Independent Measure (FIM) efficiency, which is
calculated by the change in FIM from admission to discharge/the length of hospital stay, was achieved after rehabilitation compared with other BMI groups, whereas
FIM efficiency was lowest in the underweight post-stroke
patients (BMI less than 18.5 kg/m2).2,3 Moreover, severely obese, post-stroke patients (BMI greater than approximately 30 kg/m2) had a high 3-month mortality and a low
FIM efficiency.2,3 On the other hand, nutritional interventions after surgery in elder patients with hip fractures improved postoperative outcomes and prevented declines in

quality of life.4,5 Accordingly, appropriate nutrition management could improve rehabilitation outcomes and is
one of the most important issues in the CRW. Nevertheless, more than 40 % of patients in the CRW suffer from
malnutrition.6-8
Several screening methods of nutritional status for patients have been proposed, such as the Subjective Global
Assessment (SGA) and the Mini Nutritional Assessment
(MNA), among others. However, body weight (BW) is
the easiest parameter to measure, and its change provides
a useful index of malnutrition. For instance, a 1-2% reduction in BW over the course of a week is consistent
with malnutrition. To perform effective rehabilitation in a
CRW, it is necessary to offer adequate nutrition without
unintentional BW changes (both BW losses and BW
gains) in response to the physical activity of individual
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patients. In this study, we investigated whether adequate
nutrition for each patient in a CRW could be estimated
based on the FIM, one of the indicators of ADL,9-11 using
daily energy intake (EI) and BW change.

further subdivided into two groups depending on whether
the FIM-M was more than 60 or up to 60, which created a
total of six subgroups. Then, the average e-AI in one subgroup was compared to the others.

METHODS
Procedure
This study was carried out with the approval of the ethical
committee of our hospital. We extracted the data of patients who were admitted to our CRW and stayed more
than 2 weeks between September 2016 and February
2017. The basal energy expenditure (BEE) was calculated
for all the patients according to the Harris-Benedict Equation. Based on the meal contents, including supplementary food, and the intake amounts for 2 weeks after admission, the average daily EI of each patient was calculated. The average daily EI was divided by the BEE to
estimate the activity index (e-AI; e-AI = EI / BEE). The
FIM motor scores (FIM-M) for each patient were evaluated by the staff of the rehabilitation unit upon admission.
According to their BW changes during the 2-week period after admission, the patients in this study were divided into 3 groups as follows: the increase-decrease rate of
BW was within 2%, which was defined as the no-change
(N) group. The patients whose BW increased and decreased more than 2% were grouped into an increase (I)
group and a decrease (D) group, respectively.
To investigate the relationship between the FIM-M and
the e-AI, each of the 3 groups was subdivided into 8 subgroups: 13-20, 21-30, 31-40, 41-50, 51-60, 61-70, 71-80,
and 81-91. The average e-AI in one subgroup was compared to other subgroups. The N, I and D groups were

Statistical analysis
All analyses were performed using JMP version 6, Japanese Edition (SAS Institute Inc., Cary, NC, USA). All
results are expressed as the mean ± SD. The differences
among multiple groups were determined using a one-way
analysis of variance (ANOVA). The significance of the
individual differences was evaluated using TukeyKramer’s procedure as a post hoc test. A p-value of less
than 0.05 was considered statistically significant.
RESULTS
Of 237 patients hospitalized in our CRW between September 2016 and February 2017, 19 were discharged
within 2 weeks, and 218 patients were included in this
study (men:women = 100:118, average age 74.6±12.2
years)(Table 1). The maximum and minimum values of
the BEE calculated using the Harris-Benedict Equation
were 2028.4 and 747.2 kcal/day, respectively.
The N group consisted of 73 men and 73 women (average age 74.8±11.4 years). The e-AI tended to increase
in proportion to the FIM-M. While the e-AI was approximately 1.0 when the FIM-M was up to 30, the e-AI was
elevated to greater than 1.3 when the FIM-M was greater
than 60. When the FIM-M was 61-70, the e-AI significantly increased compared to FIM-Ms of 13-20 and 21-30
(p<0.01) (Table 2). There were 15 men and 16 women in
the I group (average age 71.5±15.7 years), and the D

Table 1. Characteristics of the 218 patients in this study†
Causative disease
Cerebrovascular disease
Fracture due to osteoporosis
Total hip arthroplasty
Spine disorder
Spinal cord injury
Head trauma
Disuse syndrome
Others
Total

N (M/W)
74 (36/38)
61 (18/43)
29 (7/22)
19 (12/7)
12 (10/2)
7 (5/2)
5 (3/2)
11 (9/2)
218 (100/118)

%
33.9
28.0
13.3
8.7
5.5
3.2
2.3
5.0

Age
73.6±10.8
80.0±9.5
71.3±10.3
80.1±8.3
66.2±11.9
75.9±6.9
81.2±5.0
55.5±21.2
74.57

†

Values are means±SD.

