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Abstract

Aim

The aim of the present study was to investigate the effects of individualized nutritional 

treatment on the activities of daily living of acute stroke patients.

Methods

This was a randomized controlled study. The eligibility criteria were acute stroke, age over 

65 years, and presence of malnutrition risk. Between September 2016 and December 2017, 

128 patients were assigned to either the standard or intensive group (individualized 

nutritional treatment). The intensive group received energy that was calculated using the 

Harris–Benedict equation. The main outcome measures were the total functional 

independence measurement gain from the time of assignment to the time of discharge from 

the recovery hospital or at 3 months after the stroke onset and motor and cognitive 

functional independence measurement gains.

Results

Compared with the standard group, the intensive group had significantly higher median 

energy intake (P <0.001); significantly greater functional independence measurement gains 

in the total score (42 vs. 22; P = 0.02) and motor subscore (P = 0.01) but similar cognitive 

subscore.

Conclusion

Individualized nutritional treatment improved the activities of daily living of elderly acute 

stroke patients with malnutrition risk.

UMIN number: UMIN000023954; Website: www.umin.ac.jp
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Introduction

Stroke is one of the leading causes of disability and mortality.1 The main goals for 

acute stroke treatment and rehabilitation are to reduce mortality and disabilities and to 

increase independency in the activities of daily living (ADL).2 In stroke patients, 

malnutrition is a common problem that has been associated with poor outcome3,4; increase 

in the number of cardiovascular events, infections,5 and hospitalization days and cost3; and 

poor improvement in ADLs.6 Stroke patients may be malnourished due to dysphagia, 

reduced level of consciousness, and cognitive dysfunction.7,8 Moreover, stroke patients 

were reported to lose weight,9 and the most significant factor associated with the changes in 

body weight was the amount of food intake.

The European Society for Clinical Nutrition and Metabolism (ESPEN) guideline for 

neurology7 recommended that all stroke patients be screened for malnutrition risk using the 

Malnutrition Universal Screening Tool (MUST).7 Previous studies reported that the MUST 

can be used to predict the risk for negative outcomes and help patients benefit from 

nutrition therapy.3,7 Although nutritional supplementation has been shown to improve 

nutritional status,10 it did not improve the outcomes of the acute stroke patients in the 

large-scale FOOD trial.11 However, the results did not account for the subgroup that was 

undernourished or had malnutrition risk.

Ha et al. reported that an individualized nutritional treatment strategy improved the 

quality of life of elderly acute stroke patients with malnutrition risk.12 Rabadi et al. reported 

that intensive nutritional supplementation improved the motor recovery of stroke patients 

with malnutrition.13 In a retrospective study, Kokura et al. reported that energy intake 

affected the improvements in the ADL of elderly stroke patients.14 These reports implied 
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the importance of intensive nutritional support for acute stroke patients with malnutrition 

risk. On the other hand, Pellicane et al. reported that improvement in the ADL was not 

associated with energy intake.15

The mechanisms of neurologic recovery after stroke comprise local processes (early 

recovery) and central nervous system reorganization (later recovery). Early recovery 

includes resolution of poststroke edema, reperfusion of the ischemic penumbra, and 

resolution of diaschisis in the first few weeks.16 We hypothesized that early nutritional 

intervention can prevent malnutrition and limb atrophy and contribute to the improvement 

of ADL after early neurologic recovery. Currently, there is no consensus on whether early 

individualized nutritional treatment can improve the ADL of acute stroke patients with 

malnutrition risk. This study investigated the relationship between individualized 

nutritional treatment and improvement in the ADL.

Methods

Design and setting

This was a prospective randomized single-blinded study that was conducted at 

Otaru General Hospital Japan between September 2016 and December 2017. The study 

protocol was approved by the Otaru General Hospital ethics committee and was registered 

with UMIN. Written informed consent was obtained after explaining this study to the 

patients or their families or guardian. The study procedures were performed according to 

the ethical recommendations in the Declaration of Helsinki.

