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The Nutritional Status and the Clinical
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Department of Rehabilitation Medicine and Research Institute of Rehabilitation Medicine,
Yonsei University College of Medicine, Seoul, Korea

Objective To assess the nutritional status of Korean patients with spinal cord injury (SCI), identify the predictors
of undernutrition, and investigate the relationship between undernutrition and clinical outcomes.
Methods A retrospective study design was used to determine the nutritional status of 130 patients over 19 years
old admitted to the rehabilitation hospital of Yonsei University Health System between June 2015 and February
2017. The nutritional status was assessed using the malnutrition universal screening tool (MUST) and the spinal
nutrition screening tool (SNST). The relationship between undernutrition and clinical outcomes was examined by
comparing a low-risk group with an at-risk group using a t-test.
Results Among the SCI patients, 70 (50.8%) were confirmed with undernutrition based on the MUST scores,
while 60 (46.2%) had undernutrition based on the SNST scores. It was found that undernutrition has an effect on
functional outcomes.
Conclusion We assessed the undernutrition risk in Korean SCI patients, and found that approximately 50% of the
patients were at risk of undernutrition. We also found that undernutrition can affect functional recovery.
Keywords Spinal cord injuries, Malnutrition, Nutrition assessment, Prognosis

INTRODUCTION
Appropriate nutritional support is important for the
care of hospitalized patients. Undernutrition goes undetected and untreated in many instances, and leads to
a wide range of adverse consequences. Evidence from

the review of existing literature showed undernutrition
to be a common occurrence among patients and has reported percentages ranging from 13%–78% [1,2]. The risk
of undernutrition is high among patients diagnosed with
spinal cord injury (SCI), and has been reported at 17.4%–
46.7% [3,4]. Undernutrition can increase the risk of vari-
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ous complications including infections, impaired wound
healing [5], increased hospital stay, and high mortality
rates [6].
Drastic changes in the body composition occur following SCI. These include a reduction in the lean soft tissue
mass, an increase in fat mass, as well as reductions in the
metabolic rate, and in positive energy balance. In addition, the level of physical activity decreases and energy
demand increases after an injury event occurs [7,8]. During the acute phase, following an injury, weight loss commonly occurs due to the continued catabolic status [9].
During the chronic phase, the catabolic phase is resolved,
but weight gain tendency increases as low activity levels
and low metabolic rate continue [10]. Therefore, the determination of adequate amounts of nutritional demand
and supply via dietetic assessment is important for SCI
patients following their hospital admission. The use of
nutritional screening tools is also an important step in
nutritional care. Many nutritional screening tools have
been developed to assess the nutritional status of hospitalized patients. In this study, we assessed the nutritional
status using the malnutrition universal screening tool
(MUST) and the spinal nutrition screening tool (SNST).
Major guidelines on the use of nutritional screening
tools that assesses various nutritional markers include
those developed by the European Society for Parenteral
and Enteral Nutrition (ESPEN) and the American Society
for Parenteral and Enteral Nutrition (ASPEN). The guideline published by the ESPEN in 2002 recommends the use
of the MUST, the Nutritional Risk Screening 2002 (NRS2002), and the mini-nutritional assessment (MNA) in the
assessment of patients in local communities, inpatients,
and advanced age patients, respectively [11,12]. The
ASPEN recommends the subjective global assessment
(SGA), which was initially developed to assess surgical
patients, but was suggested as significantly beneficial
when applied to the malnutrition assessment of patients
with various diseases including renal failure, cancer, and
hepatic diseases [13,14]. Velasco et al. [15] compared four
different nutritional screening tools for nutritional risk
detection, and found the MUST, NRS-2002, and SGA to be
appropriate for screening of inpatients’ nutritional status.
This is because screening tools ideally should not require
too much time and examiner training, and the MUST and
the NRS-2002 are simpler compared to the more complex
MNA and SGA. Therefore, the MUST and NRS-2002 are
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the most apt for inpatient assessment.
The SNST [16] is a SCI-specific nutritional screening
tool that was developed to overcome the limitation of
other nutritional screening tools where changes in the
body composition (following the injury of the SCI patients), gave rise to false results. The SNST is the only SCIspecific nutritional screening tool that targets adults. The
SNST was initially developed in 2012. Although there is
a lack of follow-up studies to validate the SNST relative
to the other nutritional screening tools mentioned previously, Wong et al. found the SNST to be a valid (sensitivity 85.7%, specificity 76.1%, PPV 62.0%, NPV 92.0%),
and reliable tool (inter-rater reliability k=0.5, intra-rater
reliability k=0.64) [16]. Research on malnutrition, particularly, undernutrition in patients with SCI is lacking
worldwide and desperately needed.
The aim of this study was to (1) assess the early nutritional status of Korean SCI patients admitted to the rehabilitation hospital of Yonsei University Health System by
using the MUST and SNST, and to analyze various nutritional markers; (2) investigate the association between
early nutritional status and nutritional markers; and (3)
examine the correlation between the nutritional status of
SCI patients and clinical outcomes by looking at changes
in the functional outcomes measured at the time of hospital admission and at discharge.

