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1 | INTRODUCTION

Abstract

Objectives: PNI is a calculated parameter using the albumin and the lymphocyte
count from the CBC, which demonstrates the immunological and nutritional status of
the patient. The aim of this study is to show the relationship between PNI and mor-
tality in COVID-19 patients and to reveal a PNI cut-off value for mortality.
Materials and Methods: Data of 690 PCR positive COVID-19 ICU patients were
recorded. COVID-19 ICU patients were divided into two groups; the first group
consisted of survivors, while the second group consisted of patients who died
in the ICU. Patients were also evaluated in two groups according to the PNI cut-
off value that predicted mortality (PNI < 42.00, PNI > 43) and were compared
in terms of demographics, laboratory parameters, clinical findings and mortality
rates.

Results: When 690 COVID-19 patients were divided into two groups as survivors
(50.6%) and deceased (49.4%) in intensive care, PNI value was significantly lower in
the deceased group compared to the surviving group (P < .001). The PNI cut-off
value predicting mortality was determined as <42. Patients were classified into two
groups according to the PNI cut-off value. PNI <42 was determined as an independ-
ent risk factor for mortality (OR:2.9 P < .001). AUC values for PNI, aloumin, and lym-
phocyte were 0.628, 0.612, and 0.590, respectively; P < .001 for all.

Conclusion: PNI is an inexpensive method that can be easily calculated on the basis
of routine laboratory parameters. We believe that the PNI value of COVID-19 pa-
tients on admission to the ICU may be an independent factor to predict mortality.

lost their lives. COVID-19 can be asymptomatic or can present with
a wide range of symptoms changing from respiratory failure requir-

The first case of Coronavirus disease-2019 (COVID-19) caused by
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) was
seen in Wuhan, China at the end of December 2019. The disease
has spread rapidly all over the world from that date on. The World
Health Organization (WHO) declared a pandemic on March 11th
2020.! On the same day, the first COVID-19 case was announced
in Turkey by the Ministry of Health.? Various measures have been
taken to prevent the spread of the disease in our country as well as

all over the world. Nevertheless, millions of people got infected and

ing hospitalization or even intensive care, acute respiratory distress
syndrome (ARDS), multi-organ failure and severe clinical situations
requiring extracorporeal life support.

COVID-19 pneumonia can be seen in patients with COVID-19,
and these patients may require intensive care due to hypoxemia and
respiratory failure. Radiological findings, complete blood count and
markers of systemic inflammation are used to predict the clinical
course of the disease. In the complete blood count (CBC) results fre-

quently show lymphopenia as in other viral infections. Lymphopenia
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has been shown to be a poor diagnostic factor for COVID-19.%4
Another parameter indicating poor prognosis especially in the inten-
sive care unit is low albumin levels.> Hypoalbuminemia in the criti-
cally ill can be caused by various reasons including poor nutritional
status, altered liver function or increased loss especially via the kid-
neys.6 It is very common in systemic inflammation as well.

Prognostic Nutritional Index (PNI) is a calculated parameter using
the albumin and the lymphocyte count from the CBC, which demon-
strates the immunological and nutritional status of the patient. PNI
has been shown to be a prognostic factor for malignancies, infec-
tions and cardiovascular diseases.”°

The aim of this study is to show the relationship between PNI
and mortality in COVID-19 patients and to reveal a PNI cut-off value
for mortality.

2 | MATERIAL AND METHODS
2.1 | Patient data

In this study, the data of COVID-19 patients hospitalized in the
pandemic intensive care unit (ICU) between March 20th and July
31st 2020 were collected and reviewed retrospectively through the
hospital information management service, after the ethics commit-
tee approval (E1-20-1368). 690 intensive care patients older than
18 years diagnosed with COVID-19 (PCR-RT positive) by SARS-
CoV-2 detection in the nasopharyngeal swab by real time polymer-
ase chain reaction (PCR-RT) technique were included in the study.
Patients younger than 18 or negative for PCR-RT were excluded.

