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Objective: To investigate the relationship between the 
frequency of nutritional monitoring, and both weight 
gain and functional recovery in underweight, tube-fed 
stroke patients.
Methods: Data for tube-fed stroke patients aged ≥40 
with an (age-dependent) body mass index (BMI) of 
either <18.5, <20.0, or <21.5 kg/m2 were extracted from 
two studies included in the “Algorithm for Post-stroke 
Patients to improve oral intake Level (APPLE)” study, 
conducted at five Kaifukuki (convalescent) rehabilitation 
wards in Japan. The outcome measurements were 
compared between the wards participating in either 
weekly (WM), or monthly (MM) nutritional monitoring 
protocols by dietitians. Primary outcomes were a change 
in BMI, and functional independence measure (FIM) at 
discharge.
Results: There were 37 WM patients (18 women; mean 
age, 77 years) and 29 MM patients (19 women; mean 
age, 78 years) with no differences in stroke subtype, 
BMI, functional independence measure (FIM) and 
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swallowing function. At discharge, WM patients 
showed a significantly higher BMI gain compared to 
MM patients (+0.2 kg/m2 vs. −0.5 kg/m2, p = 0.009). A 
greater proportion of WM patients than that of MM 
patients achieved full oral intake (81.1% vs. 44.8%, p = 
0.002). WM was independently correlated with BMI 
change and discharge FIM on multivariable analyses.
Conclusions: Nutritional monitoring and planning 
recommendation at least once a week by dietitians 
may correlate with positive BMI change and better 
functions in tube-fed stroke patients.
Key words: convalescent rehabilitation wards, enteral 
nutrition, stroke patients, malnutrition, nutritional 
monitoring

Introduction

　Malnutrition occurs in up to 62% of stroke patients 
[1], and is related to adverse outcomes such as mortality, 
complications, functional dependency, hospital cost, 
and swallowing dysfunction [2-5]. The causes of 
malnutrition in stroke patients are considered to be 
multifactorial [6, 7]; dysphagia is likely to be the 
predominant cause [7]. Notably, the correlation between 
dysphagia and malnutrition is stronger in a rehabilitation 
setting than in an acute care setting [7]. Therefore, 
nutritional support for stroke patients with dysphagia is 
a more critical issue in rehabilitation centers than in 
acute care hospitals. On the other hand, malnutrition 
can cause dysphagia through muscle weakness, muscle 
loss and fatigue [8]. More recently, the concept of 
sarcopenic dysphagia – difficulty swallowing due to 
sarcopenia of generalized skeletal muscles and 
swallowing muscles – has been proposed [9, 10]. In 
fact, severe malnutrition risk is a negative predictor of 
recovery of swallowing function in tube-fed stroke 
patients [4]. Thus, nutritional support with swallowing 
rehabilitation can possibly improve not only nutritional 
status but also swallowing function, physical functions 
and mortality.
　Recommendation of nutritional plan for tube-fed 
patients by dietitians may improve clinical outcome. In 
a long-term acute care facility, higher energy and protein 
intake, shorter lengths of stay were achieved when 
physicians accepted dietitians’ recommendations [11]. 
Similarly, documentation of nutritional requirements by 
dietitians is related to a higher daily energy intake and 
faster initiation of enteral nutrition in pediatric intensive 
care unit patients [12]. Thus, nutritional improvement 
may be achieved by recommending the appropriate 
amount and formulae based on individualized nutritional 
assessments. However, there is no study investigating 
the efficacy of nutritional care for improving nutritional 
status by dietitians in stroke patients. Moreover, since 
only 11% of dietitians use validated nutritional 
assessment tools [13], it is unclear if their nutritional 
recommendations are effective in improving nutritional 
and functional outcomes in stroke patients.