MATERIALS AND METHODS
Participants
A retrospective study was conducted to identify patients
who were admitted to the rehabilitation hospital of Yonsei University Health System between June 2016 and February 2017, and who met the following inclusion criteria:
(1) patients aged 19 years or older; and (2) cases of nonprogressive traumatic and non-traumatic SCI. Patients
who had psychotic disorders, brain injury, or multiple
fractures were excluded. Ethical approval was granted
by the Institutional Review Board (No. 4-2017-0670) and
Ethics Committee of Severance Hospital.
Malnutrition assessment
Nutritional risk was assessed by the MUST and
SNST, which are generic nutrition screening tools. The
MUST [17,18] is a nutritional screening tool developed by
the British Association for Parenteral and Enteral Nutri-
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tion (Fig. 1). The SNST assesses 8 criteria: history of recent weight loss, body mass index (BMI), age, level of SCI,
presence of comorbidity, skin condition, appetite and
ability to eat. Each criterion is rated from 0 to 5 points.
Total scores reflect the undernutrition risk, and the risk
was divided into three stages (Fig. 2).
In this study, patients were in the low-risk of undernutrition using the MUST, if they scored 0 points and at-risk
if they scored one or more points. Similarly, patients were
in the low-risk group if they scored 10 points or less on
the SNST and in the at-risk group if they scored 11 points
or more.
Differences in the baseline demographics between the
low-risk and at-risk groups were examined including:
clinical characteristics, blood tests, and body composition (measured by body composition analysis). The clinical characteristics examined included age, sex, time postinjury, level of spinal cord injury, completeness of injury,
American Spinal Injury Association (ASIA) impairment
scale score, weight, and height. The blood tests examined
included the complete blood count, C-reactive protein
(CRP), blood urea nitrogen (BUN), creatinine (Cr), protein, albumin, and electrolyte levels. The body composi-

Unplanned weight loss in
past 3 6 months (in kg)
%
score
<5
0
5 10
1
>10
2

BMI score
2

BMI (kg/m )
>20.0 (>30 obese)
18.5 20.0
<18.5

score
0
1
2

tion analysis included skeletal muscle mass, body fat,
percent body fat, intracellular water, extracellular water,
and total body water.
Undernutrition and clinical outcomes
Participants underwent the following tests within 2 days
of hospital admission: laboratory tests, body composition analysis, physical examination (including manual
muscle testing and a sensory test), and initial functional
status assessments—Functional Independence Measure
(FIM), Modified Barthel Index (MBI), Spinal Cord Independent Measure III (SCIM-III). A follow-up physical
examination and an assessment of the functional status
were performed within an average of 46.9±21.5 days before discharge. To investigate the association between
undernutrition and clinical outcomes, changes in the
functional status assessment results, total AMS and ASS
scores measured at admission and discharge were compared with the low-risk group and the at-risk group by ttest.
Statistical analysis
All data were analyzed using SPSS statistical software

If patient is acutely ill
and there has been or is
likely to be no nutritional
intake for >5 days
Score 2

Add the scores together to calculate overall risk of malnutrition
Score 0: Low risk Score 1: Medium risk Score 2 or more: High risk

Score

0

1

>2

Implementation

Risk

Measure

Low

Routine
clinical
care

Hospital: screening every week
Care homes: screening every month
Community: screening annually for
special groups e.g., those >75 years

Observe

Hospital & care homes: document dietary and
fluid intake for three days
Repeat screening:
Hospital weekly
Care home at least monthly
Community at least every 2 3 months

Treat

Refer to dietitian, nutritional support team,
or implement local policy
Improve and increase overall nutritional intake
Monitor and review care plan:
Hospital weekly
Care home monthly
Community monthly

