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The impact of energy and protein intake on
rehabilitation efficiency in convalescent patients
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Background and Objectives: It is well known that more than 40% of patients in the convalescent rehabilitation
settings suffer from malnutrition, and that appropriate nutrition management can improve rehabilitation outcomes.
Methods and Study Design: In this study, we used a change in motor score of Functional Independent Measure
(FIM-M) of convalescent rehabilitation to investigate whether daily energy intake could influence the rehabilita-
tion outcomes. Of the 217 patients hospitalized in our convalescent rehabilitation ward (CRW) between Septem-
ber 2016 and February 2017, 162 met the eligibility criteria for this study. Results: For a 25 kcal/ ideal body
weight (IBW)/day cutoff point, 76 patients consumed more than 25 kcal/IBW/day of energy (H-E group), and 86
patients consumed up to 25 kcal/IBW/day of energy (L-E group). Patients in the L-E group had poorer nutritional
status than those in the H-E group at CRW admission. Moreover, patients in the L-E group lost some body weight
(BW) during hospitalization, whereas patients in the H-E group gained some BW. Furthermore, the FIM-M effi-
ciency in the L-E group was significantly lower than that in the H-E group. Conclusions: We concluded that ap-
propriate nutritional management given to rehabilitation patients for adequate energy intake to maintain or gain

their BW could maximize the outcome of convalescent rehabilitation.
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INTRODUCTION

“Rehabilitation” is derived from “re” and “habilis” in
Latin, which means “again” and “adaptation”, respective-
ly.! To date, rehabilitation is understood as an essential
treatment strategy that assists patients in recovering after
illnesses or traumas, and return to their daily activities to
the best of their abilities. In Japan, rehabilitation is divid-
ed into three phases: 1) acute, 2) convalescent, and 3)
community-based. Acute rehabilitation is done to pre-
serve muscle strength and prevent disuse syndrome in
patients cured from an illness. Convalescent rehabilitation
is done to assist patients to resume their daily activities
after their acute-phase treatment. Community-based reha-
bilitation is done to assist patients to maintain the quality
or advance their daily following convalescent rehabilita-
tion. Therefore, it is important for these rehabilitation
programs to continue seamlessly.*

The convalescent rehabilitation ward (CRW) was offi-
cially first established in Japan in the year 2000 to con-
duct convalescent rehabilitation. Since then, the number
of CRW have been increasing annually. Compared with
regular wards, CRWSs can provide rehabilitation services
every day of the week, and can improve activities of daily
living (ADL) to facilitate patient discharge. Additionally,
nutritional management and intensive rehabilitation are
important for enhancing the effectiveness of rehabilita-
tion. For instance, post-stroke patients who were over

weight (BMI between 25-27 kg/m?) could have a favora-
ble functional recovery, which was indicated by the high-
est Functional Independent Measure (FIM) efficiency
compared with the other BMI groups. Whereas, FIM effi-
ciency was lowest in underweight post-stroke patients
(BMI less than 18.5 kg/m?).2® Nutritional interventions
after surgery in elderly patients with hip fractures im-
proved the postoperative outcomes and prevented de-
clines in quality of life.*> Patients whose condition was
stable after the acute-phase treatment were hospitalized in
a CRW for up to 6 months, whereas the length of stay in
the acute hospital was 2 weeks or less. However, more
than 40% of patients in the CRW suffer from malnutri-
tion,®® and appropriate nutritional management can im-
prove rehabilitation outcomes in CRW.

The food provided at most hospitals are prepared in ac-
cordance with the “Dietary Reference Intakes for Japa-
nese (2015)”° issued by the Minister of Health, Labor,
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217 patients hospitalized in our CRW between September 2016 and February 2017
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and Welfare, and so, the food items provided to patients
in a CRW would not be different between hospitals. In
this study, the daily intakes of total energy and total pro-
tein were calculated for CRW patients based on the meal
contents and dietary intake. We investigated a change in
motor score in the FIM (FIM-M) during convalescent
rehabilitation as a measure of the effect of daily dietary
and energy intakes on rehabilitation outcomes.

