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Abstract

Objective. Improving diagnostic ability of pediatric sepsis is of great significance for reducing the mortality of
sepsis. This study explored the discriminatory capacity of nutritional index (PNI) in pediatric sepsis. Methods. We
retrospectively enrolled |34 children with suspected sepsis and collected their clinical and laboratory data. Receiver
operating characteristic curves (ROC), decision curve analysis (DCA) and net reclassification improvement (NRI)
were performed to compare the predictive significance of the PNI, procalcitonin (PCT) and their combination.
Results. Among 134 patients, 65 children were diagnosed with sepsis and 69 children with non-sepsis. PCT and
PNI were independently associated with pediatric sepsis. PCT was superior to PNI to predict pediatric sepsis. The
model based on PCT + PNI improved the predictive capacity than them alone, as demonstrated by ROC, DCA
and NRI, respectively. Conclusion. PNI was independently associated with pediatric sepsis, and addition of PNI could
improve the capacity of PCT to predict pediatric sepsis.
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combination of NLR, PCT and PRISM III was superior
to them alone.® In addition, NLR” and CAR® also showed
the association with neonatal sepsis risk. To this respect,
these data imply that the systemic inflammatory and
nutritional markers may provide us helpful value for dis-
criminating sepsis.

Background

Pediatric sepsis is a major public health problem across
the worldwide, which is considered as a leading cause of
death for children.! Although mortality of sepsis in chil-
dren has presented a great decline, the morbidity of pedi-
atric sepsis has shown an increase in the past 20 years.?

Therefore, it is great of importance for early recognition
of pediatric sepsis in order to improve prognosis.
Currently, several biomarkers have been widely used
to rapidly discriminate pediatric sepsis, such as C-reactive
protein (CRP), procalcitonin (PCT), pediatric risk of
mortality score (PRISM III), while there is so far no sin-
gle biomarker that could accurately diagnose sepsis.’
Accumulating evidence has indicated that the systemic
inflammatory and nutritional markers, for example, neu-
trophil-to-lymphocyte ratio (NLR),* platelet-to-lympho-
cyte (PLR),* C-reactive protein-to-albumin ratio (CAR)?
have been extensively investigated to predict sepsis in
adult. Recently, Zhong et al found that NLR was a poten-
tial index for predicting severe pediatric sepsis, and the
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The prognostic nutritional index (PNI), a novel
inflammatory index is calculated based on peripheral
lymphocyte count and level of serum albumin (Alb),
which is considered as a parameter for individual nutri-
tional and immune status, and is associated with progno-
sis of various cancer®!? and inflammatory diseases, such
Kawasaki disease,'' septic acute kidney injury'? and
mortality of sepsis in adults.'> The study reported by Li
et al indicated that PNI was associated with the presence
of neonatal sepsis.'* Thus, we speculate that PNI could
be useful in the discrimination of pediatric sepsis.
However, there are no available published investigation
regarding the predictive value of PNI for sepsis in chil-
dren. PCT is a commonly used parameter in clinical set-
tings for predicting sepsis with high specificity.
However, it is important to note that PCT values can
also be elevated in non-septic conditions, resulting in
false-positive results.'>!® Multiple efforts are advised to
identify sepsis,’ which should improve the accuracy. It
has not been reported whether PNI could enhance the
ability of PCT to predict sepsis in children to date.

In current study, we aimed to evaluate the following
hypotheses: (I) PNI could discriminate pediatric sepsis;
and (1) compared with PCT alone, the discriminative
ability could be improved by the combination of PNI
and PCT.

Methods

Patients

A retrospective, single-center study was conducted in this
study. A total of 134 children with suspected sepsis were
admitted to the Affiliated Hospital of Southwest Medical
University from January 2016 to December 2016.
Suspicion of sepsis must have fever (rectal tempera-
ture >38.5°C) or hypothermia (rectal temperature
<35°C) and suspected infection, plus 1 or more of the
following standard: (1) Tachypnoea or respiratory dis-
tress; (2) Tachycardia or mottled, cold or pale skin; (3)
Irritability, food rejection, altered mental status, fainting
or meningeal signs; (4) Petechiae or ecchymosis.!” Sepsis
was defined as having fever (rectal temperature > 38.5°C)
or hypothermia (rectal temperature <35°C), tachycardia
(without tachycardia in hypothermia), with at least one of
the following organ dysfunction: altered consciousness,
hypoxemia, elevated serum lactate, or bounding pulse.'®
The inclusion of criteria: (I) patient with suspected sepsis;
(I): 28days <age < 18years. There were the following
exclusion criteria: (I) younger than 28 days or older than
18years; (II) incomplete laboratory data including total
and differential leukocyte counts, albumin (Alb), platelet
counts (PLT), procalcitonin (PCT), and CRP; (III)
repeated admissions; (IV) subjects with hematological

system, digestive diseases, immunological system,
chronic inflammatory disease, heart diseases, malignan-
cies, malnutrition and hypoproteinemia. In our study, we
contained septic shock in sepsis. Among all cases with
suspected sepsis, the cases were considered as the non-
sepsis group excluding the cases diagnosed with sepsis.
This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and proved
by the ethics committee of Affiliated Hospital of
Southwest Medical University (No.KY2024061). In this
retrospective analysis, individual consent was waived.