　In rehabilitation hospitals, nutritional assessment, 
monitoring, and recommendations have a large impact 
on patients’ nutritional status because of their longer 
hospital stays and the various physical activities. 
However, the optimal frequency of assessment and 
monitoring is unknown. Additionally, nutritional 
support may be inadequate in rehabilitation hospitals in 
Japan because it is not covered by the public health 
insurance system; only 20% of Kaifukuki (convalescent) 
rehabilitation wards (KRWs) were supported by a full-
time dietitian [14]. Moreover, the number of patients 
who are underweight have increased among KRW 
residents from 22.8% (on admission) to 24.8% (at 
discharge) [14]. Therefore, establishing the appropriate 
nutritional support in convalescent rehabilitation wards 
is an issue of clinical importance. The aim of this pooled 
analysis was to evaluate the frequency of nutritional 
monitoring as related to nutritional and functional 
outcomes for tube-fed stroke patients in the KRWs.

Methods

1. Database
　This study retrospectively analyzed a database that 
incorporated two observational studies (Study 1 and 2) 
from the “Algorithm for Post-stroke Patients to improve 
oral intake Level: APPLE” series study. Study 1 
prospectively included stroke tube-fed patients who were 
admitted to the KRWs between January and October 
2014, aged 65-80 years, with suspected malnutrition 
(body mass index [BMI] ≤18.5 kg/m2 or Alb < 3.5 g/dL). 
This study was conducted in five KRWs in rehabilitation 
hospitals across Japan (Tokyo, Nagasaki, Ehime, 
Hokkaido, and Tottori). The five KRWs included in this 
study were categorized as grade 1 which is the best of the 
three grades. Exclusion criteria for Study 1 were injury to 
both the supra/infratentorial regions, strict medical 
nutritional therapy requirement (e.g., uncontrolled hyper/
hypoglycemia or end-stage renal disease), gastrointestinal 
dysfunction (e.g., inflammatory bowel disease or short 
bowel syndrome), and dysphagia due to an organic 
problem, cognitive impairment and/or medication. 
　Study 2 was a retrospective cohort study conducted 
in 25 KRWs between March 2011 and March 2013 in 
Japan, and was reported elsewhere [4]. Study 2 
included tube-fed stroke patients aged ≥40 years. The 
five KRWs in Study 1 were among those included in 
the 25 hospitals of Study 2. Study 1 was approved by 
the ethics committee at each hospital, whereas Study 2 
was approved by the ethics committee at Hatsudai 
Rehabilitation Hospital. Because the present study 
was an observational study using existing and 
anonymized data of daily clinical practice, we provided 
information of the study to all patients concerned, and 
explained the opt-out option, which allowed patients 
to withdraw from the study at any time.
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2. Data integration and eligibility criteria 
　We integrated the two databases and extracted data for 
the underweight study subjects who were ≥40 years old 
in the five KRWs involved in Study 1. Underweight was 
defined as a BMI <18.5 kg/m2 (aged <50 years), <20.0 
kg/m2 (aged <70 years), and <21.5 kg/m2 (aged ≥70 
years) based on Dietary Reference Intakes for Japanese 
2015 [15]. Exclusion criteria were ≥60 days between 
stroke onset and KRW admission or having spent <30 
days in a KRW. Potential confounders such as patient 
characteristics (e.g., age, sex, type of stroke, stroke lesion, 
history of stroke, comorbidity, and onset-admission 
duration) were investigated in both studies. Because 
neither study reported the actual time of rehabilitation 
therapy for each subject, as confounders of functional 
outcome, the number of PT, OT and ST and the mean 
duration of rehabilitation therapy per day in each KRW 
were collected from annual KRWs survey between 2011 
and 2014 [16]. We extrapolated mean time of rehabilitation 
therapy from the annual survey to each subject as 
estimated time of the therapy. 

