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Abstract: Background: Previous studies showed the inconsistent effects of malnutrition contribut-

ing to the poor prognosis of stroke. This study aims to explore the effect of malnutrition on 3-

month functional prognosis of stroke patients with different stroke severity assessed by the national

institute of health stroke scale (NIHSS).

Methods: Patients with first-ever stroke were consecutively enrolled in a nationwide, multicenter,

and prospective registry from March 2007 to January 2008. Nutritional status was assessed at ad-

mission. Malnutrition was defined by any abnormality of 6 nutrition indicators, including body

mass index (BMI), mid-upper arm circumference (MUAC), triceps skinfold thickness (TSF), hae-

moglobin, albumin, and prealbumin. Stroke patients were classified into mild (NIHSS<8) and se-

vere (NIHSS≥8) groups. Multivariable logistic regression was performed to assess the risk of poor

functional prognosis (modified Rankin Scale (mRS) ≥3) at 3-month follow-up in the mild or severe

patients with malnutrition at admission.

Results: A total of 755 patients with first-ever stroke were enrolled in the study. Multivariable anal-

ysis showed that malnutrition independently contributed to a higher risk of mRS 3-6 at 3-month for

mild stroke patients [odds ratio (OR) 1.86, 95 % confidence interval (CI) 1.04-3.34], but didn’t for

severe stroke patients (OR 0.91, 95 % CI 0.53-1.54) after adjusting for confounders including age,

NIHSS, and infection et al. After adjusting for the potential confounders, malnutrition was still an

independent risk factor for 3-month poor functional prognosis in mild stroke patients.

Conclusion: Further investigation may be needed to illustrate the effects of improving nutritional

status on stroke patients.

Keywords: Acute stroke, malnutrition, prognosis, national institute of health stroke scale, functional outcome, registry.

1. INTRODUCTION
Stroke  is  a  major  cause  of  death  and  disability  world-

wide. Approximately three-quarters of the global burden of
stroke deaths (approximately 6.5 million per year) and asso-
ciated disability-adjusted life years (approximately 113 mil-
lion) occurred in low- and middle-income countries [1, 2].
Accurate prognosis prediction can be used to optimize care
and the allocation of healthcare resources.

There  were  developing awareness  about  the  predictive
value of malnutrition on stroke outcome. Many studies have
shown that malnutrition or being at risk of malnutrition con-
tributes to poor clinical outcomes  [3-8] whereas  others did
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not [9-12]. The variation may be attributed to the heterogene-
ity of nutrition indexes, patients’ group and characteristics,
stroke severity and so on. There aren’t specific and validated
nutrition assessment tools for stroke patients and not one sin-
gle nutrition tool could reflect the nutrition status adequately
and predict clinical outcomes [13]. Stroke severity, indicated
by the national institute of health stroke scale (NIHSS), to a
larger  extent,  would  determine  the  functional  outcome  of
stroke  [14-16]  than  nutritional  status  and  other  factors,  is
usually referred for different stroke treatment strategies [17].
It  is  plausible  to  investigate  the  effects  of  malnutrition on
the  functional  outcome  in  patients  with  different  stroke
severity.

To illuminate these issues, we present the data from the
investigation of nutrition status in stroke study (INSIS) in-
volving about 1087 imaging-confirmed strokes from eleven
study sites across China. We aimed  to  assess  the malnutrit-
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Fig. (1). Screening flowchart for stroke patients with and without malnutrition. A total of 1087 patients were screened. First, 126 patients
were excluded due to swallowing problems or decreased weight existed before stroke, refusing to be recruited, and medical history of liver,
renal or tumor diseases. Second, 206 patients were excluded because of the diagnosis of renal diseases during hospitalization, discharged less
than 2 weeks, lost or refused to follow up and without NIHSS at admission. Finally, 755 patients with stroke, including 439 mild patients and
316 severe patients were included in this study for analysis. Aberrations: NIHSS, national institute of health stroke scale.

ion in stroke patients with different stroke severity at admis-
sion and investigate its potential role as a predictor of poor
functional prognosis.