The patients’ age, gender, Acute Physiology and Chronic Health
Evaluation Il score (APACHE II) in the first 24 hours in the ICU, labo-
ratory parameters on admission to ICU; complete blood count (leu-
cocyte, lymphocyte, haemoglobin, platelet), D-dimer, fibrinogen,
ferritin, interleukin-6 (IL-6), urea, creatinine, albumin, C-reactive
protein (CRP), procalcitonin, aspartate transaminase (AST), alanine
transaminase (ALT), arterial blood gas analysis (pH, PaO2, PaCO2,
HCOS, lactate), as well as PNI, need for mechanical ventilation (MV),
duration of MV and ICU, and mortality rates were recorded. PNI was
calculated based on the albumin and lymphocyte counts of the pa-
tients on admission to the ICU, using the formula 10 x serum albumin
(g/dL) + 0.005 x peripheral lymphocyte count (/mm?).1!

COVID-19 intensive care patients were divided into two groups;
the first group consisted of survivors, while the second group con-
sisted of patients who died in the ICU. Patients were also evaluated in
two groups according to the PNI cut-off value that predicted mortal-
ity (PNI < 42.00 and PNI = 43) and were compared in terms of demo-

graphics, laboratory parameters, clinical findings and mortality rates.

2.2 | Statistical analysis

In order to decide on the appropriate statistical method, the Shapiro

Wilk normality test was used first and if any of the groups did not

What'’s known?

e PNI demonstrates the immunological and nutritional
status of the patient.

e PNI has been shown to be a prognostic factor for malig-
nancies, infections and cardiovascular diseases

e PNl is a calculated parameter using the albumin and the
lymphocyte count from the CBC

What'’s new?

e This study shows that PNI is a predictor of mortality in
COVID-19 intensive care patients
e PNl value of COVID-19 patients on admission to the ICU

may be an independent factor to predict mortality

provide the normality assumption, non-parametric test methods
were selected. In this context, Student's t test and Mann-Whitney
U test were used to compare the variables obtained by measure-
ment in two independent groups, and Chi-square and/or Fisher's
exact test were used to examine the relationship between categori-
cal variables or differences between groups. In order to determine
the risk factors for mortality, univariate logistic regression analysis
was performed and variables with a significance level of 0.25 and
below were included in the multivariate logistic regression model.
The remaining variables in the model and their Odds at the end of
the analysis are summarized in the tables with 95% confidence in-
tervals and “P” values. Other demographic and group comparison
results of the study are presented as ratio in qualitative variables,
mean + SD and median (minimum-maximum) in quantitative vari-
ables. Spearman correlation coefficients were calculated in order
to evaluate the relationships between the variables, and were given
with P values, which express the statistical significance. Diagnostic
performance of parameters that can be used in daily practice such
as PNI, albumin and lymphocyte count were evaluated by receiver
operating characteristic (ROC) curve analysis, and critical cut-off
points were calculated according to the Youden Index for the vari-
ables found to be statistically significant. SPSS 15.0 program was
used in the statistical analysis of the study and P < .05 was accepted

as the limit for statistical significance.

3 | RESULTS

The mean age of 690 intensive care patients diagnosed with
COVID-19 with positive PCR-RT was 69.25 and 379 (54.9%) of the
patients were male. Laboratory values, APACHE Il scores, MV re-
quirement, length of stay in the ICU and MV time of all patients are
shown in Table 1.

When 690 COVID-19 patients were divided into two groups as

survivors (50.6%) and deceased (49.4%) in intensive care, the mean
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age was 72.62 in the deceased group while it was 65.96 in the sur-
viving group, and the difference was significant (P < .001). Gender
distribution was similar in both groups (P = .472). The APACHE II
scores in the deceased group were significantly higher (P < .001).
All patients in the deceased group required MV, also the length of
stay in the ICU and the MV times were shorter in this patient group
than in the surviving group (P < .002, .001, respectively). When the
laboratory data of the two groups were compared, the leukocyte
count, urea, creatinine, AST, CRP, procalcitonin, d-dimer, ferritin, IL-6
and lactate values were significantly higher in the deceased group
while lymphocyte and thrombocyte counts, aloumin, pH, and HCO3
values were significantly lower (Table 1). The PNI value was signifi-
cantly lower in the deceased group (37.55) compared to the surviv-
ing group (40.25) (P < .001) (Table 1).