3. Monitoring frequency
　The study compared nutritional outcomes in KRW 
patients with different nutritional monitoring protocols. 
Two of the five KRWs employed more than one clinical 
dietitian per ward, while for the three KRWs, one 
clinical dietitian was appointed between 2 (or more) 
wards. The former two KRWs that implemented a 
nutritional support protocol in which the patients’ 
nutritional statuses were monitored at least once per 
week by dietitians (referred to as the weekly monitoring 
group [WM]), while the latter three KRWs underwent 
nutritional monitoring at least once per month (the 
monthly monitoring group [MM]). Nutritional 
monitoring included physical examination, nutritional 
intake, anthropometry, laboratory tests, and others 
examinations. The dietitians recommended nutritional 
plans (e.g., amount of nutrients, route of nutrition 
support, use of specific formulae, or administration of 
oral nutritional supplements) to physicians and nurses 
based on their evaluations. All the KRWs maintained 
same nutritional monitoring protocol for the durations 
of both studies. To confirm the effect of confounders on 
rehabilitation outcomes, we compared the motor and 
cognitive domain of the Functional Independence 
Measure (FIM) gain in non-underweight patients (BMI 
≥ 18.5 kg/m2), between the WM, and MM groups, using 
the annual survey data [16]. 

4. Nutrition-related parameters
　Mean energy and protein intakes within five days 
(Study 1) or 7 days (Study 2) after admission were 
collected. BMI was calculated by (weight [kg]/height 
[m]2) at admission and discharge. Alb was collected 
within 7 days before and after admission. To assess 
nutritional risk, we computed the Geriatric Nutritional 
Risk Index (GNRI) [17]. The GNRI equation is 

described below:

　　GNRI =  (14.89 × Alb [g/dL]) + 41.7 × (actual 
body weight [kg]/ideal body weight [kg])

　　ideal body weight = height (m)2 × 22

　If the actual weight exceeded the ideal body weight, 
the actual body weight/ideal body weight ratio was set 
to 1 in the above equation [17].

5. Functional indicators
　The FIM is one of the most frequently used functional 
measurements and is composed of 13 motor-, and five 
cognitive-related items. Each item is graded on a scale 
between 1 (complete dependency) to 7 (independence) 
[18]. The total FIM scores ranged from 18 to 126 points. 
Fujishima’s swallowing grade (FSG) was employed  
as an indicator of swallowing function. The FSG is  
a 10-grade scale (1: not eligible for swallowing 
rehabilitation, to 10: normal swallowing function) 
which was developed in Japan and is widely used [19]. 
In this study, we confirmed full oral intake using both an 
FSG ≥7 and reports regarding whether oral intake was 
actually achieved.

6. Minimal detectable difference
　As this study was conducted as pooled analysis using 
a completed database, we included a limited number  
of participants. Therefore, we calculated the minimal 
detectable difference post-hoc, instead of performing a 
sample size calculation, using Power and Sample Size 
Calculation software (version 3.0, 2009; William D. 
Dupont and Walton D. Plummer). According to our 
previous study [4], the expected standard deviation of 
mean BMI change was 1.5 kg/m2. If the study participants 
(n=66) were divided into two groups with a 1:1 ratio, the 
minimal detectable difference of BMI change was 1.1 kg/
m2, with a power (1-β) of 0.8, and an α of 0.05.

7. Statistical analysis
　Normally distributed variables were expressed as 
mean values and standard deviations, while non-
uniformly distributed or ordinal variables were presented 
as medians and interquartile ranges. Student’s t-test, 
Mann-Whitney’s U test, chi-squared test, and Fisher’s 
exact test were performed for univariate analysis between 
different groups. To evaluate whether the frequency of 
monitoring was independently correlated with nutritional 
and functional outcomes, linear regression analysis for 
BMI change and FIM at discharge were performed. 
Additionally, binary logistic regression analysis for 
achievement of full oral intake was performed. Statistical 
significance was established at p < 0.05.