2. METHODS

2.1. Study Design and Participants
The design of this cohort study has been described in de-

tail  previously  [18].  Generally,  this  was  a  nationwide,
prospective, multicenter cohort registry designed to investi-
gate nutrition status in stroke patients in China. This registry
recruited consecutive patients from 11 centers across China
if they were 18 years or older, within 7 days after the first
stroke  onset  confirmed  by  computed  tomography  (CT)  or
magnetic resonance imaging (MRI). From March 5, 2007 to
January 31, 2008 in China, a total of 1087 patients were ap-
proached  to  participate  in  the  study.  Finally,  755  patients
with  stroke  were  divided  into  439  mild  stroke  patients
(NIHSS<8) and 316 severe (NIHSS≥8) ones (Fig. 1). This
project  was  approved  by  the  ethics  committee  at  Beijing
Tiantan Hospital and all participating centers.

2.2. Data Collection
Professional research coordinators at each site center col-

lected baseline data through a direct interview or medical re-
cord,  including  age,  sex,  health  insurance,  education,  ci-
garette smoking, alcohol, medical history of digestive tract

disease,  high  blood  pressure,  diabetes  mellitus,  coronary
heart disease, atrial fibrillation, consciousness status, compli-
cation of infection and digestive tract ulcer. Blood samples
were collected on the second working day after hospitaliza-
tion and tested at each site center.

2.3. Nutritional Status Measurements
Nutritional status was assessed at admission (within 72

hours  after  admission),  including  body  mass  index  (BMI)
(weight in kilograms divided by the square of height in me-
ters), mid-upper arm circumference (MUAC), triceps skin-
fold  thickness  (TSF),  albumin,  prealbumin,  and  haemo-
globin. The abnormal criteria were as follows: BMI <18.5

kg/m
2
,  MUAC below the  tenth  percentile  of  the  reference

value  for  Chinese  people  (males  <24.8  cm  and  females
<23.2 cm), TSF below the tenth percentile of the reference
value  for  Chinese  people  (males  <7.47  mm  and  females
<13.8 mm), low haemoglobin count (males <120 g/L and fe-
males  <110  g/L),  serum albumin  levels  <35  g/L,  and  low
serum prealbumin levels that were less than each hospital’s
established criteria [18].

2.4. Follow-up and Outcomes
The detailed follow-up procedure has been previously de-

scribed [18]. In brief, participants were followed up by face-
to-face or telephone interview at 3 months by professional re-
search personnel, collecting  information  of  any  death, str-
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Table 1. Baseline characteristics of patients with normal nutrition or malnutrition at admission.

Total
Mild Severe

Normal Malnutrition P value Normal Malnutrition P value

NIHSS (Mean, SD) 755 (7.8±6.5) 324 (3.2 ±2.0) 115 (3.9 ±2.2) 0.0009 190 (13.3 ±4.9) 126 (14.9 ±5.9) 0.0123

Age (Mean, SD) 755 (63.4 ±12.7) 324 (61.1 ±11.8) 115 (65.5±13.0) 0.0009 190 (61.4 ±13.5) 126 (70.2±11.1) <0.0001

Female (%) 265 (35.1 %) 84 (25.9 %) 50 (43.5 %) 0.0006 62 (32.6 %) 69 (54.8 %) 0.0001

Health insurance (%) 682 (90.3) 308 (95.1 %) 104 (90.4 %) 0.1106 157 (82.6 %) 113 (89.7 %) 0.1030

Education (%) 547 (72.5) 262 (80.9 %) 80 (69.6 %) 0.0180 137 (72.1 %) 68 (54.0 %) 0.0011

Smoking (%) 307 (40.7) 153 (47.2 %) 39 (33.9 %) 0.0159 81 (42.6 %) 34 (27.0 %) 0.0059

Alcohol (%) 132 (17.5) 61 (18.8 %) 16 (13.9 %) 0.2565 37 (19.5 %) 18 (14.3 %) 0.2890

Prior disease history (%)

      Hypertension 585 (77.5) 260 (80.3 %) 84 (73.0 %) 0.1148 150 (79.0 %) 91 (72.2 %) 0.1790

      Lipid abnormality 433 (57.4) 196 (60.5 %) 62 (53.9 %) 0.2268 118 (62.1 %) 57 (45.2 %) 0.0038

      Digestive tract disease (%) 54 (7.2) 27 (8.3 %) 7 (6.1 %) 0.5446 10 (5.3 %) 10 (7.9 %) 0.3542

      Coronary heart disease 163 (21.6) 66 (20.4 %) 25 (21.7 %) 0.7892 22 (11.6) 50 (39.7) <0.0001

      Atrial fibrillation 71 (9.4) 13 (4.0 %) 14 (12.2 %) 0.0053 19 (10.0 %) 25 (19.8 %) 0.0194