Medium

High

Fig. 1. Malnutrition universal screening tool (MUST). Three independent
criteria were used to determine the
overall risk for malnutrition: current weight status using body mass
index (BMI), unintentional weight
loss, and acute disease effect that
has induced a phase of nothing by
mouth for >5 days. Each parameter
can be rated as 0, 1, or 2. Overall risk
for malnutrition is established as
low (score=0), medium (score=1), or
high (score≥2).
www.e-arm.org
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To be completed by nursing staff
Patient name
Est. Pre-injury height
Date completed

Hospital number
Weight

Body mass index

(See ready reckoner chart)

1
18 30 years

1
Some unintentional weight loss
BMI 19 21
2
31 0 years

3
Moderate unintentional weight loss
BMI 16 18
3
over 60 years

4
Marked unintentional weight loss
BMI <16
4
under 18 years

Level of SCI

1
S1 S5

2
L1 L5

3
T1 T12

5
C1 C8

Other
medical
conditions

0
None
1
Chronic condition
e.g., diabetes/
substance abuse

2
Acute trauma fractures/
head injury
3
Infection/post surgery

4
Requires ventilation

5
On ventilatory support
with tracheostomy

Skin
condition

0
Intact
1
Red mark or
grade 1

2
Superficial skin
damage or grade 2

3
Full thickness skin damage or
grade 3

5
Deep multiple pressure
ulcers or grade 4/5

1
Parenteral or
enteral nutrition

2
Modified texture diet
+/ nutritional supplements
2
Not accepting food & drink
or unable to eat

Weight
history

0
No weight loss

Age

Diet

Appetite

Ability to eat

0
Normal diet
and fluids
0
Good, eating
all meals
1
Able to eat
independently

1
Poor, >1/2 left
2
Requires some help

3
Nil by mouth
3*
Vomiting and diarrhoea

3
Needs to be fed
Total=

Score each risk factor, using highest score
if more than one is relevant

Total these row scores to obtain initial total
score and record risk level

Risk level
0 10=low 11 15=moderate >15=high

Fig. 2. Spinal nutrition screening tool (SNST). Weight was measured to the nearest 0.1 kg using calibrated ward scales
or if the patient could not be weighed, then this was estimated or a recently recalled weight was used. Standing height
measurement was not realistic. So recalled pre-injury height was used, or height was estimated by one of the alternative methods recommended by the British Association for Parenteral and Enteral Nutrition. Body mass index (BMI)
was calculated and weight history scored accordingly. If neither weight nor BMI could be obtained, subjective criteria assessing recent visible weight loss was used. The percentage of unintentional weight loss in the last 3–6 months
was calculated from the difference between of pre-injury weight and weight on admission (some, 5%–10%; moderate,
11%–15%; marked, >15%). Age, level of spinal cord injury, presence of co-morbidities, skin condition, diet, appetite,
and ability to eat were scored using data obtained from a standardized admission pro forma.
version 20.0 (IBM, Armonk, NY, USA). The continuous
variables (age, period after injury, height, body weight,
weight loss, BMI, skeletal muscle mass, and percent body
fat) were expressed as mean±standard deviation, and analyzed using the Student t-test. The categorical variables
(sex, level of injury, and motor completeness of injury)
were expressed as a count (%), and analyzed using the
chi-square test. The level of statistical significance was
set at p<0.05.
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RESULTS
Participants
A total of 130 SCI patients (78.5% male, and 21.5% female) aged 19–84 years (mean age, 49.7±16.82 years)
were included in this analysis (Table 1). The participants
were classified as tetraplegia (C2 to T1) or paraplegia
(T2-L5); and motor complete (ASIA A or B) or motor incomplete (ASIA C or D) based on their neurological level
of injury (NLI) and the ASIA classification scale. Twentynine patients (22.3%) were classified as having motor
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Table 1. Characteristics of participants
Characteristic
Age at injury (yr)
Sex
Male
Female
Height (cm)
Level and severity of injury
Tetraplegia
Motor complete
Motor incomplete
Paraplegia
Motor complete
Motor incomplete
Period after injury (day)
Hospital length of stay (day)
Body weight (kg)
Previous body weight (kg)
Body weight at admission (kg)
Weight loss (%)
BMI (kg/m2)
Period after injury (day)
Skeletal muscle mass (kg)
Body fat (kg)
Percent body fat (%)

