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Aim:Malnutrition during hospitalization affects the functional recovery and postdi-
scharge destinations of elderly stroke patients. However, insufficient studies exist
about nutritional status during hospitalization in the acute stroke phase in this pop-
ulation. This study determined factors of nutritional status changes during hospital-
ization in elderly patients in the acute phase of stroke, and investigated the
relationship between nutritional status changes and improved activities of daily liv-
ing and postdischarge destination. Methods: This retrospective observational study
included 205 acute-phase stroke patients admitted to Shinshu University Hospital
from 2010-2016. Multiple regression analysis was conducted to determine relation-
ships between nutritional status changes, patient characteristics, and improved
activities of daily living. Binomial logistic regression analysis was used to determine
the relationship between the postdischarge destination and nutritional status
changes. Results: Prevalence of malnutrition was 42% at admission and 76% at dis-
charge. Factors affecting nutritional status changes at admission included Geriatric
Nutritional Risk Index (b = ¡0.35, P < .001) and Barthel Index/feeding (b = 0.22,
P = .002), and factors during hospitalization included age (b = ¡0.21, P < .001),
ischemic stroke (b = 0.16, P = .008), and National Institute of Health Stroke Scale
score (b = ¡0.29, P < .001). Significant associations of changes in geriatric nutri-
tional risk index occurred with improved activities of daily living during hospitali-
zation (b = 0.26, P < .001) and discharge to home (odds ratio = 1.11, 95% confidence
interval: 1.03-1.19, P = .008). Conclusion: Many elderly patients in the acute phase of
stroke with malnutrition exhibited worsening conditions during hospitalization,
which was negatively associated with their activities of daily living abilities and
postdischarge destinations. Nutritional status changes and associated factors must
be evaluated during hospitalization in this patient population.
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Introduction

Reports of the incidence of malnutrition among stroke
patients during the acute phase vary widely, from 6.1% to
79%,1,2 and malnutrition during patients’ hospital stay
reportedly interferes with improvements in activities of
daily living (ADL)3,4 and negatively affects the postdi-
scharge destination.5,6

Several currently available nutritional status assess-
ment tools are applicable to stroke patients; including var-
ious biochemical and physical measurement markers, the
Subjective Global Assessment,7 and the Mini Nutritional
Assessment.8 Despite these options, and although
advanced age has been identified as a risk factor for both
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malnutrition and stroke, no standard tool exists for the
assessment of this complication in elderly stroke patients.
However, the geriatric nutritional risk index (GNRI),9 a
tool used to assess the nutritional statuses of elderly indi-
viduals, has been recognized as a potentially effective tool
for nutritional status assessments in elderly stroke
patients3,4 and for those with communication difficulties
consequent to consciousness disorders or dementia.3 The
GNRI is also appropriate for acute-phase stroke patients,
many of whom experience consciousness disorders or
dementia. However, few studies have used the GNRI to
assess the nutritional statuses of elderly acute-phase
stroke patients.3 Furthermore, no study has conducted a
multivariate analysis to examine factors affecting changes
in malnutrition among elderly acute-phase stroke patients
during hospital stay or postdischarge, despite the impor-
tance of these factors in the functional recovery of elderly
acute-phase stroke patients.
Several studies3,10 have evaluated the effects of nutri-

tional status during hospital stay on improvements in
ADL among stroke patients in general and specifically on
the outcome of discharge to home. These reports suggest
that an association exists between malnutrition at hospital
admission and malnutrition at discharge. They also indi-
cated that acute-phase stroke patients experience worsen-
ing of malnutrition during the hospital stay.5,11 Although
the nutritional status at admission is important, a worsen-
ing nutritional status during hospitalization would have a
much greater effect on ADL and the possibility of being
discharged to home.
We aimed to survey the nutritional statuses of elderly

acute-phase stroke patients during their hospital stays
and to investigate the factors affecting changes in the
patients' nutritional statuses during hospitalization and at
discharge. We also investigated the relationships between
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Figure 1. Flow diagra
changes in the nutritional statuses of elderly acute-phase
stroke patients with improvements in ADL and the possi-
bility of being discharged to home.