      Diabetes Mellitus (%) 239 (31.7) 107 (32.0 %) 32 (27.8 %) 0.3509 55 (29.0 %) 45 (35.1 %) 0.2184

Status on admission

     Unconsciousness (%) 130 (17.3) 8 (2.5 %) 6 (5.3 %) 0.2114 70 (36.8 %) 46 (36.8 %) 1.0000

     Infections (%) 59 (7.8) 8 (2.5 %) 5 (4.4 %) 0.3391 20 (10.5 %) 26 (20.6 %) 0.0147

     Digestive tract ulcer(%) 16 (2.1) 5 (1.6 %) 2 (1.7 %) 1.0000 7 (3.7 %) 2 (1.6 %) 0.3253

     BUN(mmol/L) (Mean, SD) 753 (5.6±3.5) 323 (5.4 ±3.3) 114 (5.5 ±4.1) 0.9818 190 (5.7 ±2.2) 126 (6.5 ±4.9) 0.2934

     Cr (μmol/L) (Mean, SD) 753 (81.9±32.6) 323 (81.3±20.1) 114 (83.1±28.6) 0.7620 190 (78.9 ±25.8) 126 (87.2 ±59.7) 0.6158

     BG(mmol/L) (Mean, SD) 746 (6.6±3.4) 319 (6.3 ±2.5) 114 (6.5±2.6) 0.1245 188 (7.0 ±4.9) 125 (6.9 ±2.8) 0.7712

Nutrition indicators

     BMI (Kg/m
2
) (%) 733 (24.7±3.6) 310 (25.1±3.1) 113 (23.6 ±3.8) <0.0001 184 (25.3 ±3.5) 126 (23.7 ±4.2) <0.0001

     MUAC (cm) (Mean, SD) 715 (28.8 ±3.3) 301 (29.7 ±2.6) 115 (26.9 ±3.6) <0.0001 174 (29.7 ±3.2) 125 (27.2 ±3.4) <0.0001

     TSF (mm) (Mean, SD) 715 (17.9±7.6) 301 (18.2 ±6.9) 115 (14.2 ±7.7) <0.0001 174 (19.8 ±7.3) 125 (18,2 ±8.3) 0.1358

     Haemoglobin (g/L) (Mean, SD) 754 (140.1±18.3) 323 (144.4±15.7) 115 (131.5±18.5) <0.0001 190 (145.2 ±16.1) 126 (128.9 ±19.7) <0.0001

     Albumin(g/L) (Mean, SD) 752 (40.6 ±4.3) 322 (41.7±3.4) 115 (38.9 ±5.4) <0.0001 189 (41.6 ±3.5) 126 (37.8 ±4.6) <0.0001

     Prealbumin(g/L) (%) 719 (260.2±76.6) 296 (284.3±72.1) 115 (260.1±94.0) <0.0001 183 (258.6 ±64.8) 123 (206.9 ±56.7) <0.0001

Aberrations: BG, blood glucose; BMI, body mass index; BUN, blood urea nitrogen; Cr, creatinine; MUAC, mid-upper arm circumference; TSF, triceps skinfold thickness; NIHSS,
national institute of health stroke scale.

oke recurrence and cardiovascular events, and assessing pa-
tient’s the modified Rankin Scale (mRS) score ranging from
0 (no symptoms) to 6 (death) during the follow-up period.

2.5. Statistical Analysis
Categorical variables were presented as percentages and

continuous  variables  were  summarized  as  mean  and  stan-
dard  deviation.  Baseline  characteristics  were  analyzed  by
chi-square  statistics  for  the  categorical  variables  and  the
Kruskal-Wallis  test  for  the  continuous  variables.  Patients
were categorized into the mild group (NIHSS < 8) or severe
group (NIHSS≥8). The predictive value of malnutrition for
3-month mRS (3-6) was analyzed by logistic regression with
gradual models adjusting potential confounders. The unad-

justed and adjusted odds ratios (ORs) and their 95 % confi-
dence intervals (CIs) were calculated. A 2-sided P value of
<0.05 was considered to indicate statistical significance. All
data  were  analyzed  by  statistical  software  of  SAS version
9.4 (SAS Institute Inc, Cary, NC).

