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Objective: To analyse the 9-year trend in oral intake ability 
3 months after onset in acute stroke patients, with a view to 
indirect clarification of advances in acute stroke treatment 
and swallowing rehabilitation.
Methods: A database of patients admitted to our hospital  
(Saiseikai Kumamoto Hospital, Kumamoto) with acute is-
chaemic stroke between 2003 and 2011 was analysed. Exclu-
sion criteria were: patients with premorbid modified Rankin 
Scale score ≥ 1; those who died during hospital stay; and those 
whose outcomes after 3 months were not recorded. Mode of 
nutritional intake was investigated with a questionnaire post-
ed to the patient 3 months after stroke onset. Patients were di-
vided into 2 groups according to mode of nutritional intake: 
an oral intake group and a non-oral intake group. Whether 
the date or year of admission were related to the proportion 
of patients with oral intake, independent of other factors, was 
investigated using a logistic regression model.
Results: Of a total of 2,913 patients, 2,677 (91.9%) were in-
cluded in the oral intake group. The proportion of patients 
with oral intake 3 months after stroke increased significantly 
over the period of analysis (p = 0.034 by Cochran-Armitage 
test). On logistic regression analysis, the trend was signifi-
cant after adjustment for age, sex, vascular risk factors, 
stroke subtype, and stroke severity on admission (odds ratio 
1.098, 95% confidence interval 1.029–1.173; per 1 year).
Conclusion: The proportion of ischaemic stroke patients in 
the institution studied who were capable of oral intake at 3 
months post-stroke increased significantly over the past dec-
ade, independent of other patient characteristics.
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INtRoductIoN

Swallowing difficulty is one of the most common complica-
tions in acute stroke patients. It can cause pneumonia and 

malnutrition, and may result in poor functional outcome (1–3). 
three-quarters of severely dysphagic stroke patients are not 
capable of oral intake 3 months after stroke (4), and in total, 
approximately 10% of stroke patients cannot eat orally after 6 
months (5–7). Alternative measures for nutritional intake must 
be considered for these dysphagic patients. How post-stroke 
patients obtain nutrition in the chronic phase remains one of 
the important determinants of quality of life for patients and 
their families (2).

With marked advances in acute stroke treatment, including 
thrombolytic therapy, hyperacute interventional procedures, 
and various medical approaches, outcomes of stroke patients 
have improved gradually (8, 9). In addition, various attempts 
with regard to rehabilitation for dysphagic patients, such as 
bedside exercises (10), effortful swallowing training (11), 
electrical stimulation (11, 12), and thermal or chemical stimu-
lation (13), also contribute, although their impact on stroke 
outcomes remains unclear. 

We hypothesized that investigation of temporal trends of 
the mode of nutritional intake might indirectly demonstrate 
the efficacy of these various treatments and rehabilitation 
approaches for post-stroke patients. As far as we know, there 
have been no reports that have elucidated trends in the mode 
of nutritional intake after stroke. 

the aim of this study was to investigate the 9-year trend in 
the proportion of patients with oral intake 3 months after onset 
in acute ischaemic stroke patients.

MEtHodS
Subjects 
data obtained from a prospectively registered database of consecutive 
acute ischaemic stroke patients admitted to our stroke centre within 
7 days of onset were used (Saiseikai Kumamoto Hospital, which 
is located in the Kumamoto city in the south-west region of Japan. 
Patients are referred from the medical district with a population of 
over 400,000). Between April 2003 and March 2012, a total of 5,355 
patients were admitted. Previous studies demonstrated that premor-
bid disability might strongly affect patients’ swallowing outcomes 
(4, 7). To validate the efficacies of stroke treatment or rehabilitation 
after admission more accurately, patients with a premorbid modified 
Rankin Scale score (14) ≥ 1 (n =1,835) were excluded. of the remaining 
3,520 patients, 134 died during the hospital stay. three months after 
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onset, a questionnaire was sent to the 3,386 patients who survived to 
be discharged. the questionnaire included the mode of nutritional 
intake (oral intake, nasogastric tube feeding, percutaneous endoscopic 
gastrostomy (PEg), peripheral parenteral nutrition, or total parenteral 
nutrition). Replies were obtained from 2,913 (86.0%) patients or their 
family members. therefore, the 2,913 patients were analysed in this 
study (fig. 1). this article did not receive formal assessment by the 
institutional review board, since the study design maintained patient 
anonymity and did not involve any interventions.

