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ABSTRACT

1

Purpose: A suboptimal nutritional status is often observed among hospitalized patients across all medical/surgical
specialties. The objective of the present study was to (1) analyze the prevalence of malnutrition in severe trauma
patients and (2) evaluate the relationship between malnutrition and select clinical outcomes.
Materials and Methods: This retrospective study was conducted between October 2015 and March 2017 at the Pusan
National University Hospital Trauma Center. Of a total of 3,560 patients, 945 were enrolled in this study. Patients were
checked for malnutrition using a nutrition assessment tool by the hospital nutrition support team. The parameters
assessed included serum albumin, the ratio of actual body weight to ideal body weight (%), total lymphocyte count,
appetite, and gastrointestinal problems. Clinical outcomes under consideration included 1) mortality, 2) length of
hospitalization, and 3) length of stay in the intensive care unit (ICU).
Results: The total prevalence of malnutrition in hospitalized trauma patients was 55.0% (n=520). Malnutrition
risk was the independent prognostic factor of mortality in severe trauma patients (adjusted odds ratio [OR]=3.440;
95% confidence interval [CI]=1.401~8.447, P=0.007). Risk factors of malnutrition were age over 65 years (adjusted
OR=2.393; 95% CI=1.699~3.370, P<0.001), injury severity score (adjusted OR=1.034, 95% CI=1.012~1.056, P=0.002),
length of hospitalization (adjusted OR=1.104; 95% CI=1.007~1.020, P<0.001), and length of stay in the ICU (adjusted
OR=1.050; 95% CI=1.029~1.072, P<0.001).
Conclusion: Malnutrition is widespread in hospitalized patients with severe trauma and results in suboptimal clinical
outcomes. Thus, patients at high risk of malnutrition should be monitored carefully during hospitalization.
Keywords: Malnutrition; Nutritional assessment; Traumatology

INTRODUCTION
Suboptimal nutritional status is often observed among hospitalized patients across all medical specialties with prevalence rates ranging from 20% to 61%, depending on the disease [1-3]. As shown in previous studies, malnutrition often
leads to prolonged hospitalization and higher complication
rates [4-6].

The nutritional status at hospital admission is compounded
by primary malnutrition mainly reflecting poor social-economic condition, and secondary malnutrition reflecting, usually, the impact of degenerative and chronic diseases. Trauma
is assuming a leading cause of hospital admission of young
people and associated to high rates of morbidity and mortality. However, there is still a paucity of information about
nutritional status of severe trauma patients [7], In addition,
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there are few reports about the incidence of malnutrition in
trauma patients.
It is therefore interesting to study the nutritional risk in
trauma patients and the specific impact of this risk on in-hospital clinical course. The current study evaluated the impact
of malnutrition risk on patients’ survival. We hypothesized
that a positive malnutrition risk would be significantly associated with increased mortality and length of stay in patients
with severe trauma.

MATERIALS AND METHODS
1. Patient population

We retrospectively reviewed data from the medical records
and included a total of 3,560 patients with severe trauma admitted to the trauma resuscitation unit at our Trauma Center
between October 1, 2015 and March 31, 2017. Inclusion
criteria were adult patients (≥18 years old) and injury severity score (ISS)≥16. Patients declared dead-on-arrival or transferred from a trauma resuscitation unit within 24 hours or
discharged within 7 days or with unclear medical records on
nutritional assessment were excluded. The final study population included 945 patients (Fig. 1). Available data included
age, sex, ISS, abbreviated injury scale (AIS), Glasgow Coma
Scale score (GCS), length of hospitalization, length of stay in
intensive care unit (ICU), and survival status.

2. Nutritional evaluation

Nutrition assessment tool in Pusan National University
Hospital nutrition support team (PNUH NST) was used to de-

Traumatic injury
(n=3,560)

Mild or moderate trauma
(injury severity score <16)
Yes

No

Excluded
(n=2,346)

Included
(n=1,214)

termine the prevalence of malnutrition and to divide patients
into two cohorts: well or normal nourished and malnourished (including moderately malnourished or at risk of malnutrition, and severely malnourished) (Table 1). As shown in
Table 1, we used five clinical measures (serum albumin, ratio
of actual body weight to ideal body weight [%], total lymphocyte count, appetite, and gastrointestinal problem), and each
measure was scored from 0~6 (serum albumin) or 0~3 (ratio
of actual body weight to ideal body weight) or 0~2 (total
lymphocyte count, appetite, and number of gastrointestinal
problems). The malnutrition risk score corresponded to the
total points for each item (0~15 points). Patients with positive malnutrition risk was defined as those with more than 4
points of malnutrition risk.