METHODS

Patients

We extracted data of patients aged >65 years, and were
admitted to our CRW between September 2016 and Feb-
ruary 2017. The following patients were excluded: 1)
patients discharged to an acute hospital owing to sudden
deterioration of their health which was too severe to con-
tinue rehabilitation, 2) patients whose body weight was
not taken within a week after admission, and 3) patients
whose body weight was not taken within a week before
discharge.

Physical measurements

Within 3 days of admission, the body weight (BW) and
height (H) of every patient were measured, and BMI were
calculated (BMI = BW (kg)/ (H (m))?). During hospitali-
zation, they were weighed every Saturday by medical
staff. Patients’ BW on the last Saturday of hospitalization
was subtracted from that at admission, and was defined as
the amount of BW change.

Nutritional screening

In our CRW, biochemical examination of blood, includ-
ing serum albumin (Alb) (g/dL), was done for every pa-
tient on admission. The Geriatric Nutritional Risk Index
(GNRI) was calculated using the BW, H, and Alb levels
on the admission according to the following equation:

Ideal body weight (IBW) = (H (m))? x 22

GNRI = (14.89 x Alb (g/dL)) + (41.7 x BW (kg) /IBW
(kg))

If BW was more than IBW, BW/IBW was counted as
“1”. Nutrition status in CRW patients was divided into 4
groups by GNRI: 1) GNRI < 82.0 was “Major risk”, 2)
82.0 < GNRI < 92.0 was “Moderate risk”, 3) 92.0 <
GNRI < 98.0 was “Low risk”, and 4) GNRI > 98.0 was
“No risk”.

Calculation of functional independent measure

FIM consists of 13 items in the motor part and 5 items in
the cognitive part, and is used to assess whether a patient
has the ability to live at home. Each item is scored be-
tween 1 and 7, with the highest and lowest scores of 126
and 18, respectively. Thus, independence in ADL im-
proves with the FIM score.

In CRW, FIM scores for each patient was evaluated
upon admission, and once a week during hospitalization
by all the staff members, including physicians, nurses,
and therapists (physical, occupational, and speech). The
difference between the FIM scores on admission and at
discharge was defined as the FIM benefit. The FIM bene-
fit divided by the number of days in the hospital was de-
fined as the FIM efficiency. In this study, we extracted
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the FIM-M and used it as the FIM-M benefit and/or FIM-
M efficiency.

Energy and protein intakes

In the CRW, nurses recorded the daily intake rate of sta-
ple food (SF) and accompanying dishes (AD) in three
meals. Based on the intake rate of SF and AD and their
contents, the total amount of energy (kcal) and protein (g)
intake from SF and AD was calculated for one week
(from the 2nd to the 8th day of admission). If any oral
nutritional supplements (ONS) were administered during
this time, it was assumed that patients ate at least 50% of
the ONS because the nurses did not record intake rate of
ONS. The daily intake of energy (El, kcal/day) and pro-
tein (PI, g/day) was calculated by diving the total amount
of energy and protein intake from meals and ONS taken
over a week 7. The revised daily energy intake (revised
El, kcal/day/kg IBW) and protein intake (revised PlI,
g/day/kg IBW) was defined as El and PI divided by IBW.

Statistical analysis

All analyses were performed using IBM®SPSS Statistics
28 (IBM Corporation, Armonk, NY, USA). Normally
distributed data were reported as means + standard devia-
tion, and the Student’s t-test was used to analyze differ-
ences between the two groups. The data that were not
normally distributed were reported as medians with inter-
quartile ranges, and differences between the two groups
were analyzed using the Mann-Whitney U test. A p-value

Table 1. Characteristics of the 162 patients in this study

< 0.05 was considered statistically significant.

Ethics

All patients were informed of the proposed regimens of
this study. Patients had the right to decline to participate
in this study at any time. The study was conducted in ac-
cordance to the in the Declaration of Helsinki. All patient
data were anonymized. This study was approved by the
ethics committees of Doshisha Women’s College (2020-
01) and Jyujyo Takeda Rehabilitation Hospital
(20180319-1).

RESULTS

Of the 217 patients hospitalized in our CRW between
September 2016 and February 2017, 34 patients were <65
years old. Fourteen patients left the CRW without com-
pleting their rehabilitation programs because of physical
deconditioning. Seven did not get their body weights
measured immediately after admission and/or prior to
discharge. Finally, 162 patients were included in this
study (Table 1).