Results

　Of 669 potential subjects, 508 Study 2 participants 
who were not included in Study 1, were excluded. After 
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integrating the Study 1 participants into Study 2, 
seventy-three patients with BMIs ≥18.5, 20, or 21.5 kg/
m2 (depending on age) or missing BMI data, 10 with 
unavailable outcome data, and 14 with onset/admission 
durations >60 days were excluded. Ultimately, data for 
66 subjects were analyzed (Figure 1). For one KRW, the 
annual survey data from 2011 were missing. 
　Table 1 shows the characteristics of the study subjects. 
Thirty-seven subjects were classified into the WM group 
(18 women), while 29 were included in the MM group 
(19 women). Data for location of stroke, history of stroke, 
and Alb level were missing for one subject. Of the 66 
subjects, 36 had cerebral infarctions, 23 had intracerebral 
hemorrhages and five had subarachnoid hemorrhages. 
The WM group had a significantly higher proportion of 
atrial fibrillation (p = 0.049), lower protein intake (p = 
0.013), higher time of occupational therapy (p = 0.044), 
and lower time of speech-language-hearing therapy (p < 
0.001). The mean number of PT, OT, and ST who 
provided therapy were 11.6, 10.0, and 5.1 for the WM 
group and 9.8, 8.4, and 6.3 for the MM group. There were 
no differences in motor FIM gain (median [interquartile 
range], WM: 16.5 [7.8-28], MM: 16 [5.3-28], p = 0.549) 
and cognitive FIM gain (WM: 4.5 [0-8.3], MM: 3 [0-7], 
p = 0.195) for non-underweight patients (WM: n = 66, 
MM: n = 116), based on the annual survey data.

　At discharge, the WM group showed a significantly 
higher BMI change (p = 0.009), proportion of full oral 
intake (p = 0.002), and motor FIM (p = 0.018) than the 
MM group (Table 2). There were no differences with 
respect to either the relative nutritional intake per body 
weight or the change in intake. Absolute change of 
energy and protein intake tended to be higher in the 
WM group (energy: 218 ± 362 kcal vs. 114 ± 313 kcal, 
respectively [p = 0.223]; protein: 9.1 ± 13.4 g vs. 4.1 ± 
11.8 g, respectively [p = 0.114]).
　Linear regression analysis showed that weekly 
monitoring independently correlated with change  
in BMI (β = 0.733, 95% confidence interval [CI]: 
0.245-1.220) and FIM on discharge (β = 12.306, 95% 
CI: 1.448-22.180). Conversely, binomial logistic 
regression analysis revealed that weekly monitoring 
did not correlate with achievement of full oral intake 
(odds ratio: 5.417, 95% CI: 0.558-52.593) while FSG 
on admission was an independent predictor (odds 
ratio: 2.593, 95% CI: 1.226-5.482) (Table 3).

Discussion

　This study produced two major findings. First, 
weekly monitoring and recommendation of a nutritional 
plan was positively correlated with higher BMI gain 

Figure 1. Flow diagram illustrating the selection process, and integration of the data of Studies 1 
and 2.
BMI, body mass index; FSG, Fujishima’s swallowing grade; WM, weekly monitoring protocol; 
MM, monthly monitoring protocol.
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Table 1. Characteristics of 66 underweight tube-fed stroke patients.

Overall WM MM p-value

Number of participants 66 37 29
Age, years mean (SD) 77.5 (8.4) 76.8 (9.2) 78.4 (7.4) 0.442††

Sex, n (%) 0.171‡‡

　Male 29 (43.9) 19 (51.4) 10 (34.5)
　Female 37 (56.1) 18 (48.6) 19 (65.5)
Diagnosis, n (%) 0.160§§

　CI (lacunar)  4 (6.1)  3 (8.1)  1 (3.4)
　CI (atherothrombotic)  9 (13.6)  7 (18.9)  2 (6.9)
　CI (cardioembolic) 17 (25.8) 13 (35.1)  4 (13.8)
　CI (other etiology)  6 (9.1)  3 (8.1)  3 (10.3)
　ICH (hypertension) 12 (18.2)  5 (13.5)  7 (24.1)
　ICH (other etiology) 11 (16.7)  3 (8.1)  8 (27.6)
　SAH  5 (7.6)  2 (5.4)  3 (10.3)
　Uncertain  2 (3.0)  1 (2.7)  1 (3.4)
Location of stroke, n (%)¶ 0.136§§

　Supratentorial 56 (86.2) 34 (91.9) 22 (75.9)
　Infratentorial  6 (9.2)  2 (5.4)  4 (13.8)
　Both regions  1 (1.5) 0  1 (3.4)
　Uncertain  2 (3.1) 0  2 (6.9)
History of stroke, n (%)¶ 0.377‡‡

