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Vitamin D and COVID-19

Çetin Özbek et al.
Original Article

Does the Level of Vitamin D in COVID-19 Patients Affect the 
Survival and Duration of Hospital Stay?
Sevan Çetin Özbek1 , Selen Özsoy2 , Levent Öztürk3

1Nutrition and Dietetics, Yüksek İhtisas University, Faculty of Health Sciences, Ankara, Turkey
2Department of Clinical Nutrition Units, Ankara City Hospital, Ankara, Turkey
3Department of Anesthesiology and Reanimation, Ankara Yıldırım Beyazıt University, Faculty of Medicine, Ankara, Turkey

Cite this article as: Çetin Özbek S, Özsoy S, Öztürk L. Does the level of vitamin D in COVID-19 patients affect the survival and duration of 
hospital stay? Clin Sci Nutr. 2023;5(2):41-49.

ABSTRACT

Objective: This study aimed to evaluate the effect of categorized and normal vitamin D levels on hospital stay and mortality in 
adult patients with COVID-19.
Methods: One hundred sixty-eight hospitalized patients due to coronavirus disease 2019 were retrospectively evaluated. The 
study data were collected from medical records (age, gender, comorbidity, vitamin D level, duration of hospital stay, mortality/
survival status). Serum 25(OH) vitamin D level ≥ 30 ng/mL is defined as normal, 20-29 ng/mL is an insufficiency level, and less than 
20 ng/mL is defined as a deficiency level.
Results: The mean vitamin D level of 168 patients was 18.72 ± 11.18 ng/mL, and 79.4% of patients with vitamin D deficiency had 
comorbidity. When vitamin D levels were categorized, there was no difference between the groups regarding hospital stay and 
survival (P > .05). However, when the mean vitamin D levels between the deceased and surviving patients were assessed, vitamin 
D levels were significantly higher in the survivors (P = .019). Vitamin D significantly affected survival compared to the univariate 
model (P = .044), while there was no significant effect on the multivariate model (P > .05). Even when the factors affecting the 
vitamin D level were adjusted, no significant results were found.
Conclusion: Among hospitalized COVID-19 patients, vitamin D levels did not support an association between the duration of 
hospital stay and mortality.

Keywords: COVID-19, duration of hospital stay, mortality, vitamin D

INTRODUCTION

While the new COVID-19 continues its adverse effects 
globally, the lack of an effective pharmacological treat-
ment in the fight against the disease complicates the 
process.1,2 COVID-19 disease causes severe respiratory 
symptoms and acute respiratory syndrome.3,4 Age, ethnic-
ity, poverty, crowded environments, medical conditions, 
and certain occupational groups have been considered 
risk factors for developing the disease.5 In addition, 
comorbidity (e.g., diabe tes-h ypert ensio n) presence is 
one of the other factors that adversely affect the course 
of the disease.6 The relationship between COVID-19 and 
vitamin D is based on the fact that vitamin D reduces the 
risk of infection by various (anti-inflammatory pathways 
and its role as an immunomodulator) mechanisms.7,8 
The risk groups for COVID-19 disease are also at risk for 

vitamin D deficiency/insu ffici ency. 9 Based on the fact that 
no food is miraculous, vitamin D is not also miraculous to 
prevent COVID-19 and fight against the disease; it is a 
component of optimal health.10,11 However, the increas-
ing pandemic in the winter months and the quarantine 
period have increased the risk factors for vitamin D 
deficiency.12

Vitamin D, which has chemical forms of ergocalciferol 
and cholecalciferol, is a micronutrient and prohormone in 
which intake is limited with foods.7,13 Vitamin D synthesis is 
associated with exposure to sunlight, and synthesis occurs 
through the skin.7,10,13 The synthesized vitamin D is con-
verted to 25-hydroxyvitamin D in the liver and converted 
to the active form 1,25-dihydroxy-vitamin D in the kidneys 
(by the enzyme 25-hydroxyvitamin D-1α hydroxylase).14 
Therefore, hepatic and renal pathologies are among the 
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regulatory factors for vitamin D.15 In addition, vitamin D 
deficiency is associated with many diseases such as cancer, 
cardiovascular, and infectious diseases.14 Vitamin D defic 
iency /insu ffici ency is a silent but complex public health 
problem.4,16 The elderly, pregnant women, different ethnic 
groups, obese people, children,16 and people living in the 
Northern latitudes in winter are among the risk groups for 
vitamin D defic iency /insu ffici ency. 1,7 Seasons, time of sun 
exposure during the day, clothing style, use of sunscreen 
cream, skin pigmentation, gastrointestinal tract malab-
sorptions, obesity, and chronic conditions affect vitamin 
D synthesis and/or bioavailability.15 In a Turkish study in 
which a vitamin D level of 108 742 patients was evaluated, 
the average level was reported as 21.6 + 13.3 ng/mL.17 In 
a meta-analysis, the level of vitamin D deficiency in the 
Turkish population was stated as 63%.18 Vitamin D insuf-
ficiency has brought different actions to the agenda of 
the countries in geographical locations that cannot ben-
efit from sunlight. These countries use food enrichment 
and supplementation to eliminate vitamin D defic iency /
insuffici ency. 12,16,19

Vitamin D has primary functions in calcium and phosphate 
metabolism and development of the musculoskeletal 
system and secondary functions in immune-modulatory, 
anti-inflammatory, and anti-oxidant pathways.20,21 Vitamin 
D reduces viral replications through cathelicidins and 
defensins,7,13 decreases proinflammatory cytokines, and 
increases anti-inflammatory cytokines.7 In addition, it 
has immune homeostasis protective properties while 
performing the immunomodulatory role.7,8 Especially in 
patients with COVID-19, the cytokine storm associated 
with a poor prognosis is affected through these path-
ways,7 which encouraged the scientists to find the answer 
to the question “Can there be hope?”13 In a retrospec-
tive study conducted in the USA in 2020, a relationship 
between COVID-19 disease and vitamin D level in terms 
of clinical outcomes was not supported in hospitalized 
patients due to COVID-19.3 However, a recent systematic 
review and meta-analysis showed that vitamin D supple-
mentation during the COVID-19 pandemic was associ-
ated with favorable clinical results, especially in patients 
supplemented after the COVID-19 diagnosis.2 This study 
aims to assess the effect of vitamin D level (defi cienc y/

ins uffic iency /norm al level) on mortality and duration of 
hospital stay in adults with COVID-19.

METHODS

The Design of the Study and the Patient Groups
This retrospective and descriptive study was conducted 
on adult patients who applied to Ankara City Hospitals 
Neurology-Orthopedics Hospital between 01 August and 
31 October 2021 and had positive COVID-19 PCR tests. 
The study included (n = 181) patients whose serum 25(OH) 
vitamin D level was analyzed and patients who used drugs 
that would affect vitamin D absorption, such as corticoste-
roids, cholesterol-lowering agents, phenytoin-containing 
agents were excluded (n = 13) from the study (Figure 1). 
The research was approved by the Ministry of Health of 
the Republic of Turkey (Approval Number: (Date: May 
30, 2021, Approvel Number: 2021-05-28T15_24_52) 
and the Ethics Committee of Yüksek İhtisas University 
(2021/07/07) University. Research procedures were con-
ducted based on the Declaration of Helsinki. Since the 
study was retrospective, verbal consent was obtained by 
calling the registered phone numbers of the patie nts/
parent s/rel ative s.

Collection of Data
The study data were collected from medical records. 
The collected data included age, gender, comorbidity, 
vitamin D level, duration of hospital stay, and mortality/
survival situations. The hospital stay duration was calcu-
lated by subtracting the date of hospitalization from dis-
charge. Mortality data showed deaths occurring during 
hospitalization.

MAIN POINTS

• The mean vitamin D levels of the deceased patients were 
deficient, and they had a more extended hospital stay.

• Age and comorbidity (especially neurological diseases 
and renal failure) were among the factors affecting mor-
tality in COVID-19 disease.

• Supplementation of Vitamin D defic iency /insu ffici ency is 
an easy, inexpensive, and cost-effective method. Figure 1. Research design.
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Measurement of Serum 25(OH) Vitamin D Levels and 
Vitamin D Groups
In the study, vitamin D ranges in the pandemic hospital 
biochemistry laboratory reflected the vitamin D levels of 
the patients; as of hospitalization, the first measured serum 
25(OH) vitamin D level was recorded. Serum 25(OH) vita-
min D level was defined as ≥30 ng/mL normal, 20-29 ng/
mL insufficient, and less than 20 ng/mL as deficiency level.

Statistical Analysis
In the data of 168 patients included in the study, mean ± 
SD, median (IQR: 25th-75th percentiles) minimum–maxi-
mum values were given for numerical variables, and 
number and per cent values were given for categori-
cal variables. The vitamin D level is categorized into 
3 groups (deficiency, insufficiency, and normal level). The 
Kolmogorov–Smirnov and Shapiro–Wilk tests were used 
to determine the suitability of the characteristics for the 
normal distribution. After comparing the quantitative 
features with normal distribution between the 3 groups 
with the ANOVA test, the Tukey test was used as the 
post hoc test. The Kruskal–Wallis test and the Mann–
Whitney U-test with Bonferroni correction were used to 
compare the characteristics that did not have a normal 
distribution. The chi-square test was used to assess dif-
ferences between the groups regarding the distribution 
of qualitative variables. The relationship between 25(OH) 
vitamin D level and 20 ng/mL deficiency status with inde-
pendent variables were examined by logistic regression 
analysis. The Statistical Package for the Social Sciences 
Windows version 25.0 package program was used for sta-
tistical analysis, and P < .05 was considered statistically 
significant.

RESULTS

Patient Characteristics and Vitamin D Status
According to vitamin D levels, the patient characteristics 
are shown in Table 1. Of the patients, 90 (53.6%) were 
male and 78 (46.4%) were female. The vitamin D level of 
patients was 63.7% (n = 107) deficiency, 25.6% (n = 43) 
insufficiency, and 10.7% (n = 18) normal. According to the 
patient’s categorized vitamin D (defi cienc y/ins uffic iency/
norm al) levels, the mean age was 63.44 ± 16.9 years, 
59.88 ± 15.1 years, and 60.39 ± 12.2 years, respectively. 
The main reasons for admission to the hospital were 
dyspnea (53.2%) and cough (38.3%). Eighty-five (79.4%) 
patients with deficient vitamin D levels and 29 (67.4%) 
patients with insufficient vitamin D levels had comor-
bidity. The most common comorbidities were hyperten-
sion, diabetes mellitus (DM) and cardiovascular diseases 
(CVD). Although the duration of hospital stay and vitamin 
D levels were not significantly associated, it was primar-
ily observed in the deficiency group; the median was 

13  (IQR:6-23) days (P > .05). There was no difference 
between the groups in terms of categorized vitamin D 
levels and duration of hospital stay (P > .05) (Table 1).

The clinical characteristics of the patients according 
to their survival and exitus status are shown in Table 2. 
During the research period, 32 out of 168 patients (19%) 
lost their lives, and the mean mortality age was 72.97 ± 
11.93 (75 years; IQR: 65-81.75 and P = .0001). When the 
deceased and surviving patients were compared regard-
ing mean vitamin D levels, the vitamin D levels of the 
surviving patients were significantly higher in their favor 
(P = .019). In addition, it was observed that the presence 
of comorbidity (especially DM, CVD, chronic renal failure 
(CRF), and neurological disease) and the duration of hos-
pital stay were significantly higher in the patients who lost 
their lives compared to the survivors (P < .05). According 
to vitamin D level, the exitus was highest in the deficiency 
group (76.6%), and it was shown that there was no differ-
ence between the groups when compared to the patients 
who died (P > .05). However, when vitamin D levels were 
categorized, there was no difference between the groups 
in terms of survival and hospital stay (P > .05).

When the factors that impact survival are assessed using 
the logistic regression method, it has been observed 
that increasing age and comorbidities such as CRF, DM, 
CVD, and neurological diseases have a significant and 
elevating effect on the exitus (Table 3). Vitamin D signifi-
cantly affected survival compared to the univariate model 
(P = .044), with no significant effect on the multivariate 
model (P = .323).

When the patients’ vitamin D levels, age, gender, dura-
tion of hospital stay, and survival factors were adjusted, 
there was no significant difference (P > .05) (Table 4).

DISCUSSION

The results of this study, in which we retrospectively 
examined the effect of vitamin D defic iency /insu ffici ency 
on hospital stay and mortality in adult patients diagnosed 
with COVID-19, are presented later.

In this study, we retrospectively analyzed the association 
between vitamin D defic iency /insu ffici ency and duration 
of hospital stay and mortality of adult COVID-19 patients.

In the COVID-19 patients included in the study, vitamin D 
insufficiency was 25.5%, deficiency level was 63.6%, and 
vitamin D level was below normal in 89.2% of the patients. 
In a study by Campi et al.22 35% of the entire cohort had 
vitamin D deficiency.22 In two studies in Turkey on vitamin 
D and COVID-19, the deficiency rate was determined by 
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Table 1. Characteristic Features of Patients According to Vitamin D Levels

Vitamin D Level

Deficiency < 20 ng/mL 
(n = 107)

Insufficiency 20-29 ng/mL 
(n = 43)

Normal ≥ 30 ng/mL 
(n = 18) P**

Age

 Mean ± SD 63.44 ± 16.9 59.88 ± 15.1 60.39 ± 12.2 .417

 Med (IQR) 65 (52-77) 61 (51-71) 61 (52.75-65.25)

n/% n/% n/%

Gender

 Female 53/49.5 16/37.2 9/50 .37

 Male 54/50.5 27/62.8 9/50

Reason for hospitalization

 Dyspnea 57 (53.2%) 17 (39.5%) 8 (44.4%) .19

 Cough 41 (38.3%) 13 (30.2%) 6 (33.3%) .51

 Fever 40 (37.3%) 14 (32.5%) 6 (33.3%) .73

 Weakness 21 (19.6%) 17 (39.5%) 7 (38.8%) .02

 Nausea-vomiting 12 (11.2%) 5 (11.6%) 3 (16.6%) .74

 Myalgia 8 (7.4%) 7 (16.2%) 3 (16.6%) .23

 Diarrhea 5 (4.6%) 2 (4.6%) 3 (16.6%) .19

 Sore throat 5 (4.6%) 2 (4.6%) 1 (5.5%) .97

Comorbidity† 85/79.4 29/67.4 16/88.8 .13

 HT 57/53.2 17/39.5 11/61.1 .20

 DM 43/40.1 10/23.2 8/44.4 .11

 CVD 26/24.3 11/25.5 6/33.3 .73

 Thyroid disease 15/14.0 3/6.9 0 .05

 Cancer 10/9.3 3/6.9 1/5.5 .79

 Neurological 9/8.4 4/9.3 1/5.5 .88

 CRF 9/8.4 1/2.3 3/16.6 .13

 Asthma 8/7.4 3/6.9 4/22.2 .18

 Other* 18/16.8 10/23.3 4/22.2 .62

Duration of hospital stay (days)

 Med (IQR) 13 (6-23) 9 (6-14) 11.5 (6.5-17) .24

CRF, chronic renal failure; CVD, cardiovascular diseases; DM, diabetes mellitus; HT, hypertension; Med (IQR), median (25th-75th percentiles).
*Other: liver, gout, dermatological, inflammatory bowel diseases, transplantation, rheumatologic, psychiatric diseases.
** P ≺ .05, χ², chi-square test; kw, Kruskal–Wallis; z, Mann–Whitney U-test f: One Way Analysis of Variance
†More than 1 answer given.



Clin Sci Nutr 2023; 5(2): 41-49 Çetin Özbek et al. Vitamin D and COVID-19

45

Table 2. Comparison of Clinical Characteristics of Survival and Deceased Individuals

Survival (n = 136) Deceased (n = 32) P*

Age t

 Mean ± SD 59.67 ± 15.88 72.97 ± 11.93 .0001*

 Med (IQR) 61 (51- 69) 75 (65- 81.75)

Vitamin D level (ng/mL) z

 Mean ± SD 19.54 ± 11.67 15.25 ± 8.06 .019*

 Med (IQR) 17 (13-23.75) 14 (10-17)

Duration of hospital stay (days) z

 Mean ± SD 15.13 ± 16.19 21.06 ± 18.22 .027*

 Med (IQR) 10.5 (6-17) 18.5 (7.25-26.5)

n (%) n (%)

Gender 136 (81) 32 (19)

Female 63 (46.3%) 15 (46.9%) χ²

Male 73 (53.7%) 17 (53.1%) .955

Comorbidity 100 (73.5%) 30 (93.7%) .014* χ²

 HT 64 (47.0%) 21 (65.6%) .059 χ²

 DM 44 (32.3%) 17 (53.1%) .028* χ²

 CVD 30 (22.0%) 13 (40.6%) .03* χ²

 Thyroid disease 13 (9.5%) 2 (6.2%) .739 χ²

 Cancer 10 (7.3%) 4 (12.5%) .309 χ²

 Neurological 9 (6.6%) 9 (28.1%) .002* χ²

 CRF 7 (5.1%) 7 (21.8%) .006* χ²

 Asthma 10 (7.3%) 3 (9.3%) .715 χ²

 Other 26 (19.1%) 6 (18.8%) .962 χ²

Vitamin D level χ²

 ≥30 ng/mL 15 (83.3%) 3 (16.7%) .109

 20-29 ng/mL 39 (90.7%) 4 (9.3%)

 <20 ng/mL 82 (76.6%) 25 (23.4%)

Duration of hospital stay (days) according to vitamin D level

 Med (IQR) 12.4 ± 9.5 15.67 ± 10.07 .574 z

 ≥30 ng/mL 11 (7- 5) 17 (5-25)

 Med (IQR) 13.1 ± 15.47 16 ± 9.09 .299 z

 20-29 ng/mL 9 (6-14) 18 (6.5-23.5)

 Med (IQR) 16.58 ± 17.42 22.52 ± 19.99 .095 z

 <20 ng/mL 11.5 (6-19.5) 20 (7.5-29.5)

χ², chi-square test; CRF, chronic renal failure; CVD, cardiovascular diseases; DM, diabetes mellitus; HT, hypertension; Med (IQR), median (25th-75th 
percentiles); t, independent samples t-test; z, Mann–Whitney U-test.
*P < .05 is statistically significant.
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Karahan et al.23 by 69.1%, Demir et al24 found to be 44% 
(0-10 ng/mL) and 32% (10-20 ng/mL).