Materials and Methods

Design and Setting

This retrospective observational study was conducted
at Shinshu University Hospital, which includes an
Advanced Emergency Medical Care Center, in accordance
with the STROBE statement.12 At this hospital, stroke
patients are admitted to and provided with acute medical
care at the Stroke Care Unit, Department of Neurosur-
gery, and the Neurology Ward. Rehabilitation with full-
risk management and control is provided to patients as
early as possible.

Participants

Overall, 410 stroke patients aged greater than or equal to
65 years were admitted to Shinshu University Hospital
between April 1, 2010 and September 30, 2016. Diagnoses of
stroke were made by a physician based on clinical symp-
toms, as well as computed tomography, magnetic resonance
imaging, and other diagnostic imaging, in accordance with
the ICD-10 classification. After applying the exclusion crite-
ria and excluding cases with missing data, 205 patients were
included in the sample population (Fig 1).

Characteristics of the Participants

All data were retrieved from the Shinshu University
Hospital electronic medical records, including the follow-
ing background characteristics: age, sex, comorbidities,
length of hospital stay (days), destination (home, trans-
fer), height, weight, body mass index (BMI), use of long-
years) 

ded
barachnoid hemorrhage 53
ansient ischemic a�acks 6
-hospital death 6
ospitalized recurrence 11
ved at nursing home before onset 7
ore than 2 weeks a�er onset 6

ng variables at admission 11
ng variables at discharge 105

m of the study.



1868 M. SATO ET AL.
term care insurance prior to hospitalization (yes/no), pre-
morbid ADL dependency (modified Rankin scale [mRS]
� 3), cohabitation (yes/no), type of stroke (ischemic, hem-
orrhagic), and focal hemisphere (right, left, bilateral).
Comorbidities were assessed using the Charlson Comor-
bidity Index (CCI).13 The severity of stroke during hospi-
talization was assessed using the NIHSS,14 which was
previously used as a standard assessment tool in stroke
patients. The severities of dysphagia at admission and dis-
charge were assessed using the Food Intake LEVEL Scale
(FILS).15 Levels 1-3, 4-6, 7-10, and level 10 indicate no oral
intake, oral intake and alternate nutrition, oral intake
alone (but medical considerations are given), and normal
intake, respectively.
Nutritional Assessment

Nutritional status assessment was based on GNRI at
admission and discharge. This tool is based on a calcula-
tion that utilizes three variables: serum albumin (Alb),
height, and body weight.
The following formula was utilized:

1:489� alb g=L
� �� �

þ 41:7� actual bodyweight kg
� �

=ideal bodyweight kg
� �� �

:

The ideal body weight was calculated using the patient's
height and a BMI (kg/m2) of 22, as reported by previous
studies conducted in Japan and overseas.16 The results of
the GNRI assessment were categorized as follows: GNRI
greater than 98, absent; 92 to less than or equal to 98, low;
82 to less than 92, moderate; and less than 82, major.9

Change in the nutritional status during hospitalization (ie,
change in GNRI value) was calculated by subtracting the
GNRI at admission from the GNRI at discharge.
Evaluation of Improvement in ADL and Destination

During hospitalization, the Barthel Index (BI),17 which
has been applied previously to stroke patients, was used
to assess ADL within 3 days of hospital admission and
discharge. Two indices were used to assess improvement
in ADL during the hospital stay: The BI at discharge and
the percent change in BI were used to indicate the ADL
level at discharge and changes in ADL level during hospi-
talization, respectively. Increases and decreases were cal-
culated as (discharge BI � admission BI)/(100 ¡
admission BI) and (discharge BI � admission BI)/(admis-
sion BI), respectively.18

Two postdischarge destination categories, discharge to
home or transfer to another hospital group, for the pur-
pose of continued rehabilitation, were also applied.
Statistical Analysis