Overall (n=130)
49.72±16.82
102 (78.5)
28 (21.5)
168.72±8.44

29 (22.3)
56 (43.1)
16 (12.3)
29 (22.3)
127.23±299.72
46.91±21.45
68.42±12.21
64.21±11.43
5.73±8.15
22.54±3.312
127.23±299.72
26.02±5.34
15.71±6.57
24.22±7.99

Values are presented as mean±standard deviation or
number (%).
BMI, body mass index.

complete tetraplegia, 56 patients (43.1%) as having motor
incomplete tetraplegia, 16 patients (12.3%) as having motor complete paraplegia, and 29 patients (22.3%) as having motor incomplete injuries.
Nutritional risk distribution
A total of 130 SCI patients were assessed using two
different nutritional screening tools (Table 2). Seventy
patients (50.8%) were at-risk based on the MUST scores,
and 60 patients (46.2%) were at-risk based on the SNST
scores. Both nutritional screening tools showed that a
significant number of male patients with complete motor injuries were at risk for undernutrition. A significant
number of patients in the at-risk group had tetraplegia
versus paraplegia when assessed with the SNST; however, with the MUST assessment no such significant difference was found. Among the body composition analysis
measured through the laboratory and other parameters
measured through the body composition analysis shown
in Table 3, those that could be used as nutritional indices
were compared based on MUST and SNST scores. Creatinine and albumin concentrations were significantly
lower in the at-risk group based on the MUST and SNST
assessment results. With both nutritional screening tools
significantly lower cholesterol, hemoglobin (Hb) concentrations, BMI, body fat, and percent body fat were shown
in the at-risk group.
Relationship between undernutrition and clinical
outcomes
To investigate the association between undernutri-

Table 2. Distribution of MUST and SNST scores according to level of spinal cord injury and degree
MUST

7 (24.1)

15 (51.8)

7 (24.1)

9 (31.0)

SNST
Moderate
risk
(11–15)
14 (48.3)

28 (50.0)

18 (32.1)

10 (17.9)

26 (46.4)

23 (41.1)

4 (25.0)

12 (75.0)

0 (0)

9 (56.2)

7 (43.8)

0 (0)

21 (72.4)

8 (27.6)

0 (0)

26 (89.7)

3 (10.3)

0 (0)

Low risk
(0)
Tetraplegia

Paraplegia

Motor complete
(n=29)
Motor incomplete
(n=56)
Motor complete
(n=16)
Motor incomplete
(n=29)

Medium risk High risk
(1)
(≥2)

Low risk
(0–10)

High risk
(>15)

7 (12.5)

6 (20.7)

Values are presented as number (%).
MUST, malnutrition universal screening tool; SNST, spinal nutrition screening tool.
www.e-arm.org
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Table 3. Comparison of nutritional index according to nutritional status

Age (yr)
Sex
Male
Female
Level and severity of injury
Motor complete tetraplegia
Motor incomplete tetraplegia
Motor complete paraplegia
Motor incomplete paraplegia
Period after injury (day)
<30
≥31
BMI (kg/m2)
Laboratory test
Protein (g/dL)
Albumin (g/dL)
Ca (mg/dL)
Na (mmol/L)
K (mmol/L)
Urea (mg/dL)
Creatinine (mg/dL)
Cholesterol (mg/dL)
Hb (g/dL)
WBC (103/μL)
CRP (mg/L)
Body composition analysis
SMM (kg)
Body fat (kg)
Percent body fat (%)
ICW
ECW
TCW

Low-risk
At-risk group
group
(MUST≥1)
(MUST=0)
51.52±17.40 48.14±16.24

Overall
Low-risk
At-risk group
p-value
group
(SNST≥11)
(0≤SNST≤10)
0.255
47.33±17.37 52.47±15.81

p-value
0.082

41 (40.2)
19 (67.9)

61 (59.8)
9 (32.1)

0.009**

48 (47.1)
22 (78.6)

54 (52.9)
6 (21.4)

0.003**

7 (24.1)
28 (50.0)
4 (25.0)
21 (72.4)

22 (75.9)
28 (50.0)
12 (75.0)
8 (27.6)

0.001**

9 (31.0)
26 (46.4)
9 (56.2)
26 (89.7)

20 (69.0)
30 (53.6)
7 (43.8)
3 (10.3)