The average of the revised EI was 24.5
(kcal/IBW/day) among the 162 patients (Figure 1), and
this was used to divide the eligible patients into two
groups as follows: an average EI>25, (rounding off 24.5
to the closest whole number) was classified as the high
energy intake (H-E) group, and the others were classified
as the low energy intake (L-E) group. The L-E and H-E
groups comprised of 86 and 76 patients, respectively.

Causative disease N (men/women) % Age
(Mean = SD)
Fracture due to osteoporosis 52 (13/39) 32.1 81.9+6.9
Cerebrovascular disease 51 (23/28) 315 77.1+7.7
Total hip arthroplasty 21 (4/17) 12.9 72.6£5.8
Spine disorder 15 (10/5) 9.3 82.616.1
Spinal cord injury 7 (5/2) 4.3 72.1+£8.3
Head trauma 6 (4/2) 3.7 76.0£7.5
Disuse syndrome 4(2/2) 2.5 81.8+5.6
Others 6 (3/3) 3.7 82.0+8.9
Total 162 100 78.617.8
SD: Standard deviation
60
) 50
£ 40
;
£ 30
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Figure 1. Energy intake of each patient in this study. Among 162 patients, average of energy intake (El) is 24.5 (kcal/IBW/day) (line).
When 25 (kcal/IBW/day) was defined as cutline, El of 76 patients are more than 25 (kcal/IBW/day), and El of 86 patients are up to 25

(kcal/IBW/day)
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Age, BMI, Alb, and BW change

There were no significant age difference in the patients in
the H-E and L-E groups (78.7 + 7.8 vs 78.6 + 7.9, p=0.96,
Table 2). BMI and Alb were higher in H-E group than in
L-E group (BMI (kg/m?):22.6 + 3.5 vs 20.9 + 4.1, p=0.01;
and Alb (g/dL):3.7 £ 0.5 vs 3.5 + 0.5, p=0.01). Food in-
takes were higher in H-E group than in L-E group
(SF:94.6 £ 7.7 vs 79.0 £ 22.7, p<0.001; AD:94.9 + 6.2 vs
79.1 £ 16.7, p<0.001). The BW decreased for patients in
the L-E group during CRW hospitalization, and increased
for patients in the H-E group (-1.5 vs 0.15, p<0.01, Table
3).

Food and protein intakes

In the L-E group, all 86 patients did not take more than
1.2 g/IBW/day of protein, in which 20 patients fully ate
offered diet. In contrast, of the 76 patients in the H-E
group, 28 patients completely ate the food offered. Only
14 patients ingested more than 1.2 g/IBW/day protein per
day (Figure 2).

Nutrition screening by GNRI

According to the results of nutritional screening by
GNRI, nutrition status was better in H-E group than in L-
E group (94.1 £ 9.3 vs 89.1 + 9.5, p<0.01, Table 2).
Based on the severity of nutritional status, the number of
patients classified as “Major risk” in L-E group were sig-

nificantly higher than that in H-E group (24.4% vs 10.7%,
p=0.02, Figure 3). In addition, the number of patients
classified as “No risk” in H-E group were higher than that
in L-E group (40.0% vs 20.9%).

FIM-M at admission and its effectiveness by convales-
cent rehabilitation

The score of FIM-M at CRW admission was greater in H-
E group than in L-E group (53.9 + 15.8 vs 40.9 + 16.8,
p<0.01, Table 2). The effectiveness of FIM-M was higher
in the H-E group than in the L-E group (0.38 vs 0.32,
p=0.02, Table 3).

Discharge destination

There was no significant difference in discharge to home
between the L-E and H-E groups (84.9% vs 90.8%,
p=0.254, Table 3).