Differences in characteristics between the 205 patients
included in the analysis and the 116 patients with missing
data were determined using chi-square and Mann�Whit-
ney U tests. Within the analytical population, compari-
sons of data at admission and discharge were conducted
using the paired t test and Wilcoxon test. Comparisons of
patient attributes between the discharge to home and
transfer at discharge groups were conducted using the
chi-square test and Mann�Whitney U test.
Factors with potential effects on changes in nutritional

status during hospitalization, as indicated by the GNRI at
discharge as well as the degree of change in the GNRI,
were determined using a stepwise multivariate analysis.
Highly correlated variables were selected based on previ-
ous research findings19 and the authors’ clinical empirical
knowledge.
Multivariate stepwise regression analysis of BI at dis-

charge and percent change in BI was performed to deter-
mine the association of changes in nutritional status with
improvement in ADL and the possibility of discharge to
home. A binomial logistic regression analysis was also
performed using elimination methods via the likelihood
ratio with the postdischarge destination (home or trans-
fer). The predictive variables were GNRI at admission or
amount of change in GNRI, age,17,20 sex,17,20 CCI,20 stroke
type (ischemic, hemorrhagic),17,20,21 focal hemisphere
(right, left, bilateral),17,20 premorbid mRS (mRS <3 or
�3),17 cohabitation (yes/no),21 NIHSS at admission,17,20

BI at admission,17,20,21 and FILS at admission.22

G *Power3.1 was used to determine the sample size for
multivariate analysis.23 This study met the required num-
ber of cases (n = 123). For all statistical analyses, statistical
standard of significance was set at less than 5%. The anal-
yses were performed using IBM SPSS Statistics version
25.0 (IBM Corp., Armonk, NY).
Ethics

This study was conducted in accordance with the Dec-
laration of Helsinki24 and ethical guidelines for medical
and health research involving human subjects.25 This
study was approved by the Ethics Committee of Shinshu
University (approval number 3556). As this was a retro-
spective study, the Shinshu University Hospital internet
homepage published information about the study to
allow patients the opportunity to withdraw from partici-
pation.
Results

Basic attributes of the 205 study participants included in
the analysis and the 116 patients with missing data are
shown in Table 1. These groups differed significantly in
terms of the hospital stay length (days), total CCI score,
stroke subtype, cohabitation, BI at admission, and postdi-
scharge destination. The 205 analyzed participants had a
mean age of 77§7 years and a median GNRI value at
admission of 100.



Table 1. Baseline characteristics of study sample and individuals excluded for missing data

Characteristic

Included participants

(n = 205)

Excluded participants

(n = 116) P value

Age Mean§SD 77§7 78§8 .268

Sex Male/Female 114/91 67/49 .709

Length of stay Mean§SD 23§17 15§11 <.001

CCI Median (IQR) 2 (1-3) 1 (0-2) .027

Onset First/recurrent (%) 150 (73)/55 (27) 83 (72)/33 (28) .755

Stroke subtype (%)

Lacunar infarction 27(13) 30(26) .004

Atherothrombotic infarction 57(28) 29(25) .586

Cardioembolic infarction 45(22) 18(15) .163

Other types of infarction 20(10) 14(12) .518

Intracerebral hemorrhage 56(27) 25(22) .253

Lesion Right/left/both (%) 103 (50)/94 (46)/8 (4) 55 (47)/59 (51)/2 (2) .671

Living situation Alone/with family (%) 20 (10)/185 (90) 22 (19)/94 (81) .019

Premorbid dependence

(premorbid mRS � 3)