　Yes 24 (36.9) 15 (40.5)  9 (31.0)
　No 41 (63.1) 21 (56.8) 20 (69.0)
Onset-to-admission period (days) 0.070††

　Mean (SD) 38.1 (12.8) 35.6 (12.6) 41.3 (12.5)
FIM, median (IQR)
　Motor domain 13 (13-15.3) 13 (13-17) 13 (13-14.5) 0.131¶¶

　Cognitive domain  8 (5-11.3)  8 (5-12.5)  8 (5.5-10.5) 0.808¶¶

Comorbidity, n (%)
　Diabetes mellitus 14 (21.2)  7 (18.9)  7 (24.1) 0.607‡‡

　Hypertension 32 (48.5) 16 (43.2) 16 (55.2) 0.336‡‡

　Atrial fibrillation 17 (25.8) 13 (35.1)  4 (13.8) 0.049‡‡

　Myocardial infarction  5 (7.6)  4 (10.8)  1 (3.4) 0.262§§

　Dyslipidemia  4 (6.1)  2 (5.4)  2 (6.9) 0.801§§

　Liver cirrhosis  1 (1.5) 0  1 (3.4) 0.255§§

　Others  3 (4.5)  3 (8.1) 0 0.117§§

Serum albumin, g/dL¶ 0.080††

　Mean (SD)  3.3 (0.4)  3.4 (0.4)  3.2 (0.4)
BMI, kg/m2, mean (SD) 18.5 (2.1) 18.4 (2.0) 18.5 (2.2) 0.838††

Nutritional risk†, n (%)¶ 0.141§§

　Severe 21 (32.3) 10 (27.8) 11 (37.9)
　Moderate 38 (58.5) 20 (55.6) 18 (62.1)
　Mild  4 (6.2)  4 (11.1) 0
　No  2 (3.1)  2 (5.6) 0
Nutritional intake, mean (SD)
　Energy (kcal/kgWt/day) 26.5 (6.0) 28.5 (8.4) 27.5 (5.1) 0.517††

　Protein (g/kgWt/day)  1.1 (0.3)  1.1 (0.4)  1.2 (0.2) 0.013††

Swallowing disorder‡, n (%) 0.790§§

　Severe 49 (74.2) 27 (73.0) 22 (75.9)
　Moderate 17 (25.8) 10 (27.0)  7 (24.1)
Estimated time of therapy (minute/day), median (IQR)
Physical therapy 74 (74-80) 74 (74-80) 66 (64-82) 0.806¶¶

Occupational therapy 66 (66-68) 66 (66-68) 64 (61-68) 0.044¶¶

Speech-language-hearing therapy 48 (42-62) 48 (42-48) 62 (56-66) <0.001¶¶

CI, cerebral infarction; ICH, intracerebral hemorrhage; SAH, subarachnoid hemorrhage; WM, weekly nutritional monitoring protocol; MM, 
monthly nutritional monitoring protocol; FIM, functional independence measure; BMI, body mass index; SD, standard deviation; IQR, 
interquartile range; SLT, speech-language-hearing therapists.
†Identified by the Geriatric Nutritional Risk Index (GNRI) score; severe: <82, moderate: 82 to <92, and mild: 92 to <98. There were no 
participants classified as no nutritional risk (GNRI>98).
‡Identified by the Fujishima’s swallowing grade (FSG); severe: 1-3, moderate: 4-6.
§Extrapolated using the mean from three types of therapy in each KRW from the annual survey of the KRW Association.
¶One datawas missing, ††Student’s t-test, ‡‡chi-squared test, §§Fisher’s exact test, ¶¶Man-Whitney U test.
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Table 2. Activities of daily living, swallowing function, nutritional intake and BMI on discharge of tube-fed stroke 
patients at the KRWs.