Data Collection

From electronic medical records, patient demographics,
diagnostic and laboratory results within 24 hours of
admission were collected. Laboratory findings were col-
lected, such as white blood cell (WBC), neutrophil, lym-
phocyte, and PLT counts, CRP, PCT, and Alb. NLR,
PLR, and CAR were calculated as described by Li
et al.'""!"” PNI=AIb (g/L)+ 5 X total lymphocyte count
(10°/L).

Statistical Analysis

Statistical analyses were done with SPSS version 22.0
(IBM Corp., USA), the logreg package of R 6.2.0 soft-
ware, the rmda package of R 1.6 software and sklearn
package of Python 0.22.1 software. Continuous data
were presented as the median (interquartile range) or
mean= standard deviation (SD), and were compared
with independent z-test or Mann—Whitney U test, as
appropriate. Categorical data were shown as numbers
(percentage), and were compared with Chi-square test.
Variables with a P-value <.05 in the univariate logistic
regression analysis were used for the multivariate logis-
tic regression analysis. The independent risk factors
were used to establish a nomogram. The receiver operat-
ing characteristic (ROC) was constructed to assess the
predictive value of PCT, PNI and the model based their
combination. The method of DeLong’s test was selected
to compare the difference among them. In addition, the
discriminative ability also was assessed with calibration
plot, decision curve analysis (DCA) and net reclassifica-
tion improvement (NRI). A 2-sided P value <.05 was
considered statistically significant.

Results

Baseline Characteristics for the Study
Population

The demographic and laboratory findings were shown
in Table 1. Among 134 children with suspected sepsis
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Table |. Baseline Characteristics for Non-Sepsis Group and Sepsis Group.

Variables ALL(n=134) Non-sepsis (n=69) Sepsis (n=65) P
Male, n (%) 63 (47.02) 29 (42.03) 34 (52.31) 233
Age (months) 11.0 (3.00, 35.00) 9.0 (3.00, 44.00) 13.0 (3.00, 29.00) .986
Weight (kg) 9.0 (5.50, 13.00) 8.5 (5.50, 14.00) 9.0 (5.50, 12.50) .996
Respiratory infection, n (%) 95 (70.9%) 45 (65.2%) 50 (76.9%) 136
Non respiratory infection, n (%) 39 (29.1%%) 24 (34.8%) 15 (23.1%)

WABC (10°/L) 13.4 (8.67,18.28) 12.3 (8.57, 16.28) 14.6 (9.34, 20.16) 113
LYM (10°/L) 3.8 (2.07, 6.96) 5.8 (2.70, 7.88) 3.0 (1.72, 4.62) <.001
NEU (10%/L) 5.8 (3.50, 12.31) 4.7 (3.16,7.34) 9.5 (4.68,14.43) <.001
Hb (g/L) 111.9+149 1114138 1124+15.9 .709
PLT (10°/L) 365.0 (277.00, 475.00) 382.0 (308.00, 502.00) 345.0 (228.00, 398.00) .007
CRP (mg/L) 4.4 (0.64, 20.26) 3.8 (0.53,9.89) 9.6 (0.94, 143.24) .006
PCT 1.0 (0.17, 13.59) 0.29 (0.13, 0.92) 13.6 (1.82, 65.38) <.001
Alb (g/L) 42.4 (38.80, 46.20) 44.0 (40.5, 47.20) 40.4 (33.40, 44.50) <.001
NLR 1.6 (0.63, 4.27) 0.86 (0.41, 2.07) 3.47 (1.43,6.21) <.001
PLR 77.4(59.13, 160.00) 74.7 (50.00, 117.87) 80.8 (66.50,166.34) .053
CAR 0.11 (0.02, 0.50) 0.08 (0.01,0.23) 0.24 (0.02, 3.22) .003
PNI 62.0 (52.50, 78.10) 71.1 (58.40,83.55) 55.4 (44.50,63.70) <.001

Abbreviations: CRP, C-reactive protein; PNI, prognostic nutritional index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte
ratio; CAR: creactive protein to albumin ratio; PLT, platelet counts; WBC, White blood cell; LYM, Lymphocytes, NEU, neutrophils; PCT,

procalcitonin.
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Relationship between PNI and biomarkers of sepsis

Figure |. Correlation between PNI and CRP (A)/PCT(B).