Yes (%) 32 (16) 19(16) .871

NIHSS at admission Median (IQR) 6 (2-19) 5 (2-10) .068

GNRI at admission Median (IQR) 100 (93-106) 100 (95-104) .964

FILS at admission Median (IQR) 2 (2-9) 7 (1-9) .896

BI at admission Median (IQR) 5 (0-45) 17.5 (0-65) .008

Discharge home Yes (%) 54 (26) 48 (41) .005

BI, Barthel index; CCI, Charlson comorbidity index; FILS, food intake level scale; GNRI, geriatric nutritional risk index; IQR, interquar-

tile range; mRS, modified Rankin scale; NIHSS, National Institute of Health Stroke Scale; SD, standard deviation.
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Table 2 presents comparisons of all indices related to nutri-
tion. Notably, both the FILS and BI had improved signifi-
cantly at discharge relative to the values at admission.
However, BMI, Alb, and GNRI exhibited significant
decreases at discharge relative to admission. The results of
multivariate stepwise regression analysis of potential factors
affecting GNRI during hospitalization are shown in Table 3.
Here, age (b = ¡0.16, P < .001), ischemic stroke (b = 0.12,
P= .008), NIHSS at admission (b =¡0.22, P< .001), GNRI at
Table 2. Nutritional parameters, swallowing function, and activitie

with stro

Characteristic n = 205 A

BMI Mean § SD 2

Alb Median (IQR) 3

GNRI Median (IQR) 1

Nutrition-related risk Number (%)

Absent (GNRI > 98) 1

Low (98 � GNRI � 92) 4

Moderate (92 > GNRI � 82) 3

Major (GNRI < 82) 1

FILS Median (IQR) 2

BI Median (IQR)

Total 5

Feeding 0

Alb, serum albumin; BI, Barthel index; BMI, body mass index; FILS,

interquartile range; SD, standard deviation.

*paired t test.
†matched pair test of Wilcoxon.
‡chi-square test.
admission (b = 0.64, P < .001), and BI feeding at admission
(b = 0.16, P= .002) were all found to be associated with the
GNRI at discharge. All of these factors were also found to
affect changes in the GNRI (age: b = ¡0.21, P < .001; ische-
mic stroke: b = 0.16, P= .008; NIHSS at admission: b =
¡0.29, P < .001; GNRI at admission: b = ¡0.35, P < .001; BI
feeding at admission:b = 0.22, P= .002).
Table 4 presents factors affecting improvement in ADL

during hospitalization according to the BI at discharge
s of daily living at admission and at discharge in 205 patients

ke

dmission Discharge P value

2.5§3.2 21.7§3.3 <.001*

.9 (3.6-4.2) 3.3 (2.9-3.7) <.001y

01.0 (93.7-106.7) 89.5 (81.2-97.8) <.001*

19 (58) 50 (24) <.001z

3 (21) 36 (18)

1 (15) 66 (32)

2 (6) 53 (26)

(2-9) 7 (3-9) <.001y

(0-45) 45 (5-85) <.001y

(0-10) 5 (0-10) <.001y

food intake level scale; GNRI, geriatric nutritional risk index; IQR,



Table 3. Multivariate stepwise regression analysis for GNRI during hospitalization

GNRI at discharge (n = 205) GNRI change (n = 205)

Variable b coefficient P value b coefficient P value

Age ¡0.16 <.001 ¡0.21 <.001

Stroke type: Ischemic 0.12 .008 0.16 .008

NIHSS at admission ¡0.22 <.001 ¡0.29 <.001

GNRI at admission 0.64 <.001 ¡0.35 <.001

BI feeding at admission 0.16 .002 0.22 .002

Adjusted R2 0.669 0.412

BI, Barthel index; GNRI, geriatric nutritional risk index; GNRI change, GNRI at discharge¡GNRI at admission; NIHSS, National Insti-

tute of Health Stroke Scale.

Table 4. Multivariate stepwise regression analysis of improvements in activities of daily living

BI at discharge (n = 205) BI change* (n = 202)

Variable b coefficient P value b coefficient P value

Premorbid dependence (mRS � 3) ¡0.16 <.001 ¡0.20 <.001

Stroke type: Ischemic 0.10 .029 NS

Lesion: right NS ¡0.12 .048

NIHSS at admission ¡0.29 <.001 ¡0.25 .001

BI at admission 0.43 <.001 0.17 .019

GNRI change 0.19 <.001 0.26 <.001

Adjusted R2 0.637 0.358

BI: Barthel index; BI change, (discharge BI � admission BI)/(100¡ admission BI) or (discharge BI � admission BI)/(admission BI);

GNRI, geriatric nutritional risk index; GNRI change, GNRI at discharge¡GNRI at admission; mRS, modified Rankin scale; NIHSS,

National Institute of Health Stroke Scale; NS, not significant.