The PNI cut-off value predicting mortality was determined
as <42.00 (sensitivity 80.65%, specificity 40.69%). Patients were
classified into two groups according to the PNI cut-off value
(PNI < 42.00 and PNI 2 43). There were 482 (69.85%) patients with
PNI < 42.00 and 208 (30.15%) patients with PNI = 43. The ages
were similar in both groups (P = .266); however, there was a sig-
nificant difference in terms of genders (P = .027) (Table 2). The
APACHE Il scores and the number of patients requiring MV were
significantly higher in the group with PNI < 42.00 (P < .001 for
both) (Table 2).

In addition to the determined cut-off value, multivariate logistic
regression analysis was used to reveal the relationship of PNI with
mortality. PNI < 42 was determined as an independent risk factor for
mortality (OR:2.9 P < .001) (Table 3). Age, APACHE Il score, patients
older than 65 years, and leukocyte count were also identified as in-
dependent risk factors for mortality (OR: 1.020, 1.175, 1.096, and
3.104, respectively; P =.004, <.001, <.001 and <.001, respectively).
(Table 3).

The ROC curve was plotted, and the AUC was calculated to show
the relationship of PNI, as well as albumin and lymphocyte values
constituting PNI with mortality. AUC values for PNI, albumin, and
lymphocyte were 0.628, 0.612, and 0.590, respectively; P < .001 for
all (Figure 1).

4 | DISCUSSION

In this study, an answer was sought to the question of whether PNI
could predict mortality in COVID-19 intensive care patients or not.
Studies using PNI have been reported in the literature to determine
hospital mortality and disease severity in hospitalized COVID-19 pa-
tients.?®% In the results of this study, the mean age of 690 PCR posi-
tive COVID-19 intensive care patients was higher than the mean age
of patients in previous studies.>*® This may be due to the fact that
all patients are ICU patients, and the severity of COVID-19 disease
increases with age, as reported by the Centers for Disease Control
and Prevention (CDC), therefore these patients are more likely to
require intensive care.!*!* It has also been reported that mortality
in the ICUs is higher in COVID-19 patients with advanced age.'

3of7
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Consistently, the mean age of the patients in the deceased group
was higher than the surviving group in this study as well. In previous
studies, the prevalence of COVID-19 and mortality were reported
more frequently in males.'” In this study, there was no difference be-
tween the deceased and surviving groups in terms of gender, while
the number of male patients in the PNI < 42 group was higher in the
classification made according to the PNI cut-off value, which may be
associated with mortality.