Settings
our hospital (Saiseikai Kumamoto Hospital) is specialized in acute 
care, and acute stroke patients were treated in the comprehensive stroke 
unit. these patients are transferred to rehabilitation hospital, other 
general hospital, or nursing home, unless they cannot be discharged 
home within 1–2 weeks. Swallowing ability is screened by trained 
physicians or nurses within 2 days of admission in all patients, using 
a standardized method in our institution (7). during the study period, 
3 major changes occurred with regard to dysphagia care. first, speech/
swallowing therapists started comprehensive evaluation and interven-
tion in the acute phase in 2004. Secondly, comprehensive rehabilitation 
hospitals have rapidly increased in number since operations of the “li-
aison clinical path” was initiated in our region (Kumamoto Prefecture) 
in 2007. “liaison clinical path” is a clinical schedule for patient care 
according to their particular diagnosis, which is intended to facilitate 
an integrated patient care among regional institutions including acute 
hospitals, rehabilitation hospitals, nursing homes, and practitioner’s 
offices. Thirdly, intravenous thrombolysis using alteplase was approved 
for use in Japan in 2005.

Clinical data recruitment
Days of admission were defined as the serial number after the begin-
ning of the study period (1 April 2003). Each year of admission was 

defined as occurring from April to March. The following clinical data 
were collected from all patients: (i) age and sex; (ii) vascular risk 
factors (hypertension, diabetes mellitus, hyperlipideamia, current 
smoking habit); (iii) atrial fibrillation; (iv) ischaemic heart disease; 
(v) previous history of ischaemic stroke or transient ischaemic attack; 
(vi) thrombolytic therapy in the hyperacute phase; (vii) stroke subtype 
based on the trial of org 10172 in Acute Stroke treatment (toASt) 
classification (15); (viii) National Institutes of Health Stroke Scale 
(NIHSS) score (16) on admission; (ix) NIHSS score on day 10 (or 
on discharge in patients discharged earlier); and (x) ΔNIHSS score 
(NIHSS score on day 10 – NIHSS score on admission).

Statistical analysis
the patients were divided into 2 groups according to the mode of 
nutritional intake 3 months after onset: those who could eat orally 
(oral intake group) and those who could not (non-oral intake group). 
Patients who died after discharge were divided into the each group 
for descriptive purposes according to their oral intake capability at 
discharge (see fig. 1).

first, the relationship between the year of admission and the annual 
number of patients in the oral intake group was examined, as well as 
the relationship between the year of admission and other clinical fac-
tors. Secondly, clinical factors were compared between the oral intake 
group and the non-oral intake group. to investigate linear trends, the 
cochran-Armitage test was used for nominal variables, and Spearman’s 
rank correlation test was used for continuous variables. on univariate 
analysis, the Mann-Whitney U test was used for continuous variables, 
and the χ2 test was used for categorical variables. finally, logistic 
regression analysis was performed to clarify whether there was an 
independent relationship between date of admission and proportion of 
patients achieving oral intake 3 months after stroke. the relationship 
between year of admission and oral intake at 3 months was also inves-
tigated. for each factor, we made a crude model and adjusted models 
for background characteristics that might have affected outcome.

Fig. 1. Patient selection. Exclusion criteria were: a premorbid modified Rankin Scale score ≥ 1; those who died during hospital stay; and those who 
did not reply to the questionnaire.

Acute ischemic stroke 
(n = 5,355)

Survived at discharge 
(n = 3,386)

Oral intake 
(n = 2,677)

Non-oral intake 
(n = 236) 

Premorbid modified Rankin Scale score 1 
           (n = 1,835) 

Died during hospital stay  
          (n = 134) 

Did not reply to questionnaire 
          (n = 473) 

Patients who were analyzed 
(n = 2,913)

Died after discharge 
          (n = 55) 

Oral intake 
at discharge 

(n = 26) 

Non-Oral intake 
at discharge 

(n = 29) 

Survived at 3 months 
          (n = 2,858) 

Oral intake 
at 3 months 
(n = 2,651) 

Non-Oral intake 
at 3 months 
(n = 207) 
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The level of significance was p < 0.05, and Spearman’s ρ values 
> 0.6 were considered to indicate a clinical relevant correlation. All 
statistical analyses were performed using a commercially available 
software package (JMP 9, SAS Institute Inc., cary, Nc, uSA).