<0.001***

23 (42.6)
37 (48.7)
23.99±2.82

31 (57.4)
39 (51.3)
21.2±3.07

0.492

28 (51.9)
42 (55.3)
23.74±2.92

26 (48.1)
34 (44.7)
21.04±3.05

0.701

6.12±0.48
6.17±0.53
3.59±0.38
3.53±0.41
10.95±17.08
8.89±0.49
136.84±17.64 138.66±2.99
4.3±0.40
4.29±0.36
14.94±5.27
13.47±5.07
0.62±0.16
0.54±0.12
179.48±48.27 164.89±31.27
12.56±1.35
12.02±1.43
7.63±2.80
7.34±2.95
11.24±21.81 17.98±33.00
26.59±5.49
18.24±6.92
26.90±8.56
21.94±4.21
14.48±2.53
36.43±6.60

25.58±5.21
13.49±5.33
21.90±6.62
21.25±4.11
14.31±2.61
35.55±6.66

<0.001***
0.600
0.425
0.315
0.425
0.899
0.111
0.002**
0.040*
0.029*
0.578
0.183
0.282
<0.001***
0.001**
0.340
0.701
0.455

6.19±0.49
6.09±0.52
3.63±0.35
3.47±0.42
10.69±15.80
8.83±0.54
137.65±16.35 137.9±3.27
4.28±0.40
4.31±0.35
14.24±5.38
14.06±5.00
0.59±0.14
0.56±0.16
178.44±46.46 163.67±30.76
12.57±1.45
11.93±1.29
7.69±2.81
7.21±2.95
13.03±24.53 17.02±32.60
26.84±5.65
17.41±6.89
25.82±8.61
22.13±4.34
14.59±2.62
36.73±6.84

25.12±4.84
13.67±5.50
22.34±6.70
20.91±3.86
14.14±2.50
35.06±6.30

<0.001***
0.224
0.019*
0.363
0.908
0.620
0.845
0.205
0.038*
0.009**
0.336
0.433
0.067
0.002**
0.012*
0.095
0.317
0.152

Values are presented as mean±standard deviation or number (%).
MUST, malnutrition universal screening tool; SNST, spinal nutrition screening tool; BMI, body mass index; Hb, hemoglobin; WBC, white blood cell; CRP, C-reactive protein; SMM, Skeletal muscle Mass; ICW, intracellular water; ECW,
extracellular water; TBW, total body water.
*p<0.05, **p<0.01, ***p<0.001.
tion and clinical outcomes, the functional status assessment was performed including FIM, MBI, and SCIMIII. Changes in functional status showed significant

596

www.e-arm.org

differences between the low-risk and the at-risk groups.
The comparison of the motor and the sensory recovery
between the two groups showed lower levels of recovery
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during the follow-up period for the at-risk group compared to the low-risk group; though the difference was
not statistically significant (Table 4).

DISCUSSION
The major aim of this study was to use the MUST and
the SNST to assess the nutritional status of 130 Korean
SCI patients. In previous studies, multi-faceted research on malnutrition related to hospitalized patients’
care were conducted. Various nutritional markers that
can be used in nutritional screening include height,
weight change, subcutaneous fat, and total body protein
mass [19]. All of these nutritional markers are measured,
in anthropometric assessments, as biochemical markers, to examine patient’s clinical condition, and to assess

the ability to eat. However, controversy exists regarding
the nutritional markers that are most appropriate in the
assessment of nutritional status. In the assessment of
patients’ nutritional status, the use of a variety of markers
instead of a single marker should be considered. Wong et
al. [3,4] conducted a cross-sectional, multi-center study
to investigate the prevalence of malnutrition among SCI
patients in the United Kingdom by using the MUST, and
the undernutrition risk among patients diagnosed with
SCI was reported as 17.4%–46.7%. In this study, where
MUST and SNST were used for the nutritional screening,
70 patients (50.8%) and 60 patients (46.2%) had undernutrition risk based on the MUST and the SNST scores,
respectively. The findings of our study are consistent
with the findings of the previous literature [3,20]. The
likelihood of being assessed as having undernutrition

Table 4. The association between nutritional screening tool scores and clinical outcomes
Low-risk group At-risk group
(n=60)
(n=70)
(MUST=0)
(MUST≥1)
FIM score
At admission
At discharge
Δ(discharge–admission)
MBI score
At admission
At discharge
Δ(discharge–admission)
SCIM-III score
At admission
At discharge
Δ(discharge–admission)
Total AMS score
At admission
At discharge
Δ(discharge–admission)
Total ASS score
At admission
At discharge
Δ(discharge–admission)