3. Outcome measures

The primary outcomes were hospital mortality. Secondary
outcomes included length of hospitalization and length of
stay in ICU. Length of hospitalization was measured in days,
from the day of admission to hospital to the time of release
or death. Data were collected retrospectively to determine
mortality and length of hospital stay.

4. Statistical analysis

Continuous variables (ISS, AIS, GCS, length of hospitalization) were reported as median and interquartile ranges (IQRs).
Categorical variables were expressed as numbers and percentages.
The Student or Wilcoxon tests were used to compare the
two cohorts’ length of hospital stay, with P<0.05 defined as
the alpha value. The chi-square test (P<0.05) was used to
compare mortality of the two cohorts, with the Yates correction as needed. The power of association between the
variables was calculated as odds ratio (OR) with a 95% confidence interval (CI). Variables considered to be risk factors for
mortality (risk of malnutrition according to nutrition assessment tool, age, ISS, AIS, GCS, sex) and length of hospital stay
were analyzed using a multivariable logistic regression model.
The Statistical Package for the Social Sciences (Version 20.0;
IBM Corp., Armonk, NY, USA) and STATA software (Version
14.2; Stata Corp., College Station, TX, USA) were used to
analyze the data.

5. Ethical consideration

This project received research approval from the Research
Ethics Board of Pusan National University Hospital and was
performed in accordance with the ethical standards set forth
in the 1964 Declaration of Helsinki. Its later amendments
and Informed consent is not applicable.

1. Death or transfer and/or
discharge within 7 days
2. Missing data on
nutritional assessment
Yes

No

Excluded
(n=269)

Included
(n=945)

Fig. 1. Flowchart of the study.

RESULTS
1. Demographics of patients with severe trauma

A total of 945 patients were evaluated, 78.3% of which
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Table 1. Nutrition assessment tool in Pusan National University Hospital nutrition support team
Variable
Albumin (g/dL)
Score
IBW (%)
Score

Degree of malnutrition
None
>3.2

Moderate

Severe

3.2~2.8

2.7~2.1

<2.1

N/A

2

4

6

0

<70

N/A

0
≥90

89.9~80

79.9~70

0

1

>1,500

1,200~1,500

Score

0

1

Appetite

Good or usual

TLC (cell/mm3)

Score
Number of GI problem
Score

Note

Mild

2
800~1,199.9

3

3

<800

N/A

2

0

Bad

0

N/A

2

0

None

1~2

3

N/A

0

1

2

0

Positive malnutrition risk: ≥4 points.
N/A = non-applicable; IBW = ideal body weight; TLC = total lymphocyte count; GI = gastrointestinal.

2. Prevalence of malnutrition risk in severe trauma
patients

According to nutrition assessment tool in PNUH NST,
17.4% (n=164) of patients had malnutrition risk at admission. On the other hands, 46.5% (n=439) of patients had
malnutrition risk at 7 days of admission and 55.0% (n=520)
had positive malnutrition risk during admission. Prevalence of
malnutrition risk in severe trauma patients is shown in Fig. 2.

3. Clinical characteristics of patients with severe
trauma according to mortality

Table 2 demonstrates the clinical characteristics of patients
with severe trauma according to mortality. Overall mortality rate was 4.9%. Nutritional screening showed the positive
malnutrition risk at admission, 7 days of admission, and more
than 7 days of admission. Mortality was higher in patients
with positive malnutrition risk than in those with negative
malnutrition risk. In addition, a comparison of the survivor
group and non-survivor group revealed that patients in the
non-survivor group had a higher proportion of patients aged
65 or more (P<0.001), a higher ISS (P<0.001), a higher
head AIS (P<0.001), a higher GCS (P<0.001), longer length
of hospitalization (P<0.001), and longer length of stay in ICU
(P<0.001).
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Percentage (%)

were male. The median age was 58 (IQR=41~70), with
25.0% of patients aged over 65. The median of ISS was 24
(IQR=19~29) and median GCS was 15 (IQR=11~15). The
median AIS for head and abdomen were 3 (IQR=0~4) and
0 (IQR=0~2), respectively. The median length of hospitalization and length of stay in ICU were 29 days (IQR=17~50)
and 6 days (IQR=2~15), respectively. In addition, the overall mortality rate was 4.9% (n=46).

60

55.0
46.5

44.6

7 day of
admission

>7 day of
admission

40
20

17.4

0
<24 h of
admission

Summary

Fig. 2. Prevalence of malnutrition risk of patients with severe
trauma.