Vitamin D sufficiency is essential for health maintenance 
at every stage of life, due to its effects on optimal muscle 
strength, bone mineral density, risk reduction in some 

types of cancer, and its role as an immune modulator.11,25 
Vitamin D deficiency is an essential public health prob-
lem,13 and its optimal dose is controversial.26 Therefore, 
deprivation of sunlight, the major primary source of 
vitamin D, due to quarantine conditions has raised con-
cerns about inadequate vitamin D intake in the body.10 
However, the latitude of the place of residence, the dura-
tion and time of sun exposure, the incidence of sunlight, 
and genetic and ethnic characteristics play a role in ensur-
ing the optimal dose of vitamin D level.10 A study specific 
to Turkey showed that the difference between seasonal 
transitions (increase with the summer season and decrease 
with autumn) rather than gender is essential.27 On the 
other hand, vitamin D deficiency in acute-inflammatory 
response is associated with a decrease in vitamin D carrier 
receptors, hemodilution, and increasing conversion from 
25(OH) D to 1,25-dihydroxy vitamin D.28

Of the patients included in the study (n = 168), 77.3% 
(n = 130) had at least 1 comorbidity, and 19% lost their 
lives. The diseases contributing to mortality (DM, CVD, 
neurological, CRF) were also compatible with the litera-
ture.29 More than half of the patients who died (n = 32) 
were due to circulatory disorders (56.25%) and due to 
respiratory diseases (34.38%). Decreased induction of 
antimicrobial peptides, decreased pulmonary vascu-
lar barrier, and increased lung inflammation through 

Table 3. Logistic Regression Analysis of Factors Affecting 
Mortality

Logistic Regression Analysis

Variable

Univariate Analysis
Multivariate 

Analysis

OR  
(95% CI) P

OR  
(95% CI) P

Gender (female) 1.02 
(0.47-2.21)

.955

Age 1.07 
(1.03-1.10)

.0001* 1.05 
(1.01-1.09)

.012*

Comorbidity 5.4 
(1.22-23.75)

.026*

 HT 2.14 
(0.96-4.79)

.062

 DM 2.37 
(1.08-5.17)

.031* 2.03 
(0.80-5.11)

.131

 CVD 2.41 
(1.07-5.45)

.033* 1.98 
(0.74-5.26)

.169

 Thyroid disease 0.63 
(0.13-2.94)

.558

 Cancer 1.8 
(0.52- 6.15)

.349

 Neurological 5.52 
(1.98-15.39)

.001* 4.27 
(1.25-14.57)

.02*

 CRF 5.16 
(1.66-16.00)

.004* 4.16 
(1.36-15.61)

.014*

 Asthma 1.30 
(0.33-5.03)

.701

 Other diseases 0.97 
(0.36-2.61)

.962

Vitamin D level 
(ng/mL)

0.94 
(0.89-0.99)

.044* 0.97 
(0.91-1.02)

.323

Hospital stay (days) 1.01  
(0.99-1.03)

.085

CI, confidence interval; CRF, chronic renal failure; CVD, cardiovascular 
diseases; DM, diabetes mellitus; HT, hypertension.
*P < .05 statistically significant; logistic regression analysis; Absent 
class was accepted as reference class in all examinations.

Table 4. Examination of Factors Affecting the Vitamin D 
Level

Outcome
Unadjusted 

Std. BvitD

Standard 
Error P*

95% CI 
Lower

95% CI 
Upper

Age −0.131 0.054 .09 −0.197 0.015

Gender −0.151 1.715 .051 −6.765 0.008

Duration of 
hospital 
stay (days)

−0.096 0.052 .214 −0.167 0.038

Survival −0.151 2.178 .051 −8.588 0.014

Outcome Adjusted 
Std. BvitD

Standard 
Error

P 95% CI 
Lower

95% CI 
Upper

Age −0.55 0.058 .512 −0.153 0.077

Gender −0.154 1.726 .048* −6.842 −0.025

Duration of 
hospital 
stay (days)

−0.081 0.053 .310 −0.16 0.51

Survival −0.121 2.29 .135 −7.959 1.085

CI, confidence interval; Std. B, standardized beta coefficient.
*P < .05 statistically significant; linear regression analysis.
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neutrophils are thought to cause this situation.22 On the 
other hand, excessive increase in immune activation and 
induction of cytokine storm in infected cells are among 
the other causes.13 The increase in the risk of thrombosis 
in infections and the low level of vitamin D affecting vas-
cular resistance and extracellular fluid homeostasis via the 
renin–angiotensin system are among the factors affecting 
circulation.13

Low vitamin D levels are associated with increased dis-
ease severity, morbidity, and mortality in intensive care 
patients.26 Most deaths from COVID-19 disease are asso-
ciated with at least 1 comorbidity.30 Diabetes, CVDs, can-
cer, chronic obstructive pulmonary disease, chronic kidney 
failure, and some neurological diseases are risk factors for 
COVID-19.5 In addition, it is stated that the presence of 
hypertension concurrently with CVD in a patient increases 
the mortality odds ratio 40 times.30 The presence of 
advanced age and comorbidity in this study (respectively, 
P < .0001 and P = .014) confirm the above hypothesis. 
However, the 19% mortality rate despite advanced age, 
presence of comorbidities, and low vitamin D levels sug-
gest that the severity of the disease, the effectiveness of 
the treatment methods, and appropriate interventions 
(intubation, parenteral/enteral nutrition/appropriate phar-
macological therapy) at the right time are important factors 
affecting this outcome. In addition, this result is based on 
the fact that the study was carried out in the summer, the 
latitudes of the geography we are in, the quarantine pro-
cess is partially alleviated, and more sunlight is benefited.

The mean vitamin D level (P = .019) was higher in survi-
vors with COVID-19 than in individuals who died. It sug-
gests a potential protective effect of vitamin D on survival. 
However, when vitamin D levels were categorized, the dif-
ference between serum 25(OH) vitamin D level and dura-
tion of hospital stay and survival was insignificant.

Karahan and Katkat,23 in a study with moderate and criti-
cal COVID-19 patients, showed that the results of both 
categorical and mean vitamin D levels of patients who 
survived and died were significant (P < .001). In a study 
conducted with 329 COVID-19-positive patients, it was 
shown that there was a meaningful relationship between 
vitamin D levels and duration of hospital stay (P = .007).31 
However, Pecina et al32 found results that support the con-
verse of this theorem. In a multicenter, prospective study, 
while there was no relationship between decategorized 
25(OH) vitamin D and duration of hospital stay (P = .120), 
vitamin D levels in patients below <10 ng/mL 9 days (95% 
CI:6.4-11.6)) has been shown that there is a greater ten-
dency for (P = .057), but this has not reached statistical 
significance in modeling.33 In this study, there was no sig-
nificant relationship between categorized vitamin D levels 

and duration of hospital stay. It is thought that COVID-19 
disease (need for mechanical ventilation, the severity of 
the disease, inflammatory responses) and patient-related 
factors (age, gender, ethnicity, obesity, pregnancy, comor-
bidities) may be effective in this situation rather than vita-
min D level.

In the multivariate model, age effected on mortality 
(OR:1.05 95% CI: 1.01-1.09; P ≺ .05) from due to COVID-
19, while vitamin D level had no effect (OR: 0.97, 95% 
CI: 0.91-1.02; P > .05). It supports the hypothesis that 
the elderly have a higher mortality rate for COVID-19 
disease.13

As a result, the elderly are at risk for vitamin D deficiency,16 
and it is based on the fact that with age, the synthesis 
decreases due to lifestyle and physiological changes.11 
Szeto et al.3 in a retrospective study conducted with 93 
patients, found that individuals with vitamin D deficiency 
did not show any significance in any outcomes (deceased 
and duration of stay, discharge status) compared to indi-
viduals with normal vitamin D levels. A meta-analysis by 
Chen et  al34 showed that vitamin D level did not affect 
disease-related mortality (OR: 0.65, 95% CI: 0.40-1.06, 
I2 = 79%). However, a meta-analysis (OR: 1.80; 95%CI: 
1.72-1.88) also shows that vitamin D defic iency /insu ffici 
ency is 80% more likely to get COVID-19 infection than 
individuals with adequate levels.35

Contrary to our study, there is evidence regarding the 
relationship between vitamin D and COVID-19.22,31 This 
heterogeneity might be attributed to the different catego-
rizations of vitamin D levels and the inability to adjust the 
influencing factors.

Many confusing factors such as age, obesity, ethnicity, 
genetic polymorphism, geography, and comorbidities will 
affect the prognosis and clinical results between vitamin D 
defic iency /insu ffici ency and COVID-19 disease.3

Vitamin D reduces the pro-inflammatory response by sup-
pressing inflammatory cytokines, increasing the produc-
tion of anti-inflammatory cytokines. The production of 
antimicrobial peptides forms a line of defense by up-reg-
ulating the angiotensin-converting enzyme 2, a receptor 
mediator, in the placement of the virus in the host.28,36 On 
the other hand, the effect of vitamin D on COVID-19 dis-
ease has not yet been clarified. The difference in sample 
groups, the disease severity, the dose, and the duration 
of vitamin D supplementation have also led to heteroge-
neity in the studies. In addition, the socioeconomic status 
of the countries, the number of health professionals, and 
the quality of health care are other factors that affect the 
whole process of the disease.
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Study Limitations 
Our study has some limitations. The limited number of 
vitamin D level data did not allow us to determine the sit-
uation in individuals with COVID-19 and normal vitamin D 
levels. The study’s other limitations are the severity of the 
disease, vitamin D level in patients who need mechanical 
ventilation, pre-hospitalization vitamin D levels, and lack 
of data on the use of supplements.

In this study, we retrospectively investigated the asso-
ciation between vitamin D defic iency /insu ffici ency,  dura-
tion of hospital stay, and mortality of adult COVID-19 
patients. The categorized vitamin D level does not impact 
the hospital stay and mortality. However, the mean vita-
min D level supports this hypothesis regarding mortality. 
Considering the inflammatory, immunomodulatory, and 
antiviral effects of vitamin D, it is crucial to screen COVID-
19 patients for vitamin D levels. In terms of being a cheap, 
feasible, and accessible method of eliminating vitamin D 
deficiency, the patient's health would benefit the triangle 
of the workforce of health professionals and the national 
economy. In addition, the inclusion of vitamin D in coun-
tries’ nutrition policies through food enrichment should 
take its place among other applicable methods.
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ABSTRACT

Objective: This study aimed to investigate the applicability of the NUTrition Risk in the Critically Ill and modified NUTrition Risk 
in the Critically Ill with C-reactive protein scores for assessing nutritional risks and predicting outcomes of these critically ill coro-
navirus disease 2019 patients.
Methods: This retrospective study included 246 adult patients admitted to the intensive care unit between March 15, 2020, 
and August 15, 2021, diagnosed with coronavirus disease 2019 which was confirmed with real-time-polymerase chain reac-
tion, and who received invasive mechanical ventilation. Treatments in the intensive care unit and clinical outcomes of the 
patients were recorded. The nutritional risk for each patient was assessed using both the NUTrition Risk in the Critically Ill 
and the modified NUTrition Risk in the Critically Ill with C-reactive protein scores. If the NUTrition Risk in the Critically Ill and 
modified NUTrition Risk in the Critically Ill with C-reactive protein scores were ≥6, and the nutritional risk was considered to 
be high.
Results: The median age was 68 (21-93) years, and 61% of them were male. The median duration of invasive mechanical ven-
tilation was 9 (1-62) days, the median length of stay in intensive care unit was 15 (1-65) days, and the mortality rate in 28 days 
was 77.2%. Most of the patients had low nutritional risk according to NUTrition Risk in the Critically Ill score (75.2%) and modi-
fied NUTrition Risk in the Critically Ill with C-reactive protein score (69.1%). High NUTrition Risk in the Critically Ill and modified 
NUTrition Risk in the Critically Ill with C-reactive protein scores were not significantly associated with the duration of invasive 
mechanical ventilation, length of stay in intensive care unit, and mortality at 28 days.
Conclusion: It was shown that NUTrition Risk in the Critically Ill and modified NUTrition Risk in the Critically Ill with C-reactive 
protein scores were not correlated with the duration of invasive mechanical ventilation, length of stay in intensive care unit, and 
28-day mortality in critically ill coronavirus-19 patients. NUTrition Risk in the Critically Ill score was not an appropriate nutrition 
risk assessment tool as a prognostic marker in patients with severe acute respiratory syndrome coronavirus 2 infection, which is 
correlated to interleukin-6 and C-reactive protein levels.

Keywords: Intensive care, nutrition, NUTRIC score, modify NUTRIC score, prognosis

INTRODUCTION

The nutritional status of patients in the intensive care unit 
(ICU) is affected not only by chronic and acute starvation 
but also by the severity of the underlying pathophysio-
logical conditions leading to ICU admission. Malnutrition 
is associated with poor outcomes such as wound heal-
ing, high hospital-acquired infection rates, and increased 
mortality in critically ill patients.1-3 Nutritional therapy can 
improve malnutrition-related outcomes in these patients.1 
However, when and how to implement nutrition therapy is 
still controversial.1,3 Validated scoring systems are needed 

to determine the likelihood that ICU patients will bene-
fit most from nutritional support. Therefore, it is recom-
mended to use variables related to current metabolic status 
instead of traditional screening tools (body mass index, 
weight loss, etc.) to assess nutritional risk in the ICU.4-6 
There are many assessment tools such as Nutritional Risk 
Screening (NRS-2002), Malnutrition Universal Screening 
Tool (MUST), and Mini Nutritional Assessment (MNA) to 
measure nutritional risk.2,3 Unfortunately, these tests have 
not been validated specifically for patients followed in the 
ICU. Heyland et al4 presented a new screening tool called 
NUTrition Risk in the Critically Ill (NUTRIC) score, which was 

2

5

DOI: 10.5152/ClinSciNutr.2023.23077

Corresponding author: Gülbahar Çalışkan, e-mail: alkanbahar@yahoo.com Received: April 23, 2023 Accepted: June 5, 2023  
Publication Date: July 14, 2023

Content of this journal is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.

http://orcid.org/0000-0002-0053-9087
http://orcid.org/0000-0002-8428-8245
http://orcid.org/0000-0003-2854-2584
http://orcid.org/0000-0002-5882-1632
mailto:alkanbahar@yahoo.com
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/


Clin Sci Nutr 2023; 5(2): 50-57 Çalışkan et al. mNUTRIC-CRP Score to Predict Mortality in COVID-19 Patients

51

validated for ICU patients. Although the NUTRIC score is 
based on variables such as acute inflammation and sever-
ity of underlying disease, measurement of interleukin 
(IL)-6 levels is not routinely obtained in critical care clinical 
practice. Therefore, the NUTRIC score was later validated 
without the use of IL-6, yielding the modified NUTRIC 
(mNUTRIC) score. Rahman et al7 demonstrated the valid-
ity of an mNUTRIC score that included all variables except 
the IL-6 level. In addition, there are publications in the 
literature showing the effectiveness of using C-reactive 
protein (CRP), which is measured more widely, instead of 
IL-6 values in nutritional risk assessment in ICUs.6,8 On the 
other hand, ESPEN guidelines suggest that all patients 
who stay in the ICU for longer than 48 hours are at risk of 
malnutrition and that we should consider all critically ill 
patients as malnourished until a special scoring system is 
developed.2

Coronovirus disease 2019 (COVID-19) is a respiratory ill-
ness caused by the severe acute respiratory syndrome 
coronavirus 2. It can cause a range of symptoms, from 
mild to severe, and can lead to death. Severe COVID-
19 can lead to malnutrition, which can further worsen 
the patient’s condition.9,10 Therefore, management and 
prevention of malnutrition should be considered in the 
treatment of COVID-19 patients.10-12 However, the clini-
cal evidence for the association between nutritional risk 
assessment tools and clinical outcomes in patients with 
COVID-19 is limited.10,13 In addition, the number of stud-
ies are insufficient to suggest that NUTRIC and the modi-
fied NUTRIC, calculated without including IL-6, the score 
can be used as a suitable tool in critically ill COVID-19 
patients.12-16 Besides, a study evaluating the prognostic 
efficiency of NUTRIC score calculated with CRP, which has 
prognostic importance in terms of infection conditions 
that are frequently followed during critically ill patients 
with a diagnosis of COVID-19, also has not been found 
in the literature.

We aimed to investigate the applicability of the NUTRIC 
and modified NUTRIC with C-reactive protein scores for 

assessing nutritional risks and predicting outcomes and 
28-day mortality of critically ill COVID-19 patients under-
going invasive mechanical ventilation.

METHODS

Ethical Considerations
This retrospective study was given approval by the 
Clinical Research Ethics Committee of Bursa City Hospital 
(September 1, 2021, No: 2021-15/10).

Study Participant and Protocol
Patients above 18 years of age who were admitted to 
Bursa City Hospital, Anesthesiology Intensive Care Units 
between March 15, 2020, and August 15, 2021, were 
diagnosed with COVID-19 which was confirmed with real-
time-polymerase chain reaction (RT-CPR) and patients who 
received invasive mechanical ventilation (IMV) and treated 
longer than 24 hours were enrolled in this retrospective 
study. Patients whose IL-6 level was not measured, whose 
hospital stay was <24 hours, who were not performing 
IMV, and who were pregnant were excluded.

Data Collection
Demographic data, comorbidities, the time between the 
onset of COVID-19-related symptoms and admission to 
the hospital and ICU, Acute Physiological and Chronic 
Health Assessment (APACHE) score II, Glasgow coma 
score (GCS), Sequential Organ Failure Assessment (SOFA) 
score, laboratory data (urea, creatinine, hemoglobin, 
CRP, aspartate aminotransferase, alanine aminotransfer-
ase, bilirubin, and IL-6), ICU, and hospitalization length 
of stay (LOS) were recorded. Treatments (vasopressor, 
renal replacement therapies [RRT] s, etc.) and complica-
tions that developed in the ICU period (acute respira-
tory distress syndrome [ARDS], shock, acute myocardial 
infarction,  and acute hepatic or renal failure) also were 
recorded. The 28-day mortality rate was calculated.

The nutritional risk for each patient was assessed using 
both the NUTRIC and the mNUTRIC-CRP score. Laboratory 
data and individual health status characteristics were used 
for both score assessments. The NUTRIC score was calcu-
lated using age, APACHE II, and SOFA scores, number of 
comorbidities, number of days from admission to hospital 
admission, and serum IL-6 value within the first 72 hours 
after admission to the ICU. The NUTRIC score, modified 
with CRP, was calculated by using CRP values within the first 
5 days after admission to the ICU. Modified NUTRIC-CRP 
score was performed according to the cut off value found 
as a result of the analysis of the CRP results. If the NUTRIC 
score was ≥6 and the mNUTRIC-CRP score was ≥6 the nutri-
tional risk was considered to be high. If the NUTRIC score 
was <6 and the mNUTRIC-CRP score was <6, the nutritional 

Main Points

• The mNUTRIC-CRP score can provide insights into the 
nutritional status of the patients diagnosed with COVID-
19, especially when IL-6 measurements are not available.