Overall
Low-risk group At-risk group
p-value
(n=60)
(n=70)
(0≤SNST≤10) (SNST≥11)

p-value

71.95±21.05
83.92±24.94
11.97±14.71

55.39±12.08
62.91±17.51
7.53±10.45

<0.001***
<0.001***
0.007**

71.81±20.49
84.47±23.21
12.66±14.60

52.78±8.64
58.77±15.17
5.98±9.01

<0.001***
<0.001***
<0.001***

30.78±26.73
44.62±30.67
14.35±20.24

11.26±16.77
19.36±22.72
8.10±12.95

<0.001***
<0.001***
0.011*

30.49±25.94
44.30±28.75
14.24±19.89

8.33±13.97
15.52±21.75
7.18±11.71

<0.001***
<0.001***
0.003**

34.13±20.93
47.58±26.51
13.45±15.73

18.76±13.69
26.19±18.48
7.43±10.25

<0.001***
<0.001***
0.003**

33.71±20.69
47.43±25.20
13.71±15.50

16.68±11.28
22.80±16.68
6.12±8.79

<0.001***
<0.001***
0.001**

58.37±23.07
64.80±22.25
6.43±6.53

37.41±23.71
43.01±23.97
5.60±8.04

<0.001***
<0.001***
0.253

59.39±20.14
64.79±20.85
5.40±5.89

32.73±23.81
39.40±23.78
6.67±8.78

<0.001***
<0.001***
0.237

131.67±43.75
133.07±44.15
1.40±8.29

102.24±51.92
103.16±52.32
0.91±3.21

0.001**
0.001**
0.394

137.43±43.35
138.71±44.05
1.29±7.75

90.62±46.30
91.58±46.41
0.97±3.27

<0.001***
<0.001***
0.952

Values are presented as mean±standard deviation.
FIM, Functional Independence Measure; MBI, Modified Barthel Index; SCIM-III, Spinal Cord Independent Measure
III; AMS, American Spinal Injury Association motor score; ASS, American Spinal Injury Association sensory score.
*p<0.05, **p<0.01, ***p<0.001.
www.e-arm.org
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was higher for male patients with complete motor injuries when the MUST was used and also higher for male
patients with complete motor injuries and tetraplegia
when the SNST was used. Similarly, in a study by Chao
et al. [18] on cancer patients, the risk for undernutrition
was three times higher among male patients than female
patients. However, the assessment of the undernutrition
risk based on the NLI and ASIA classification scale (completeness of injury) was published for pediatric SCI patients only [21]. Assessment using STAMP scores showed
a higher undernutrition risk for the tetraplegia group
compared to the paraplegia group (82.2% vs. 47.5%).
And for the complete motor injury group compared to
the incomplete motor injury group (51.7% vs. 50.0%);
however, the differences in this risk were not statistically
significant. The inconsistency between these results and
our results may be attributed to the fact that the STAMP
assessment involved pediatric SCI patients, and used a
small sample size of 45 patients.
The findings of our study indicate that both nutritional
screening tools showed cholesterol and hemoglobin concentrations to be lower in the at-risk group. Creatinine
levels and albumin concentrations were also significantly
lower for the at-risk group with MUST and SNST respectively. In a study conducted by Wong et al. [3], the MUST,
protein, albumin, CRP, Hb, Cr, and BMI were significantly
lower in the at-risk group. In a later study by Wong et
al. [20], the SNST, protein, albumin, CRP, Hb, white cell
count, and BMI were significantly lower in the at-risk
group. Studies have commonly used the following tools
to assess blood test indices and nutritional status: the
prognostic nutritional index, the prognostic inflammatory, the nutritional index, and the Maastricht index [2224]. However, these indices have large periodic variations
that reflect individual patients’ nutritional status and reflect other clinical patterns besides the nutritional status.
Hence, these indices must be used in conjunction with
other markers to assess the patients’ nutritional status.
Furthermore, it may be more clinically useful to use a single measurement from a blood test to determine whether
or not a patient’s nutritional status has improved following nutritional support, rather than using many measurements. This study was also aimed at investigating the
association between the body composition parameters
and nutritional status. Only body fat and percent body
fat were found to be significantly low in the at-risk group.
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Further research is necessary to understand the implication of this significant finding.
Many studies have reported on the association between
undernutrition and clinical outcomes such as the length
of hospital stay and the mortality rate. Repeatedly, it was
found that undernutrition increases the length of hospital stay and mortality rates [5,6,20,25,26]. In this study, we
investigated the association between undernutrition and
the clinical outcomes including motor and sensory recovery, and the changes in functional status assessment
results of SCI patients (Table 4). In the functional status
assessments (FIM, MBI, SCIM-III), significant differences
were found between the low-risk group and the at-risk
group. The level of motor and sensory recovery was lower
in the at-risk group compared to the low-risk group, but
not by a significant difference. There was no difference in
neurological recovery (motor scores and sensory scores)
according to nutritional status. However, functional recovery was significantly different between groups with
different nutritional status. In addition, the reason why
functional status assessment results were more significantly correlated with nutritional status compared to the
motor sensory recovery may be because the nutritional
screening tools also assessed medical problems, and the
functional status of the patients may have been compromised due to deconditioning.
Limitations
The present study was a retrospective study. All inpatients had to receive nutritional support after consulting
the nutrition team. As a result, the influence of undernutrition on clinical outcomes may have been affected by
this factor.
In this study, malnutrition was assessed by using the
MUST and SNST. Although both nutritional screening
tools have been validated in many studies, they may be
inadequate for Korean SCI patients as they were developed for Western patients. Furthermore, due to limited
human resources available and limited time in Korean
hospitals, there is difficulty in applying the tools, as they
exist, to Korean patients. Therefore, nutritional screening
tools that have been adapted to the characteristics of Korean SCI patients must be developed through large-scale
research in the future.
In conclusion, the nutritional status of 130 Korean SCI
patients was assessed using the MUST and the SNST.