Participants
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We consecutively screened patients who were admitted to the neurosurgical and 

neurology wards of Otaru General Hospital. The eligibility criteria included stroke (i.e., 

cerebral infarction, cerebral hemorrhage, or subarachnoid hemorrhage) and age over 65 

years. In addition to the clinical findings, computed tomography scan or magnetic 

resonance imaging was performed on all patients for stroke diagnosis. Stroke severity was 

assessed based on the National Institutes of Health Stroke Scale (NIHSS). The patients 

excluded from the study were those who were critically ill and difficult to save; had severe 

dementia; were at the terminal stage of other diseases, such as cancer; had coexisting 

disease that required strict management; had liver cirrhosis; received albumin preparation; 

and were judged by the attending physician to be unsuitable for the study.

Nutritional screening was performed using the MUST17 and blood tests on the 7th 

hospital day. The MUST comprised 5 grades and involved assessment of body mass index 

(BMI), percentage of weight loss, and effect of acute illness on dietary intake. Based on the 

previously reported association between relatively low serum albumin level and poor 

outcomes in patients with stroke,18,19 the present study enrolled patients with high risk for 

malnutrition, which was defined as a MUST score of ≥2 or serum albumin of ≤3.0 g/dL.

Sample size

This study accrued 64 patients in each arm. The objective of the enrollment was 

based on a published study,13 and sample size was calculated using the Power and Sample 

Size Calculation software (version 3.1, Department of Biostatistics, Vanderbilt University, 

Nashville, TN, USA).20 After choosing “t-test”, “sample size”, “independent”, two-sided α 

= 0.05, power = 0.8, and δ = 8 to detect differences between 2 groups; σ = 13 as the 
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standard deviation (SD) of the outcome; and m = 1 as the ratio of the number of samples, 

the number of patients in each arm was calculated as 42. The δ and σ were based on the 

functional independence measurement (FIM) gain that was described in a published 

study.13 In consideration of dropouts, the number of patients in each arm was increased by 

about 50%.

Randomization

Eligible patients were randomized to either the standard group or the intensive 

group (individualized nutritional treatment) in a 1:1 ratio. We adopted the block random 

allocation method, with 1 block comprising 8 people. The sequence of treatment allocation 

was prepared from a computer-generated randomization list,21 which was managed by 

individuals who were not involved in the study. We obtained the allocation number by 

reporting eligible patients to the administrators. Eligibility assessment was performed by 

those involved in the study, whereas assignment was performed by those not related to the 

study.

Statistical methods

All the available data for the primary and secondary outcomes were used for the 

analysis. Categorical variables were presented as numbers and percentages, whereas 

continuous and ordinal variables were presented as median (interquartile range). The 

statistical significance of intergroup differences was assessed using the chi-square test for 

categorical variables and the Mann–Whitney U-test for continuous and ordinal variables. 

To adjust for the possible effect of missing data on the study results, the mean changes in 
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the total FIM score were analyzed using restricted maximum likelihood estimation for 

linear mixed effect models under “missing at random” assumptions. In all analyses, P <0.05 

was considered statistically significant. Statistical analyses were performed with the 

software package SPSS (version 23, IBM Corporation, Tokyo, Japan)

Intervention

At Otaru General Hospital, the general menu of the selected meals for hospitalized 

patients, including those admitted for stroke, was chosen and preadjusted according to the 

general physique of the Japanese and was available at 1000, 1200, 1400, 1600, 1800, and 

2000 kcal per day. The applicable meal was chosen from the preadjusted menu, so that each 

patient in the standard group was provided the daily caloric requirement, which was 

calculated as body weight (kg) × 25 kcal, according to the stroke department’s protocol. If 

there was no menu that provided the required daily caloric intake, the standard group was 

provided a meal in the 25–30 kcal/kg range.

For the intensive group, the daily caloric requirement was calculated by dietitians 

using the Harris–Benedict equation and according to the progress of patient rehabilitation; 

the stress coefficient ranged from 1.1 to 1.4 and the activity coefficient ranged from 1.0 to 

1.4. Based on the calculated caloric requirement, the meals provided for all patients in the 

intensive group were taken orally or by enteral tube feeding; the latter was used for patients 

who had severe dysphagia and anorexia. We did not prescribe parenteral nutrition for this 

study because stroke patients may require strict management of their water intake and 

output.