• Patients with higher NUTRIC and mNUTRIC-CRP scores 
had a higher prevalence of hypertension, heart failure, 
and chronic kidney disease. These results highlight the 
importance of considering nutritional status in the man-
agement of critically ill patients with comorbidities.

• The association between nutritional risk scores and clini-
cal outcomes in COVID-19 patients remains controversial.
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risk was considered to be low. Both scores were compared 
in terms of ICU-LOS and predictability of mortality.

Statistical Analysis
The data were analyzed with the statistical software IBM 
Statistical Package for the Social Sciences Statistics for 
Windows version 20.0 (IBM SPSS Corp., Armonk, NY, 
USA). The descriptive statistics were presented as num-
ber (n), percentage (%), and median (minimum–maxi-
mum). The normal distribution of the data of numerical 
variables was evaluated using the Shapiro–Wilk normality 
test. Comparisons between groups were performed using 
Student’s t-test for variables with normal distribution and 
Mann–Whitney U test for variables not showing normal 
distribution. The relationship between categorical data 
was evaluated using chi-square test statistics. Multivariate 
logistical regression was conducted to identify indepen-
dent risk factors. The accuracy of each independent pre-
dictor was determined by each Area Under the receiver 
operating characteristic (ROC) Curve (AUC). A P-value of 
<.05 was considered statistically significant.

RESULTS

Patient Population and Characteristics
During the study period, a total of 246 critically ill COVID-
19-PCR (+) patients were included in the study (Figure 1). 
The median age of patients was 68 (21-93) years, and 
150 (61%) of them were males. Median APACHE II and 
SOFA scores were 13 and 4, respectively. One or more 
comorbidities were frequently seen, the most common of 
which were hypertension (56.9%) and diabetes mellitus 
(DM) (37.8%). A total of 137 patients (55.7%) received at 
least 1 vasoactive drug, and 31 patients (12.6%) required 
RRT. The mortality rate was 77.2% on the 28th day. 
Demographic and clinical characteristics of the patients 
are shown in Table 1.

Nutritional Risk and Outcomes
Most of the critically ill COVID-19 patients had low 
nutritional risk according to NUTRIC (75.2%) and 

263 patients were excluded:
5 pregnant
8 end-stage malignancy
64 lack of IL-6 data
186 IMV not applied

509 PCR (+) critically ill COVID-19 
patients were admitted to the ICUs

246 critically ill COVID-19 
patients were analyze

Figure 1. Flow diagram of the study. ICU, intensive care 
unit; IL, interleukin; IMV, invasive mechanical ventilation; 
PCR, polymerase chain reaction.

Table 1. Demographic and Clinical Characteristics of the 
Patients

Total (n = 246)

Age (years), median (min-max) 68 (21-93)

Gender, male, % (n) 61 (150)

APACHE II score, median (min-max) 13 (3-42)

SOFA score, median (min-max) 4 (2-12)

Comorbidities, % (n)

 Hypertension 56.9 (140)

 Diabetes mellitus 37.8 (93)

 Coronary artery disease 23.6 (58)

 Heart failure 15.9 (39)

 COPD 6.5 (16)

 Chronic kidney disease 6.5 (16)

Complications during ICU stay, % (n)

 Secondary infection 65.9 (162)

 Shock 55.7 (137)

 Acute kidney injury 35.8 (88)

 Acute myocardial injury 21.1 (52)

 Acute liver dysfunction 6.9 (17)

Treatments in ICU, % (n)

 Vasopressors 55.7 (137)

 CRRT 12.6 (31)

Ferritin ng/mL, median (min-max) 889 (16-4552)

Interleukin-6 level, pg/mL, median (min-max) 155 (5-5000)

C-reactive protein, mg/L, median (min-max) 124 (1-415)

Duration of IMV, median (min-max) 9 (1-62)

Length of ICU stay, median (min-max) 15 (1-65)

Length of hospital stay, median (min-max) 18 (2-99)

Outcomes

 Death at ICU 28 days, % (n) 77.2 (190)

APACHE, Acute Physiological and Chronic Health Evaluation; COPD, 
Choronic obstructive pulmonary disease; CRRT, continuous renal 
replacement therapy; ICU, intensive care unit; IMV, invasive mechani-
cal ventilation; SOFA, sequential organ failure assessment; min-max, 
minimum-maximum.
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mNUTRIC-CRP score (69.1%) at the ICU admission 
(Tables 2 and 3).

C-reactive protein was identified as an independent 
risk factor of mortality in critically ill COVID-19 patients. 
The  AUCs of CRP was 0.663 (95% CI: 0.600-0.721) 
(z = 4.13, P < .001), with a cutoff value of 141, CRP showed 
sensitivity of 53.6%, specificity of 76.7% (Figure 2).

NUTrition Risk in the Critically Ill and mNUTRIC-CRP 
scores were significantly higher in patients with older age, 
with higher APACHE II and SOFA scores (for all P <.001) 
(Tables 2 and 3).

The patients with high NUTRIC scores had more hyperten-
sion, DM, heart failure, and chronic kidney disease than 
those with low NUTRIC scores (P = .001, P = .042, P <.001, 

Table 2. Comparison of Clinical Characteristics and Initial Laboratory Indices among Patients with High and Low Nutritional 
Risk According to NUTRIC Score

Low Nutritional Risk 
Group (n = 185)

High Nutritional Risk 
Group (n = 61) P

Age (years), median (min-max) 66 (21-93) 79 (52-92) <.001

Gender, male, % (n) 63.2 (117) 54.1 (33) .227

APACHE II score, median (min-max) 15 (3-31) 23 (11-42) <.001

SOFA score, median (min-max) 4 (2-8) 7 (4-12) <.001

Comorbidities, % (n)

 Hypertension 50.8 (94) 75.4 (46) .001

 Diabetes mellitus 38.9 (72) 34.4 (21) .042

 Coronary artery disease 22.7 (42) 26.2 (16) .603

 Heart failure  9.7 (18) 34.4 (21) .000

 COPD 4.9 (9)  11.5 (7) .079

 Chronic kidney disease 3.2 (6) 16.4 (10) .001

Complications during ICU stay, % (n)

 Secondary infection 64.9 (120) 68.9 (42) .642

 Shock 50.3 (93) 72.1 (44) .003

 Acute kidney injury 35.1 (65) 37.7 (23) .759

 Acute myocardial injury 18.4 (34) 29.5 (18) .072

 Acute liver injury 7.6 (14) 4.9 (3) .575

Treatments in ICU, % (n)

 Vasopressors 50.3 (93) 72.1 (44) .003

 CRRT 10.3 (19) 19.7 (12) .049

Duration of IMV, days, median (minimum-maximum) 9 (1-62) 9 (1-47) .695

Length of ICU stay, days, median (min-max) 15 (2-65) 15 (1-55) .305

Length of hospital stay, days, median (min-max) 19 (2-99) 18 (4-66) .573

Outcomes

Death at ICU 28 days, % (n) 76.2 (141) 80.3 (49) .599

Ferritin ng/mL, median (min-max) 882 (16-4552) 1017 (63-3705) .338

C-reactive protein, mg/L, median (min-max) 123 (1-358) 133 (7-415) .223

Interleukin-6 level, pg/mL, median (min-max) 143 (5-5000) 220 (15-5000) .030

APACHE, acute physiological and chronic health evaluation; COPD, chronic obstructive pulmonary disease; CRRT, continuous renal replacement 
therapy; ICU, intensive care unit; IMV, invasive mechanical ventilation; SOFA, sequential organ failure assessment; min-max, minimum-maximum.
<0.05 was considered statistically significant.
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P = .001, respectively). Patients with higher NUTRIC scores 
also required RRT and vasopressor treatment than the 
low NUTRIC score group (P = .003, P = .049, respectively) 
(Table 2). 

In the high mNUTRIC-CRP score group, the ratio of hyper-
tension, heart failure, and chronic kidney disease was 
higher than in the low mNUTRIC-CRP group (P < .001, 
P = .004, P = .009, respectively). In this group also need for 

Table 3. Comparison of Clinical Characteristics and Initial Laboratory Indices among Patients with High and Low Nutritional 
Risk According to Modified NUTRIC Score (mNUTRIC-CRP)

Low Nutritional Risk 
Group (n = 170)

High Nutritional Risk 
Group (n = 76) P

Age (years), median (min-max) 65 (21-93) 76 (51-92) <.001

Gender, % (n) 62.9 (107) 56.6 (43) .396

APACHE II score, median (min-max) 14 (3-31) 22 (11-42) <.001

SOFA score, median (min-max) 4 (2-9) 6 (3-12) <.001

Comorbidities, % (n)

 Hypertension 48.8 (83) 75 (57) <.001

 Diabetes mellitus 37.1 (63) 39.5 (30) .092

 Coronary artery disease 24.1 (41) 22.4 (17) .871

 Heart failure 11.2 (19) 26.3 (20) .004

 COPD 5.3 (9) 9.2 (7) .270

 Chronic kidney disease 3.5 (6) 13.2 (10) .009

Complications during ICU stay, % (n)

 Secondary infection  64.1 (109) 69.7 (53) .467

 Shock 48.8 (83) 91.1 (54) .001

 Acute kidney injury 35.9 (61) 35.5 (27) 1.000

 Acute myocardial injury 17.6 (30) 28.9 (22) .062

 Acute liver dysfunction  8.8 (15) 2.6 (2) .103

Treatments in ICU, % (n)

 Vasopressors 48.8 (83) 71.1 (54) .001

 CRRT  9.4 (16) 19.7 (15) .036

Duration of IMV, median days, median (min-max) 9 (1-62) 9 (1-47) .887

Length of ICU stay, days, median (min-max) 15 (2-65) 15 (1-55) .239

Length of hospital stay, days, median (min-max) 19 (2-99) 18 (4-66) .495

Outcomes

Death at ICU 28 days, % (n) 75.3 (128) 81.6 (62) .198

Ferritin ng/mL, median (min-max) 902 (16-4552) 775 (63-3705) .820

C-reactive protein, mg/L, median (min-max) 116 (1-358) 146 (7-415) .001

Interleukin-6 level pg/mL, median (min-max) 146.5 (5-5000) 179 (15-5000) .900

APACHE, acute physiological and chronic health evaluation; COPD, chronic obstructive pulmonary disease; CRRT, continuous renal replacement 
therapy; ICU, intensive care unit; IMV, invasive mechanical ventilation; SOFA, sequential organ failure assessment; min-max, minimum-maximum.
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RRT and vasopressor drug use was higher than in the low-
score group (P = .001, P = .036, respectively) (Table 3).

The high nutritional risk group of both NUTRIC and 
mNUTRIC-CRP scores had statistically significantly higher 
shock rates as a complication during ICU stay than the low 
nutritional risk group (P = .003, P = .001, retrospectively) 
(Tables 2 and 3).

High NUTRIC and mNUTRIC-CRP scores were not sig-
nificantly associated with the duration of IMV, LOS of the 
ICU, and mortality at 28 days (Tables 2 and 3).

DISCUSSION

Coronavirus disease 2019 caused the death of millions of 
people in the world from 2019 to the present. Many stud-
ies published about risk factors, clinical outcomes, mor-
bidity, and mortality of the disease.9,17-19 It is suggested 
that the nutritional risk status affects clinical outcomes of 
the critically ill COVID-19 patients in ICU.10-13,20

In this study, we evaluated nutrition status with both 
NUTRIC and mNUTRIC-CRP in COVID-19 patients 
treated in ICU and detected that most of the patients 
were low nutritional risk group. Liberti et  al16 also 
detected that 43 COVID-19 patients in ICU had low 

nutritional risk with NUTRIC score. Whereas Osuna-
Padilla et al20 study included 112 patients with a diag-
nosis of COVID-19 who required mechanical ventilation 
was found that most of the patients had a high NUTRIC 
score (66%). The age of the patients in the studies may 
have contributed to these different results. Patients in 
Liberti’s16 and our study were at a similar age (64-68 
years old, respectively), while those in Osuna’s study20 
were younger (56 years old).

Comorbidities such as cardiovascular disease, hyperten-
sion, and DM were found to be significantly associated 
with admission to the ICU and mortality in COVID-19 
patients.9,17,19 In our study, most of the patients have at 
least 1 chronic disease and the most common comorbidi-
ties were hypertension, DM, and cardiovascular disease. 
Although the percentages varied in other studies, this 
triple was the most common comorbidities.14,16,20

Using of vasopressor for hemodynamic instability and the 
requirement for RRT were present in 55.7% and 12.6%, 
respectively, in our study. Zang et al13 detected that the 
proportion of patients who were treated with vasopressor 
and RRT were 66% and 21%, respectively. Kucuk et al14 
detected that vasopressor drugs were required by 45% 
and CRRT was applied to 22% of the patients. Using of 
vasopressor drugs was significantly higher in patients with 

Figure 2. Prognostic accuracy of C-reactive protein to predict the outcome.
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high NUTRIC (72.1%) and mNUTRIC-CRP (54%) scores 
compared to those with low scores (50.3% and 48.8%, 
respectively) in our study. In the different studies, the 
prevalences of using vasopressors varied between 45% 
and 66% in the high nutrition risk groups.12-14,20 Also, the 
requirement for RRT was significantly higher in patients 
with high NUTRIC and mNUTRIC-CRP scores compared 
to those with low scores in our study. Kucuk et al14 also 
detected similar results in high NUTRIC scores in their 
study. But, Zang et  al13 did not find any differences in 
the requirement of RRT between high and low modified 
NUTRIC scores not including IL-6.

In this study, prognostic performance in COVID-19 
patients treated in the ICU of both NUTRIC and mNUTRIC-
CRP was evaluated, and it was detected that these scores 
may not be appropriate to show the requirement for IMV, 
LOS of hospital, and ICU and to use as a prognostic indi-
cator in this patients. However, Li et al10 reported a high 
rate of in-hospital mortality for COVID-19 patients with a 
high mNUTRIC score. Additionally, another study14 also 
detected that the requirement for IMV, length of stay in 
ICU, and the mortality rates of patients were significantly 
higher in patients with high NUTRIC and mNUTRIC (with-
out IL-6) scores compared to those with low scores. The 
authors suggested that the NUTRIC and mNUTRIC scores 
were effective scoring systems in COVID-19 patients in 
the ICU, and due to the lower cost and ease of calcu-
lation of the mNUTRIC score, it could be considered in 
preference to the NUTRIC score. Osuna-Padilla et  al20 
detected that the patients with COVID-19 who required 
mechanical ventilation with a high NUTRIC score had a 
higher 28-day mortality, and the author suggested that 
high nutritional risk using NUTRIC score is associated with 
increased mortality risk. We think that the low number of 
patients included in the study was the reason why high 
NUTRIC scores and developing complications were not 
found to be associated with mortality in our study. In 
these studies, only high and low mNUTRIC scores or both 
the NUTRIC score and the mNUTRIC have been evalu-
ated, whereas NUTRIC and mNUTRIC-CRP scores were 
evaluated in COVID-19 patients in our current study. In 
literature, values of ≥6 for both the NUTRIC14 and mNU-
TRIC-CRP score6 have been defined as high scores. We 
accepted the same level in both scores and detected 
that 61 patients had a high NUTRIC score and 76 had a 
high mNUTRIC-CRP in our study included a total of 246 
patients. The patients with high scores were older and had 
higher APACHE II and SOFA scores than low scores. Zhang 
et al13 compared high mNUTRIC scores with those with a 
low score in 136 COVID-19 patients, and they detected 
a statistically significant difference in respect of age, 
APACHE II score, SOFA score, the use of vasopressors, 

and mortality in high- and low-score groups. Kucuk et al14 
also detected a high NUTRIC score in older patients with 
COVID-19 in ICU. Additionally, in Kucuk’s study, APACHE 
II and SOFA scores were higher in the high NUTRIC and 
mNUTRIC (without IL-6) score groups than in the groups 
with low scores. In our study, we calculated the mNUTRIC 
score with CRP instead of IL-6 which is an inflammation 
marker too.

C-reactive protein is an important marker of inflamma-
tion. Therefore, if clinicians consider or want to exclude 
an infectious or inflammatory etiology, CRP is mostly 
evaluated in ICUs.3 Whereas, in pandemic or normal 
routine clinical time, IL-6 is not routinely examined in 
all ICUs. Therefore, in our research, we compared the 
NUTRIC score and the mNUTRIC-CRP score in COVID-19 
critically ill patients. The only difference between the 2 
scoring systems is the inclusion of CRP instead of IL-6 in 
the NUTRIC score calculations. According to our knowl-
edge, there are 2 studies evaluating nutrition via NUTRIC 
score with CRP.6,8 Oliveria et  al6 evaluated the concor-
dance between the modified NUTRIC (without IL-6) and 
NUTRIC with CRP in identifying nutritional risk and pre-
dicting mortality in patients at ICU. The authors detected 
that both scores were positively associated with mortal-
ity, and the risk of death was increased in patients with a 
high mNUTRIC score. Moretti et al8 also researched the 
same scores and found that these scores behaved simi-
larly to the original NUTRIC score, and they suggested 
that the addition of the CRP improves the score perfor-
mance and may be an alternative to IL-6 if it is not avail-
able. Evaluation of nutritional status using CRP values 
in patients with COVID-19 has never been investigated 
before. In our study, while the CRP level was detected 
to be significantly higher in patients with the high mNU-
TRIC-CRP group than in patients with low mNUTRIC-
CRP, there was no difference between the high and low 
NUTRIC score groups. Additionally, the 2 scores (NUTRIC 
or mNUTRIC-CRP) were not superior to each other in the 
prediction of mortality, the difference was not statistically 
significant.

Strengths
To our knowledge, this study is the first to evaluate nutri-
tion conditions via mNUTRIC-CRP score for COVID-19 
patients in the ICU.