The Nutritional Status and Clinical Outcomes Among SCI Patients
About 50% of the patients had undernutrition risk. Furthermore, undernutrition was found to affect functional
recovery. The development and validation of nutritional
screening tools that are appropriate for Korean SCI
patients is necessary. It is essential to ensure that the
nutritional status of SCI patients be appropriately addressed using an early nutritional assessment with early
nutritional support immediately following their hospital
admission.

CONFLICT OF INTEREST
No potential conflict of interest relevant to this article
was reported.

REFERENCES
1. Kubrak C, Jensen L. Malnutrition in acute care patients: a narrative review. Int J Nurs Stud 2007;44:103654.
2. Kyle UG, Pirlich M, Schuetz T, Luebke HJ, Lochs H,
Pichard C. Prevalence of malnutrition in 1760 patients
at hospital admission: a controlled population study
of body composition. Clin Nutr 2003;22:473-81.
3. Wong S, Derry F, Jamous A, Hirani SP, Grimble G,
Forbes A. The prevalence of malnutrition in spinal
cord injuries patients: a UK multicentre study. Br J
Nutr 2012;108:918-23.
4. Wong S, Derry F, Grimble G, Forbes A. How do spinal
cord injury centres manage malnutrition? A crosssectional survey of 12 regional centres in the United
Kingdom and Ireland. Spinal Cord 2012;50:132-5.
5. Naber TH, Schermer T, de Bree A, Nusteling K, Eggink
L, Kruimel JW, et al. Prevalence of malnutrition in
nonsurgical hospitalized patients and its association
with disease complications. Am J Clin Nutr 1997;66:
1232-9.
6. Correia MI, Waitzberg DL. The impact of malnutrition
on morbidity, mortality, length of hospital stay and
costs evaluated through a multivariate model analysis. Clin Nutr 2003;22:235-9.
7. Castro MJ, Apple DF Jr, Hillegass EA, Dudley GA.
Influence of complete spinal cord injury on skeletal
muscle cross-sectional area within the first 6 months
of injury. Eur J Appl Physiol Occup Physiol 1999;80:
373-8.