4. Risk factors for mortality

In univariable analysis, factors associated with mortality of
patients with severe trauma were age≥65 years, ISS, head
AIS, GCS, and positive malnutrition risk (Table 3). Multivariate analysis showed that positive malnutrition risk was an
independent risk factor for mortality (adjusted OR=3.440,
95% CI=1.401~8.447, P=0.007) (Table 3). Fig. 3 demonstrated one minus survival curve of patients with severe
trauma according to malnutrition risk.

5. Clinical outcomes of patients according to
malnutrition risk

Factors associated with positive malnutrition risk were
age≥65 years, female, ISS, abdomen AIS, and GCS. In addition, there were a significant correlation between positive
malnutrition risk, longer length of hospitalization, and longer
length of stay in ICU (Table 4).
Univariable and multiple logistic regression analysis for
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Table 2. Clinical characteristics of patients with severe trauma
Total group (n=945)
Variable

Survivor group
(n=899)

Non-survivor group
(n=46)

P-value

Malnutrition risk
<24 h of admission

149 (16.6)

15 (32.6)

0.005

7 day of admission

404 (44.9)

35 (76.1)

<0.001

>7 day of admissiona

162 (41.8)

22 (88.0)

<0.001

480 (53.4)

40 (87.0)

<0.001

213 (23.7)

23 (50.0)

<0.001

b

Total

Age (≥65 yr)
Sex (male:female)

704:195

36:10

ISS

24 (19~29)

29 (25~34)

<0.001

3 (0~4)

4 (3~5)

<0.001

Head AIS
Abdomen AIS

0.994

0 (0~2)

0 (0~2)

0.281

GCS

15 (12~15)

9 (5~14)

<0.001

Length of hospitalization (day)

28 (18~51)

16 (10~30)

<0.001

5 (2~14)

16 (11~30)

<0.001

Length of stay in ICU (day)

Values are presented as number (%) or median (interquartile range).
ISS = injury severity score; AIS = abbreviated injury scale; GCS = Glasgow coma scale; ICU = intensive care unit.
a
Survivor group (n=388), non-survivor group (n=25), Total (n=413).
b
Nutritional screening showed the positive malnutrition risk on <24 hours and/or 7 days and/or >7 days of admission.
Table 3. Univariable and multiple logistic regression analysis for mortality (n=945)
Variable

Crude OR (95% CI)

P-value

Adjusted OR (95% CI)

P-value

3.634 (1.842~7.170)

<0.001

Age (≥65 yr)

3.221 (1.771~5.857)

<0.001

ISS

1.049 (1.021~1.078)

0.001

Head AIS

1.452 (1.207~1.747)

<0.001

GCS

0.818 (0.762~0.878)

<0.001

0.812 (0.752~0.877)

<0.001

Malnutrition riska

5.819 (2.443~13.863)

<0.001

3.440 (1.401~8.447)

0.007

OR = odds ratio; CI = confidence interval; ISS = injury severity score; AIS = abbreviated injury scale; GCS = Glasgow coma scale.
Nutritional screening showed the positive malnutrition risk on <24 hours and/or 7 days and/or >7 days of admission.

a

Kaplan-Meier failure estimates

0.20

Normal
Malnutrition

0.15

P<0.001

0.10

0.05

0.00
0

30

60

90

120

150

180

210

240

270

0
7

0
2

0
1

0
0

Analysis time (day)
Number at risk
Normal 425
Malnutrition 520

138
299

46
134

14
63

7
27

2
13

Fig. 3. One minus survival curve of
patients with severe trauma according to malnutrition risk.
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Table 4. Demographics of patients with severe trauma according to malnutrition risk
Total group (n=945)

Variables

Normal group (n=425)

Age (≥65 yr)

Malnutrition risk group (n=520)

72 (16.9)

Sex (male:female)
ISS

P-value

164 (31.5)

<0.001

347:78

393:127

0.024

22 (17~27)

25 (22~29)

<0.001

Head AIS

3 (0~4)

3 (0~4)

0.653

Abdomen AIS

0 (0~2)

2 (0~2)

0.005

GCS

15 (13~15)

15 (9~15)

<0.001

Length of hospitalization (day)

22 (15~34)

35 (20~61)

<0.001

3 (2~8)

10 (4~20)

<0.001

Length of stay in ICU (day)

Values are presented as number (%) or median (interquartile range).
ISS = injury severity score; AIS = abbreviated injury scale; GCS = Glasgow coma scale; ICU = intensive care unit.
Table 5. Univariable and multiple logistic regression analyses for malnutrition risk (n=945)
Crude OR (95% CI)