Study Limitations
This study was conducted at a single center and retro-
spective design. It has also a limited number of patients. 
Besides, it was conducted among the Turkish population. 
Therefore, the results of the study may not be suitable for 
different ethnic patients.
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We found that NUTRIC and mNUTRIC-CRP scores are not 
correlated with the mechanical ventilation time, length of 
stay at the hospital and ICU, and 28-day mortality in criti-
cally ill COVID-19 patients. We think that the NUTRIC score 
is not an appropriate nutrition risk assessment tool as a 
prognostic marker in patients with SARS-CoV-2 infection, 
which is correlated to IL-6 levels. More studies including 
a larger number of patients are needed to establish the 
relationship between the NUTRIC score and mortality in 
COVID-19 patients.C-reactive protein is an independent 
risk factor for mortality in critically ill COVID-19 patients.
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ABSTRACT

Objective: Modified Nutrition Risk in Critically Patients is a classification scale that has been widely used all over the world 
recently to determine the level and degree of nutritional risk in individuals treated in intensive care units. It was analyzed whether 
the length of stay in the intensive care units as different in individuals classified according to the Modified Nutrition Risk in 
Critically score level.
Methods: In this retrospective study, which included 100 patients, the age and gender of the patients, the laboratory parameters 
at the time of first admission to the intensive care units, the prognostic indicators including the Acute Physiologic and Chronic 
Health Evaluation Score II, Sequential Organ Failure Assessment, and Modified Nutrition Risk in Critically scores calculated in the 
first day, the need for invasive mechanical ventilation, and if ventilated duration of invasive mechanical ventilation, intensive care 
units length of stay, comorbid conditions, and death rate were recorded.
Results: Sixty (60%) patients were male. The median age was 66 (48-79) years. The patients with high Modified Nutrition Risk 
in Critically score were 26 (26%). Intensive care units length of stay was 19 (10-38) days. Acute Physiologic and Chronic Health 
Evaluation II score was 18 (11-24). Mortality rate was 39%. High Modified Nutrition Risk in Critically score group had higher Acute 
Physiologic and Chronic Health Evaluation II score, the necessity of invasive mechanical ventilation, length of stay in the critical 
care unit, and death rate as compared to low Modified Nutrition Risk in Critically score group (for all P > .05) and need of invasive 
mechanical ventilation and Modified Nutrition Risk in Critically score ≥ 5 were shown to have a remarkable influence on length of 
stay in the critical care unit. 
Conclusion: The need for invasive mechanical ventilation and Modified Nutrition Risk in Critically score ≥ 5 were shown to have 
remarkable influence on intensive care units length of stay.

Keywords: mNUTRIC score, intensive care unit, length of stay

INTRODUCTION

In line with diagnosis, disease severity, additional dis-
eases, and disease processes, the patients are planned to 
be accepted to intensive care units (ICUs) and their treat-
ment is carried out. Furthermore, malnutrition and related 
problems are frequently encountered in this group whose 
condition is evaluated as critically ill. It was determined 
that the prevalence of malnutrition in critical care units var-
ied from 39% to 50%, depending on patient populations 
and nutritional scores.1,2 The evaluation of nutritional sta-
tus, creation of a nutrition plan, and providing appropriate 
nutritional support in ICU patients constitute an impor-
tant part of the treatment and are of vital importance. 
Adequate and appropriate nutritional support should be 

given without delay in patients who be necessary to stay 
in the ICU for more than 2 days, and nutritional status 
and risk assessment should be performed within the first 
day after admission to the ICU.3 Clinical, anthropometric, 
chemical, and immunological parameters can be used to 
define malnutrition in ICU patients. However, there is no 
ideal test that can identify malnutrition in ICU patients both 
sensitively and specifically. In the follow-up of nutritional 
therapy, many laboratory parameters (such as prealbumin) 
are useful, and more valuable information can be obtained 
with a good anamnesis and physical examination, by allo-
cating a certain time to the patient in defining the nutri-
tional condition of the individuals.4,5 In 2011, Heyland and 
colleagues introduced the Nutrition Risk in Critically Ill 
(NUTRIC) score, which is specifically designed to screen for 
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critically ill to state nutritional risk status and degree.6 The 
NUTRIC score includes 6 important parameters: age, Acute 
Physiologic and Chronic Health Evaluation II (APACHE II), 
Sequential Organ Failure Assessment (SOFA), the number 
of comorbid situations, days from hospital admission to 
critical care unit admission, and IL-6 level. However, IL-6 
used as an inflammatory marker is not routinely used in 
most hospitals. When calculating the NUTRIC score, if one 
of the parameters, IL-6, is not included in the result, the 
scoring tool to be obtained is called the modified NUTRIC 
(mNUTRIC) score. Patients are divided into low- (0-4) and 
high (5-9)-risk groups according to mNUTRIC score, and 
high mNUTRIC score is associated with poor prognosis.7 
The goal of the study is to retrospectively explore whether 
there is a relationship among length of stay (LOS) in the 
ICU, which is considered a poor prognosis for patients, 
and mNUTRIC score.

METHODS

This retrospective study included patients hospitalized in 
the tertiary ICU of a state hospital between January 2022 
and August 2022. This study protocol was ratified by the 
ethics committee (December 9th 2022; no. 267) and since 
the data of the study were obtained from the old medical 
files, written or verbal consent was not obtained from the 
patients and their relatives for the use of their informa-
tion. If the age of the patient planned to be included in 
the study was younger than 18 years and if the patient 
was hospitalized in the intensive care unit for less than 
24 hours, the person was not included in the patient list. 
One hundred patients were joined in this study. Age and 
gender of the patients participating in the study, APACHE 
II, SOFA, and mNUTRIC scores which were calculated 
in the first day after admission to the ICU, the patient's 
need for invasive mechanical ventilation (IMV) and how 
long time the patient remained on IMV, the total ICU LOS, 
diagnosed chronic diseases of the patients, the status of 
the blood parameters taken at the first-day admission to 
the ICU (white blood cell (WBC), c-reactive protein (CRP), 
arterial lactate level, procalcitonin, albumin, and prealbu-
min values) and death status were recorded.

Statistical Analysis
Shapiro–Wilk test was used to analyze the normality of 
continuous variables, and the data obtained were pre-
sented as median and interquartile range or mean ± SD. 
Mann–Whitney U-test was used to analyze the differences 
between groups for data that were not normally distrib-
uted. To compare the differences between groups of nor-
mally distributed data, statistical analysis was performed 
with the Student’s t-test. Differences between percentile 
data identified as categorical variables were statistically 
analyzed using the chi-square test or Fisher's exact test. 
Linear regression analysis was applied to identify indepen-
dent risk factors for length of stay in the critical care unit. 
Patients were divided into 2 groups as high and low mNU-
TRIC score, and the differences between each of 2 groups 
were analyzed for all parameters. While the data obtained 
in the results of the regression analysis were presented as 
odds ratio (OR) and 95% confidence interval (CI), P value 
less than .05 was statistically meaningful. Statistical analy-
ses were performed with IBM Statistical Package for the 
Social Sciences (IBM SPSS Corp., Armonk, NY, USA) ver-
sion 22.0.

RESULTS

Sixty (60%) were male and the median age was 66 (48-
79) years. The patients with high mNUTRIC score were 26 
(26%). Death rate was 39%. Intensive care units LOS was 
19 (10-38) days. Acute Physiologic and Chronic Health 
Evaluation II score was 18 (11-24), and SOFA score was 5 
(3-6). The need for IMV was 61 (61%) and IMV duration 7 
(1-22) days. Median lactate value was 2.1 (1.4-2.9) mmol/L, 
CRP value 90 (67-105) mg/dL and procalcitonin was 0.6 
(0.2-3) µg/L. The mean level of serum albumin on day 0 
was 2.8 ± 0.6 g/L, and median serum prealbumin level on 
day 0 was 12 (8-19) g/dL. In this study, 30 (30%) patients 
had hypertension (HT), 20 (20%) patients had diabetes 
mellitus (DM), and 20 (20%) patients had chronic obstruc-
tive pulmonary disease (COPD). The patients with low 
mNUTRIC score had higher age, APACHE II score, need 
for IMV, procalcitonin, cerebrovascular disease (CVD), 
DM, IMV duration day, and death ratio as compared to 
the patients with low mNUTRIC score (for all P < .05). Sex, 
SOFA score, IMV duration day, WBC, lactate, CRP, albu-
min and prealbumin (on day 0) values, COPD, coronary 
artery disease (CAD), and HT were not different among 
patients (for all P > .05). High mNUTRIC score group had 
higher APACHE II score [25 (2-30) vs. 14 (9-21), P = .025], 
age [81 (66-85) vs. 60 (38-73), P = .001], need for IMV [22 
(84.6%) vs. 39 (52.7%), P = .004], LOS in ICU [23 (10-39) 
vs. 15 (9-29), P = .04], and death ratio [17 (65.3%) vs. 22 
(29.7%), P = .009] as compared to low mNUTRIC score 
group (data of the participants are shown in Table 1). The 
need for IMV (P =.011) and mNUTRIC score ≥ 5 (P =.008) 

Main Points

• The mNUTRIC score is an important and easily calculated 
scoring tool that has been validated in terms of show-
ing malnutrition and prognosis for patients hospitalized 
in the ICU.

• The advantage of mNUTRIC score is that, unlike the 
NUTRIC score, IL-6, which cannot be studied in every 
hospital, is not included in the calculation.

• In addition, the high mNUTRIC score correlates with ICU 
LOS.
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was shown to have significant effects on LOS ICU (data of 
the participants are shown in Table 2). 

DISCUSSION

Patients who are nutritionally deficient before hospitaliza-
tion may experience worse clinical outcomes than patients 
who do not have nutritional problems. This relationship is 
more pronounced in the case of serious illness leading to 
ICU admission. While malnutrition status and degree of 
deterioration are slower in the case of lack of oral intake, 
it occurs more rapidly with disease severity.8 A severe cat-
abolic process occurs in patients in the ICU, depending 
on the degree of the illness compared to a normal indi-
vidual. This process leads to increased calorie and pro-
tein needs. Severe deterioration of nutritional status leads 
to complications such as increased mortality, decreased 
physical function, and increased hospital stay. It is sub-
stantial to determine the risk of malnutrition to diminish 
the unfavorable consequences that may develop. It is no 
consensus on the ideal way for determining this risk, espe-
cially in the ICU. Parameters such as weight, body mass 
index, clinical diagnosis, laboratory findings, amount of 
food and energy intake, and functional status are used 
in these measurement methods.9-11 These were generally 
defined by studying hospital inpatients outside the ICU.12 

Table 1. Demographic and Clinical Characteristics of the 
Patients

Variables
Total, 

n = 100

mNUTRIC 
score ≥5, 

n = 26

mNUTRIC 
score <5, 

n = 74 P

Age (years) 66 (48-79) 81 (66-85) 60 (38-73) .001

Sex, n (%)

 Male, n (%) 60 (60) 15 (57.7) 45 (60.8) .780

 Female, n (%) 40 (40) 11 (42.3) 29 (39.2)

APACHE II score 18 (11-24) 25 (2-30) 14 (9-21) .025

SOFA score 5 (3-6) 7 (5-9) 4 (2-5) .581

Need for IMV, 
n (%)

61 (61) 22 (84.6) 39 (52.7) .004

IMV duration, 
day

7 (1-22) 8 (4-20) 6 (1-23) .256

WBC (10³/µL) 12 (8.6-16.8) 12 (8-14.7) 13 (10-17) .581

Lactate (mmol/L) 2.1 (1.4-2.9) 2.3 (1.4-3) 2 (1.3-2.9) .277

CRP (mg/dL) 90 (67-105) 69 (20-162) 64 (5-134) .905

Procalcitonin 
(µg/L)

0.6 (0.2-3) 1.6 (0.5-6) 0.4 (0.1-2) .004

Albumin (g/dL), 
0 day

2.8 ± 0.6 2.6 ± 0.6 2.8 ± 0.6 .175

Prealbumin  
(mg/dL), 0 day

12 (8-19) 11 (8-19) 13 (8-19) .614

Comorbidities, 
n (%)

 COPD 20 (20) 6 (23.1) 14 (18.9) .648

 CAD 14 (14) 6 (23.1) 8 (10.8) .185

 HTN 30 (30) 11 (42.3) 19 (25.7) .111

 CVD 9 (9) 5 (19.2) 4 (5.4) .04

 DM 20 (20) 9 (34.6) 11 (14.9) .03

LOS in ICU, days 19 (10-38) 23 (10-39) 15 (9-29) .04

Mortality, n (%) 39 (39) 17 (65.3) 22 (29.7) .009

APACHE II, Acute Physiologic and Chronic Health Evaluation; CAD, 
coronary artery disease; COPD, chronic obstructive pulmonary dis-
ease; CRP, C-reactive protein; CVD, cerebrovascular disease; DM, dia-
betes mellitus; HTN, hypertension; ICU, intensive care unit; IMV, 
invasive mechanical ventilation; LOS, length of stay; NRS, nutritional 
risk screening; SOFA, Sequential Organ Failure Assessment; WBC, 
white blood cell; y, year.
Since the P values were less than 0.05 and statistically significant, 
these numbers were expressed in bold values.

Table 2. Linear Regression Modeling of Parameters for 
Length of Stay in Intensive Care Unit

Variables

Unstandardized 
Coefficient

Standardized 
Coefficient

t PB
Standard 

Error Beta

Constant 30.831 13.658 2.257 .226

Age –0.184 0.207 –0.122 –0.889 .377

APACHE 
II score

–0.950 0.712 –0.239 –1.334 .185

Need for 
IMV

18.752 7.252 0.269 2.586 .011

mNUTRIC 
score

8.008 4.256 0.470 1.881 .063

mNUTRIC 
score ≥5

–31.065 11.458 –0.400 –2.711 .008

APACHE II, Acute Physiologic and Chronic Health Evaluation; IMV, 
invasive mechanical ventilation; mNUTRIC, Modified Nutrition Risk in 
Critically Ill; OR, odds ratio.
Since the P values were less than 0.05 and statistically significant, 
these numbers were expressed in bold values.
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While there was no scale specifically developed for ICU, 
the NUTRIC score was evolved in 2011 with the deter-
mination of the importance of inflammation in malnutri-
tion.6 Since IL-6 did not make a clinically and statistically 
significant difference, the mNUTRIC score was formed by 
removing it from the original scoring. Leoni et al13 demon-
strated that diagnosed COVID-19 patients with NUTRIC 
score ≥ 5 have upward death ratio than same diagnosis 
patients with NUTRIC score < 5 (80.5% vs. 21.1%; P < 
.001). Kucuk et al14 showed that a high mNUTRIC score 
poses a risk for mortality for COVID-19 patients hospital-
ized to critical care unit (the area under the curve value was 
0.786 and P < .0001). In a meta-analysis by Ibrahim et al.15 
which included 4076 patients in total, it was observed 
that ICU LOS was prolonged in patients with high mNU-
TRIC score (P < .001). In the retrospective cohort by Zeng 
et al.16 ICU LOS was found higher in patients with upward 
of mNUTRIC score among the patients who underwent 
cardiothoracic surgery. In a study conducted by Lin et al.17 
hospitalized in the surgical ICU patients who connected 
to IMV for at least 24 hours, ICU LOS was found higher in 
patients with modified NUTRIC score ≥ 5 (7.3 ± 9.5 vs. 3.4 
± 4.7, P < .001). Although there are many studies show-
ing positive results between a high mNUTRIC score and 
the length of stay in the ICU, there are also contradictory 
studies. In a study conducted by Tripathi, in 115 patients 
with cirrhosis, there was no difference in the length of 
ICU stay between the patients when they were separated 
according to the mNUTRIC score.18 Tseng et al19 investi-
gating the prognostic importance of the mNUTRIC score 
in patients with community-acquired pneumonia, no rela-
tionship was found between the ICU LOS and the mNU-
TRIC score. Considering the outcomes of our study, the 
ratio of malnutrition was determined as 26% according 
to mNUTRIC score. The patients with an mNUTRIC score 
> 5 were included in the malnutrition category, and both 
mortality and the ICU LOS were found to be higher in the 
malnutrition group. The ICU LOS is affected by multiple 
parameters. Infection status of the patients, comorbidi-
ties, need and duration of invasive mechanical ventilation, 
electrolyte imbalance, albumin and prealbumin values, 
nutritional support status, high intensive care score, and 
age can be included in these parameters. mNUTRIC score 
includes 5 of these counted parameters. Studies have 
found that these 5 parameters are highly correlated with 
the LOS in the ICU. We analyzed 4 parameters from these 
5 values, and only the duration of hospitalization before 
admission to the intensive care unit was not examined. 
While the parameters alone could not be established as 
a risk factor for ICU LOS, the mNUTRIC score was deter-
mined as a risk factor. There were some limitations in the 
study. Some parameters that may affect the ICU LOS were 
not included in the study. Energy and protein support and 
requirements given to patients, the route of application of 

nutritional support, unquestioned diseases (such as neu-
rological, muscle, and liver diseases), body mass index, 
IL-6 level, sedation and vasopressor drugs given, and 
renal replacement therapy can be counted. In addition, 
being planned in a single intensive care unit, restricted 
of participants, heterogeneity of the group and being a 
retrospective study can be included in the limitations of 
the study. 
Although there is no gold standard for the determination 
of nutritional risk, the mNUTRIC score, which is determined 
without the need for IL-6, has been shown many times to 
be a reliable parameter especially in terms of determining 
the risk of mortality. Although studies sometimes show 
negative results in terms of ICU LOS, the mNUTRIC score, 
which has been shown to be effective in our study and has 
been previously validated and can be easily calculated, 
may be appropriate to calculate in critically ill patients.
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ABSTRACT

Objective: Studies emphasize the importance of nutritional support in pancreatic cancer patients with malnutrition and suggest 
that immunonutrition products reduce postoperative morbidity compared to standard products. In this study, we evaluated the 
effect of standard nutritional support and immunonutrition on surgical site infection and postoperative length of hospital stay in 
patients undergoing pancr eatic oduod enect omy for malignancy.
Methods: Patients who underwent pancr eatic oduod enect omy between 2018 and 2022 were divided into 3 groups: those who 
received no nutritional support, those who received standard nutritional support, and those who received immunonutrition. 
Patients’ age, gender, body mass index, weight loss, Nutritional Risk Screening-2002 score, preoperative prealbumin and albumin 
values, whether they received nutritional support or not, the period of nutritional support use and whether standard nutritional 
support or immunonutrition was applied, postoperative surgical site infection development and length of hospital stay were 
evaluated.
Results: The study included 114 patients, 66 of whom were male. The mean age of the patients was 63.8 ± 10.45 years, the 
mean body mass index was 26.53 ± 5.29 kg/m2, and the median Nutritional Risk Screening-2002 score was 4 (2-6). Weight 
loss was observed in 57% of the patients. Of the 65 patients with weight loss, 14 (21.5%) did not receive nutritional support. In 
total, 49 patients received immunonutrition. There were 31 patients in the no nutritional support group. When the groups were 
compared, the difference in the incidence of surgical site infection was significant (P = .030). However, there was no difference 
between the groups regarding length of hospital stay (P = .147). When the groups were compared among themselves, there was 
no difference in surgical site infection between the standard nutritional support or immunonutrition groups (P = .128). In those 
with weight loss, surgical site infection was highest in the no nutritional support group with 71.4%, while it was 23.3% and 23.8% 
in the immunonutrition and standard nutritional support groups, respectively (P = .004). Length of hospital stay was similar. In 
those without weight loss, there was no difference between the groups regarding surgical site infection and length of hospital 
stay (P = .057, P = .271, respectively).
Conclusion: In malnourished or at risk of malnutrition patients undergoing pancr eatic oduod enect omy for periampullary site 
malignancy, nutritional support positively affects the development of surgical site infection, whereas specifically, immunonutrition 
does not reduce postoperative surgical site infection or length of hospital stay.