8. de Groot S, Post MW, Hoekstra T, Valent LJ, Faber WX,
van der Woude LH. Trajectories in the course of body
mass index after spinal cord injury. Arch Phys Med
Rehabil 2014;95:1083-92.
9. Cheshire DJ, Coats DA. Respiratory and metabolic
management in acute tetraplegia. Paraplegia 1966;4:123.
10. Buchholz AC, Pencharz PB. Energy expenditure in
chronic spinal cord injury. Curr Opin Clin Nutr Metab
Care 2004;7:635-9.
11. Guerra RS, Fonseca I, Sousa AS, Jesus A, Pichel F,
Amaral TF. ESPEN diagnostic criteria for malnutrition A validation study in hospitalized patients. Clin Nutr
2017;36:1326-32.
12. Kondrup J, Allison SP, Elia M, Vellas B, Plauth M; Educational and Clinical Practice Committee, European
Society of Parenteral and Enteral Nutrition (ESPEN).
ESPEN guidelines for nutrition screening 2002. Clin
Nutr 2003;22:415-21.
13. Mueller C, Compher C, Ellen DM; American Society
for Parenteral and Enteral Nutrition (A.S.P.E.N.) Board
of Directors. A.S.P.E.N. clinical guidelines: nutrition
screening, assessment, and intervention in adults.
JPEN J Parenter Enteral Nutr 2011;35:16-24.
14. Barbosa-Silva MC, Barros AJ. Indications and limitations of the use of subjective global assessment
in clinical practice: an update. Curr Opin Clin Nutr
Metab Care 2006;9:263-9.
15. Velasco C, Garcia E, Rodriguez V, Frias L, Garriga R,
Alvarez J, et al. Comparison of four nutritional screening tools to detect nutritional risk in hospitalized
patients: a multicentre study. Eur J Clin Nutr 2011;65:
269-74.
16. Wong S, Derry F, Jamous A, Hirani SP, Grimble G,
Forbes A. Validation of the spinal nutrition screening
tool (SNST) in patients with spinal cord injuries (SCI):
result from a multicentre study. Eur J Clin Nutr 2012;
66(3):382-7.
17. Stratton RJ, Hackston A, Longmore D, Dixon R, Price
S, Stroud M, et al. Malnutrition in hospital outpatients
and inpatients: prevalence, concurrent validity and
ease of use of the ‘malnutrition universal screening
tool’ (‘MUST’) for adults. Br J Nutr 2004;92:799-808.
18. Chao PC, Chuang HJ, Tsao LY, Chen PY, Hsu CF, Lin
HC, et al. The Malnutrition Universal Screening Tool
(MUST) and a nutrition education program for high

www.e-arm.org

599

Ji Cheol Shin, et al.
risk cancer patients: strategies to improve dietary intake in cancer patients. Biomedicine (Taipei) 2015;5:
17.
19. Bienertova-Vasku J, Novak J, Zlamal F, Forejt M, Havlenova S, Jackowska A, et al. The prediction role of
indexes of circulating adipokines for common anthropometric and nutritional characteristics of obesity in
the obese Central European population. Eat Behav
2014;15:244-51.
20. Wong S, Derry F, Jamous A, Hirani SP, Forbes A. Is undernutrition risk associated with an adverse clinical
outcome in spinal cord-injured patients admitted to a
spinal centre? Eur J Clin Nutr 2014;68:125-30.
21. Wang YJ, Zhou HJ, Liu PJ, Liu GL, Zheng Y, Wei B, et
al. Risks of undernutrition and malnutrition in hospitalized pediatric patients with spinal cord injury.
Spinal Cord 2017;55:247-54.
22. Buzby GP, Mullen JL, Matthews DC, Hobbs CL, Rosato
EF. Prognostic nutritional index in gastrointestinal

600

www.e-arm.org

surgery. Am J Surg 1980;139:160-7.
23. Ingenbleek Y, Carpentier YA. A prognostic inflammatory and nutritional index scoring critically ill patients. Int J Vitam Nutr Res 1985;55:91-101.
24. Kuzu MA, Terzioglu H, Genc V, Erkek AB, Ozban M,
Sonyurek P, et al. Preoperative nutritional risk assessment in predicting postoperative outcome in patients
undergoing major surgery. World J Surg 2006;30:37890.
25. Wada H, Dohi T, Miyauchi K, Doi S, Naito R, Konishi
H, et al. Prognostic Impact of the Geriatric Nutritional
Risk Index on Long-Term Outcomes in Patients Who
Underwent Percutaneous Coronary Intervention. Am
J Cardiol 2017;119:1740-5.
26. Burr RG, Clift-Peace L, Nuseibeh I. Haemoglobin
and albumin as predictors of length of stay of spinal
injured patients in a rehabilitation centre. Paraplegia
1993;31:473-8.