Table 2. The e-AI in each class according to the FIM-M of each group†
FIM-M
13-20
21-30
31-40
41-50
51-60
61-70
71-80
81-91
Total

Decrease group
e-AI
N (M/W)
0.96±0.31
8 (1/7)
1.07±0.28
6 (2/4)
1.08±0.49
3 (1/2)
1.18±0.27
9 (2/7)
1.07±0.22
6 (3/3)
1.20±0.28
7 (2/5)
1.45±0.15
2 (1/1)
41 (12/29)

No-change group
e-AI
N (M/W)
1.04±0.33*
17 (9/8)
0.99±0.28*
15 (6/9)
1.24±0.29
16 (8/8)
1.12±0.24
22 (9/13)
1.21±0.30
36 (24/12)
1.34±0.23
32 (11/21)
1.37±0.28
7 (5/2)
0.77
1 (1/0)
146 (73/73)

Increase group
e-AI
N (M/W)
0.74
1 (1/0)
1.00±0.15
3 (1/2)
1.20±0.12
7 (5/2)
1.28±0.19
4 (1/3)
1.24±0.24
4 (0/4)
1.35±0.32
10 (5/5)
1.34±0.06
2 (2/0)
31 (15/16)

e-AI: estimated activity index; FIM-M: FIM motor score; FIM: Functional Independent Measure.
†
Values are means ± SD. Significantly differences were seen in the e-AI when the FIM-M was 61-70 in the no-change group.
*
p<0.05.
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group included 12 men and 29 women (average age
76.0±12.0 years). Changes in the e-AI based on the FIMM in the I and D groups were similar to the N group, but
without significant differences (p=0.169 and p=0.43, respectively) (Table 2).
In the N group, the e-AI induced by a FIM-M greater
than 60 was significantly higher than that induced by a
FIM-M up to 60 (1.33±0.25 vs 1.13±0.3; p<0.01) (Figure
1). Additionally, the e-AI in the I and D groups tended to
be higher and lower than that in the N group, respectively,
regardless of the FIM-M (Figure 1).

Figure 1. Boxplots of e-AI classified by FIM-M in the D, N,
and I groups. The crosses represent the average value in each
subgroup, which is expressed as mean  SD below each boxplot. The e-AI increases in proportion to the body weight and
the FIM-M. In the N group, the e-AI induced by a FIM-M
greater than 60 is significantly higher than that induced by a
FIM-M up to 60 (*p<0.05). D: decrease group; N: no-change
group; I: increase group; e-AI: estimated activity index; FIMM: FIM motor score; FIM: Functional Independent Measure.

Figure 2. The explanatory diagram of this study. FIM-M: motor scores on the Functional Independent Measure; ER: energy
requirement; AI: activity index; SI: stress index; BEE; basal
energy expenditure; e-AI: estimated AI.