Keywords: Immunonutrition, morbidity, periampullary cancer

INTRODUCTION

Tumors of the periampullary region (PAT) localized within 
2 cm of the major papilla, including the ampulla vateri, 
distal choledochal, pancreatic head-uncinate process, 
and duodenum, account for 0.5%-2% of all gastrointes-
tinal cancers.1 Pancr eatic oduod enect omy (PD) is con-
sidered the most effective treatment in these patients. 
Although mortality after PD gradually decreases, mor-
bidity is still around 50%. A significant portion of the 

morbidity is caused by surgical site infection (SSI).2 
Among the causes of SSI, malnutrition is an important 
factor.3 Cancer patients are immunosuppressive and 
severe malnutrition may be encountered in 50%-80% of 
patients due to impaired oral intake, malabsorption, and 
the effects of the catabolic process.4 In pancreatic cancer, 
impairment in both endocrine and exocrine function of 
the pancreas leads to alterations in food digestion and 
glucose hemostasis, resulting in increased caloric require-
ments and malabsorption, leading to weight loss in 80% 
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of patients at diagnosis.5 This has been demonstrated 
to decrease the immune response in surgical patients, 
increase postoperative complications, length of hospital 
stay (LoHS), and cost, and has a negative impact on qual-
ity of life.6,7 Therefore, the nutritional status of patients 
and the presence or risk of malnutrition should be evalu-
ated preoperatively and supported with patient-based 
nutrition protocols. For this purpose, immunonutrition 
(IN) products can be used in addition to standard nutri-
tional support (SNS) products. Immunonutrition contain-
ing specific nutritional products can be administered 
enteral and parenteral. These products contain arginine, 
glutamine, dietary nucleotides, and omega-3 fatty acids. 
Therefore, both preoperative and postoperative IN is 
founded in European Society for Clinical Nutrition and 
Metabolism (ESPEN) 20178 and 20219 for patients under-
going upper gastrointestinal surgery. However, some 
recent studies have not shown that IN is more effective 
on postoperative infectious complications than SNS.10-

15 At the same time, while the Enhanced Recovery After 
Surgery (ERAS) guideline in 2012 found the use of IN 
for 5-7 days preoperatively in PD patients,16 the revised 
guideline in 2019 showed that the use of IN did not affect 
complications when industry-sponsored studies were 
excluded.17 Thus, ERAS does not find the use of IN in PD 
patients with a high level of evidence and a strong level 
of recommendation.17

This study evaluates the effect of IN or SNS on postopera-
tive SSI and LoHS in patients undergoing PD for PAT.

METHODS

The data of patients who underwent PD for PAT in our 
clinic between 2018 and 2022 were retrospectively ana-
lyzed. Ethics committee date January 11, 2023, approval 
numbered 2023-1/45 of Bursa Uludag University, Faculty 
of Medicine was obtained. Patients with non-malignant 
pathologic diagnoses and patients with missing data 
were excluded from the study. Patients’ age, gender, 
weight loss (>10% within 6 months), body mass index 
(BMI), Nutritional Risk Screening-2002 (NRS-2002) score 
(Table 1),18 prealbumin and albumin values, preoperative 
biliary drainage (as a factor that increases infectious com-
plications), preoperative and postoperative nutritional 
support (NS) and IN were analyzed from file data. Patients 
with NRS-2002 score ≥ 3 and >10% within weight loss 
were considered at nutritional risk. Patients were divided 
into 3 groups as “No NS (NNS),” “SNS,” and “IN.” The 
preoperative nutritional support (NS) decision was taken 
according to the personal preferences of 3 different sur-
geon teams who performed these surgeries. For this rea-
son, it was observed that NS was not given to a group of 
patients who could need perioperative NS. immunonutri-
tional support (IN), on the other hand, was given accord-
ing to the physician's decision. In a small number of 
patients, although IN was started due to intolerance, taste 
problems (too much sugar), and more difficult control of 
diabetes, it could not be continued and standard nutri-
tional support (SNS) was applied. Oral Impact Powder® 
(Nestle, Vevey, Switzerland)) (3 packets-711 mL/day-1023 
kcal/day and 54 g/day of l-arginine-milk protein) and glu-
tamine (Resource glutamine (Nestle, Vevey, Switzerland) 
30 g/day) were used as IN products. These products were 
administered orally for 7 days preoperatively and enteral/
orally for 7 days postoperatively. In the IN group, SNS 
products containing calorie 1.0 kcal/mL and 14 g protein 
were added to patients who could not meet the daily cal-
orie requirement of 25-30 kcal/kg and 1-1.2 g/kg protein 
requirement. In the postoperative period, patients were 
started on a nasojejunal (NJ) tube with 10 mL/h at the 6th 
hour, and it was aimed to increase the dose to 50 mL/h 
on the third day. Oral intake was then started based on 
clinical findings. The group receiving standard NS pro-
vided similar caloric and protein support as the IN group. 
Surgical site infection and LoHS were evaluated in the 
postoperative period. Surgical site infection was classified 
as superficial, deep, and organ-cavity infection.19

Statistical Analysis
Whether the numerical data fit the normal distribution was 
tested by the Shapiro–Wilk test. Numerical variables fitting 
the normal distribution were given as mean  ± standard 
deviation, and those not fitting the normal distribution 

Main Points

• Weight loss appears to be an effective factor on length of 
hospital stay (LoHS).

• In patients with malnutrition and/or malnutrition, nutri-
tional support is effective on early postoperative out-
comes such as surgical site infection (SSI) and LoHS.

• Although most of the studies have shown the effective-
ness of the use of immunonutrition products on post-
operative infections complications for cancer patients, 
conflicting results still remain.

• In our study, the superiority of specialized nutritional sup-
port products over standard products in terms of SSI and 
LoHS, especially in patients with malnutrition and at risk 
of malnutrition, could not be demonstrated.

• The retrospective nature of the study also enabled us to 
evaluate the results of nutritional approaches of differ-
ent surgical teams, regardless of the type of nutritional 
support used (immu nonut ritio n-sta ndard  nutritional sup-
port). This is weight loss, and it is also significant in terms 
of showing the effect of malnutrition on early postopera-
tive outcomes in patients who are on a standard diet and 
who do not receive nutritional support.
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were given as median (minimum–maximum) values. In the 
comparison of numerical variables between 2 indepen-
dent groups, the independent sample t-test was used for 
the comparison of independent groups if the data were 
normally distributed, 1-way analysis of variance was used 
for the comparison of more than 2 independent groups, 
Mann–Whitney U test was used for the comparison of 2 
independent groups if the data were not normally dis-
tributed, and Kruskal–Wallis test was used for the com-
parison of more than 2 Independent groups. Categorical 
variables were expressed as n and percentages. Fisher's 
exact chi-square and Fisher–Freeman–Halton tests were 
used to compare categorical variables between groups. 
The Spearman correlation coefficient was used to analyze 
the relationships between variables. Statistical analyses 
were performed using the IBM Statistical Package for the 
Social Sciences Statistics 23.0 package program.

RESULTS

The study included 114 patients, 66 of whom were male. 
The mean age of the patients was 63.8 ± 10.45 years. The 
mean BMI was 26.53 ± 5.29 kg/m2, and 57% of the patients 
had weight loss. The median NRS-2002 score was 4 (2-6). 
The median prealbumin was 0.19 g/L (0.07-0.32), and the 
median albumin was 38.0 (23.0-48.0) g/L. Postoperative 
LoHS was 12 (6-75) days. Of the 65 patients with weight 
loss (>10%), 14 (21.5%) did not receive NS. There were a 
total of 31 patients who did not receive NS. In total, 49 
patients received IN. While 48 of these patients received 

both preoperative and postoperative IN, 1 patient 
received only postoperative IN because blood glucose 
regulation could not be achieved in the preoperative 
period. Of a total of 34 patients who received SNS, only 
one-fourth (8 patients) received both preoperatively and 
postoperatively, whereas 26 patients received SNS only 
postoperatively. Weight loss was present in 21 (61.8%) 
of the patients who received SNS. Biliary drainage was 
performed in 20 patients (64.5%) in the NNS group, 21 
patients (42.9%) in the IN group, and 16 patients (47.1%) 
in the SNS group. The distribution of all these parameters 
in the groups was similar and showed no statistically sig-
nificant difference (Table 2).

The study showed SSI developed in 32.5% (37 patients) 
(Table 3). Of these patients, 54.05% (20 patients) devel-
oped organ cavity infection, 32.4% (12 patients) devel-
oped deep SSI, and only 5 (13.51%) developed superficial 
SSI. The difference between the groups regarding SSI 
development was significant (P = .030). The incidence 
of SSIs in the group that did not receive NNS (48.4%) 
was significantly higher than in the SNS group (17.6%) 
(P = .008). In contrast, the rate of SSI in the IN group 
(32.7%) was similar to both the NNS group and the SNS 
group (P = .159, P = .128, respectively). When the types 
of SSI were evaluated, superficial SSI developed in 1 
patient, deep SSI in 9 patients, and organ-cavity infec-
tion in 5 patients in the NNS group. Among the patients 
who received NS, 2 patients in the SNS group developed 
superficial SSI, 1 deep SSI, and 3 organ cavity infections, 

Table 1. NRS 2002 (Nutritional Risk Score)18

Deterioration in Nutritional Status Severity of Disease

Score Score

Normal Nutrition
0 

(None) Normal Nutrient Requirement
0 

(None)

>5% weight loss in 3 months or food intake in 
the last week is below 50%-75% of normal 
requirements

1 
(mild)

+ Hip fracture, especially in chronic patients with 
acute complications: liver cirrhosis, COPD, 
chronic hemodialysis, diabetes, cancer

1 
(mild)

Weight loss > 5% within 2 months or BMI 
18.5-20.5 + general condition disorder or food 
intake in the last week is 25%-50% of normal 
requirements

2 
(moderate)

Major abdominal surgery, stroke, severe 
pneumonia, hematologic malignancy

2 
(moderate)

Weight loss > 5% within 1 month (>15% in 3 
months) or BMI <18.5 + general impairment or 
last week's food intake was 0%-25% of normal 
needs

3 
(severe)

Head trauma, bone marrow transplantation, 
intensive care unit patients (APACHE > 10)

3 
(severe)

Patient age ≥ 70 years + 1 point.
Point ≥ 3: Nutritional risk exists, and a nutrition plan is initiated.
Point < 3: An NRS 2002 assessment should be performed once a week. If a major surgical intervention is planned, a nutritional plan should be 
implemented as a precaution against possible risks.
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while 2 patients in the IN group developed superficial SSI, 
2 patients developed deep SSI, and 12 patients devel-
oped organ cavity infections. It was statistically significant 
that 9 (75%) of the 12 patients with deep SSI were in the 
NNS group (P = .014), while it was not statistically signifi-
cant that 12 (60%) of the 20 patients with organ cavity 
infections were in the IN group (P = .070).

Of the 17 patients who developed superficial or deep SSI, 
10 (58.8%) were in the group not receiving NS. The differ-
ence was statistically significant compared to 7 patients in 
the standard or IN group (P = .037).

When the groups were compared among themselves, 
there was no difference between the SNS or the IN group 
regarding SSI (P = .128). When the patients with weight 
loss were analyzed, SSI was observed in the NNS group 
with a rate of 71.4%, while SSI was observed in the IN and 

SNS groups with rates of 23.3% and 23.8%, respectively 
(P = .004). In patients with weight loss, there was no differ-
ence in SSI infection between those who received IN and 
those who received SNS (P = 1.000), while SSI was signifi-
cantly lower in both the IN and SNS groups compared to 
the NNS group (P = .002, P = .005, respectively). Surgical 
site infection developed in 30.6% of those without weight 
loss. There was no difference between the groups in terms 
of SSI in those without weight loss (P = .057)

There was no difference between the groups when the 
LoHS was evaluated (P = .147)(Table 3). The median LoHS 
was 12 (6-41) days in patients with weight loss. Patients 
with weight loss and SNS had the longest LoHS with 19.5 
(7-40) days, but it was not significant (P = .072). When the 
groups were compared pairwise, it was observed that 
those who did not receive NS had longer LoHS than the 
SNS and IN groups, and this difference was statistically 

Table 2. Comparison of the Preoperative Characteristics of the Cases

NNS (n = 31) SNS (n = 34) IN (n = 49) P

Age (years)* 65 (31-79) 65.5 (43-81) 65 (39-82) .866

>10% Weight loss** 14 (45.2) 21 (61.8) 30 (61.2) .295

BMI* 26.6 (20.7-35.5) 24.7 (19.2-45.8) 25.8 (16.9-43.9) .625

NRS-2002* 3 (2-5) 4 (2-6) 4 (2-6) .245

Albumin (g/L)# 38.45 ± 6.57 35.76 ± 5.06 36.41 ± 5.18 .131

Prealbumin (g/L) 0.18 (0.10-0.32) 0.15 (0.07-0.29) 0.19 (0.07-0.27) .179

Presence of biliary drainage** 20 (64.5) 16 (47.1) 21 (42.9) .155

BMI, body mass index; IN, immunonutritional support; NNS, no nutritional support; SNS, standard nutritional support.
*Median (minimum-maximum).
**n (%).
#Mean ± SD.

Table 3. Surgical Site Infection and Length of Hospitalization in the Groups

Total NNS (n = 31) SNS (n = 34) IN (n = 49) P

SSI** 37 15 (48.4%) 6 (17.6%) 16 (32.7%) .030

Superficial SSI 5 1 (20.1%) 2 (40.0%) 2 (40.0%) .288

Deep SSI 12 9 (75.0%) 1 (8.3%) 2 (16.7%) .014

Organ cavity infection 20 5 (25.0%) 3 (15.0%) 12 (60.0%) .070

LoHS (days)* 15 (6-40) 9 (6-41) 12 (6-75) .147

>10% without weight loss 11 (6-75) 10.5 (6-30) 8 (6-40) 14 (6-75) .271

>10% weight loss 12 (6-41) 19.5 (7-40) 11.5 (6-41) 11.5 (6-37) .072

*Median (minimum-maximum).
**n (%).
Statistical significance in the comparison of the three groups.
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significant (P = .028, P = .045, respectively). On the other 
hand, no difference was found between SNS and IN 
(P = .372). In those without weight loss, the median LoHS 
was 11 (6-75) days, and there was no difference in LoHS 
between the groups (P = .271).

In the correlation analysis, no correlation was found 
between albumin (P = .320), prealbumin (P = .268), and 
NRS (P = .245) and postoperative LoHS, while a significant 
negative correlation was observed between albumin and 
NRS (r = −0.312, P< .001).

DISCUSSION

The prognostic importance of weight loss in major surgery 
has been recognized since the 1930s.20 Weight loss (due 
to anorexia, malabsorption, and increased caloric require-
ments) has been reported in more than 80% of pancreatic 
cancer patients at diagnosis, and more than two-thirds of 
these patients LoHS more than 10% of their initial body 
weight. Although body mass index (BMI) is an important 
indicator in determining malnutrition, it can be misleading 
in obese individuals. Therefore, obese patients may be 
more malnourished than those with low body mass index. 
In addition to the patient’s weight loss and BMI, sarco-
penia and sarcopenic obesity should also be considered. 
These patients have an NRS-2002 score of ≥3 and require 
further nutritional assessment.21,22 In our study, although 
mean BMI and albumin values were within normal limits, 
57% of the patients had weight loss. The NRS-2002 score 
was also high in proportion to weight loss.

In particular, malnourished patients and patients at risk of 
malnutrition are associated with a higher rate of postoper-
ative complications and longer lengths of hospitalization 
than well-nourished patients.23 Therefore, the 2017 ESPEN 
guidelines found oral/supplement, enteral, or parenteral 
feeding regimens aiming to achieve standard nutritional 
status before a major operation such as hepatopancreato-
biliary surgery.24 However, preoperative NS in pancreatic 
surgery has not been proven to reduce complication rates 
or accelerate recovery. Level A evidence (prospective ran-
domized controlled trials showing the benefits of mean-
ingful clinical outcomes are few and mostly dated, and 
none of the different screening methods for malnutrition 
have been shown to have any prognostic significance for 
patients undergoing pancreatic surgery.25 On the other 
hand, although preoperative NS in patients with moder-
ate to severe malnutrition is recommended by the 2017 
ESPEN guideline, none of the 35 controlled studies that 
make up the database date after 2004. Therefore, pre-
operative NS is a controversial issue. The use of a naso-
gastric tube, NJ tube, or needle-catheter jejunostomy 
recommended by ESPEN guidelines for the postoperative 

period is not recommended by ERAS guidelines. Early 
initiation of oral feeding, available in the ERAS program, 
also varies between cases. Therefore, both ESPEN and 
ERAS recommendations can be combined to provide an 
additional benefit to the patient, and the use of artificial 
NS may be useful in patients at high risk of postopera-
tive complications.17,24,26 To optimize patient outcomes, it 
is generally accepted to delay surgery and initiate aggres-
sive NS in patients with albumin < 2.5 mg/dL or weight 
loss > 10% or BMI:18.5 kg/m2 and to give preoperative 
NS to patients with albumin < 3 mg/dL or weight loss 
between 5% and 10%.27

Proinflammatory cytokine levels are also high in PAT, 
especially in pancreatic cancer patients.28 In light of all 
this theoretical information, it is thought that using spe-
cific agents such as IN products that both modulate the 
immune system and have trophic effects on the intestinal 
mucosa may have positive effects in the postoperative 
period. The ESPEN guidelines also recommend using IN 
(glutamine and arginine, ω-3 fatty acids, and nucleotides) 
in major abdominal surgery to prevent infectious complica-
tions.24 Conflicting results have been reported in the liter-
ature. Some studies have reported no difference between 
IN and standard oral supplements regarding postopera-
tive complications.11,29 A meta-analysis published in 2014 
provides similar data.30 In a recent meta-analysis, the use 
of IN was not shown to affect overall postoperative com-
plications, non-infectious complications, and mortality 
after PD, but it was reported to reduce infectious com-
plications and shorten the LoHS.31-33 The main problem 
is that most studies on this issue are severely biased, and 
these benefits are LoHS when industry-sponsored studies 
are excluded.25 In addition, factors such as the malnutri-
tion status of patients and differences between diagnoses 
may affect homogenization and cause heterogeneity of 
groups, leading to conflicting results in the data obtained 
from studies. The ERAS guidelines for pancreatic surgery 
recommend artificial NS only in patients with severe mal-
nutrition and do not recommend using IN in any patient.17

In our study, SSI was most common in the group with 
weight loss and NNS, and there was no difference 
between whether the selected NS was SNS or IN support. 
No effect of NS or IN support could be demonstrated in 
patients without weight loss. However, borderline signifi-
cant results were obtained between the groups in patients 
with weight loss regarding LoHS; the longest hospitaliza-
tion period was seen in the patient group without NS. In 
short, the lack of NS in patients with weight loss can be 
considered an important risk factor for LoHS and SSI.