Albumin is an important plasma protein that maintains intravas-
cular fluid balance, binds drugs as well as various molecules and con-
trols their passage in and out of the cell. Itis also a practical laboratory
parameter that reflects malnutrition and is used to evaluate malnu-
trition. The relationship between malnutrition and poor prognosis in
ICU patients has been well known for a long time. Hypoalbuminemia
in the ICU patients may occur due to renal or gastrointestinal loss,
impaired albumin synthesis due to liver failure, dilutional hypoalbu-
minemia as a result of intravenous fluid therapy, or leak of albumin
to the interstitial space due to increased capillary permeability.® In
addition, the synthesis of albumin, which is a negative acute phase
reactant, is suppressed by inflammatory cytokines in the presence
of inflammation. Thus, albumin level decreases in inflammation.® It
has been reported that low albumin levels are inversely related to
the severity of the disease in COVID-19, which is associated with
widespread inflammation.’’ Lymphopenia is one of the laboratory
findings of viral infections and one of the characteristic laboratory
parameters of COVID-19. Just like albumin, lymphocyte count is in-
versely related to the severity of COVID-19 as can be seen in many
studies.*?° It has also been reported that lymphopenia worsens as
the severity of the disease and the mortality increases.?%?! In clinical
studies examining the pathogenesis of COVID-19, lower T lympho-
cyte levels and lymphopenia were found in critically ill patients, and
hypoalbuminemia and lymphopenia were mentioned in the 'cyto-
kine storm' period, which is caused by the release of chemokines
in COVID-19. After infection with SARS-CoV-2, monocytes, macro-
phages and dendritic cells are activated. It causes the development
of cytokine storm by initiating reactions in cis signaling and trans
signaling pathways, especially through IL-6 released from these cells.
In lymphocytes, Janus kinases (JAKs) and signal transducer and ac-
tivator of transcription 3 (STAT3) mediated CD8+ cytotoxic T cell,
activated B cell, T helper 17 cell as well as T follicular helper cell
differentiation increases, T regulatory cell development decreases
and it is reflected in peripheral blood as lymphopenia. At the same
time, an increase in CRP, fibrinogen, ferritin, serum amyloid, hepci-
din, thrombopoietin and a decrease in albumin levels are observed.??
In this study, albumin and lymphocyte levels were significantly lower
in the patient group who died and in the patient group with PNI < 42,
with results similar to the literature. In addition to low albumin and
lymphocyte levels in cytokine storm, high leukocyte, ferritin, IL-6,
D-dimer, CRP, and procalcitonin are associated with mortality.zo'21
In the results of this study, the parameters mentioned were higher in
the deceased group than in the surviving group.

PNI is a simple, objective numerical value calculated by lym-

phocyte and albumin value, which can be related to the severity of
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TABLE 1 Demographic, laboratory and clinical characteristics of all COVID-19 intensive care patients that survived and deceased in the

ICU

Variables

Age (mean + SD)

(min-max)

Gender

Female n(%)

Male n(%)

Leucocyte,x10°/L (median) (min-max)

Lymphocyte,x10°/L (median) (min-max)

Hb, g/dL

(median)(min-max)

PLT, x107/L

(median)(min-max)

Urea, mg/L

(median)(min-max)

Creatinine, mg/L

(median)(min-max)

Albumin, g/L

(median)(min-max)

AST, U/L (median)

(min-max)

ALT, U/L (median)

(min-max)

CRP, g/L (median)

(min-max)

Procalcitonin, pug/L (median) (min-max)

D-dimer, mg/L

(median)(min-max)

Ferritin, ug/L

(median)(min-max)

IL-6, pg/mL

(median)(min-max)

Fibrinogen, g/L

(median) (min-max)

PNI (median)

(min-max)

pH(median) (min-max)

PaCO,, mmHg

(median) (min-max)

PaO,, mmHg

(median) (min-max)

HCO3, mmol/L

(median) (min-max)

Lactate, mmol/L

(median) (min-max)

Length of stay in the ICU, days (median)
(min-max)

Intubation n(%)

Mechanical ventilation time, days

(median) (min-max)

APACHE Il score (median) (min-max)

BMI, kg/m2 (mean + SD) (min-max)

Total
n =690

69.25 + 13.95
(22-100)

311(45.1)

379 (54.9)
7.83(0.12-67.71)
0.72(0.01-27.73)
12.5(5.9-20.3)

237 (17-823)

54 (9-419)

0.94 (0.04-18.08)

35(17-47)

45 (3-11824)

29 (1-3349)

0.124 (0-0001-0.764)

0.22(0.005-511.41)
1.6 (0.2-80)

530 (8-126386)

61.7 (2-1688)

5.08 (0.5-12.3)

39.3(20.35-171.65)

7.42 (6.73-7.6)
36.5(7.39-180.7)

44.5(17.1-256.9)

23 (3.7-38)

1.86(0.09-14.17)

9 (1-53)

385(55.8)
5(1-135)

13 (2-54)

25.86 + 1.6 (19.37-34.13)

Survived
n =349

65.96 + 14.6
(23-100)

162 (46.4)

187 (53.6)
7.23(1.8-29.51)
0.77(0.16-10.22)
12.6 (5.9-20.3)