At our hospital, the amount of protein was predetermined in the preadjusted menu. 
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Therefore, in this study population, the amount of protein was determined in conjunction 

with and was directly proportional to the amount of calories provided. Daily intake of 

energy and protein was calculated by multiplying the ratio of the actual food intake by the 

provided calories and proteins in the meal, respectively. In each group, the amount of 

actually ingested meal was recorded by the nurses. The nurses were trained to ensure 

consistency in determining food intake. We calculated the average values of the energy 

provided and energy intake from the time of assignment until transfer to a recovery 

hospital. Nutritional treatment was administered until the patient was discharged from our 

hospital, and no nutritional intervention was done at the recovery hospital. For each group, 

the usual stroke treatment and rehabilitation were done. The dietitians, nurses, and physical 

therapists of our hospital were not blinded in their calculation and provision of meals, but 

the patients and primary outcome assessors were blinded.

Outcome measures

The primary outcome variable was total FIM gain from the time of assignment to 

the time of discharge from the recovery hospital. If the patient was not discharged from the 

recovery hospital at 3 months after the stroke onset, FIM was measured at that time. FIM is 

one of the most common tools to measure ADL performance.22 The total FIM score ranged 

from 18 to 126 points, and a lower score indicated poor performance of ADL. The 

secondary outcome variables included motor and cognitive FIM gains and physical 

measurements (i.e., body weight, arm circumference, thigh circumference, and calf 

circumference).

To ensure accuracy, all FIM scoring and physical measurements were conducted by 
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physical therapists. In addition, we made a guidebook with pictures of the physical 

measurement method, in order to reduce measurement error. The physical measurement 

method is shown in Table S1. Because the measuring machines can differ among hospitals, 

physical measurements were carried out at our hospital before transfer and at the recovery 

hospital upon admission. The estimated values were calculated using the difference 

between admission and discharge at the recovery hospital.

Results

Participant inclusion

We screened 1,318 patients during the registration period, and 128 acute stroke 

patients with malnutrition risk over the age of 65 years were randomly assigned to either 

the standard or intensive group (Fig. 1). The reasons for drop out cases were withdrawal of 

consent (n = 4), development of another disease (n = 8), absence of reply from the recovery 

hospitals (n = 8), and discharge to home without transfer to a recovery hospital (n = 14).

Diabetes patients whose blood glucose level could not be controlled despite use of 

the insulin sliding scale by the 7th hospital day were excluded due to “coexisting disease 

that required strict management”.

Baseline characteristics

The baseline characteristics of acute stroke patients with malnutrition risk and over 

the age of 65 years are shown in Table 1. The 2 groups had no significant differences in 

age, sex, weight, height, BMI, stroke type, NIHSS, total FIM score, motor FIM subscore, 

cognitive FIM subscore, and laboratory data.
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Energy and protein provided/intake

The amount of energy provided and intake were significantly higher in the intensive 

group than in the standard group (Table 2).

Rehabilitation time and length of stay in our hospital

The average rehabilitation time by physical therapists and length of stay before 

transfer were similar between the 2 groups (Table 2).

Body weight and physical measurement

There was no significant difference in the body weight between the 2 groups (Table 

3). In general, the circumferential measurements were smaller in the standard group than in 

the intensive group (Table 3). Thigh circumference was significantly different between the 

2 groups.

FIM gain

Data on the primary outcome were available and obtained in 94 patients (Table 3). 

The total FIM gain improved significantly in the intensive group compared to the standard 

group (42 vs. 22; P = 0.02), and thus was mainly due to improvements in the motor FIM 

subscore (standard group, 17 vs. intensive group, 35; P = 0.01). The cognitive FIM gain 

was not significantly different between the standard and intensive groups (3 vs. 7, 

respectively; P = 0.10).