Considering the effect of factors such as biliary drain-
age and BMI on SSI, the similar distribution of these 
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parameters in all groups equalizes the negative effect of 
these parameters on SSI in all groups in our study.

In our study, the highest rate of SSI was observed in the 
NNS group, and while there was a significant difference 
between the NNS and SNS groups, there was no differ-
ence between the IN and NNS groups in terms of SSI. 
This may be explained by the fact that three-quarters of 
SSI in the IN group were organ cavity infections. After PD, 
organ cavity infection usually develops due to postopera-
tive pancreatic fistula. In the IN group, 75% (9 cases) of the 
patients with organ cavity infection had Grade B pancre-
atic fistula, and 8.3% (1 case) had chylous leakage, leading 
to intra-abdominal collection in 83.3% of the cases. This 
rate was 100% in patients receiving SNS and 80% in the 
NNS group. Pancreatic fistula is associated with pancre-
atic fistula score, including parameters such as pancreatic 
nature, duct diameter, and preoperative blood transfusion. 
Therefore, we think that organ cavity infection in this group 
may be due to reasons other than nutritional status and 
supportive treatment. The effect of NS on the pancreatic 
fistula has not been demonstrated in the literature.11,33,34 
When organ cavity infection is excluded, incisional SSI is 
significantly more common in the NNS group than in the 
SNS and IN groups. This difference is due to the much 
higher incidence of deep SSI, especially in the NNS group. 
Incisional SSI was found to be 32.3% in 31 patients in the 
NNS group and 8.4% in 83 patients on NS. However, no 
difference was found between the types of NS.

The limitations of our study are that it is retrospective, the 
number of patients is limited, and some of the comorbid 
pathologies that may be effective on SSI are not included 
in the parameters of the study.

In conclusion, weight loss is a significant symptomatol-
ogy for patients at risk of malnutrition. Providing NS in 
malnourished and malnourished patients at risk of mal-
nutrition reduces postoperative infectious complications, 
whereas NS in well-nourished patients and customized 
NS were not effective on SSI and LoHS.
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ABSTRACT

Objective: Malnutrition is a common complication in cancer patients that can adversely affect treatment outcomes and quality 
of life. The aim of this study was to assess the prevalence of malnutrition in inpatient cancer patients and evaluate the impact of 
nutritional support on their dietary intake.
Methods: A cross-sectional study was conducted on 71 inpatient cancer patients. Nutritional status was assessed using the 
Subjective Global Assessment tool. Patients were divided into 2 groups based on whether or not they received nutritional support 
during their hospital stay. Dietary intake was assessed using a 24-hour dietary recall.
Results: The prevalence of malnutrition in our study population was 78.9%. Patients who did not receive nutritional support had a 
significantly lower intake of both protein and energy compared to those who did receive nutritional support (P < .001). The SGA 
score was significantly correlated with protein intake (r = 0.342, P < .001) and energy intake (r = 0.283, P < .001).
Conclusion: Our study highlights the high incidence of malnutrition in inpatient cancer patients, with almost 80% of patients 
experiencing malnutrition. Nutritional support was found to have a significant impact on dietary intake, with patients who received 
nutritional support having a higher intake of protein and energy. These findings emphasize the importance of nutritional screen-
ing and support for cancer patients, particularly those at higher risk of malnutrition. Further research is needed to determine the 
most effective strategies for providing nutritional support to cancer patients and improving their nutritional outcomes.

Keywords: Cancer, malnutrition, nutritional assessment

INTRODUCTION

Cancer patients are at a significantly higher risk of mal-
nutrition, as the disease itself and the treatments utilized 
can worsen the nutritional status of patients. Malnutrition 
among cancer inpatients can lead to numerous negative 
outcomes, such as prolonged hospitalization, decreased 
tolerance and response to treatment, increased compli-
cations, and, ultimately, a decrease in overall survival 
and quality of life.1 Thus, addressing the issue of mal-
nutrition in cancer patients is of critical importance for 
optimizing treatment outcomes and improving patient 
well-being.

Recognizing and addressing malnutrition in cancer 
patients is paramount for improving their nutritional status 

and, ultimately, treatment outcomes. Malnutrition can 
arise from a variety of factors, including disease-related 
metabolic disorders, insufficient food intake, nausea and 
vomiting, mucositis, and diarrhea.2,3 In fact, malnutrition 
can even manifest at the time of cancer diagnosis and 
may worsen as the disease progresses and cytotoxic treat-
ments are administered.4

Preventive measures aimed at improving the nutritional 
status of cancer patients should be prioritized in clinical 
practice. These measures may include early screening 
and identification of malnutrition, implementing individu-
alized nutritional support strategies, and actively manag-
ing symptoms such as nausea, vomiting, and mucositis to 
promote adequate food intake. By addressing malnutri-
tion in cancer patients, healthcare providers can improve 
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treatment efficacy, decrease hospitalization time, and 
enhance patient quality of life.

It has been observed that a significant proportion of can-
cer patients fail to meet the recommended protein intake 
of 1.2-1.5 g/kg/day.5 Recent guidelines suggest a higher 
protein intake to improve protein balance and maintain 
muscle mass, especially in cancer patients.6 Therefore, 
it is essential to evaluate the nutritional status of cancer 
patients undergoing in-hospital treatment and determine 

the rate at which they achieve the recommended protein 
and energy targets.

The current research aims to address this important issue 
by examining the protein and energy intake of cancer 
patients receiving in-hospital treatment and assess-
ing their nutritional status. This information is critical for 
developing effective nutritional interventions to improve 
treatment outcomes and patient quality of life. By under-
standing the factors that contribute to poor nutritional 
status in cancer patients, healthcare providers can better 
tailor interventions to meet the individualized needs of 
patients and promote optimal nutritional support.

METHODS

To ensure ethical standards were met, the study received 
approval from the local ethics committee (-). The study 
included all cancer patients over the age of 18 who 
received treatment in the internal medicine department 
and consented to participate. The research team recorded 
demographic data, anthropometric measurements (height, 
weight, and arm diameter), and biochemical parameters of 
patients on the day of the study. The diagnosis of patients, 
total calories and protein intake in the last 24 hours, addi-
tional diseases, and Sequential Organ Failure Assessment 
(SOFA) values were also documented; the components of 
the SOFA score are shown in Figure 1.7 In this study, the 
Glasgow coma scale (GCS) score was used to evaluate 
patients’ neurological status and to assess whether they had 
any restrictions on oral intake due to altered consciousness. 
The team also recorded calorie and protein levels in patients 
receiving nutritional support, included enteral, parenteral, 
and both. Nutritional risk was assessed using the Nutritional 
Risk Screening (NRS)-2002 tool, and malnutrition was 

Main Points

• Cancer patients are at risk of malnutrition due to the dis-
ease and its treatments, which can lead to negative out-
comes such as longer hospital stays, decreased response 
to treatment, increased complications, and reduced 
overall survival and quality of life.

• Malnutrition in cancer patients can be caused by various 
factors such as disease-related metabolic disturbances, 
inadequate food intake, nausea and vomiting, mucositis, 
and diarrhea. Malnutrition can occur even at the time of 
cancer diagnosis and can worsen with disease progres-
sion and cytotoxic treatments.

• Preventive measures should be taken to ensure adequate 
nutrition in cancer patients, such as early screening and 
diagnosis of malnutrition, implementation of personal-
ized nutrition support strategies, and active management 
of symptoms such as nausea, vomiting, and mucositis.

• This study aims to provide critical information for devel-
oping effective nutrition interventions by examining the 
protein and energy intake and nutrition status of cancer 
patients during hospitalization.

• The research findings show that cancer patients do 
not meet their daily calorie and protein requirements. 
However, patients receiving nutrition support had higher 
calorie and protein intake compared to those who did 
not receive support.

Figure 1. Sequential Organ Failure Assessment (SOFA) score.
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diagnosed using the Subjective Global Assessment (SGA) 
method, with patients classified as malnourished if admit-
ted as SGA-B and SGA-C.8,9 The amount of basal calories 
patients required was calculated using the Schofield equa-
tion, and total energy requirements were estimated by mul-
tiplying the activity rate with basal energy expenditure.10,11

Statistical Analysis
The IBM Statistical Package for the Social Sciences (IBM 
SPSS Corp., Armonk, NY, USA) 24.0 program was used for 
statistical analysis, which included frequency analysis of 
patient distribution and demographic data using descrip-
tive statistics. Mann–Whitney U test and chi-square test 
were utilized to analyze the data, and statistically signifi-
cant results were determined by a P value below .05.

RESULTS

In total, 71 cancer patients over the age of 18 were 
included from various departments. Demographic data 
and the diagnoses of the patients are presented in Tables 1 
and 2. According to SGA values, 78.9% of the patients 
were diagnosed with malnutrition (SGA-B and SGA-C). 
Furthermore, 70.4% of the patients had an NRS score of 3 
or above, and 71.8% of patients experienced weight loss 
in the last 6 months. Of the total group, 38% of patients 
experienced weight loss of 10% or more in the last 
6 months. Among the patients, 65.8% received sufficient 
calories. The average daily amount of protein received by 
patients per kilogram was 0.76 grams (Table 3). In total, 

22.5% of patients received nutritional support, and these 
patients received a higher amount of protein per kilogram 
compared to those without nutritional support.

Patients receiving nutritional support had a lower body 
mass index (BMI), whereas SOFA and GCS values were 
independent of nutritional support. Patients with NRS-3 
or above received more nutritional support. However, 
co-morbid diseases, the type of tumor (solid vs. hemato-
logic), and metastasis involvement did not have an effect 
on the rate of receiving nutritional support (Table 4).

Table 1. Demographic Data of Patients

Mean (SD)

Age (years) 54.1 (15.5)

Female 53.5 (17.1)

Male 54.6 (14.5)

Weight (kg) 70.1 (13.6)

Female 67.4 (14.6)

Male 72.9 (12.5)

Height (cm) 166.5 (9.5)

Female 157.9 (6.5)

Male 172.1 (6.4)

BMI (kg/m2) 25.6 (5.1)

Female 27.0 (5.6)

Male 24.6 (4.6)

Female, n = 28; male, n = 43.
BMI, body mass index.

Table 2. Diagnose of Patients

Type of Malignancy Frequency, n %

Lung 8 11.1

Acute lymphoblastic leukemia 2 2.8

Acute myeloid leukemia 13 18.1

Rhabdomyosarcoma 1 1.4

Brain 2 2.8

Hypopharynx cancer 1 1.4

Hodgkin lymphoma 1 1.4

Liver 1 1.4

Colon 1 1.4

Larynx 1 1.4

Myelodysplastic syndrome 1 1.4

Breast 6 8.3

Bladder 1 1.4

Stomach 2 2.8

Multiple myeloma 1 1.4

Nasopharynx 2 2.8

Non-Hodgkin lymphoma 8 11.1

Oropharynx 1 1.4

Osteosarcoma 2 2.8

Esophagus 1 1.4

Pancreas 5 6.9

Parotid 1 1.4

Prostate 1 1.4

Rectum 5 6.9

Gall bladder 2 2.8

Cervical 1 1.4

Testis 1 1.4
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DISCUSSION

Our study revealed that inpatient cancer patients are 
not meeting their daily calorie and protein requirements. 
However, patients who received nutritional support had 
higher calorie and protein intake compared to those who 
did not receive nutritional support.

The incidence of malnutrition in cancer patients varies 
widely depending on several factors such as age, cancer 
type, and stage of cancer, with rates reported between 
20% and 90% in the literature.12–14 In our study, we found 
that 70.4% of the patients had experienced weight loss 
in the last 6 months and that 78.9% of the patients were 
malnourished based on the SGA values for malnutrition 
(Figure 2). This malnutrition rate is consistent with previ-
ous reports in the literature.

Indirect calorimetry is the recommended method for cal-
culating the total energy needs of cancer patients who are 
at risk for malnutrition.15 However, if indirect calorimetry is 
not available, the European Society for Clinical Nutrition 
and Metabolism (ESPEN) guidelines suggest that other 
methods can be used.6,16 In our study, we used the 
Schofield equation and activity rates to calculate the daily 
energy requirement of the patients, which was 2278 kcal. 

Table 3. Daily Protein and Energy Intake Values

Mean (SD)

Daily calorie needs (kcal) 2278 (350)

Female 2031 (230)

Male 2439 (321)

Total calories taken (kcal) 1476 (559)

Female 1354 (522)

Male 1555 (574)

Goal to reach calories (%) 65.8

Female 66.9

Male 65.2

Total protein taken (g) 51.3 (24.0)

Female 46.7 (20.1)

Male 54.3 (25.6)

Protein/weight (g/kg) 0.76 (0.41)

Female 0.74 (0.44)

Male 0.77 (0.40)

Female, n = 28; male, n = 43.

Table 4. Nutritional Support for Patients

Nutritional Support P

Yes (n = 16) No (n = 55)

BMI (kg/m2) 22.6 (4.1) 26.4 (5.1) .008

Weight loss in the last 
6 months (%)

10.8 (6.1) 8.2 (9.3) .29

Total protein (gram) 75.4 (26.8) 44.3 (18.0) <.001

Protein/weight (gr/kg) 1.24 (0.51) 0.61 (0.24) <.001

Goal to reach calories (%) 76.7 (26.8) 62.7 (24.5) .17

SOFA 0.44 (0.81) 0.18 (0.48) .25

GCS 15 15 1.0

NRS < 3 (%) 4.8 95.2 .027

NRS ≥ 3 (%) 30.0 70.0

Patient with 
comorbidity (%)

22.6 77.4 1.0

Patient without 
comorbidity (%)

22.5 77.5

Patient with solid tumor/
without hematologic 
cancer (%)

28.9 71.1 .164

Patient without solid 
tumor/patient with 
hematologic cancer (%)

11.5 88.5

Patient with metastasis (%) 27.8 72.2 .531

Patient without 
metastasis (%)

20.8 79.2

Values are mean results.
BMI, body mass index; GCS, Glasgow Coma Scale; NRS, Nutritional 
Risk Screening; SOFA, Sequential Organ Failure Assessment.

Figure  2. Distribution of patients' SGA values. SGA, 
Subjective Global Assessment.
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However, the patients only consumed 1476 kcal, result-
ing in a rate of reaching the targeted calories of 65.8%. 
Patients who received nutritional support had a higher 
success rate of achieving the target calorie intake, with a 
rate above 75%.

There is no clear consensus on the optimal amount of 
protein that cancer patients should consume. However, 
the general recommendation is to consume at least 
1 g/kg/day of protein, with a targeted protein intake of 
1.2-2 g/kg/day.17 In our study, we found that the aver-
age protein intake of the patients was only 0.76 g/kg/day. 
However, when patients received nutritional support, 
their protein intake increased to 1.24 g/kg/day. It is 
important to note that insufficient protein intake not only 
leads to loss of skeletal muscle but also affects metabo-
lism. A study by Stobaus et al18 demonstrated that cancer 
patients who consumed less than 1 g/kg/day of protein 
had 3.3 times higher 6-month mortality rate. The study 
also emphasized the importance of providing nutritional 
support to patients receiving chemotherapy.

According to our study, we observed that patients who 
received nutritional support had a lower BMI compared to 
those who did not receive nutritional support (22.6-26.4). 
We hypothesized that patients with a higher BMI may not 
have been diagnosed with malnutrition as they may not 
have experienced significant weight loss. This may have 
led to these patients being overlooked for nutritional sup-
port. Furthermore, research conducted by Pressoir et al19 
has shown that obese patients have an increased risk of 
malnutrition. Similarly, Prado et al20 found that sarcope-
nia, a condition characterized by loss of muscle mass and 
strength, may also be associated with obesity. Therefore, 
we believe that nutritional support should not be ignored 
in patients with a relatively high BMI.

In conclusion, our study highlights a high incidence of mal-
nutrition, with 78.9% of inpatient cancer patients experi-
encing malnutrition. We found that patients who did not 
receive nutritional support had a lower intake of both 
protein and energy compared to those who did receive 
nutritional support. Our findings suggest that providing 
nutritional support may be crucial in helping patients 
achieve their targeted nutritional values.

These results are consistent with previous research on 
the importance of nutritional support for cancer patients. 
Given the high prevalence of malnutrition in this popula-
tion, it is important for healthcare providers to prioritize 
nutritional screening and support for cancer patients, par-
ticularly those at higher risk. Future studies may explore 
the most effective strategies for providing nutritional 

support to cancer patients and improving their nutritional 
outcomes.

By conducting a comprehensive evaluation of the nutri-
tional status of cancer patients receiving in-hospital 
treatment, this study provides valuable insights into the 
factors that contribute to malnutrition in this population. 
The detailed measurements and assessments performed 
in this study enable a more individualized and tailored 
approach to nutritional interventions, ultimately leading 
to improved treatment outcomes and enhanced patient 
well-being.
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ABSTRACT

Objective: Our aim in this study is to examine the changes in the psoas muscle during the gastric cancer treatment process and 
to evaluate the effects on prognosis.
Methods: Twenty-eight gastric cancer patients underwent curative surgery, and chemoradiotherapy were analyzed. Changes 
were noted by calculating the psoas muscle areas before and after the cancer treatment. Patients were classified as high delta 
and low delta according to median change. The effect of muscle loss on progression-free and overall survival was examined using 
the logistic regression model.
Results: Psoas muscle loss was observed in all patients during the treatment. While the median psoas muscle area before treat-
ment was 14.5 cm2, it was calculated to be 11.8 cm2 after treatment (P = .0).
In the high-delta group with excessive muscle loss, 3-year progression-free survival was 38%, compared with 80% in the low delta 
group (P = .07). The 3-year overall survival was found to be 42% in the high-delta group, while it was 84% in the group with less 
muscle loss (P = .05).
Conclusion: Muscle loss is a negative predictive factor in gastric cancer patients undergoing surgery and chemoradiotherapy. 
Dynamic psoas muscle area changes during treatment may play a role in survival.