246 (17-823)

43 (9-241)

0.85 (0.23-18.08)

36 (17-46)

40 (3-468)

29 (3-562)

0.1 (0-0.76)

0.12(0.01-78.83)
1.4 (0.2-80)

474 (8-10520)

45.6 (2-1000)

5.08 (0.5-12.3)

40.25(21.8-86.1)

7.44 (6.98-7.6)
36.5(7.39-77.8)

44.7 (17.1-256.9)

24.1(3.7-36.5)

1.69 (0.09-6.95)

10 (1-53)

44 (12.6)
16 (1-135)

9 (2-54)

25.84 + 1.59 (20.81-34.13)

Deceased
n=2341

72.62 +12.39
(22-99)

149 (43.7)

192 (56.3)
8.81(0.12-67.71)
0.67 (0.01-27.73)
12.3(6.1-17.5)

225 (23-649)

66 (10-419)

1.07 (0.04-9.5)

34 (18-47)

53(5-11824)

30 (1-3349)

0.15 (0-0.62)

0.37(0.03-511.41)
2(0.3-35.2)

666 (20-126386)

91 (9.47-1688)

5.12(0.88-9)

37.55(20.35-171.65)

7.4 (6.73-7.57)
36.6 (12-180.7)

44.2 (18.5-207)

21.9 (4.6-38)

2.11(0.1-14.17)

8 (1-45)

341 (100)
4 (1-45)

18 (4-50)

<.001

472

<.001
<.001
.398

.003

<.001

<.001

<.001

<.001

925

<.001

<.001
<.001

<.001

<.001

.675

<.001

<.001
.350

967

<.001

<.001

<.001

<.001
<.001

<.001

25.89 + 1.63 (19.37-33.65) 358

Abbreviations: ALT, alanin transaminase; APACHE I, Acute Physiology and Chronic Health Evaluation Il score, min-max; AST, aspartate transaminase;
BMI, Body mass index; CRP, C-reactive protein; Hb, haemoglobin; HCOS3, bicarbonate; ICU, intensive care unit; IL-6, interleukin-6; minimum and
maximum value; PaCO2, partial pressure of carbondoxide; PaO2, partial pressure of oxygen; PLT, platelet; PNI, prognostic nutritional index.

p value <.05 is statistically significant.
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Variables

Age (mean + SD)

(min-max)

Gender

Female n(%)

EMale n(%)

Leucocyte,xlOg/L (median)(min-max)
Lymphocyte,x10%/L (median) (min-max)

Hb, mg/dL (median)
(min-max)

PLT, x10%/L
(median) (min-max)

Urea,mg/dL
(median) (min-max)

Creatinine,mg/dL (median) (min-max)

Albumin, g/L
(median) (min-max)

AST, U/L
(median) (min-max)

ALT, U/L
(median) (min-max)

CRP, g/L
(median) (min-max)

Procalcitonin,ug/L (median) (min-max)
D-dimer,mg/L (median) (min-max)
Ferritin, ug/L (median) (min-max)

IL-6,pg/mL (median)
(min-max)

Fibrinogen,g/L (median) (min-max)

pH
(median)(min-max)

PaCO,,mmHg (median) (min-max)

PaO,, mmHg
(median) (min-max)

HCO4,mmol/L (median) (min-max)
Lactate,mmol/L (median) (min-max)

Length of stay in the ICU, days (median)
(min-max)

Intubation n (%)

Mechanical ventilation time, days
(median) (min-max)

APACHE Il
(median) (min-max)

Mortality, n(%)
BMI, kg/m? (mean+SD) (min-max)

PNI<42
(n=482)

69.82 + 13.42
(22-100)

204 (42.3)

278 (57.7)
7.83(0.12-67.71)
0.61(0.01-3.04)
12.2(6.1-20.3)

237 (17-695)

56 (9-419)

0.96 (0.04-18.08)
33(17-40)

50 (4-11824)

31 (1-3349)

0.139 (0.001-0.621)