DISCUSSION

The average daily energy intake by the patients in this
study was approximately 25 kcal/kg/ day for a week.
Generally, an energy intake of 25-35 kcal/IBW/day is
suitable for convalescent patients with cerebrovascular
diseases.'® Thus, it is not understood whether an energy
intake of more than 25 kcal/kg/day could be sufficient for
CRW patients as in the H-E group in this study, and less
than 25 kcal/kg/day would be acceptable for patients in

Table 2. Comparison of energy intake and physical characteristics at hospitalization between the two groups

L-E group H-E group p
n=86 (men/women: 36/50) n=76 (men/women: 28/48)
Meant SD Percentile value Meant SD Percentile value
25 50 75 25 50 75
Age (y.0.)" 78.6+7.9 71.8 79.0 85.0 78.7+7.8 73.3 78.0 84.0 0.96
BMI (kg/m?)* 20.9+4.1 17.6 20.1 23.2 22.6+3.5 19.5 23.2 25.0 0.01
Serum Albumin 3.5+0.5 3.1 3.4 3.9 3.740.58 3.4 3.7 4.1 0.01
(g/dL)*
GNRI* 89.1+9.5 81.8 89.2 96.5 94.1+9.38 87.9 95.3 100 <0.01
Motor FIM 1 40.9£16.8 27.0 43.0 54.0 53.9+15.8 45.0 59.0 66.0 <0.01
Energy intake 20.0+£3.9 17.0 21.2 23.1 29.6+4.0 26.6 28.8 31.6 <0.001
(kcal/IBW/day) *
Protein intake 0.8+0.2 0.7 0.8 0.9 1.1+0.2 1.0 1.1 1.2 <0.001
(g9/1BW/day) *
Rate of staple food 79.0+22.7 64.5 88.1 99.0 94.6+7.7 93.0 97.1 100 <0.001
intake (%)
Rate accompanying 79.1+16.7 66.2 80.4 97.1 94.946.2 92.4 96.2 99.5 <0.001

dish intake (%) '

SD: Standard Deviation; BMI: Body Mass Index; GNRI: Geriatric Nutritional Risk Index

Tstatistics significance by Mann-Whitney U test
*statistics significance by T-test

5The analysis was performed in 161 participants, because the data of a women was lost in H-E groups

Table 3. Amount of body weight change during hospitalization, scores of motor FIM efficiency and discharge to

home in the two groups

L-E group H-E group p
n=86 n=76
Amount of body weight change(kg): median (IQR) -1.50 (-2.50 - 0.18) 0.15(-1.00 - 1.53) <0.01
Motor FIM efficiency: median (IQR) 0.32(0.21-0.43) 0.38(0.28 - 0.52) 0.02
Discharge to home 73 (84.9%) 69 (90.8%) 0.254

IQR: interquartile range



Rehabilitation outcomes effected by energy intake 37

L-E group
45

40
35
30
25
20
15
10

The number of patients

(=T

—

0.2 04 0.6 0.8 1.0 12 (g

=

(Protein in take)

OPatients who ingest 100

H-E group

s
[=]

[ RV R V]
b S L

k.

—
Lh

—_
o

The number of patients
)
[=]

[=TV

—
r
0.6 0.8 10 1.2 14 (2)

(Protein in take)

OPatients who ingest 100

Figure 2. Protein intake of each patient in the 2 groups. In the L-E group, all 86 patients did not take more than 1.2 g/IBW/day of protein,
in which 20 patients fully ate offered diet. On the other hand, of 76 patients in the H-E group, 14 patients took more than 1.2g/IBW/day of
protein. Sixty-two patients did not take more than 1.2 g/IBW/day of protein, in which 20 patients fully ate offered diet.
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Figure 3. The results of nutritional screening by GNRI in the 2 groups. In H-E group, 40% of patients are classified in “No risk”, and the
rate of “No risk” in L-E group is the half of that in H-E group. On the other hand, “Major risk” is 10.7% of patients in H-E group, which
shows an opposite trend in L-E group. The sum of the rate of both “Moderate risk” and “Low risk” in H-E group is approximately same as

that in L-E group.

the L-E group.

Immediately after hospitalization in our CRW, a blood
examination was done for every patient to determine
whether they could undergo vigorous rehabilitation. Pa-
tients whose average energy intake for a week was less
than 25 kcal/kg/day showed significantly lower levels of
Alb and BMI than those who consumed more than 25
kcal/kg/day, indicating poor nutrition. There possible
reasons for poor nutrition could be: 1) the patients had
poor nutrition before their acute medical condition, 2)
poor nutrition was caused by the acute diseases, its pro-
gression, and treatment, 3) poor nutrition was affected by
inappropriate nutritional management. These poor nutri-
tional conditions could contribute to the nutritional status
of patients in CRW. According to the results of this study,
it is likely that the patients, whose Alb level and BMI
were less than 3.0 mg/dL and 16.8 kg/m?, would not be
able to eat an adequate diet for convalescent rehabilita-
tion. In addition, it would be obvious that the results of
nutritional screening by GNRI were worse in the patients

who had less than 25 kcal/kg/day of energy intake of than
their counterparts.