Overall WM MM p-value
Number of participants 66 37 29
Length of KRW stay in days, mean (SD) 143.3 (36.8) 138.1 (40.6) 150.0 (30.8) 0.180††

FIM, median (IQR)
　Motor domain 27 (14-44.8) 34 (15-55.5) 18 (13.5-32) 0.018§

　Cognitive domain 12.5 (8-20) 16 (8-21) 10 (7.5-15.5) 0.238§

Swallowing disorder†, n (%) 0.002§§

　Severe 13 (19.7)  6 (16.2)  7 (24.1)
　Moderate 10 (15.2)  1 (2.7)*  9 (31.0)*
　Mild or No 43 (65.2) 30 (81.1)* 13 (44.8)*
Full oral intake‡, n (%) 43 (65.2) 30 (81.1) 13 (44.8) 0.002§§

Pneumonia incidence, n (%)§ 14 (21.2)  8 (21.6)  6 (20.7) 0.939§§

Nutritional intake, mean (SD)¶

　Energy (kcal/kgWt/day) 30.6 (8.6) 30.5 (6.7) 30.7 (10.5) 0.949††

　Protein (g/kgWt/day)  1.2 (0.3)  1.2 (0.3)  1.3 (0.4) 0.220††

Change in nutritional intake, mean (SD)¶

　Energy (kcal/kgWt/day)  3.9 (8.2)  4.2 (7.6)  3.7 (9.0) 0.803††

　Protein (g/kgWt/day)  0.2 (0.3)  0.2 (0.3)  0.1 (0.3) 0.554††

BMI, kg/m2, mean (SD) 18.4 (2.1) 18.6 (2.0) 18.1 (2.2) 0.294††

Change in BMI, kg/m2, mean (SD) −0.1 (1.0)  0.2 (1.0) −0.5 (1.0) 0.009††

KRWs, Kaifukuki rehabilitation wards; BMI, body mass index; WM, weekly monitoring protocol; MM, monthly 
monitoring protocol; IQR, interquartile range; SD, standard deviation. 
†Identified by the Fujishima’s swallowing grade (FSG); severe: 1-3, mild: 4-6, and mild or no: 7-10.
‡Identified by both FSG ≥7 and actual “full oral intake” status, §Two data were missing, ¶One data was missing, 
††Student’s t-test, ‡‡Man-Whitney’s U test, §§chi-squared test. *p < 0.05 between the groups. 

Table 3. Linear regression analysis and binominal logistic regression analyses of the effect of the frequency of 
nutritional monitoring on BMI change, FIM at discharge, and recovery of full oral intake among tube-fed stroke 
patients at the KRWs.

Outcomes Monitoring 
frequency β Adjusted 

odds ratio
95% confidence interval

p-value
Lower Upper

BMI change† Weekly  0.733 － 0.245  1.220 0.004
(R2 = 0.125) Monthly (reference) － － － － －
FIM at discharge‡ Weekly 12.306 － 1.448 22.180 0.015
(R2 = 0.613) Monthly (reference) － － － － －
Full oral intake§ Weekly － 5.417 0.558 52.593 0.145
(R2 = 0.335) Monthly (reference) － － － － －