0.27(0.03-511.41)
2(0.3-80)
683.5(22-126386)
65.9 (2-1000)

5.16 (0.5-9)
7.41 (6.73-7.59)

36(7.386-180.7)
44.6 (18.5-256.9)

22.5(3.7-38)
1.92(0.09-14.17)
9 (1-45)

305 (63.3%)
5(1-135)

14 (3-45)

275(57.1)

25.91 + 1.5 (19.37-31.59)

PNI243
(n=208)

67.92 +15.06
(23-98)

107 (51.4)

101 (48.6)

7.805 (2.81-39.54)
1.13(0.33-27.73)
13.2(5.9-17.2)

236.5(90-823)

45 (13-353)

0.9 (0.23-5.72)
39 (27-47)

39.5(3-321)

28 (3-452)

0.091 (0.00077-0.764)

0.11 (0.005-57.19)
1.18 (0.2-47)
295.5(8-4837)
49.2 (3.93-1688)

4.92(0.83-12.3)
7.42 (7.09-7.53)

37.4 (14.6-74.3)
43.9 (17.1-207)

24 (8.7-36.5)
1.77 (0.1-8.36)
8(1-53)

80 (38.5%)
4.5 (1-80)

11 (2-54)

66(31.7)

25.76 + 1.82(21.48-34.13)

CLINICAL PRACTIC

TABLE 2 Demographic, laboratory and clinical characteristics of patients below and above the PNI cut-off value

- WILEY-227

266

.027

.688
<.001
<.001

.685
<.001

.079
<.001

<.001
.032
<.001

<.001
<.001
<.001
<.001

.028
.538

128
419

.017
.065
.065

<.001
.903

<.001

<.001
.68

Abbreviations: ALT, alanin transaminase; APACHE I, Acute Physiology and Chronic Health Evaluation Il score, min-max; AST, aspartate transaminase;
BMI, Body mass index; CRP, C-reactive protein; Hb, haemoglobin; HCOS, bicarbonate; ICU, intensive care unit; IL-6, interleukin-6; minimum and
maximum value; PaCO2, partial pressure of carbondoxide; PaO2, partial pressure of oxygen; PLT, platelet; PNI, prognostic nutritional index.

p value <.05 is statistically significant
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COVID-19. Before COVID-19, the theory that PNI could be related
to diseases, malnutrition and immune response was emphasized.?®
In addition to the similar theory in COVID-19, the development of
cytokine storms caused by immune response may also be important
in the relationship between PNI and COVID-19.

A specific PNI cut-off value that can be used in all diseases
has not yet been specified. However, in various studies on ma-
lignancies in the literature, low PNI has been reported to be as-

24-26 and

sociated with poor prognosis in different cancer types
different cut-off values for PNI in different diseases have been
reported.”?”?”28 Wang et al found the PNI cut-off value associ-
ated with the clinical severity of COVID-19 to be <43, while Hu
et al found it to be <49.1%2 |n this study, the PNI cut-off value for
mortality was determined as <42 which was lower than both of
the reported studies. This may be due to the difference in patient
populations. In both reports by Wang et al and Hu et al the cut-

off value indicating the severity of the disease was determined

TABLE 3 Multivariate logistic regression analysis for factors
affecting mortality

according to the hospital admission PNI value of patients diag-
nosed with COVID-19. These patients consist of both ward and
ICU patients.’®?? In the present study, the PNI cut-off value was
calculated for only COVID-19 ICU patients (patients who survived
or died in the ICU) on admission. Another reason for the lower
PNI cut-off value is that while the reported studies determined the
PNI cut-off value that determines the severity of COVID-19, our
study was designed to predict the PNI cut-off value for mortality
in COVID-19 ICU patients.

When the patients were divided into two groups according
to the PNI cut-off values, the need for intubation, the APACHE Il
scores (which is an important indicator of mortality in the ICU), and
the mortality rates were significantly higher in the group with PNI
<42. Similar to previous studies, we also found PNI to be an inde-
pendent risk factor for mortality.'?132? Although lymphopenia and
hypoalbuminemia indicate poor prognosis for COVID-19 and are risk
factors for mortality in COVID-19 patients; it has also been shown
that PNI formula, which consists of albumin and lymphocyte count,
is superior to albumin and lymphocyte alone in determining mortal-
ity in COVID-19.