(median age 11.0[3.0, 35] months), there were 63 males
(47.02%), and there were 70.9% patients with respira-
tory diseases. Sixty-five patients were finally diagnosed
with sepsis, while the rest of 69 patients having signs of
infection were considered as the non-sepsis group.
Compared with the non-sepsis group, the sepsis group
had higher NEU, CPR, PCT, NLR, and CAR, and lower
PNI, LYM, PLT as well as Alb (all P <.05). There were
insignificant differences between 2 groups regarding
gender, age, weight, WBC, Hb, PLR, the occurrence of
respiratory infection.

Correlation Between PNI and Biomarkers of
Sepsis

The correlation analysis showed that PNI was inversely
associated with CRP (r=-.4529, P<.0001) and PCT
(r=—3606, P<.0001) (Figure 1A and B), respectively.

Logistic Regression Analysis

Univariate logistic analysis was performed to assess the
association of potential variables with the presence of
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Table 2. Univariate and Multivariate Logistic Analysis in Relation to Sepsis.

Univariate Analysis

Multivariate Analysis

Variable OR 95% ClI P-value OR 95% ClI P-value
Male 0.661 0.334-1.308 234

Age 0.998 0.987-1.009 722

Weight 0.998 0.946-1.052 929

WBC 1.038 0.992-1.086 104

Hb 1.004 0.982-1.028 .707

PCT 1.515 1.185-1.938 .001 1.409 1.102-1.803 .006
NLR 1.271 1.102-1.466 .001 1.065 0.863-1.315 .556
PLR 1.004 1.000-1.007 .036 0.996 0.99-1.002 238
CAR 2011 1.244-3.253 .004 1.536 0.744-3.171 .245
PNI 0.941 0.917-0.965 <.001 0.962 0.929-0.996 .028

Abbreviations: PNI, prognostic nutritional index; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; CAR, C-reactive

protein to albumin ratio.

Table 3. Values of PCT, PNI and Their Combinations on
the Basis of ROC Curves.

Variables AUC Sensitivity (%) Specificity (%)
PCT 0.848° 0.723 0.942
PNI 0.766"< 0913 0.477
PCT + PNI 0.887 0.754 0.942

Abbreviations: PNI, prognostic nutritional index; PCT, procalcitonin.
*PCT + PNI versus PCT, z=1.967, P=.049. "PCT + PNI versus PNI,
z=10.4, P<.001. °PCT versus PNI, z=9.765, P<.001.

sepsis. The results indicated that PCT (P=.001), NLR
(P=.001), PLR (P=.036), CAR (P=.004) and PNI
(P <.001) were considered be the risk factors for sepsis
(because NEU, LYM, PLT, CRP and Alb had been
included in NLR or CAR or PLR, they were excluded
from the analysis). Multivariate logistic analysis showed
that PCT (P=.006) and PNI (P=.028) were indepen-
dently associated with presence of sepsis (Table 2).

Diagnostic Performance of PCT and PNI

The area under the receiver operating characteristic curve
(AUCQ), sensitivity, specificity of PCT and PNI to predict
sepsis were presented in Table 3 and Figure 3A. The AUC
for PCT was 0.848 with 72.3% sensitivity and 94.2% spec-
ificity, while the AUC for PNI was 0.766 for prediction of
sepsis, yielding 91.3% sensitivity and 47.7% specificity.

Predictive Value of Constructed Model

Based on the results of multivariate logistic analysis,
we selected PCT and PNI for establishing a nomogram
to predict sepsis probability (Figure 2). The ROC for
nomogram model was developed. The AUC of the
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Figure 2. Nomogram for predicting the presence of sepsis.

nomogram was 0.887, which was significantly higher
than that of the PCT-alone (z=1.967, P=.049) and PNI-
alone (z=9.765, P<.001), respectively (Table 3 and
Figure 3A). Meanwhile, calibration plot of nomogram
model showed a good calibration for predicting sepsis
(Figure 3B). Next, to further compare the power of
nomogram model with PCT and PNI alone, DCA and
NRI were performed. In DCA, nomogram model indi-
cated a better benefit compared to PCT and PNI alone
(Figure 3C). Additionally, nomogram model improved
the predictive ability of sepsis by 15.1% (P <.05) and
60.4% (P <.05) of NRI compared with PCT and PNI
alone, respectively.