3. RESULTS
Baseline characteristics, nutritional indicators of patients

with  different  stroke  severity,  and  nutrition  status  were
shown  in  Table  1.  Whether  in  the  mild  or  severe  stroke
group, patients with malnutrition were older, more likely to
be female, less educated, less likely to smoke, lower NIHSS
at admission, and more likely to be atrial fibrillation. Howev-
er, there was little difference in health insurance, history of
alcohol, digestive  tract ulcer,  diabetes  mellitus, unconscio-
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Fig. (2). Nutrition status on admission in patients with stroke. Abnormal rate per nutrition indicator (A); percentage of abnormal nutritional
indicators (B). The abnormal rate of each indicator ranged from 1.8 % to 10.7 % in the mild group and from 4.4 % to 17.4 % in the severe
group. A total of 26.2 % of stroke patients had one or more abnormal nutrition indicators in the mild group and 39.9 % in the severe group.
0: without any abnormal nutritional indicators; 1: with one abnormal nutritional indicator; 2: with 2 abnormal nutritional indicators; 3: with 3
abnormal indicators; 4: with 4 or more abnormal nutritional indicators. Aberrations: BMI, body mass index; MUAC, mid-upper arm circum-
ference; TSF, triceps skinfold thickness; NIHSS, national institute of health stroke scale (A higher resolution / colour version of this figure is
available in the electronic copy of the article).

usness, the value of blood urea nitrogen (BUN,) creatinine
(Cr) and blood glucose with different nutrition statuses. Pa-
tients with malnutrition were more susceptible to have coro-
nary heart disease(p<0.0001) and infections(p=0.0147) in se-
vere patients but not in mild patients. In mild stroke patients,
all nutrition indicators were lower in the malnutrition group
than in the normal nutrition status group. In severe stroke pa-
tients, there was no difference with in TSF between different
nutrition status (p=0.1358), while the other 5 indicators were
lower in the malnutrition group (Table 1).

The abnormal rate of each indicator varied both in the
mild group and in the severe group (Fig. 2A). A total of 26.2
% of stroke patients had one or more abnormal nutrition indi-
cators  in  the  mild  group  and  39.9  %  in  the  severe  group.
Among  241  patients  with  abnormal  nutrition  indicators,
about 70 % had one indicator abnormality. Approximately
1.8 % of mild patients and 3.5 % of severe patients had three
or more abnormal indicators (Fig. 2B).

Patients with malnutrition had a greater unfavorable shift
of mRS score distribution both in the mild group and in the
severe group (Fig. 3).

After adjusting potential confounders of poor functional
outcome, multivariable logistic regression analysis showed
that malnutrition at admission was an independent factor for

3-month mRS 3-6 in mild patients but not in severe stroke
patients (Table 2).  The unadjusted and adjusted odds ratio
(OR) of  malnutrition in  mild  and severe  patients  for  mRS
3-6 at 3-month was shown in Table 2.

4. DISCUSSION
On a large scale, nationwide stroke registry in China, we

found  that  malnutrition  at  admission  was  an  independent
risk factor for functional disability of mild stroke patients.
Our study discloses that functional outcomes in mild stroke
patients are more susceptible to malnutrition than in severe
patients, providing a new insight into understanding the asso-
ciation of malnutrition and stroke prognosis. Unlike age and
stroke severity, malnutrition is a potentially modifiable fac-
tor that may improve stroke outcomes. It emphasizes that nu-
trition support should be further investigated as an important
management strategy for improving the functional prognosis
of the stroke patients, especially mild stroke patients.

Most studies investigating the prevalence and prognostic
significance  of  malnutrition  in  stroke  focused  on  patients
with mild to moderate [19, 20]. Patients with severe stroke
are  more  susceptible  to  undernourishment  compared  with
those  with  mild  strokes  [21].  However,  a  study  recruiting
more than 600 severe stroke patients shows that malnutrition
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Fig. (3). Comparison of score distribution of mRS at 3-month after onset in the mild group (A) and severe group (B). Patients with malnutri-
tion  had  a  worse  shift  of  mRS  score  distribution  both  in  the  mild  group  (unadjusted  P=0.0118)  and  in  the  severe  group  (unadjusted
P=0.0107). Aberrations: mRS, modified Rankin score; NIHSS, national institute of health stroke scale (A higher resolution / colour version
of this figure is available in the electronic copy of the article).

Table 2. The relationship of nutrition status and prognosis at 3-month after the onset of stroke by NIHSS.