*BI change (n = 202): 3 patients with a BI at admission = 100 excluded from the analysis.
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(n = 205). This analysis identified the level of premorbid
dependency (b = ¡0.16, P < .001), ischemic stroke (b = 0.10,
P= .029), NIHSS at admission (b = ¡0.29 P < .001), BI at
admission (b = 0.43, P < .001), and degree of change in the
GNRI (b = 0.19, P< .001) as factors affecting the total BI score
at discharge. Premorbid dependence (b = ¡0.20, P < .001),
NIHSS at admission (b = ¡0.25, P= .001), BI at admission
(b = 0.17, P= .019), and the amount of change in GNRI
(b = 0.26, P < .001) were also identified as factors affecting
the percent change in BI during hospitalization, together
with a right hemispheric lesion (b =¡0.12, P= .048).
Table 5. Binomial logistic regression analysis for home

discharge

Home discharge

Variable OR (95% CI) P value

NIHSS at admission 0.82 (0.70-0.96) .012

BI at admission 1.05 (1.03-1.07) <.001

GNRI change 1.11 (1.03-1.19) .008

BI, Barthel index; CI, confidence interval; GNRI, geriatric nutri-

tional risk index; GNRI change, GNRI at discharge¡GNRI at

admission; NIHSS, National Institute of Health Stroke Scale; OR,

odds ratio.

Hosmer-Lemeshow test: P = .874.
Fifty-four (26%) and 151 (74%) of the 205 analyzed
patients were discharged to home or transferred, respec-
tively. Accordingly, a binomial logistic regression analysis
using the elimination methods via the likelihood ratio
with the postdischarge destination (home or transfer) was
also performed. This analysis identified the NIHSS at
admission (odds ratio [OR]: 0.82, 95% confidence interval
[CI] 0.70-0.96, P = .012), BI at admission (OR: 1.05, 95% CI
1.03-1.07, P < .001), and the degree of change in GNRI
(OR: 1.11, 95% CI 1.03-1.19, P = .008) in relation to the
postdischarge destination (Table 5).

Discussion

Factors Related to the Nutritional Status and Change in
Nutritional Status During Hospital Stay

In this comparison of the nutritional statuses of elderly
acute-phase stroke patients at admission and discharge,
we found that all three investigated nutritional parame-
ters (BMI, Alb, and GNRI) were lower at discharge than
at admission, indicating a worsening nutritional status.
We further identified age, stroke subtype, NIHSS at
admission, and BI feeding as factors influencing the nutri-
tional status at discharge and the degree of change in this
parameter during hospitalization. Notably, the GNRI at
admission had a negative effect on changes in the
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nutritional status but had a positive effect on the nutri-
tional status at discharge.
Consistent with our findings, age has been reported as a

risk factor for malnutrition among hospitalized26,27 and
acute stroke patients. However, hemorrhagic stroke is
thought more likely than ischemic stroke to lead to mal-
nutrition.28 As the present study did not find a difference
in nutritional status at admission between patients with
ischemic and hemorrhagic stroke, the latter may have
required higher amounts of nutrition than the former dur-
ing the course of brain function recovery, as hemorrhagic
stroke is generally associated with more severe disease.29

In other words, the brain damage associated with hemor-
rhagic stroke occurs over a wider region, and therefore
additional nutrition is required to recover brain function.
However, the relationship between brain lesion type and
nutritional status remains insufficiently investigated and
requires further study.
A low level of independence with eating behaviors at

admission is related to nutritional status. Eating-related
disorders are risk factors for malnutrition,30 and oral intake
of food rather than intravenous feeding is essential to
ensuring a nutritional balance. Previously, the nutritional
status at admission was found to affect the nutritional sta-
tus at discharge,31 and, consistent with that report, we
found that a good nutritional status at admission persisted
at discharge. In contrast, patients with a good nutritional
status at admission exhibited a worse nutritional status
during their hospital stay. Accordingly, careful attention
should be given to the nutritional management of hospital-
ized patients with a good nutritional status at admission.
A previous meta-analysis of several studies reported

that a patient's characteristics during hospitalization
could be used to predict the long-term nutritional status.19