Hongya et al

/ )
08 / °
I/
¢ <
b8
06
2 « 24
5 § 3 I
1 P N
404 H /£ 2 o
3 Y
i 51
— Bayoorerwd
i Wy, e
o aoJ
= PCTIAUCS084) Cd / °
= PN (AUC+0.788)
; e PCT+PNI(AUCS0 887) ~ r T T T T
e e Emaley ) 00 02 04 06 08 10
00 02 04 06 08 1.0 02 o4 o o o HhRskTh
1-Specificity Proccws PriSepetset]
M ——
A B Cc

Figure 3. Evaluation for the nomogram model. (A) Receiver operating characteristics curve (ROC) comparison of PCT, PNI
and nomogram model; (B) Calibration plot for nomogram model; (C) Decision curve analysis of PCT, PNI and nomogram

model.

Discussion

The main finding of this study was that NLR, CAR and
PNI were associated with pediatric sepsis, while only
PNI was independently associated with pediatric sepsis.
Moreover, PNI was useful in discriminating pediatric
sepsis, which added to diagnostic potential of PCT for
differentiating pediatric sepsis.

Sepsis is considered as a life-threatening disease with
organ dysfunction caused by a dysregulated host
response to infection. Remarkable inflammatory cyto-
kines are up-regulated because of excessive inflamma-
tion in the early stage of sepsis, leading to the
development of organ damage and dysfunction, ulti-
mately resulting in death.?’ Early prediction of pediatric
sepsis would be essential to decreasing organ system
injury and mortality. Although several screening tools
available or biomarkers have been used to discriminate
sepsis, imperfect sensitivity and specificity for them can
influence the clinician’s diagnosis.?!

PNI is calculated based on serum Alb level and total
lymphocyte count in peripheral blood, which is widely
used to assess the nutritional status and inflammation. In
the present study, PNI was decreased in sepsis group,
and was negatively associated with pediatric sepsis,
having the capacity for discriminating pediatric sepsis.
Similarly, PNI also was found to be a potential predictor
for neonatal sepsis.'* Sepsis could easily cause liver dys-
function, leading to dysfunction of synthesis and metab-
olism, finally affecting the nutritional status of patients.
On the one hand, studies have confirmed that close asso-
ciation between serum Alb level and inflammation has

been found, and serum Alb level was negatively corre-
lated to severity of inflammation in adult patient.?>?* In
addition, decreased serum Alb level were widely found
in sepsis in adult.>?* On the other hand, lymphocytes
also play vital role in the regulation of inflammation,
and decreased lymphocytes due to apoptosis induced by
continuous sepsis may lead to loss of anti-inflammatory
cytokines, and then enhance inflammatory response.
Thus, lower PNI could be a potential predictor for pedi-
atric sepsis. Additionally, our data also observed that
PNI was inversely associated with traditional biomarker
of sepsis and inflammation such as CRP and PCT. These
data further support our hypothesis that PNI was a
potential biomarker for discriminating pediatric sepsis.
Previous studies showed that NLR” and CAR®? were
the predictors for neonatal sepsis, and according to the
meta-analysis of 14 studies, Huang et al*® found that
NLR had the ability for predicting sepsis in adult, while
similar results was not found in this study. The discrep-
ancy may attribute to different age, subject, sample size.

Accumulating evidence confirm that multiple bio-
markers or model could improve the predictive power
compared with single index.>*?” In current study, the
predictive capacity of PCT was superior to PNI, imply-
ing that as a traditional diagnostic marker for sepsis, PCT
has excellent predictive ability. The predictive signifi-
cance of combination of PNI and PCT was further
assessed. The constructed predictive model of PCT + PNI
showed a better predictive capacity than that of PCT and
PNI alone, as demonstrated by multiple statistical meth-
ods such as AUC, DCA and NRI. As there is little or no
emphasis on the model based on PNI and PCT to predict
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sepsis in children, the current results firstly indicated that
the addition of PNI could improve the capacity of PCT to
predict pediatric sepsis. PNI is easily available and inex-
pensive, and can be accurately calculated through routine
testing, which would help to improve the accuracy of
pediatric sepsis diagnosis in clinical practice.

However, a few limitations should be considered.
Firstly, this study was retrospective design conducted in
a single center. Thus, the predictive ability of PNI might
not be applicable to other regions. Secondly, our sample
size was small and unidentified confounders might not
have been detected. Thus, there is potential confounding
factors. Thirdly, we ignored patients who received
human albumin infusion therapy. Finally, we only mea-
sured the parameters within 24 hours of admission, and
did not further collect the dynamic changes of these
parameters. In addition, the sample size calculation was
ignored, which might affect the present results. We
would address these issues through multiple-center,
large-sample and prospective studies in future research.

Conclusion

PNI was independently associated with pediatric sepsis.
Moreover, addition of PNI could improve the capacity
of PCT to predict pediatric sepsis. The findings high-
light the potential ability of PNI as a convenient, inex-
pensive and easily available index in routine testing to
predict the risk of pediatric sepsis.
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