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ABSTRACT
This study aims to establish a new scoring system 
based on biomarkers for predicting in- hospital 
mortality of children admitted to the pediatric 
intensive care unit (PICU). The biomarkers were 
chosen using the least absolute shrinkage and 
selection operator (LASSO)- logistic regression in this 
observational case- control study. The performance 
of the new predictive model was evaluated by the 
area under the receiver operating characteristic 
curve (AUC). Calibration plot was established 
to validate the new score accompanied by the 
Hosmer- Lemeshow test. There were 8818 patients 
included in this study. Finally, six predictors were 
included in the LASSO- regression model. Albumin 
<40 g/L, lactate dehydrogenase >452 U/L, lactate 
>3.2 mmol/L, urea >5.6 mmol/L, arterial PH 
<7.3 and glucose >6.9 mmol/L were treated as risk 
factors for higher mortality. The new score ranged 
from 1 to 6 among all the included patients. In the 
training set, the AUC of the probability of in- hospital 
mortality for the new predictive model was 0.81 
(95% CI 0.79 to 0.84), which is larger than for the 
Pediatric Critical Illness Score (PCIS) (0.69, 95% CI 
0.66 to 0.72). Similarly, in the validating set, the 
AUC of the probability of in- hospital mortality was 
larger for the new score (0.80, 95% CI 0.77 to 
0.84) than for PCIS (0.67, 95% CI 0.63 to 0.72). The 
calibration plot and Hosmer- Lemeshow test showed 
excellent calibration. The calculated ORs showed 
a trend that higher scores indicated higher risk of 
death (p value for trend <0.001). In summary, this 
study develops and validates a totally biomarker- 
based new score to predict in- hospital mortality for 
pediatric patients admitted to PICU. More attention 
and more positive care and treatment should be 
given to children with a higher score.

INTRODUCTION
The pediatric intensive care unit (PICU) is 
responsible for providing comprehensive moni-
toring and life support for critically ill children. 
According to reports, the observed mortality 
rate in the PICU is 5.3%–37.35% in developing 
countries,1 2 which is higher than in developed 
countries.3 It brings a heavy economic burden 
on the family and society.4 Therefore, in order 
to optimise the diagnostic approach, care and 

outcome for critically ill children, the early 
identification of the development of poor prog-
nosis is considered imperative.

Significance of this study

What is already known about this subject?
 ► Previous studies suggested that many 
biomarkers such as serum creatinine, platelet, 
serum albumin (ALB), lactate dehydrogenase 
(LDH) and and so on, may be predictors of 
mortality, but the sensitivity and specificity was 
not high enough.

 ► There are still many challenges in the early 
recognition of poor prognosis for critically 
ill children using laboratory values.

What are the new findings?
 ► This is the first study establishing a simple- 
to- use scoring system for critically ill 
pediatric patients to predict the prognosis 
at admission.

 ► The new scoring system is totally 
biomarker- based to avoid clinicians’ 
objective judgement of symptoms and 
signs. The in- hospital mortality ascends 
with the increase of the new score. ALB<40 
g/L, LDH>452 U/L, lactate>3.2 mmol/L, 
urea>5.6 mmol/L, arterial PH <7.3 and 
glucose>6.9 mmol/L were treated as risk 
factors for higher mortality.

 ► The accuracy of the new score was evaluated 
for different diagnoses and the results showed 
the new score could be more adaptive for 
patients with diseases of the digestive system 
and genitourinary system.

How might these results change the focus 
of research or clinical practice?

 ► As this new score is totally biomarker- based, 
it could be implemented in clinical practice 
by development of an online calculator or 
implementation in an electronic medical 
record system. With such a tool, the predicted 
probability of mortality for the individual 
patient can be easily generated right after 
obtaining the six predictors.
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Up to now, a series of scoring systems have been devel-
oped to predict the severe condition and poor prognosis 
in critically ill children such as the Pediatric Critical Illness 
Score (PCIS)5 and the Pediatric Risk of Mortality III.6 Espe-
cially, PCIS was widely used in China. However, they often 
need information that is difficult to retrieve (eg, Glasgow 
Coma Scale Score, cardiac function, comorbidity, under-
lying disease) and accurate judgement of experienced clini-
cians is required. Moreover, some needed vital signs such 
as heart rate, respiratory rate and blood pressure often 
fluctuate violently even in the short term. To our knowl-
edge, researchers have attached importance to the value of 
laboratory biomarkers in the prognosis prediction in recent 
decades. Previous studies suggested that many biomarkers 
such as serum creatinine, platelet, serum albumin (ALB), 
lactate dehydrogenase (LDH) and so on, may be predic-
tors of mortality, but the sensitivity and specificity was not 
high enough.7–9 There are still many challenges in the early 
recognition of poor prognosis for critically ill children using 
laboratory values.