Accordingly, factors identified in this study as affecting
the nutritional status during hospitalization and at dis-
charge provide novel and clinically beneficial prognostic
predictors for the evaluation of patients hospitalized dur-
ing the acute phase of stroke.
Relationship Between Improvement in ADL and
Nutritional Status During Hospital Stay

In our analysis of potential factors associated with
improvements in ADL, we identified the degree of change
in the GNRI during hospitalization as an independent fac-
tor; the GNRI at admission showed no association. A
study of hospitalized patients in the acute phase of stroke,
found that energy intake during the first week after
admission affected improvement in ADL.32 This previous
study finding supports our results, suggesting the impor-
tance of focusing more attention on the nutritional status
of acute-phase stroke patients during hospitalization. This
is because deterioration in the nutritional status at this
phase can affect improvements in ADL even with a good
nutritional status in patients at admission.
Relationship Between the Postdischarge Destination and
Nutritional Status During the Hospital Stay

Although the GNRI at admission was not associated sig-
nificantly with the likelihood of discharge to home, we
found that the degree of change in the GNRI during hospi-
talization was an independent factor influencing clinical
decisions of the postdischarge destination. A previous
study reported that nutrition-related disorders negatively
affected the ability of convalescent stroke patients admitted
to rehabilitation hospitals to be discharged to home.6 How-
ever, no previous report addressed whether changes in the
nutritional status during hospitalization was associated
with the postdischarge destinations of elderly acute-phase
stroke patients. It is possible that sufficient in-hospital man-
agement of nutritional status could help prevent a worsen-
ing status and thus promote discharge to home among
elderly patients in the acute phase of stroke.
In this study, we used the GNRI to investigate the nutri-

tional status of acute-phase stroke patients aged greater
than or equal to 65 years during hospitalization. Notably,
41% and 76% of these patients exhibited malnutrition at
admission and discharge, respectively. We identified age,
stroke type, NIHSS at admission, GNRI at admission, and
BI feeding at admission as factors related to a worsening
of the nutritional status during hospitalization. In other
words, patients who are of advanced age with cerebral
hemorrhage, severe stroke, good nutritional status at
admission, and difficulty with independent feeding face a
higher risk of a worsening nutritional status. These results
underscore the importance of careful nutritional status
management as early as possible. Moreover, the degree of
change in GNRI was identified as an independent factor
associated with improvement in ADL and discharge to
home, suggesting that the outcomes of elderly stroke
patients would benefit from careful attention to changes
in the nutritional status during the acute phase.

Limitations

The present study had some limitations of note. For
example, many subjects had missing data at discharge.
These patients tended to have shorter hospital stays, lower
complication indices, a high proportion of lacunar infarc-
tion, and higher BI at admission; they were also more likely
to live alone and be discharged to home. In other words,
patients with missing data exhibited higher levels of ADL
independence and more stable symptoms, which enabled
them to be discharged to home earlier and at greater fre-
quency. Additionally, many of these patients were deter-
mined not to require nutritional status assessments at
discharge. Therefore, the present study may have excluded
patients who tended to have less severe symptoms. This
may have resulted in selection bias, and thus the results
may not be generalizable to all patients with stroke. More-
over, the endpoint of the present study, the destination
after discharge from an acute care hospital, predicted the
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outcome of a short-term hospital stay. Therefore, further
studies are needed to investigate the effect of changes in
the nutritional status during the acute phase on long-term
outcomes. Finally, although the GNRI was measured at
both admission and discharge, the follow-up periods were
not uniform and therefore we could not identify the point
at which the GNRI value started to decline. This parameter
will require investigation in the future.
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