CRW can legally provide 3-hour-rehabilitation every
day, whereas in general ward including acute hospitals, 2-
hour-rehabilitation can be done on weekdays only. There-
fore, the time for rehabilitation is about 2-times longer
per week in CRW compared with the general ward. In
this study, patients who ingested more than 25
kcal/kg/day of energy showed an increased BW during
convalescent rehabilitation, whereas the BW of the other
patients declined during rehabilitation. It has been report-
ed that 20% of women and men aged between 75-79
years suffer from sarcopenia (defined as loss of muscle
volume in the body) due to aging (primary sarcopenia),
and diseases and malnutrition (secondary sarcopenia).
This causes muscle weakness and physical inability, and
its morbidity increases with advancing age.*>*?> One of the
aims of convalescent rehabilitation is to improve muscle
strength, leading to improved ADL. Lean patients could
have lost their BW before hospitalization to the CRW
suggesting that the volume of energy intake would be
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subtherapeutic for convalescent rehabilitation, and that
nutritional management was inadequate for the rehabilita-
tion. Hence, it the score of FIM-M was lower in patients
with lesser than 25 kcal/IBW/day of energy intake at the
beginning of convalescent rehabilitation, and that the FIM
efficiency was also reduced in those patients compared
patients with a higher energy intake. Therefore, to im-
prove the efficiency of convalescent rehabilitation, nutri-
tional management is necessary to avoid decreased BW in
lean patients at the beginning of convalescent rehabilita-
tion.

One of the aims of convalescent rehabilitation is to in-
crease muscle volume and improve ADL performance.
Patients whose renal function does not decline, are not
recommended a protein intake of more than 1.2 g/kg/day
while on convalescent rehabilitation.'® In this study, only
14 patients (9%) of the total cohort met the protein re-
quirement for convalescent rehabilitation. Moreover, 37%
(28/76) of patients who completely ate the offered diet
could not take a protein content of more than 1.2
g/IBW/day in H-E group. Previous studies show that the
glomerular filtration rate (GFR) reduces by about 0.5
mL/dL/1.73 m? every year among healthy people. The
GFR of healthy elderly people (between 75 years old and
80 years old) is estimated to be about 60 mL/dL/1.73 m?,
which is classified as Stage 2 in chronic kidney disease
(CKD).** In general, the patients with CKD stage-2 do
not need to restrict protein intake, but our study partici-
pants had a declining GFR function due to several pre-
existing conditions such as hypertension, hyperlipidemia,
and arteriosclerosis, and hence, it was necessary to limit
their protein intake. Thus, based on the results of this
study it is not clear if our CRW patients were protein de-
ficient. Further, the hospital meals offered to the patients
had low protein content suggesting that hospital meals
should be constantly reviewed for alterations in energy
and protein intake.

In this study, an energy intake of more than 25
kcal/IBW/day was defined as high energy intake. Howev-
er, this value is the lower limit of the recommended ener-
gy intake. Therefore, after increasing the number of par-
ticipants, the “High-Energy” group should be sub-
grouped by the amount of energy intake to investigate the
physical effects of rehabilitation and efficiency of rehabil-
itation. Additionally, we must consider the CKD stage
along with the protein intake in future studies.

In conclusion, for maximum efficiency of convalescent
rehabilitation, it would be one of the best ways to accu-
rately pick up the rehabilitation patients, whose nutrition
status could be affected by convalescent rehabilitation, at
the beginning of the convalescent rehabilitation, and then
to maintain the patients BW by appropriate nutritional
management, including amount of energy and protein
intake during convalescent rehabilitation. In the future,
the specialized methods of nutritional screening for con-
valescent rehabilitation patients should be established in
order to improve rehabilitation effect.
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