Therefore, in order to evaluate disease severity early 
and effectively, we aim to establish a new scoring system 
with a combination of biomarkers that are easily available 
at admission and verify the accuracy of the new score for 
predicting the in- hospital mortality of children admitted to 
PICU.

METHODS
The results of the present study were reported following 
the Strengthening the Reporting of Observational Studies 
in Epidemiology statement.10

Study population
This is an observational case- control study conducted using 
data from the Children’s Hospital of Zhejiang University, 
a 1900- bed children’s hospital in the south of China. The 
clinical data of patients admitted to PICUs was used over 
a period of 8 years from 2010 to 2018, to construct the 
Paediatric Intensive Care (PIC) database, a freely accessible 
pediatric- specific critical care database. The establishment 
of the PIC database has been reported in detail elsewhere.11 
Briefly, a total of 12 881 patients with 13 449 admissions 
were recorded in the database, all of whom were admitted 
into PICUs and 971 (7.2%) patients died in hospital. 
Structured clinical data including patient demographics, 
symptoms, vital signs, comprehensive laboratory results, 
microbiological information, prescriptions and surgeries 
were all collected. The requirement for individual patient 
consent was waived because the project did not impact 
clinical care, and all protected health information was 
deidentifed. We accessed the PIC database under a data use 
agreement from the database managers.

Data extraction
Patients, except neonates, were included if they were 
admitted to PICU for the first time. Furthermore, we 
excluded the patients whose information was seriously 
absent or wrongly recorded. The data collected included 
age, gender, diagnoses of disease (including diseases of the 
respiratory system, nervous system, circulatory system, 
digestive system, genitourinary system and neoplasms), 

whether surgery was performed or not in this hospital stay, 
common laboratory values, the length of PICU stay and 
in- hospital mortality. In addition, PCIS5 was calculated. The 
clinical data and laboratory values were all obtained within 
24 hours of hospital admission.

Statistical analysis
In this study, continuous variables were compared using the 
Mann- Whitney U test and were presented as medians with 
IQRs because most of variables were not normally distrib-
uted. Categorical variables were analyzed by the χ2 test or 
Fisher’s exact test, as appropriate. They were expressed as 
numbers (n) with percentages (%).

We divided the included patients into training set (70% 
data) and validating set (30% data) with ‘sample()’ func-
tion in R software. In the training set, all extracted labo-
ratory values were included in the least absolute shrinkage 
and selection operator (LASSO)- logistic regression with 
10- fold cross- validation for selecting the optimal factors.12 
The performance of the new predictive model was evalu-
ated and compared with that of PCIS by the area under 
the receiver operating characteristic (ROC) curve (AUC) in 
both the training set and the validating set. A calibration 
plot was established to validate the new score accompanied 
by the Hosmer- Lemeshow test in the validating set. The 
ROC curve was calculated for each included variable and 
Youden’s Index was calculated to determine their optimal 
cut- off values.13 To develop the new score, we divided each 
continuous variable into two categories in terms of the cut- 
off point of the ROC analysis. A value of ‘+1’ was assigned 
when the effects were higher risk, while ‘0’ was assigned 
when the effects were lower risk. The new score was calcu-
lated by summing up the score of each item. The ROC curves 
of the new score were drawn and compared for the popu-
lation groups with different diagnoses. In dose- response 
analyses, we fitted unadjusted logistic models with the new 
score as a restricted cubic spline with four knots. The Wald 
test was used to determine whether there was a linear or 
non- linear relationship between the new score and in- hos-
pital mortality.14 To test whether a trend across scores of the 
new score existed for risk estimates, the logistic regression 
was used to calculate the ORs and 95% CIs for the new 
score with the in- hospital mortality, with the lowest score as 
the reference group. Covariates were selected based on clin-
ical experience and the change- in- estimate method.15 In the 
change- in- estimate method, a variable is considered to be 
adjusted if its inclusion in the regression model changes the 
regression coefficient by ≥10%. Subgroup analyses were 
planed to be performed to evaluate whether the observed 
association of the new score with in- hospital mortality was 
modified by age, gender or surgical treatment. Finally, deci-
sion curve analysis (DCA) was performed to evaluate the 
clinical utility of the new predictive model by calculating 
the net benefits at different threshold probabilities in both 
the training and the validating sets.16