Exploratory analysis was performed by classifying malnutrition risk only by MUST 
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(Table S2). The results did not change significantly.

The linear mixed effect model, which used age, sex, NIHSS, and body weight to 

evaluate the total FIM score, showed an interaction between the group and period from 

assignment to discharge (P = 0.02) (Fig. 2).

Discussion

The present study had important clinical findings. In particular, individualized 

nutritional treatment of elderly acute stroke patients with malnutrition risk improved the 

ADL. The percentage of malnourished stroke patients was reported to range from 6.1% to 

62%.23 One of the goals of acute stroke rehabilitation is to increase independency in ADL.2 

The combination of rehabilitation and nutrition was shown to improve the functional 

prognosis of acute stroke patients.24,25 Two randomized controlled studies reported that 

intake of more energy improved the outcome of acute stroke patients with malnutrition risk. 

Ha et al. reported that individualized nutritional treatment can improve the quality of life12; 

the differences in daily energy intake between the study groups were similar (i.e., 4 kcal/kg 

in our study and 3.6 kcal/kg in the previous study). Rabadi et al.13 compared 2 supplements 

that were added every 8 hours to ordinary hospital meals; the nutritional supplement was 

higher in the intensive group (240 calories, 11 g of protein) than in the standard group (127 

calories, 5 g of protein). Similar to their study, our present study showed that the total FIM 

gain and motor FIM gain in the intensive group increased, but the cognitive FIM gain did 

not significantly differ from that in the standard group.

Compared with the minimal clinically important differences (MCID),26 the total 

FIM gain was lower but the motor and cognitive FIM gains were higher in this study (this 
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study vs. MCID: total, 20 vs. 22; motor, 18 vs. 17; cognitive, 4 vs. 3). This study supports 

that nutritional intervention improves ADL clinically.

The Academy of Nutrition and Dietetic and the American Society for Parenteral and 

Enteral Nutrition declared that weight loss and loss of muscle or fat mass were important 

characteristics of malnutrition.27 Using physical measurements, Zheng et al. showed the 

importance of nutritional treatment for acute stroke patients who received either enteral 

nutrition (about 20–30 kcal/kg/day) or family-managed nutrition.28 Compared with the 

family-managed nutrition group, the nutritional treatment group had less decrease in the 

triceps skinfold thickness and arm muscle circumference on the nonparalyzed side. The 

present study showed that the decrease in arm circumference on the nonparalyzed side was 

4.5% in the standard group and only 1.4% in the intensive group and that the circumference 

was generally smaller in the standard group than in the intensive group on both the 

paralyzed and nonparalyzed sides. A previous study indicated that muscle thickness 

reduction due to aging was greater in the thigh compared with the arm and calf.29 Our study 

showed that the reduction rate in thigh circumference was greater. Although changes in 

muscle thickness due to aging may not be by the same mechanism as reduced activity due 

to post-stroke effects or malnutrition, our study results were similar to the previous study. 

Malnutrition reduces the effectiveness of rehabilitation because of impaired muscle 

function.30 The present study implied that maintenance of nutritional status might prevent 

muscle atrophy and lead to improvements in motor FIM gain.

The ESPEN guidelines for neurology7 recommended screening of the nutritional 

status of all stroke patients within 48 hours of admission, in order to detect the risk for 

malnutrition by methods, such as the MUST. In the present study, nutritional screening and 
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treatment were started on the 7th hospital day. The results of the linear mixed effect model 

implied that early intervention may lead to more improvements in the ADL. Preventing 

malnutrition with early nutritional intervention is important to increase the efficiency of 

rehabilitation after early neurologic recovery.