P-value

Adjusted OR (95% CI)

Age (≥65 yr)

Variables

2.259 (1.650~3.091)

<0.001

2.393 (1.699~3.370)

<0.001

P-value

Male

0.696 (0.507~0.955)

0.025

ISS

1.056 (1.036~1.076)

<0.001

1.034 (1.012~1.056)

0.002

Abdomen AIS

1.135 (1.039~1.240)

0.005

GCS

0.917 (0.882~0.953)

<0.001

Length of hospitalization

1.019 (1.014~1.025)

<0.001

1.014 (1.007~1.020)

<0.001

Length of stay in ICU

1.066 (1.050~1.083)

<0.001

1.050 (1.029~1.072)

<0.001

OR = odds ratio; CI = confidence interval; ISS = injury severity score; AIS = abbreviated injury scale; GCS = Glasgow coma scale;
ICU = intensive care unit.

malnutrition risk are demonstrated in Table 5. Age over 65
years, ISS, length of hospitalization, and length of stay in ICU
were independent indicators of positive malnutrition risk.

DISCUSSION
This study was the first to evaluate the prevalence of malnutrition risk and relationship between malnutrition risk and
clinical outcomes in a large contemporary cohort of severe
trauma patients in South Korea. We found that malnutrition
was an independent prognostic factor of mortality in severe
trauma patients.
Malnutrition in hospitalized patients is an important factor
to consider, because it is associated with adverse outcomes
such as prolonged hospital length of stay, increased complications, in-hospital mortality, and healthcare costs [8-10]. In
severely injured patients, the relationship between nutritional
status and clinical outcome is complicated by the systemic
pathophysiological responses to trauma, which may affect,
as well as may be affected by, the patient’s nutritional status
[11-13]. The metabolic changes after trauma are distinctive
and complex and make trauma patients more susceptible for
developing malnutrition. Second, in these patients a vicious
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circle is set in motion by malnutrition, leading to further deterioration of the nutritional- and health status. Malnutrition
was associated with higher morbidity, delayed mobilization
both after conservative and operative treatment, higher inhospital mortality, prolonged hospital length of stay, reoperation and readmissions [7,12,14]. Our study found patients
with malnutrition risk had higher mortality rate, longer length
of hospitalization, and longer length of stay in ICU. The
results of our study also underline the importance of early
malnutrition recognition and intervention to prevent further
deterioration.
Malnutrition has been defined in various ways due to the
lack of a gold standard for diagnosing malnutrition [15,16].
The prevalence of malnutrition varied widely in the selected
studies and depends upon the way in which malnutrition
was defined and measured. The prevalence of malnutrition ranged from 7% to 76% in trauma patients in general
[12,14,17-19]. We examined the development of malnutrition during hospital stay and showed an increase in prevalence from 17.4% on admission to 46.5% in the first week
of hospital admission. Our study found comparable rates of
overall prevalence of malnutrition risk of patients with severe
trauma (55.0%).

Malnutrition Risk in Severe Trauma Patients
The detection of malnutrition in an early phase provides
the clinician with the opportunity to intervene and attempt
to prevent further deterioration of the nutritional status. Our
study indicated that the risk of developing malnutrition risk
was high in patients with age over 65 years, high ISS, long
length of hospitalization, and long length of stay in ICU. The
literature suggests that only a fraction of malnourished hospitalized patients receive timely nutritional support to prevent
nutritional status decline [20]. Improved training of medical
staff in recognizing and treating malnutrition is needed to
create more awareness for the underestimated problem of
malnutrition. Especially, elderly trauma patients and patients
with high ISS score and long length of hospitalization and/or
length of stay in ICU should be monitored carefully during
hospitalization.
There are several limitations to this study. First, the study
was confined to patients at a single center, and our study
population may have been specific to a certain region. Second, because this was a non-randomized and retrospective
analysis with a limited number of cases, the results are not
conclusive and lacked sufficient statistical power to detect a
significant difference. Therefore, additional prospective studies involving larger sample sizes will be necessary to support
our findings.

CONCLUSION
Malnutrition is highly prevalent among severe trauma
patients. Malnutrition risk is an independent risk factor for
mortality and prolonged length of hospitalization and stay in
ICU. Based on the malnutrition associated adverse outcomes,
efforts should be made to quickly assess the nutritional status of these patients and early start nutritional intervention.
In particular, Elderly and high-risk patients for malnutrition
should be monitored carefully during hospitalization.
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