DISCUSSION
The energy requirement (ER) is calculated by multiplying
the activity index (AI) and stress index (SI) by the BEE
(ER = BEE x AI x SI).12 In this study, because the ER
was almost equivalent to the EI (EI = BEE x e-AI), the eAI was also equivalent to the product of the AI and the SI
in the formula estimating the ER. Of 218 cases, only three
patients suffered from pressure ulcers (not shown). Although it is one of the factors elevating the SI, it is possible that the e-AI would not be affected by its existence in
this study. Considering the aim of the CRW, any injuries,
operations, infections, and burns were treated by acute
hospitalization.13 Thus, the SI was close to 1.0, and the eAI was similar to the AI in this study (Figure 2).
The AI is calculated according to the active state of the
individual. For instance, the AIs of individuals who are
bedridden and conscious, versus those who are able to get
out of bed, versus those who are active and can routinely
work are 1.1 vs. 1.3 vs. 1.5, respectively. It has been also
proposed that an AI of 1.3-1.5 should be applied to patients entering a CRW.14 In this study, the BW of patients
whose FIM-M was greater than 60 did not change when
the e-AI was 1.3. On the other hand, it is thought that
200-500 kcal/day should be added to daily ER to increase
the BWs of underweight patients undergoing rehabilitation.15 Since the BEE in this study was 750 to 2,000
kcal/day, which would imply that an e-AI of 0.2 is approximately equal to 150 to 400 kcal/day, an e-AI of 0.2
should be added to an e-AI of 1.3 when the patients need
to increase their BW. A FIM-M greater than 60 in patients in a CRW indicates that they can perform most
ADL for themselves, whereas patients whose FIM-M is
below 60 would need assistance with their ADLs. Thus,
an e-AI of 1.3 would be the minimum required for rehabilitation in a CRW (for patients who are more physically
active than low FIM-M patients) without reducing BW.
Similarly, an e-AI of 1.1 is the minimum required to
maintain BW in low FIM-M patients (Figure 2).
This study was conducted in a CRW that belongs to a
district hospital. As mentioned above, the numbers of
CRWs have been increasing since the year 2000 in Japan.
It is estimated that the number of CRW beds will approach 375,000 by 2025, which would be approximately
equivalent to 30% of the total number of hospital beds in
Japan. However, the components of foods provided to
patients in a CRW would not be much different between
hospitals, because the diets provided by most hospitals,
including our hospital, are made in accordance with the
“Dietary Reference Intakes for Japanese (2015)”16 issued
by the Minister of Health, Labor, and Welfare. Moreover,
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patients who are in stable condition after acute-phase
treatment would be hospitalized for up to 6 months in a
CRW, while the length of stay in the acute hospital is 2
weeks or less. Accordingly, it will be necessary to conduct similar investigations in other institutions to apply
the results of our study to the majority of CRW patients.
However, it is possible that the results obtained in other
investigations might be similar to those of this study.
Since rehabilitation is vigorously conducted over a
long period for patients in CRWs, each patient’s ER will
be different from others depending on their condition and
the intensity of their physical activity. The results of this
study provide index criteria for patients in a CRW when
ER is appropriately estimated considering the intensity of
physical activity.
AUTHOR DISCLOSURES
The authors declare neither conflict of interest nor financial
relationship.
REFERENCES
1. Nishioka S, Takayama M, Watanabe M, Urushihara M,
Kiriya Y, Hijioka S. Prevalence of malnutrition in
convalescent rehabilitation wards in Japan and correlation of
malnutrition with ADL and discharge outcome in elderly
stroke patients. Nihon Jyomyaku Keicho Eiyou Gakkai
Zasshi. 2015;30:1145-51. (In Japanese)
2. Burke DT, Al-Adawi S, Bell RB, Easley K, Chen S, Burke
DP. Effect of body mass index on stroke rehabilitation. Arch
Phys Med Rehabil. 2014;95:1055-9. doi: 10.1016/j.apmr.
2014.01.019.
3. Zhao L, Du W, Zhao X, Liu L, Wang C, Wang Y et al.
Favorable functional recovery in overweight ischemic stroke
survivors: findings from the China National Stroke Registry.
J Stroke Cerebrovasc Dis. 2014;23:e201-6. doi: 10.1016/j.
jstrokecerebrovasdis.2013.10.002.
4. Hoekstra JC, Goosen JH, de Wolf GS, Verheyen CC.
Effectiveness of multidisciplinary nutritional intake,
nutritional status and quality of life in patients with hip
fractures: a controlled prospective cohort study. Clin Nutr.
2011;30:455-61. doi: 10.1016/j.clnu.2011.01.011.
5. Anbar R, Beloosesky Y, Cohen J, Madar Z, Weiss A,

Theilla M, Koren Hakim T, Frishman S, Singer P. Tight
calorie control in geriatric patients following hip fracture
decreases complications: a randomized, controlled study.
Clin Nutr. 2014;33:23-8. doi: 10.1016/j.clnu.2013.03.005.
6. Bouziana SD, Tziomalos K. Malnutrition in patients with
acute stroke. J Nutr Metab. 2011;2011:167898. doi: 10.
1155/ 2011/167898.
7. Ojo O, Brooke J. The use of eternal nutrition in the
management of stroke. Nutrients. 2016;8:827. doi: 10.3390/
nu8120827.
8. Wakabayashi H, Sakuma K. Rehabilitation nutrition for
sarcopenia with disability: a combination of both
rehabilitation and nutrition care management. J Cachexia
Sarcopenia Muscle. 2014:5;269-77. doi: 10.1007/s13539014-0162-x.
9. Tsuji T, Sonoda S, Domen K, Saito E, Liu M, Chino N.
ADL structure for stroke patients in Japan based on the
functional independence measure. Am J Phys Med Rehabil.
1995;74:432-8.
10. Roth EJ, Heinemann AW, Lovell LL, Harvey RL, McGuire
JR, Diaz S. Impairment and disability: their relation during
stroke rehabilitation. Arch Phys Med Rehabil. 1998;79:32935.
11. Sangha H, Lipson D, Foley N, Salter K, Bhogal S, Pohani G,
Teasell RW. A comparison of the Barthel Index and the
functional independent measure as outcome measure in
stroke rehabilitation: patterns of disability scale usage in
clinical trials. Int J Rehabil Res. 2005;28:135-9.
12. Long CL, Schaffel N, Geiger JW, Schiller WR, Blakemore
WS. Metabolic response to injury and illness: estimation of
energy and protein needs from indirect calorimetry and
nitrogen balance. J Parenter Enteral Nutr. 1979;3:452-6.
13. Hill AG, Hill GL. Metabolic response to severe injury. Br J
Surg. 1998;85:884-90.
14. Yoshida S. Treatment of sarcopenia in patients with diabetes
mellitus. Modern Physician. 2017;37: 451-3. (In Japanese)
15. Nishioka S. Aggressive nutrition therapy for sarcopenia.
Modern Physician. 2017;37:429-32. (In Japanese)
16. The Minister of Health, Labor and Welfare. Overview of
Dietary Reference Intakes for Japanese (2015). [2018/01/26];
Available from: http://www.mhlw.go.jp/file/06-Seisaku
jouhou-109000 00-Kenkoukyoku/Overview.pdf.