The present study had some limitations. First, we used albumin level as an 

eligibility criterion. However, recently albumin level has been shown to not specifically 

indicate malnutrition in the acute phase.27 An exploratory analysis was performed by 

classifying malnutrition risk only by MUST. The results did not change significantly, 

because most patients had a MUST score of ≥2 and only four patients had a MUST score of 

<2 and serum albumin of ≤3.0 g/dL. Second, the single-center and single-blinded design 

might have limited the generalizability of the results. Third, there was a possibility of 

measurement error because of the differences in personnel and measuring equipment 

between our hospital and the recovery hospital. Fourth, actual energy intake was calculated 

based on visual observation by nurses. Fifth, we examined patients with stoke in this study 

without considering the severity or type of stroke. Further study is needed to investigate in 

detail the patients who may benefit from individualized nutritional treatment, according to 

patient and/or disease characteristics, such as stroke severity and type.

In conclusion, individualized nutritional treatment improved the ADL of acute 

stroke patients with malnutrition risk. The importance of nutritional management in the 

early stage of stroke is underscored.
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Figure legends

Figure 1. Flowchart of the selection of elderly acute stroke patients with malnutrition risk 

MUST = Malnutrition Universal Screening Tool

Figure 2. Linear mixed effects model for the comparison of the mean total FIM score 

between the standard and individualized nutritional treatment groups

The total FIM score has interactions with the groups and period from assignment to 

discharge. FIM = functional independence measurement

Supporting information legends

Table S1. Physical measurement method

Table S2. Outcome measures upon discharge from the recovery hospital or 3 months after 

the stroke onset (exploratory data analysis: MUST ≥ 2). 

Values are presented as median (25%–75% interquartile range). FIM = functional 

independence measurement, 95% CI = 95% confidence interval, MUST = Malnutrition 

Universal Screening Tool.
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Table 1. Baseline characteristics of elderly acute stroke patients with malnutrition risk (N = 

124)

Standard group Intensive group

Characteristics (n = 62) (n = 62) P value

Age (years) 80.5 (75-86) 78.5 (71-85) 0.32

Sex, M (%) 23 (37.1) 27 (43.5) 0.46

Body weight on assignment (kg)   51.2 (42.9-57.0) 54.2 (46.0-60.5) 0.07

Height on assignment (cm) 154 (144-162) 154 (148-163) 0.22

Body mass index (kg/m2) 21.7 (18.8-23.8) 22.6 (19.5-25.0) 0.26

Stroke type, n (%) 0.77

 Cerebral infarction 37 (59.7) 33 (53.2)

 Cerebral hemorrhage 19 (30.6) 22 (35.5)

 Subarachnoid hemorrhage 6 (9.7) 7 (11.3)

Stroke severity

 NIHSS on admission 8 (3-20) 8.5 (3-16) 0.94

Assignment

 Total FIM score 41 (21-59) 43 (29-67) 0.40

 Motor FIM subscore 19.5 (13-36) 23.5 (14-44) 0.43

 Cognitive FIM subscore 17 (7-24) 17 (13-25) 0.59

 Albumin (g/dL) 3.0 (2.8-3.4) 3.1 (2.8-3.3) 0.78

NIHSS = National Institutes of Health Stroke Scale, FIM = functional independence 

measurement

Page 22 of 28

GGI Editorial office (Email: ggi@blackwellpublishingasia.com)

Geriatrics and Gerontology International

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

Values are presented as median (25%–75% interquartile range)
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Table 2. Energy and protein provided and ingested and the rehabilitation time and length of 

stay before transfer in the study groups

Standard group Intensive group

(n = 61) (n = 60) P value

Provided energy (kcal/day)    1400 (1214-1435)   1669 (1500-1805) <0.001

Energy intake (kcal/day)    1200 (1085-1297)   1496 (1200-1629) <0.001

Energy intake (kcal/kg/day)   23.3 (20.3-27.0)   27.3 (23.2-32.1) 0.001

Provided protein (g/day)   57.3 (55.0-60.0)   66.6 (60.6-71.9) <0.001

Protein intake (g/day)   49.6 (41.5-58.5)   59.7 (47.1-66.5) 0.001

Protein intake (g/kg/day) 1.0 (0.9-1.2) 1.1 (0.9-1.3) 0.05

Energy intake methods 0.66

Oral only, n (%) 41 (67.2) 44 (73.3)

Enteral only, n (%) 12 (19.7) 11 (18.3)