Keywords: Adjuvant radiochemotherapy, concurrent radiochemotherapy, gastric cancer, nutrition therapy, sarcopenia

INTRODUCTION

Gastric cancer is the sixth most common cancer and the 
second cause of cancer death in 2018 Worldwide.1 In 
Western reports, 5-year overall survival has been found 
10%-30% in regional disease.2,3 While sole locoregional 
failure is observed in 16% patients, this rate can increase 
to 36% in metastatic condition.4 Surgery is the mainstay 
of gastric cancer treatment and adjuvant therapies are 
needed due to the local and distant recurrences. Today, 
total/subtotal gastrectomy and lymph node dissection 
with neoadjuvant and/or adjuvant chemotherapy or adju-
vant chemoradiotherapy (CRT) is the standard care of 
therapy in locally advanced gastric cancer patients. While 
all these treatments like surgery, chemotherapy, and 
radiotherapy are improving oncological outcomes, they 
may also cause gastrointestinal toxicities and complica-
tions, resulting in loss of weight, lean body mass loss, and 
malnutrition.

Altered body composition in malnutrition usually mani-
fests with a decrease in muscle mass, and this may lead 
to sarcopenia, a syndrome defined as progressive and 
generalized skeletal muscle loss, related to increased 
adverse outcomes.5-7 Dual-energy x-ray absorptiometry, 
computed tomography scanning (CT), magnetic reso-
nance imaging (MRI), and bioelectrical impedance (BIE) 
are validated methods used to measure skeletal muscle 
loss.8 Several studies have shown that the psoas muscle 
area (PMA) in a single abdominal section can estimate the 
overall muscle mass in the whole body.9,10 In studies with 
surgical or chronic patients, the sum of the right and left 
PMA has been shown to be an independent risk factor for 
adverse outcomes.11-14

The purpose of this study is to calculate the PMA loss dur-
ing gastric cancer treatment as an indicator of sarcopenia 
and to examine the effect of this change on progression-
free and overall survival.
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METHODS

Patients and Data Collection
Patients who received adjuvant chemo radiotherapy 
(CRT) after surgery for local gastric cancer were reviewed 
in a single institution, and a total of 28 patients, whose 
computerized tomography (CT) images could be 
obtained and allowed evaluation just before surgery 
and after the end of CRT, were recruited into this study. 
Clinically or pathologically proven stage 4 patients were 
excluded from the study. Age, sex, pathological staging, 
and survival data were collected for the entire cohort. 
Data on the chemotherapy regimens, treatment breaks, 
histopathological features, and type of surgery were also 
documented. The American Joint Cancer Committee on 
Cancer (AJCC) criteria (8th edition) was used for stag-
ing. The patients were followed up every 3 months for 
2 years and every 6 months thereafter. This study was 
approved by the local ethics committee of Yıldırım 
Beyazıt University Medical School (Date: December 24, 
2020, No: 26379996/136). Locoregional recurrence was 
defined as recurrence at the anastomosis and regional 
lymph nodes. Any radiological or pathologic verified 
metastases outside of the radiation portal or solid organs 
like liver, lung, brain, or malign ascites were defined as 
distant recurrences. Intergroup 0116 study CRT proto-
col was used for the majority of the patients.15 Patient 
demographics, pathological reviews, radiotherapy and 
chemotherapy data, surgical information, and CT images 
and reports were collected from the hospital registry and 
patient files, retrospectively. Overall survival was calcu-
lated from the date of surgery to death, and progression-
free survival was determined from the date of surgery to 
local or distant progression.

Assessment of Psoas Muscle Area
Psoas muscles were delineated at the third lumbar verte-
brae level where both pedicles of this vertebrae are com-
pletely visible in 2 different CT sets as before and after on 
axial images for each patient (Figure 1). These CT images 
were obtained from the local hospital registry database. 
ExtremePacs Teleradiology (ExtremePacs, Ankara, 2017) 
software program was used for measurements with 
the region of interest (ROI) tool in square centimeter. 

Predetermined Hounsfield units −30 and +400 were used 
to separate the psoas muscle from other abdominal struc-
tures.16 Total PMA was defined with a sum of the area of 
the right and left psoas muscles as an indicator of muscle 
loss in both preoperative and post-adjuvant therapy CT 
scans. The changes were recorded as delta PMA (∆ PMA), 
using [(PMA (cm2) after CRT-PMA (cm2) before CRT)/PMA 
(cm2) after CRT] × 100 formula. Median proportional PMA 
changes were calculated. These data were dichotomized 
due to this median change as high- or low-∆ PMA groups. 

Statistical Analysis
Categorical data are presented in count and proportion. 
The median and minimum-maximum values were used for 
non-normally distributed continuous variables and mean 
and SD for normally distributed continuous variables. The 
variables were compared with the Student’s t-test, Fisher’s 
exact test, and Wilcoxon rank-sum test between groups. 
Kaplan–Meier test for survival estimation and log-rank 
test for survival comparisons were performed. The pro-
portional PMA changes were dichotomized as ≥20% or 
<20% according to the median proportional change 20%. 
Statistical significance was considered at a P value ≤ .05. 

RESULTS

Patient Characteristics
Gastric cancer patients treated in a single institution radi-
ation oncology department were reviewed. Metastatic 
patients at the time of diagnosis and the patients whose 
images were not found in the hospital's local image data-
base were excluded. Patient characteristics and demo-
graphics are listed in Table 1. Patient characteristics were 
quite well balanced. Totally, 28 patient data and 56 CT 
images were analyzed. The median age was found as 58 
(range: 30, 78). The majority of patients were male (21, 

Main Points

• Psoas muscle changes during gastric cancer treatment 
may play a role in treatment success.

• Dynamic measurement of psoas muscle mass over the 
course of treatment may better predict nutritional status 
than cross-sectional measurement.

• Psoas muscle loss during gastric cancer treatment 
adversely affects progression-free and overall survival.

Figure  1. Delineation and measurement of psoas 
muscle area (PMA).
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75%) and total/subtotal gastrectomy was performed 
without any surgical positivity except for 2 patients. No 
patient received neoadjuvant chemotherapy. One patient 
was staged as 1, and 9 and 18 patients were staged 2 and 
3, respectively. Three patients were not able to complete 

adjuvant CRT because of gastrointestinal toxicity. These 
3 patients received 3600 cGy, 3780 cGy, and 4140 cGy. 
One patient received 5040 cGy because of the margin 
positivity. For all remaining patients, 4500 cGy RT concur-
rent with chemotherapy were administered.

Table 1. Patient Demographics and Clinical Data

Overall High-∆ PMA Group Low-∆ PMA group P

Sex, n (%)

 Female 7 (25) 3 (23.1) 4 (26.7) 1

 Male 21 (75) 10 (76.9) 11 (73.3)

Age, median (minimum–maximum) 58 (30-78) 56 (45-74) 66 (30-78) .78

 ≥65 (n) 13 5 (38.5) 8 (53.3) .54

 <65 (n) 15 8 (61.5) 7 (46.7)

Stage

 I and II 10 3 (23.1) 7 (46.7) .25

 III 18 10 (76.9) 8 (53.3)

Tumor location, n (%)

 Cardia 7 (25) 5 (38.5) 2 (13.3) .13

 Fundus 2 (7.1) 1 (7.7) 1 (6.7)

 Corpus 6 (21.4) 4 (30.8) 2 (13.3)

 Antrum and pylorus 13 (46.4) 3 (23.1) 10 (66.7)

Surgery, n (%)

 Total gastrectomy 13 (46.4) 9 (69.2) 4 (26.7) .024*

 Subtotal gastrectomy 15 (53.6) 4 (30.8) 11 (73.3)

 Dissected LN (median) 27 (4-68) 36 (17-68) 21 (4-51) .14

RT technic, n (%)

 Conformal 24 11 (84.6) 13 (86.7) 1

 IMRT 4 2 (15.4) 2 (13.3)

 RT dose (median) 45 Gy 45 Gy (41.4-50.4) 45 Gy (36-45)

Concomitant CT, n (%)

 Yes 25 (89.3) 11 (84.6) 14 (93.3) .58

 No 3 (10.7) 2 (15.4) 1 (6.7)

CT protocol, n (%)

 FUFA 18 (64.3) 7 (53.8) 11 (73.3) .65

 Xelox 7 (25) 4 (30.8) 3 (93.3)

 Unknown 3 (10.7) 2 (15.4) 1 (6.7)

CT, chemotherapy; FUFA, 5-FU and folinic acid; IMRT, intensity-modulated radiotherapy; LN, lymph nodes; PMA, psoas muscle area: high-delta 
PMA ≥20, low-delta PMA group <20; RT, radiotherapy; Xelox, capecitabine and oxaliplatin; *, statistically significant.
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Psoas Muscle Changes and Survival
Median preoperative PMA was calculated as 14.5 cm2 and 
was found as 11.8 cm2 after completion of surgery and 

adjuvant CRT. This change in PMA was statistically sig-
nificant (P = .0) (Figure 2). All the patients showed a psoas 
muscle decrease, and the median proportional change 

Figure 2. Pre-treatment and post-treatment psoas muscle area changes (cm2, P < .001).

Figure 3. Kaplan–Meier survival curves for overall survival for high- and low-∆ psoas muscle area (PMA) groups. 
The 3-year overall survival rates were 42% and 84% in the high- and low-∆ group, respectively (P = .05).
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was found as 20%. In 13 patients, this change was equal 
to or higher than the median change. After dichotomiza-
tion regarding the median proportional change of 20%, 
the patients were classified into 2 groups as low- and 
high-∆ PMA.

Three-year overall survival was found to be 65%, and the 
median survival has not been reached at the time of anal-
ysis. Three-year progression-free survival was calculated 
as 62% for the entire cohort. Univariate analysis revealed 
that high-∆ groups are related to worse survival. Three-
year overall survival rates were found to be 42% and 
84% in the low- and high-∆ group, respectively (P = .05) 
(Figure 3). Three-year progression-free survival rates were 
also found lower in the high-∆ PMA group as 80% vs. 38% 
(P = .07) (Figure 4)

In our cohort, 10 patients were at stages 1 and 2, 18 
patients were at stage 3. Three-year overall survival rates 
were found to be 90% and 50% between early- and late-
stage groups, respectively (P = .06). We also examined the 
effect of age on survival, and no difference was found in 
survival between the patients older than 65 and the oth-
ers (P = .74).

DISCUSSION

This current study showed that psoas muscle loss during 
treatment affects survival negatively in non-metastatic 
gastric cancer patients.

Despite the emerging new strategies, historically locally 
advanced gastric cancer treatment includes surgery +/− 
CRT or perioperative chemotherapy plus surgery. During 
all these treatments, oral intake can be deteriorated due 
to the disease itself, surgical morbidity, and toxicities. In 
the cornerstone, Intergroup 0116 trial, 33% grade 3 gas-
trointestinal toxicity was observed during adjuvant CRT,15 
which brings a malnutrition risk and weight loss, especially 
in this patient group.

Malnutrition is one of the most important prognostic fac-
tors in cancer patients. Some studies showed an adverse 
relationship between malnutrition and survival.17,18 This 
syndrome is not only related to poor oncological out-
comes but also associated with deterioration of the 
immune system, delayed wound healing, higher infection 
rate, and longer hospital stay.19-22 All these negative fac-
tors may also diminish the patient’s compliance with the 

Figure 4. Kaplan–Meier survival curves for progression-free survival for high- and low-∆ psoas muscle area (PMA) 
groups. The 3-year progression-free survival rates were 38% and 80% in the high- and low-∆ PMA group, respectively 
(P = .07).
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treatment. In the recent GLIM consensus, reduced muscle 
loss was accepted as one of the strongest phenotypic cri-
teria of malnutrition. Chronic inflammation and reduced 
food intake lead cancer patients to altered metabolism 
and body composition that manifests with a decrease in 
any marker of muscle mass like fat-free mass, muscle mass 
index, or body cell mass.23

There are several techniques to measure lean body mass 
and detect muscle loss. Magnetic resonance imaging 
(MRI) and CT are the best methods to quantify the skel-
etal muscle mass (SMM) highly correlated with cadaveric 
measurements.24,25 Despite the high accuracy and repro-
ducibility, these techniques are not easy to perform for 
each patient and have a high cost of instrumentation. 
Bioelectric impedance is also used for this purpose. This 
noninvasive technique measures the body composition 
indirectly using electric signals.26 This method is faster and 
easier than whole-body MRI and CT, but this also needs 
extra effort and cost. The psoas muscle is one of the most 
important muscle groups for the perpendicular system. 
This muscle group can be evaluated on CT images for 
staging and follow-up periods, without an extra process 
and that can bring an easier evaluation of muscle mass 
status instead of the whole-body muscle mass evaluation. 
So, calculating the PMA for detecting reduced muscle 
mass on CT images in cancer patients seems to be rea-
sonable. In recent trials, measuring PMA on CT images 
was found as a non-invasive tool to predict SMM.16,28

In the cross-sectional analysis of healthy donors with a 
mean age of 32.5 before liver transplantation, the cutoff 
values for PMA in the Turkish patient population were 
found to be 16 cm2 for the male patient group and 9 cm2 
for the female population.28

Some studies showed that perioperative nutritional sup-
port for gastrointestinal malignancies reduces the num-
ber and severity of postoperative complications even if 
they do not have any sign of malnutrition.29,30 In a study 
of 100 patients undergoing surgery for colorectal cancer, 
the number of patients with grade 3 or higher periopera-
tive complications was found to be significantly higher 
in the sarcopenic group with 8to5 patients compared 
to the non-sarcopenic group.11 In a recently published 
meta-analysis of 81 studies, mostly consisting of gastro-
intestinal system (GIS) cancers and investigating the rela-
tionship between muscle mass loss and mortality, hazard 
ratio (HR) for mortality was 1.41 (95% CI, 1.24-1.59) in all 
cancer patients, while this rate was found to be 1.56 (1.36 
to 1.78) in patients with GIS cancer.31 These studies also 
underlie the important role of nutritional support on mor-
bidity and mortality, especially in gastrointestinal cancers.

In this study, we hypothesized that psoas muscle loss as 
a sign of SMM loss, sarcopenia, and malnutrition during 
the treatment is a negative prognostic factor on survival. 

Cheng-Le Zhuang et al32 retrospectively reviewed the gas-
tric cancer patients who had undergone curative surgery, 
and they found that low skeletal muscle index, calculated 
with PMA and patient height, was related to postopera-
tive severe complications as an independent risk factor. 
They also found sarcopenia as an independent risk for 
overall and disease-free survival especially in stage 2 and 
3 patients, as well. They found the 3-year overall survival 
to be 53.8% vs. 73.6% (P < .001) and 3-year disease-
free survival to be 54.7% vs. 73.5% (P < .001) in favor of 
patients without sarcopenia. A similar study was held in 
bladder cancer patients and sarcopenia was also found 
as related to a longer hospital stay, higher rate of periop-
erative complications, and worse overall survival.33 Park 
et  al16 also found preoperative low PMA as a negative 
risk factor for overall survival in surgically treated esopha-
geal cancer patients. They found 3-year overall survival 
64.9% in the high-PMA group vs. 37.1% in the low-PMA 
group (P = .002). The results were similar in patients with 
upper urinary tract urothelial carcinoma among preopera-
tive cases34 and rectal cancer patients before neoadjuvant 
CRT.35 A systematic review of 13 studies and meta-analysis 
also denote that sarcopenia is significantly related to all-
cause mortality in hepatocellular cancer patients.36

These trials in different types of cancer patients showed 
that muscle loss is related to poorer outcomes, but all 
these trials were based on only a single measurement of 
the PMA before surgery or CRT. In this trial, we aimed to 
assess the change in the PMA before and after the whole 
cancer treatment modalities, including surgery, chemo-
therapy, and radiation therapy, and to investigate the 
effects of the change on survival as well. All these treat-
ments have serious surgical complications and gastroin-
testinal side effects like nausea, vomiting, and diarrhea, 
and these treatment-related factors may let the patients 
get deteriorated; so, we tried to evaluate the impact of 
all treatment procedures on SMM and we found a 2.7 cm2 
PMA decrease during gastric cancer treatment and an 
inverse relationship between PMA loss and overall sur-
vival was found (42% vs. 84%, P = .05). 

Two studies from the United States and South Korea 
examined the change of psoas muscle volume (PMV) and 
area and its effects on patients treated with chemother-
apy and radical cystectomy for muscle-invasive bladder 
cancer and surgically treated esophageal cancer patients, 
respectively. Zargar et  al37 from the United States mea-
sured all psoas volumes and calculated the change during 
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the neoadjuvant chemotherapy undergoing radical cys-
tectomy in bladder cancer. In this study, median 5% PMV 
and higher loss are associated with decreased but not 
statistically significant complete and partial pathological 
complete response rates and overall survival. Park et al16 
also focused on the prognostic effect of the PMA change 
in esophageal cancer patients after 1 year who underwent 
surgery, and they found that psoas muscle loss of more 
than 10% was a significant risk factor for overall survival. 
In the low-∆ PMA group, they found a 3-year overall sur-
vival rate of 58.2% and 18.9% in the high-∆ PMA group 
(P = .049). Three-year disease-free survival rates were 
47.3% and 18.8% in favor of low-∆ PMA group. We have 
found 3-year overall and progression-free survival rates as 
84% vs. 42% (P = .05) and 80% vs. 38% (P = .07) in favor of 
low-∆ PMA group. In our small cohort, we also examined 
the effects of age and stage on overall and disease-free 
survival. There was a trend for early-stage and younger 
ages, but we could not find a statistical difference. The 
small number of cohorts should be the possible explana-
tion, and studies with a larger number of age groups may 
help to clarify the relationship between age and psoas 
muscle loss on survival. 

The limitations of our study are primarily its retrospective 
design and possible selection bias. Although patients 
who were treated in a single center and whose full data 
could be accessed were included in this study, our find-
ings should be confirmed by prospective studies. Second, 
although our study includes a homogeneous patient 
group, the relatively small number of patients is another 
weakness of our study. The strength of our study is that 
it evaluates muscle loss over a treatment period rather 
than a cross-sectional evaluation at a single moment and 
reveals the effect of this change on treatment more clearly. 
Lastly, sarcopenia is an age-related syndrome character-
ized by a loss of muscle mass and strength, and the onset 
of sarcopenia often begins in middle age due to an unbal-
anced diet in association with a lack of physical activity. 
Therefore, age-related muscle wasting may co-exist with 
treatment-related muscle wasting. In order to make this 
distinction, in studies with a larger number of young 
patients, the amount of muscle loss due to treatment and 
its effect on treatment can be shown more clearly.