The difference of the study from other studies is that it has a
population consisting of COVID-19 ICU patients and that the PNI
cut-off value predicts mortality instead of disease severity. In ad-
dition, the cytokine storm period and other parameters such as
IL-6, ferritin, D-dimer, which may be risk factors for mortality for
COVID-19 patients were also reviewed which were not taken into
account in previous studies. On the other hand, the limitation of the

study is that it is single-cantered and retrospective.

FIGURE 1 ROC curve for PNI, albumin

Odds %95 Confidence
Variable Ratio Interval P
PNI<42 2.9 2.022-4.122 <.001
Age 1.02 1.006-1.034 .004
APACHE Il score 1.17 1.140-1.212 <.001
Leucocyte 1.09 1.048-1.145 <.001
>65 age 3.10 2.208-4.363 <.001
10
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CONCLUSION

PNI is an inexpensive method that can be easily calculated on the

basis of routine laboratory parameters. We believe that the PNI

value of COVID-19 patients on admission to the ICU may be an inde-

pendent factor to predict mortality.

CONFLICT OF INTEREST

No p

otential conflict of interest was reported by the author(s).

AUTHOR CONTRIBUTIONS

BDK
data
data

: Study initiation and design, data analysis, patient recruitment,
collection and drafting of manuscript. BK: Data collection and
analysis. OBS: Statistical analysis, Critical revision of the manu-

script. NMM: Study design, critical revision of the manuscript.

REF
1.

10.

11.

12.

13.

14.

ERENCES

WHO. WHO Timeline - COVID-19 [online]. 2021. https://www.
who.int/news-room/detail/08-04-2020-who-timeline--covid-19;
accessed 11 March 2020

Republic Of Turkey Ministry Covid-19 Information Page. https://
covid19.saglik.gov.tr

Terpos E, Stathopoulos IN, Elalamy I, et al. Hematological findings
and complications of COVID-19. Am J Hematol. 2020;95(7):834-847.
Tan LI, Wang Ql, Zhang D, et al. Lymphopenia predicts disease
severity of COVID-19: a descriptive and predictive study. Signal
Transduct Target Ther. 2020;5(1):33.

Marik PE. The treatment of hypoalbuminemia in the critically ill
patient. Heart Lung. 1993;22(2):166-170.

Vincent J-L, Russell JA, Jacob M, et al. Albumin administration in the
acutely ill: what is new and where next? Crit Care. 2014;18(4):231.
Hua X, Long Z-Q, Huang X et. al. The value of Prognostic Nutritional
Index (PNI) in predicting survival and guiding radiotherapy of
patients with T1-2N1 breast cancer. Front Oncol. 2020;9:1-2.

Li D, Yuan X, Liu J, et al. Prognostic value of prognostic nutritional index
in lung cancer: a meta-analysis. J Thorac Dis. 2018;10(9):5298-5307.
Zhou W, Cao Q, Qi W, et al. Prognostic nutritional index predicts
short-term postoperative outcomes after bowel resection for
Crohn's disease. Nutr Clin Pract. 2017;32(1):92-97.

Kahraman S, Agus HZ, Kalkan AK. Prognostic nutritional index
predicts mortality in infective endocarditis. Turk Kardiyol Dern Ars.
2020;48(4):392-402.

Buzby GP, Mullen JL, Matthews DC, Hobbs CL, Rosato EF.
Prognostic nutritional index in gastrointestinal surgery. Am J Surg.
1980;139(1):160-167.

Wang R, He M, Yin W, et al. The Prognostic Nutritional Index is
associated with mortality of COVID-19 patients in Wuhan, China.
J Clin Lab Anal. 2020;34(10):e23566.