Oral and enteral, n (%) 8 (13.1) 5 (8.3)

Rehabilitation (unit/day)† 2.5 (1.5-3.2) 2.6 (1.9-3.2) 0.44

Length of stay (days) 30 (21-41) 28 (21-39) 0.52

Values are presented as median (25%–75% interquartile range)

†one unit = 20 minutes
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Table 3. Outcome measures upon discharge from the recovery hospital or 3 months after the stroke onset

Standard group (n = 49) Intensive group (n = 45)

　
Assignment Discharge

Difference (95% 

CI)
Assignment Discharge

Difference (95% 

CI)

P value for Difference and 

Δ%

R 

(Effec

t size)

Total FIM score 37 (20-56) 67 (42-106) 22 (21-33) 42 (26-62) 85 (57-113) 42 (31-45) 0.02 0.25

Motor FIM subscore 19 (13-34) 41 (27-75) 17 (17-28) 22 (13-42) 65 (39-83) 35 (26-37) 0.01 0.26

Cognitive FIM 

subscore
14 (7-25) 20 (10-31) 3 (3-6) 16 (11-21) 25 (18-31) 7 (5-9) 0.10

0.17

Δ% (95% CI) Δ% (95% CI)

Body weight (kg)
52.0 

(45.9-57.1)

49.8 

(42.6-54.0)
-5.1 (-7.0 to -3.8)

55.3 

(49.7-60.5)

52.3 

(46.5-58.1)
-4.9 (-7.4 to -3.4) 0.57 0.06

Paralyzed side Δ% (95% CI) Δ% (95% CI)

Arm circumference 

(cm)

25.4 

(24.0-27.8)

24.7 

(23.1-26.6)
-3.4 (-7.1 to -1.9)

26.2 

(24.5-28.8)

25.9 

(23.7-27.9)
-2.7 (-5.7-0.3) 0.33

0.12

Thigh circumference 

(cm)

38.9 

(35.0-41.7)

37.6 

(33.9-39.6)
-6.3 (-7.8 to -3.3)

40.0 

(37.7-43.1)

39.5 

(36.5-42.6)
-1.5 (-4.0-0.5) 0.02 0.28

Calf circumference 

(cm)

29.9 

(28.4-31.6)

29.8 

(27.3-30.7)
-5.0 (-6.7 to -2.1)

31.2 

(29.4-33.2)

31.0 

(29.3-32.7)
-2.3 (-4.5 to -0.3) 0.14 0.18

Nonparalyzed side

Page 25 of 28

GGI Editorial office (Email: ggi@blackwellpublishingasia.com)

Geriatrics and Gerontology International

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

Arm circumference 

(cm)

25.6 

(24.1-28.0)

24.9 

(23.0-26.7)
-4.5 (-6.3 to -2.1)

27.2 

(23.4-28.5)

25.5 

(23.8-28.9)
-1.4 (-4.2-0.3) 0.14 0.16

Thigh circumference 

(cm)

39.3 

(35.6-42.9)

38.2 

(34.7-41.4)
-2.7 (-6.6 to -2.2)

40.6 

(37.5-43.6)

40.1 

(37.7-43.0)
-1.1 (-3.0-0.9) 0.02 0.25

Calf circumference 

(cm)

30.2 

(28.2-31.8)

29.6 

(27.3-31.1)
-2.2 (-4.9 to -1.7)

31.2 

(29.2-33.7)

30.5 

(28.4-32.6)
-1.3 (-3.4-0.4) 0.14 0.16

FIM = functional independence measurement, 95% CI = 95% confidence interval

Values are presented as median (25%–75% interquartile range)
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Figure 1. Flowchart of the selection of elderly acute stroke patients with malnutrition risk 
MUST = Malnutrition Universal Screening Tool 
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Figure 2. Linear mixed effects model for the comparison of the mean total FIM score between the standard 
and individualized nutritional treatment groups 

The total FIM score has interactions with the groups and period from assignment to discharge. 
FIM = functional independence measurement 
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