RESultS

out of a total of 2,913 patients, 2,651 could take food orally 
3 months after onset. Fifty-five patients died after discharge; 
26 patients who were capable of oral intake at discharge 
were included in the oral intake group and the other 29 
were included in the non-oral intake group. therefore, the 
oral intake group included a total of 2,677 (91.9%) patients 
(fig. 1). Increasing linear trends were observed between 
year of admission and hypertension, hyperlipidaemia, and 
thrombolysis, while decreasing linear trends were observed 
in smoking and atrial fibrillation. The NIHSS score on admis-
sion (ρ = –0.081), the NIHSS score on day 10 (ρ = –0.067), 
and ΔNIHSS (ρ = 0.045) demonstrated no significant cor-
relations with the year of admission over the study period 
(table I). In terms of stroke subtype, cardioembolism showed 
a decreasing linear trend (p < 0.001), while other determined 
aetiology showed an increasing linear trend (p < 0.001).

Annual trends in the mode of nutritional intake 3 months 
after onset are shown in fig. 2. the proportion of patients 
with oral intake increased gradually with a linear trend 
(p = 0.034 by cochran-Armitage test). the proportion of 
patients who received nasogastric tube feeding and PEg did 
not change significantly over the period.
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Fig. 2. Annual trends in mode of nutritional intake 3 months after 
stroke onset. the proportion of patients achieving oral intake shows an 
increasing trend. Comparing the first and last 3-year periods, the average 
proportion of patients with oral intake increased (from 90.3% to 93.3%, 
p = 0.022 by cochran-Armitage test). unknown group includes patients 
who had no capability of oral intake at discharge and died subsequently. 
Ng: naso-gastric; PEg: percutaneous endoscopic gastrostomy; PPN: 
peripheral parenteral nutrition; tPN: total parenteral nutrition. 

Oral NG tube PEG PPN TPN Unknown  

0% 85% 90% 95% 100%  
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Background characteristics in the oral intake group and the 
non-oral intake group are shown in table II. younger age, male 
sex, hyperlipidaemia, smoking, absence of atrial fibrillation, 
stroke subtype, lower NIHSS score on admission, and lower 
NIHSS score on day 10 were significantly related to oral in-
take 3 months after onset. Both date of admission and year of 
admission revealed positive linear trends. these trends were 
significant after adjustment for age, sex, and other vascular 
risk factors (table III).

dIScuSSIoN

The results of this study clarified annual trends of the mode of 
nutritional intake after stroke. As far as we know, no previous 
report has elucidated these trends in a large population. there 
was an increasing linear trend over a decade in the proportion 
of patients achieving oral intake 3 months after stroke onset. 
this trend was independent of other predictors (age, sex, vas-
cular risk factors, and stroke severity). there are a number of 
possible explanations as to why patients’ outcome with respect 
to the mode of nutritional intake has improved over a decade.

first, decreased stroke severity might have improved swallow-
ing function outcomes. In fact, NIHSS score both on admission 
and on day 10 have decreased each year (table I). the true 
reason for this phenomenon remains unclear, but a possibility is 
that increased knowledge about stroke in the general population 
has resulted in patients seeking hospital care earlier (17, 18). 
Although the increasing trend in the proportion of patients with 
oral intake was independent of the NIHSS score on admission, 
annual changes in initial stroke severity might have affected the 
results. on the other hand, our initial hypothesis, that advances in 
acute stroke treatment have had a favourable effect on patients’ 
outcomes, was not confirmed. However, the NIHSS score does 
not necessarily reflect brain functions of particular domains 
related to swallowing (19–22). therefore, it is possible that 
improvement in some of these brain functions during the acute 
or subacute phase confounded the effects.

Secondly, development of rehabilitation techniques with re-
gard to deglutition difficulties, both in the acute and the chronic 
phase, might have affected the result. In our hospital, speech 
therapists initiated intervention for dysphagic patients in the 
acute phase, thus patients had more opportunities to take appro-
priate foods early (23, 24). furthermore, various strategies for 
rehabilitation of swallowing difficulties have been attempted 
recently (11–13, 25). In addition, in Japan, smooth bridging 
from acute stroke hospitals to comprehensive rehabilitation 
hospitals in the past decade is also thought to affect efficient 
rehabilitation (26). Although data about how much patients’ 
oral intake ability improved during their rehabilitation could 
not be obtained, further ongoing analyses of the data from the 
“liaison clinical path” in our region may clarify this point.