Despite the uncertainties in measuring methods, acces-
sibility, and cutoff values of reduced muscle mass, there is 
strong evidence to use it as a single phenotypic criterion 
in the diagnosis of malnutrition.6 In the current study, we 
have tried to evaluate the dynamic changes, not a sec-
tional evaluation because our patient population is dif-
ferent from the other chronic diseases and older adults. 
These gastric cancer patients generally have more acute/
subacute reversible changes due to the treatments and 

treatment-related toxicities, and so dynamic measure-
ments should be better than sectional measurement to 
estimate survival or morbidity.
This study examines dynamic PMA changes and their 
impact on survival in gastric cancer patients. These out-
comes highlight the importance of muscle loss changes 
on survival and nutritional assessment and support in 
locally advanced gastric cancer patients during all treat-
ment steps. On behalf of emerging data, muscle loss 
cutoff values and methods should be validated in a pro-
spective randomized trial as a predictive factor, and this 
may lead us to give further attention to nutritional status 
as a cause and/or effect in cancer patients. Further pro-
spective trials are needed to prove these retrospective 
small cohort data.
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ABSTRACT

Objective: “Quality and Accreditation for Qualified and Effective Health Services” of the Health Transformation Program of 
Turkey mandated the establishment of nutrition support team in hospitals in 2016.
Methods: Nutrition support team was set up for the Neurology Intensive Care Unit of Gaziantep 25 Aralık State Hospital at the 
end of 2016 to manage the complex nutritional needs of the patients. Pre-nutrition support teams’ nutritional requirements were 
defined by the patients’ doctors, whereas after 2016 nutritional therapy and interventions were defined by doctors, dieticians, 
and nurses of nutrition support team.
Results: This study evaluates the effectiveness of nutrition support team on the hospital cost and improvement of the treatment. 
The parenteral nutrition products in energy decreased from 75.98% to 39.02% and the enteral products in total energy increased 
from 24.02% to 60.98% after nutrition support team. The total product expenses decreased from 80 029.53 ₺ to 75 550.00 ₺.
Conclusion: The Hospital Quality Standards require the establishment of the nutrition support team which helps to decrease nutri-
tion product expenses and increase energy supply via enteral nutrition products instead of parenteral nutrition products.

Keywords: Nutritional product expense, enteral, parenteral nutrition, nutrition support team, hospital cost

INTRODUCTION

Nutrition support team (NST) is a multidisciplinary, inter 
multi disci plina ry, transdisciplinary team consisting of doc-
tors, dieticians, nurses, and pharmacists.1 The main pur-
pose of the NST is to advise the healthcare professionals 
responsible for the nutritional needs of patients.2 Nutrition 
support team reports to the hospital management on cost 
savings and quality.3

Research studies are conducted to evaluate the effective-
ness of the NST on the incidence of infection, mortality, 
and morbidity caused by diseases related to malnutri-
tion, length of hospital stay, and nutritional deficiencies.4,5 
Furthermore, the effects of NST on the direct cost of the 
products and the cost of secondary complications caused by 
infections and metabolic complications are investigated.6-8

“Quality and Accreditation for Quality and Effective 
Health Services” is included in the Health Transformation 
Program in Turkey, and in this connection “Regulation 
on the Development and evaluation of Quality in 

Healthcare” was published in the official gazette 29399 
dated 27.06.2015.9 “Quality Standards in Health Hospital-
Version 5” prepared by the Department of Quality and 
Accreditation in Health Care Services stipulates “making 
arrangements for the nutritional support needs of patients 
by establishing NST”.10

The pre-NST patient’s needs for enteral nutrition and par-
enteral nutrition and monitoring the therapeutic effects 
and side effects of nutrition therapy were physician-cen-
tered, whereas post-NST services are provided by multi-
disciplinary team members.11

The evaluation of the effectiveness of NST in Turkey 
is important for the development of new policies and 
practices.

The objective of the study is to compare the total enteral 
parenteral nutrition energies and the costs between the 
periods: 2 years before and 2 years after the establish-
ment of NST in which the team actively worked in the 
Neurology Intensive Care Unit (ICU).
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METHODS

The research was approved by the Gaziantep University 
Clinical Research Ethics Committee on May 27, 2020 
(Decision number 2020/121).

This study was planned as a retrospective study. The 
change in the nutritional product usage and expense 
of the Neurology ICU of 25 Aralık State Hospital which 
accepts neurological diseases such as acute stroke and 
Parkinson, with a bed capacity of 10 patients, over the 
years (2015-2018) have been evaluated.

The nutritional requirements of the patients were defined 
by the doctors of the Neurology ICU before NST. After 
2016, nutritional requirements were defined by multidis-
ciplinary NST, whose members consist of a doctor, a dieti-
cian, and a nurse.

The monthly consumption and the cost data of the enteral 
and parenteral nutrition products were obtained for pre-
NST and post-NST periods from the automation system 
in Excel format. The annual budget and the budget allo-
cated for the purchase of medical drugs were obtained 
from the chief physician of the hospital.

Ready-to-use nutritional products were included in the 
enteral product cost as well as ready-to-use 3-chamber 
bag systems containing amino acid, glucose, and fat 
emulsions. The expense of manpower and disposable 
medical supplies were not taken into account.

Calculation of Product Energies, Protein, Product 
Expenses, Percentage of Expenditure in Hospital 
Budget and, in the Pharmaceutical Budget 

The total energy contents of the products were calculated 
by multiplying the energy content in the packaging by the 
amount of product used.

The total protein of enteral products was calculated by 
multiplying the protein content in the packaging by the 
amount of enteral nutrition product used.

The product cost is calculated separately for each item 
by multiplying the price of the product by the amount of 
product used.

The percentage cost in the hospitalbudget %

Total monthly produc

� �

�
tt cost

Hospitalbudget
�100

The percentage cost in the drug budget %

Total monthly expenses
Th

� �

�
ee drug budget

�100

RESULTS

The energy, protein content, and costs of the enteral and 
parental products before and after NST, the percentage 
of the expenses in the drug budget, and the percent-
age of the expenses in the hospital budget are given in 
Table 1.

Energy
The total energy provided by the enteral and parenteral 
products in pre-NST was 3 013 793 kcal. The enteral nutri-
tion products and parental nutrition solutions provided 
24.02% and 75.98%, respectively (Figure 1A).

In post-NST, 60.98% of 3 424 303 kcal energy was pro-
vided by enteral nutrition products; 39.02% was provided 
by parenteral nutrition products (Figure 1B).

Protein
Proteins obtained from enteral products before and after 
NST are 37 385.2 g and 97 972.3, respectively.

Product cost
The costs of the enteral and parenteral nutrition products 
before NST were 5461.00 ₺, and 74 267.00 ₺, respec-
tively. The costs of the enteral and parenteral nutrition 
products after NST were 15 163 ₺, and; 60 387.75 ₺, 
respectively.

The total cost of the products decreased from 80 029.53 
₺, to 75 550.00 ₺,.

While the enteral product cost was 7.30% of the total prod-
uct cost before the NST, post-NST it increased to 20.07%. 
The cost of parenteral nutrition products decreased from 
92.7% of the total cost to 79.03% (Figure 1C).

Main Points

• This study is a single study examining the effect of nutri-
tion support team on the hospital expences and the 
product use.

• The NST increased the total energy supplies to the 
patients and the energy supplied from the enteral nutri-
tion product instead of the parenteral nutrition products.

• The NST reduced the total product cost and proportions 
of the product cost in drug budget and hospital budget.

• The necessity of the Hospital Quality Standards of NST 
helped to save costs in the hospital.
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Percentage of product cost in drug budget
Pre-NST costs of the enteral and parenteral nutrition 
products in the drug budget were 0.16% and 2.02%, 
respectively.

Post-NST costs of the enteral and parental nutrition prod-
ucts in the drug budget were 0.06% and 1.54%.

The total cost of the enteral and parenteral nutrition prod-
ucts in the pharmaceutical budget decreased from 2.18% 
to 1.61%.

Percentage of product costs in the hospital budget
The pre-NST costs of the enteral and parenteral nutrition 
products in the hospital budget were 0.007% and 0.09%, 
respectively.

The post-NST costs of the enteral and parenteral nutri-
tion products in the hospital budget were calculated as 
0.008% and 0.06%, respectively.

The total cost in the hospital budget decreased from 0.1% 
to 0.04%.

Table 1. Enteral and Parenteral Nutrition Products Energy, Protein, Cost, Percentage of Products Cost in Drug Budget, and 
Percentage of Product Cost in Hospital Budget

2015-2016 2017-2018

Enteral Nutrition 
Products

Parenteral 
Nutrition Products Total

Enteral Nutrition 
Products

Parenteral 
Nutrition Products Total

Energy (kcal) 724 143 2 289 650 3 013 793 2 089 783 1 337 520 3 424 303

Energy (%) 24.02 75.98 60.98 39.02

Protein (g) 37 385.2 97 972.3

Cost (₺) 5761.00 74 267.00 80 029.53 15 163 60 387.75 75 550.00

Cost (%) 7.30 92.7 20.07 79.03

Percentage of product 
cost in drug budget (%)

0.16 2.02 2.18 0.06 1.54 1.61

Percentage of product 
cost in hospital budget (%)

0.007 0.091 0.09 0.008 0.06 0.036

A
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0.00

20.00

40.00
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Enteral nutrition
products
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products
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B

80029.53 75550.00
72000.00

74000.00
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Cost (  )

C

7.30 92.720.07 79.03
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Enteral nutrition products
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Parenteral nutrition products
cost (%)

Pre NST Post NST

Figure 1. (A) Energy (%), (B) total cost w, and (C) enteral, parenteral nutrition products cost (%).
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DISCUSSION

Malnutrition increases healthcare spending.12 Prevention 
of diseases related to malnutrition also contributes to cost 
savings.4 Nutrition support has positive effects on malnu-
trition, morbidity, mortality, length of hospital stay, and 
reduction of recovery time.7

The prevalence of malnutrition is 23.9% in hospital-
ized neurology patients and 52% in ICU.13 In a study by 
Hafsteinsdóttir et al.14, it was determined that 34% of the 
patients were at risk of malnutrition, 7% were malnour-
ished, and 59% were well-nourished according to Mini 
Nutritional Assessment (MNA) on the first day of hospi-
talization in the Neurology ICU. However, 10 days after 
hospitalization, 57% of the patients were found to be at 
risk of malnutrition, 22% were undernourished, and 21% 
were well fed. It has been determined that the risk of mal-
nutrition in the Neurology ICU increases with the length 
of hospital stay.14

In our study, it was determined that the intervention of 
NST increased the total energy and protein obtained 
from enteral nutrition solutions. It was found that the total 
energy obtained from the products also increased. It has 
been reported in the literature that NSTs provide more 
energy and protein.15,16

In addition to the increase in the total energies provided, 
the presence of NST has been found to shorten the time 
to start feeding and to achieve higher percentages of the 
energy and protein intakes.11 Our study does not take into 
consideration the number of patients; we considered only 
retrospectively the total product use and cost. Since the 
volume and energy differences of the enteral and paren-
teral nutrition solutions used are taken into consideration, 
the energy provided for each product used was calculated 
and comparisons were made on this basis.

During the periods when the NST worked actively, the 
total energy provided was higher than the pre-NST.

Gönderen et al. reported that the use of parenteral nutri-
tion of the nutritional support supplement decreased by 
30%, the number of patients using enteral nutrition prod-
ucts increased by 42%, and this reduced the total nutri-
tional cost.17 Total Parenteral Nutrition (TPN) increases the 
cost of hospitalization.18 Multidisciplinary decision-making 
on the use of parenteral nutrition products reduces hos-
pital costs.19 It has been reported that the nutritional sup-
port team reduced the use of inappropriate parenteral 
products from 16.5% to 8.9%. In a study examining retro-
spective nutrition records, it was reported that 14 of 176 

people who received TPN within 12 months used inap-
propriate total parenteral nutrition for a total of 87 days, 
and if they received enteral nutrition solution support with 
the recommendation of the NST, the expense would be 
$2430. It has been found that stopping it prevents $45 
186 additional hospital expenses.20

It has been determined that NST can prevent the use of 
inappropriate parenteral nutrition products.21 In another 
study, the effect of the nutritional support team on the 
use and cost of the product was evaluated, and it was 
found that the use of parenteral nutrition products was 
reduced and the cost per patient decreased from £100 
to £55.6 In our study, direct product cost was studied, but 
in the light of the literature, it is known that in addition to 
the direct cost of parenteral nutrition, the complications 
associated with parenteral nutrition and developing com-
plications also incur additional costs.20

The energy provided by the nutritional products after NST 
increased and the product cost decreased. This was due 
to the use of enteral nutrition products with lower cost 
isocaloric or hypercaloric options instead of ready-to-
use parenteral nutrition bags. Since the enteral nutrition 
products are more affordable than the parenteral nutri-
tion, reducing the use of high-priced parenteral nutrition 
solutions results in a reduction in NST medical expenses.22 
While more energy can be provided with the right prod-
uct selection and rational use, product expense can be 
reduced.

The NST has the potential to positively impact enteral 
nutrition management in ICU, by continuing education 
and nutrition management protocols.23

Cost-effectiveness studies show that money can be saved, 
but nutritional intervention does more than saving money, 
such as improving disease-related malnutrition, improving 
quality of life, and preventing secondary complications.

Kennedy and Nightingale evaluated the tangible cost 
impact of the nutritional support team, use of the par-
enteral nutrition, and reduction of parenteral nutrition-
associated sepsis resulting in a gain of £50.715. In this 
study, tangible costs, medical equipment, examinations, 
and medication costs are included.3 In our study, only the 
cost of the products was calculated, and the equipment 
used was not added to the expense. In our study, since 
the energy components of nutritional support products 
are not standard, the number of products used was not 
compared, the energy provided with the products was 
compared and the direct effect of the NST on the product 
expense was investigated.
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Cost-benefit analysis revealed a $4.20 benefit for every $1 
invested in NST management.23

The duties of health professionals in the NST in hospitals 
may differ.1 Following the hospitalization of a patient, the 
nutritional status is evaluated by the responsible nurse, 
and an electronic health record is created for the nutri-
tional status evaluation. Nutrition support team interviews 
the patient after the review of the health record. Physician 
in the NST determines the route of nutrition of the patient 
with nutritional indicators. The dietitian determines the 
nutritional needs, makes the product selection, and con-
sults the doctor about the dose of the product. The phy-
sician, dietitian, and nutrition nurse follow-up together 
on the complications related to nutrition. In addition to 
keeping electronic nutrition records of each patient, the 
nutrition nurse gives approval electronically for the prod-
uct to be released from the hospital pharmacy after the 
request of the patient’s doctor. The products released 
from the pharmacy are checked by the nurse. In cases of 
the wrong type and dose, the nurse rejects the delivery of 
the product from the pharmacy and can send a message 
to the relevant physician and pharmacy with the reason 
for the rejection. This ensures that the wrong product use, 
excess and unavailable product requests are prevented. 
It is reported in the literature that the use of electronic 
medical records can reduce nutritional costs.8

The NST evaluates the patient’s nutritional status, calcu-
lates the patient’s needs, determines the route of nutri-
tion and product selection, and gives approval when the 
recommended product is released from the hospital phar-
macy. The electronic nutrition management record and 
electronic nutrition administration record within the elec-
tronic medical record system used in the hospital are very 
important in terms of confirming the accuracy of the prod-
uct delivery from the pharmacy and following the imple-
mentation of the recommendations of the NST.

The use of nutrition products in the neurology ICU, whose 
number of beds did not change for 4 years, was evaluated 
in the study. In the NST, the dietitian and nurse carry out 
the daily patient evaluation together with the responsible 
physician of the ICU. The pharmacist is not in the NST, but 
in the nutrition committee to purchase the hospital nutri-
tion products. With the active work of the NST, the use of 
parenteral nutrition products decreased; it was found that 
the use of enteral nutrition products increased and the 
total energy given was increased. It has been shown that 
with the rational use of products, the cost can be reduced 
and the benefit increased.

It has been determined that while providing more energy, 
the product’s expenses are decreased. This is due to the 

use of enteral nutrition solutions with lower unit prices 
instead of the use of parenteral products with a high unit 
price. On the other hand, it is considered that feeding by 
parenteral nutrition products consists only of macronutri-
ents and needs to be supplemented by vitamins and min-
erals into products pocket, which leads to other tangible 
costs.

The total energy given before the NST is 3 013 793 kcal, 
and the energy given after the NST is 3 424 303. Total 
product costs before and after the NST are 80 029.54 
₺, and 75 550.00 ₺, respectively. It has been shown 
that with the rational use of products, the cost can be 
reduced and the benefit increased. The necessity of the 
Hospital Quality Standards of NST helped to save costs 
in the hospital. This study has limitations. One of them 
is that is single-center. There is a need for multi-center 
studies investigate the effect of nutritional support teams 
on hospital expences in Turkey. In addition, the other 
limitation is that the medical supplies, examinations, 
medications and, man power were not evaluated while 
examining the effect of the NST on hospital expence. It 
is recommended to consider the limitations for planning 
future studies. 
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and Nurse Ruşen Özdemir for their support. 

Author Contributions: Concept – Z.P.Ö.; Design – Z.P.Ö.; 
Supervision - Z.P.Ö., T.U.; Resources – Z.P.Ö.; Materials – Z.P.Ö., 
T.U.; Data Collection and/or Processing – Z.P.Ö.; Analysis and/or 
Interpretation – T.U.; Literature Search – Z.P.Ö.; Writing 
Manuscript – Z.P.Ö.; Critical Review – Z.P.Ö., T.U.

Declaration of Interests: The authors have no conflicts of inter-
est to declare.

Funding: The authors declared that this study has received no 
financial support.

REFERENCES

1. Barrocas A. Demonstrating the value of the nutrition sup-
port team to the C‐Suite in a value‐based environment: rise 
or demise of nutrition support teams? Nutr Clin Pract. 
2019;34(6):806-821. [CrossRef]

https://doi.org/10.1002/ncp.10432


Parlak Özer et al. Nutrition Support Team Can Reduce Nutritional Product Expense Clin Sci Nutr 2023; 5(2): 85-90

90

2. Cederholm T, Barazzoni R, Austin P, et al. ESPEN guidelines 
on definitions and terminology of clinical nutrition. Clin 
Nutr. 2017;36(1):49-64. [CrossRef]

3. Kennedy JF, Nightingale JM. Cost savings of an adult hos-
pital nutrition support team. Nutrition. 2005;21(11-12):1127-
1133. [CrossRef]

4. Reber E, Norman K, Endrich O, Schuetz P, Frei A, Stanga Z. 
Economic challenges in nutritional management. J Clin 
Med. 2019;8(7):1005. [CrossRef]

5. Naberhuis JK, Hunt VN, Bell JD, Partridge JS, Goates S, Nui-
jten MJC. Health care costs matter: a review of nutrition eco-
nomics–is there a role for nutritional support to reduce the 
cost of medical health care? Nutr Diet Suppl. 2017;9:55-62.

6. Yılmaz AF, Kılıç E, Gürsel S, Tiryaki N, Bakımda Neleri NTY. 
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