KRWs, Kaifukuki rehabilitation wards; BMI, body mass index; FIM, functional independence measure. 
†Linear regression analysis adjusted by age, sex and BMI on admission. 
‡Linear regression analysis adjusted by age, sex, mean time of provided total rehabilitation therapies (physical, 
occupational and speech-language-swallowing therapy) and FIM on admission. 
§Binominal logistic regression analysis adjusted by Fujishima’s swallowing grade (FSG) on admission and mean 
time of speech-language-swallowing therapy. Full oral intake was defined by an FSG score ≥7 and actual “full oral 
intake” status.
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among underweight tube-fed stroke patients. Second, 
this procedure was associated with recovery of physical 
and cognitive function.
　Our study showed that tube-fed stroke patients 
exhibited a slight increase (mean increase 0.2 kg/m2) in 
BMI if nutritional monitoring was performed and 
nutritional plans recommended by dietitians at least once 
a week were followed. These results are consistent with 
previous studies [11-13, 20], and are clinically relevant, 
because nutritional monitoring and evaluation by 
dietitians, which is one of the four steps of the nutrition 
care process, plays a key role in evaluating the efficacy of 
nutritional intervention, and may prevent weight loss 
[21]. Activity-related energy expenditure is the most 
variable form of energy expenditure [22]; moreover, 
ADLs are positively associated with resting energy 
expenditure [23]. Our results may suggest that more 
frequent recommendations of nutritional prescriptions 
based on the patients’ physical activity levels and load of 
rehabilitation programs are effective for eliciting weight 
gain in these patients. However, the clinical significance 
of the between-group difference in BMI change (0.7 kg/
m2, which is comparable to 1.8 kg of a person with a 
height of 160 cm) remained unclear because there are no 
available data for a minimum clinically important 
difference (MCID) toward functional recovery in stroke 
patients. Further research investigating the MCID of 
BMI for stroke patients is required.
　Change in nutritional intake did not differ between 
the two groups despite the BMI change being significant 
higher in the WM group. Conversely, a recent systematic 
review suggested that nutrition intervention as a part of 
rehabilitation may increase only nutritional intake, but 
not BMI or function [24]. Although the reason why our 
results are contrary to this is unclear, it is possible that a 
slight increase in energy intake was achieved during 
extended stays at the KRWs (in the range of 143 days) 
and led to increased BMI, as absolute energy intake 
tended to be high in the WM group. Additionally, stroke 
patients with dysphagia were usually prescribed a 
modified diet that is linked to decreased energy intake 
(926 kcal/d) during the transition period from tube-
feeding to oral intake [25]. If a dietitian closely monitors 
patients’ food intake and recommends an appropriate 
nutritional plan during the transition period, both weight 
gain and recovery of swallowing function can be 
achieved. However, further study will be required to 
determine the cumulative energy intake during KRW 
stays and the nature of BMI changes.
　Weekly monitoring can correlate with better physical 
and cognitive function on multivariable analysis. In 
periods of starvation, physical and mental functions 
decline [26, 27]. Additionally, improved nutritional 
status, particularly when maintaining body weight, is 
related to the recovery of ADLs [28, 29]. Our results  
are consistent with such findings. We also found that 
weekly monitoring did not correlate with the recovery 
of swallowing capacity by multivariable analysis. This 

finding may partially be explained by the variety of 
nutritional risks existing among the subjects. Severe 
malnutrition risk may be an independent predictor  
of recovering swallowing ability as well as initial 
swallowing ability, pneumonia incidence, onset-
admission duration and pre-stroke ADL [4]. Since our 
study included subjects with various risks of 
malnutrition, the effects of nutritional monitoring can 
vary widely. Another possibility is the existence of 
multicollinearity between monitoring frequency and 
estimated time of speech-language-hearing therapy, 
which were different between the groups. Further 
studies are needed to adjust for the actual duration and 
frequency of rehabilitation, nature of the rehabilitation 
program, and proficiency of therapists, nurses and 
physiatrists.
　There are several limitations in our study. First, there 
remains the possibility that potential confounders which 
influence the quality of rehabilitation (e.g., proficiency 
of rehabilitation staff, actual time of rehabilitation) or 
quality of nutrition care (e.g., presence and activity of 
nutrition support team) may affects the outcome 
measures. Although we analyzed the FIM of non-
underweight patients and estimated time of rehabilitation 
therapy, we could not adjust for all potential confounders 
which could potentially affect the outcomes. Future 
randomized controlled trials, or observational studies 
using propensity score should be conducted to overcome 
this limitation. Second, we did not observe a cause-and-
effect relationship between the monitoring frequency 
and nutritional and functional outcomes due to the study 
design. Third, the small cohort size weakened the 
statistical power. Forth, BMI does not always represent 
nutritional status. While BMI is frequently used in 
validated screening tools [30], it is also affected by fluid 
status and inflammation. Body composition analysis 
would be useful to resolve such shortcoming.
　In conclusion, nutritional monitoring and dietary 
recommendations at least once a week by dietitians 
seemed to be associated with an gain in body weight in 
underweight tube-fed stroke patients. Moreover, this 
procedure may also correlate with improved recovery 
of physical and cognitive function. These results may 
provide the basis for further research to determine 
whether the frequency of nutritional monitoring 
improves the outcome of stroke patients.
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