table IV shows a summary of previous cohort studies that 
investigated swallowing function and either short- or long-term 
mortality in acute stroke patients (5, 6, 19, 20, 27–35). the 
proportion of dysphagic patients in the present study appears 
to be lower than in other studies; a possible reason for this is 
the focus of the present study on the actual status of nutritional 
intake rather than on swallowing function. As a whole, there 
was a wide variation in patient selection, procedures for assess-
ing swallowing function, and follow-up periods. therefore, it 
is difficult to conclude that either the proportion of dysphagic 
patients or mortality decreased during the past 15 years. More 
detailed analyses could be performed by pooling the data from 
a number of investigations using a standard protocol.

this study had some limitations. first, this was a single-
centre study. However, since patients’ destinations after dis-
charge varied widely, the present results have generalizability 
and are of considerable importance. Secondly, the mode of 
the patients’ diet 3 months after stroke was evaluated by post 

table III. Multivariate analyses for oral intake 3 months after stroke

crude model Model 1 Model 2

odds ratio (95% cI) p-value odds ratio (95% cI) p-value odds ratio (95% cI) p-value

date of admission (per 1 day increase) 1.000 (1.000–1.000) 0.035 1.000 (1.000–1.000) 0.010 1.000 (1.000–1.000) 0.008 
year of admission (per 1 year increase) 1.060 (1.005–1.118) 0.034 1.078 (1.019–1.142) 0.009 1.098 (1.029–1.173) 0.005 

Crude model: not adjusted; Model 1: adjusted for age and sex; Model 2: adjusted for age, sex, diabetes, hyperlipidaemia, smoking, atrial fibrillation, 
Trial of Org Acute Stroke Treatment subtype (small vessel disease); CI: confidence interval.

table II. Background characteristics in oral intake and non-oral intake 
group

oral intake
n = 2,677

Non-oral intake
n = 236 p-value

Age, years, median (IQR) 72 (63–79) 81 (75–87) < 0.001
Sex, male, n (%) 1,709 (63.8) 124 (52.5) < 0.001
Hypertension, n (%) 1,938 (72.4) 170 (72.0) 0.906
diabetes, n (%) 722 (27.0) 47 (19.9) 0.018
Hyperlipidaemia, n (%) 765 (28.6) 46 (19.5) 0.003
Smoking, n (%) 609 (22.8) 34 (14.4) 0.003
Atrial fibrillation, n (%) 544 (20.3) 128 (54.2) < 0.001
Ischaemic heart disease, n (%) 284 (10.6) 25 (10.6) 0.994
Previous history of IS/tIA, 
n (%) 310 (11.6) 30 (12.7) 0.604
thrombolysis, n (%) 105 (3.9) 13 (5.5) 0.236
TOAST classification, n (%) < 0.001
Small vessel occlusion 844 (31.5) 10 (4.2)
large artery atherosclerosis 478 (17.9) 42 (17.8)
cardioembolism 736 (27.5) 145 (61.4)
other determined aetiology 108 (4.0) 1 (0.4)
undetermined aetiology 511 (19.1) 38 (16.1)

NIHSS score on admission, 
median (IQR) 3 (2–6) 18 (9–26) < 0.001
NIHSS score on day 10, 
median (IQR) 1 (0–4) 19 (12–27) < 0.001

IQR: interquartile range; IS: ischaemic stroke; tIA: transient ischaemic 
attack; toASt: trial of org Acute Stroke treatment; NIHSS: National 
Institutes of Health Stroke Scale. 
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instead of by direct assessment. therefore, the number of 
patients who could eat orally might not agree with the true 
figure. However, investigation by post was realistic, because 
of the difficulty for most severely disabled patients to attend 
the hospital after 3 months. thirdly, we included patients who 
died after discharge if they could not eat orally at discharge for 
descriptive purposes. these patients had higher stroke severity 
than other patients both on admission and on day 10 (data not 
shown). therefore, most of these patients had a low chance 
of oral intake 3 months after onset even if they had survived.

In conclusion, this single-centre cohort study, reviewing 
patients between 2003 and 2011, showed that the long-term 
outcomes of swallowing function after acute stroke have 
improved slightly over time. further observational studies in 
other settings are anticipated. In addition, randomized trials 
are required in order to validate the efficacy of a variety of 
dysphagia rehabilitation approaches.

The authors declare no conflicts of interest.
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