Wang Z-H, Lin Y-W, Wei X-B, et al. Predictive value of prognostic
nutritional index on COVID-19 severity. Front Nutr. 2021;7:582736.
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-preca
utions/older-adults.html

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

70f7
CLINICAL PRACTICE WI LEYJ—

Barek A, Aziz A, Islam MS. Impact of age, sex, comorbidities and clin-
ical symptoms on the severity of COVID-19 cases: a meta-analysis
with 55 studies and 10014 cases. Heliyon. 2020;6(12):e05684.
Oliveira E, Parikh A, Lopez-Ruiz A, et al. ICU outcomes and survival
in patients with severe COVID-19 in the largest health care system
in central Florida. PLoS One. 2021;16(3):e0249038.

de Souza FSH, Hojo-Souza NS, Batista BDDO, et al. On the anal-
ysis of mortality risk factors for hospitalized COVID-19 patients:
a data-driven study using the major Brazilian database. PLoS One.
2021;16(3):e0248580.

Skevaki C, Fragkou PC, Cheng C, et al. Laboratory characteristics
of patients infected with the novel SARS-CoV-2 virus. J Infect.
2020;81(2):205-212.

Feng Y, Ling Y, Bai T, et al. COVID-19 with different severity: a
multi-center study of clinical features. Am J Respir Crit Care Med.
2020;201(11):1380-1388.

Huang |, Pranata R. Lymphopenia in severe coronavirus dis-
ease-2019 (COVID-19): systematic review and meta-analysis.
J Intensive Care. 2020;8:36.

Caricchio R, Gallucci M, Dass C, et al. Preliminary predictive criteria
for COVID-19 cytokine storm. Ann Rheum Dis. 2021;80:88-95.
Moore JB, June CH. Cytokine release syndrome in severe
COVID-19. Science. 2020;368(6490):473-474.

Onodera T, Goseki N, Kosaki G. Prognostic nutritional index in gas-
trointestinal surgery of malnourished cancer patients. Nihon Geka
Gakkai Zasshi. 1984;85:1001-1005.

Hong S, Zhou T, Fang W, et al. The prognostic nutritional index
(PNI) predicts overall survival of small-cell lung cancer patients.
Tumour Biol. 2015;36(5):3389-3397.

Zhou H, Wenling Wang W, Zhang R, et al. Comparison of the prog-
nostic value of prognostic nutritional index in colorectal cancer
deaths:a retrospective cohort study. Food Sci Technol. 2021.2:1-7.
https://doi.org/10.1590/fst.36320

Lee JY, Kim H-1, Kim Y-N, et al. Clinical significance of the prognos-
tic nutritional index for predicting short- and long-term surgical
outcomes after gastrectomy. Medicine (Baltimore). 2016;95(18):
e3539.

Moon SW, Lee EH, Choi JS, et al. Impact of prognostic nutritional
index on outcomes in patients with Mycobacterium avium complex
pulmonary disease. PLoS One. 2020;15(5):e0232714.

Roganovi¢ B, Manojlovi¢ N, Peri¢ S, et al. The usefulness of
prognostic nutritional index in predicting infection in patients
with newly diagnosed pancreatic cancer. Biomed J Sci & Tech Res.
2021;348(2):26589-26595.

Hu X, Deng H, Wang Y, et al. Predictive value of the prognostic
nutritional index for the severity of coronavirus disease 2019.
Nutrition. 2021;84:111123.

How to cite this article: Kosovali BD, Kucuk B, Balkiz Soyal O,
Mehmet Mutlu N. Can prognostic nutritional index predict
mortality in intensive care patients with COVID-19? Int J Clin
Pract. 2021;75:e14800. https://doi.org/10.1111/ijcp.14800



https://www.who.int/news-room/detail/08-04-2020-who-timeline 13-covid-19
https://www.who.int/news-room/detail/08-04-2020-who-timeline 13-covid-19
https://covid19.saglik.gov.tr
https://covid19.saglik.gov.tr
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/older-adults.html
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/older-adults.html
https://doi.org/10.1590/fst.36320
https://doi.org/10.1111/ijcp.14800