- - No. of Patients (%) Unadjusted OR Adjusted OR
(Model 1)

Adjusted OR
(Model 2)

Adjusted OR
(Model 3)

NIHSS<8
Normal 39 (12.0) Reference

Malnutrition 28 (24.4) 2.35 (1.37-4.04) 1.92 (1.09-3.38) 1.89 (1.07-3.35) 1.86 (1.04-3.34)

NIHSS≥8
Normal 112 (59.3) Reference

Malnutrition 84 (66.1) 1.32 (0.82-2.10) 1.01 (0.61-1.68) 0.99 (0.59-1.65) 0.91 (0.53-1.54)

Model 1: adjusted for age; gender.
Model 2: adjusted for age; gender; health insurance; education; history of smoking and alcohol.
Model 3: adjusted for age; gender; health insurance; education; history of smoking, alcohol and hypertension, diabetes mellitus, lipid abnormalities, coronary heart disease, atrial fib-
rillation, digestive tract disease, infections, digestive tract ulcer and NIHSS on admission.
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does not provide additional prognostic information concern-
ing the risk of functional outcomes [11]. In our analysis, we
provide additional evidence that malnutrition is a predictive
risk factor for poor prognosis in mild patients, but not for se-
vere patients. This can be used to identify those who might
be more likely to benefit from nutritional support and deve-
lop individual nutrition care plans.

The possible explanation of our results may be that se-
vere stroke indicated on NIHSS was a more determining fac-
tor on stroke functional prognosis than others [14-16], which
may  partially  overpower  the  effects  of  malnutrition.  Al-
though nutritional status may deteriorate the muscle power
of patients and potentially functional outcome, NIHSS is a
decisive role in the functional outcome. Another factor may
be the smaller sample of severe stroke in our study.

Poor nutrition has been associated with reduced muscle
strength in patients [22, 23]. Muscle strength complications
could hinder patients’ recovery and rehabilitation, resulting
in poor functional prognosis and death. Low muscle mass at
the onset of ischemic stroke is an independent predictor of
walking  function  at  discharge  during  the  acute  phase  [24]
and mRS at discharge [25]. In addition, malnutrition patients
have a higher frequency of complications, including infec-
tion rates, gastrointestinal bleeding, and bedsores [3, 26, 27],
which also could result in a poor prognosis.

The evaluation criteria of nutritional status are various
[28], including simple assessments of weight and height, an-
thropometric measures, laboratory parameters, and more spe-
cialized measures. Prescribing doctors in the neurology de-
partment  had  little  knowledge  about  nutritional  risk  index
and mini nutritional assessment [29]. We have adopted 3 an-
thropometric  indicators  and  3  laboratory  indicators,  all  of
which are convenient to collect and widely used in routine
clinical practice.

This study has some limitations. First, it is an observatio-
nal study, so it fails to shed light on the causal relationship
between malnutrition and poor  prognosis.  A double-blind,
single-center  study  has  reported  that  intensive  nutritional
supplementation improves motor recovery in previously mal-
nutrition patients receiving intensive in-patient rehabilitation
after stroke [30]. Therefore, further investigations of inter-
ventional programs in large-scale, multicenter studies are re-
quired  to  confirm  the  prognostic  role  of  malnutrition  in
stroke care. Second, as blood protein compartments, haemo-
globin [31], albumin and prealbumin [32] have been report-
ed to be used as markers of nutritional status. However, they
have also been criticized as players in nutritional assessment
because of the lack of specificity, which was influenced by
many complications, especially infections [33]. In our analy-
sis, the relation between malnutrition and stroke prognosis is
analyzed after adjusting for many confounding factors, in-
cluding infections. Albumin was a good predictor of muscle
dysfunction [34]. Nutritional indicators, especially some spe-
cific and measurable blood nutritional markers, may be nov-
el intervention targets for patients with mild stroke. It is im-
perative to validate the effect of improving nutritional indica-

tors by a standardized implementation strategy compatible
with institutional practices and needs.

CONCLUSION
In conclusion, this study shows that baseline malnutri-

tion independently predicts poor clinical outcomes in mild
stroke  patients.  As  a  potentially  modifiable  risk  factor  for
poor functional outcomes of acute stroke, more attention is
needed to improve nutritional status in stroke care.

LIST OF ABBREVIATIONS

BG = Blood Glucose

BMI = Body Mass Index

CI = Confidence Interval

CT = Computed Tomography

INSIS = Investigation of Nutrition Status In Stroke

NIHSS = National Institute of Health Stroke Scale

MRI = Magnetic Resonance Imaging

mRS = Modified Rankin Scale

MUAC = Mid-Upper Arm Circumference

OR = Odds Ratio

TSF = Triceps Skinfold Thickness
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