A value of p<0.05 was considered statistically signifi-
cant, and all tests were two- sided. Data extraction was 
conducted using PostgreSQL. Statistical analyses were 
performed using Stata V.15.1 software and R V.3.61 
software.
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RESULTS
Participant characteristics
According to the inclusion criteria of this study, there were 
8818 patients finally included in this study, with a total of 
471 cases included in the non- survival group and 8344 
cases in the survival group.

All patients were between 1 month and 18 years old. 
Patients in the non- survival group were on average younger 
than those in the survival group (p=0.037). There was a 
larger proportion of male patients in the non- survival 
group than in survival group (p=0.004). The proportion 
of patients with diseases of the respiratory system, diges-
tive system, genitourinary system and neoplasms were 
significantly different between the two groups (all p<0.05). 
More patients had surgical experience in the survival group 
(p<0.001).

The difference in most of the laboratory values was 
significant between the two groups (all p<0.05). The PCIS 
Score was significant higher in the survival group than in 

the non- survival group (p<0.001). Patients in the non- 
survival group had a longer length of PICU stay than those 
in the survival group (p<0.001). The descriptive statistics 
of all included patients are presented in table 1.

Development and validation of a new score
After random sampling, there were 6172 patients finally in 
the training set and 2646 in the validating set. Nineteen 
potential variables that might predict in- hospital mortality 
were analyzed. Finally, six predictors (ALB, LDH, urea, arte-
rial potential of hydrogen (PH), lactate and glucose) were 
included in the LASSO- regression model. A cross- validated 
error plot of the LASSO- regression model is shown in 
online supplemental figure 1a). The path of the coefficients 
included in this model with varying log- transformed λ values 
is shown in online supplemental figure 1b). In the training 
set, the AUC of the probability of in- hospital mortality for 
the new predictive model was 0.81 (95% CI 0.79 to 0.84), 

Table 1 The clinical characteristics and outcomes between the survival and non- survival groups

Total (n=8818) Survival (n=8344) Non- survival (n=474) P value

Demographic characteristics

  Age (M (IQR), years old) 1.5 (4.4) 1.5 (4.4) 1.2 (4.0) 0.037

  Gender (boy/girl, n) 4945/3873 4649/3695 296/178 0.004

Diagnosis of disease (n (%))

  Diseases of the respiratory system 990 (11.2%) 897 (10.8%) 93 (19.6%) <0.001

  Diseases of the nervous system 715 (8.1%) 667 (8.0%) 48 (10.1%) 0.098

  Diseases of the circulatory system 726 (8.2%) 680 (8.1%) 46 (9.7%) 0.231

  Diseases of the digestive system 768 (8.7%) 748 (9.0%) 20 (4.2%) <0.001

  Diseases of the genitourinary system 360 (4.1%) 356 (4.3%) 4 (0.8%) <0.001

  Neoplasms 467 (5.3%) 427 (5.1%) 40 (8.4%) 0.002

  Surgical treatment 4998 (56.7%) 4955 (59.4%) 43 (9.1%) <0.001

Laboratory values (M (IQR))

  WBC (*109/L) 9.0 (5.1) 9.0 (5.1) 10.0 (9.6) <0.001

  N (%) 43.4 (36.0) 42.5 (36.0) 57.5 (37.0) <0.001

  Hb (g/L) 116.0 (24.0) 116.0 (25.0) 107.0 (33.0) <0.001

  PLT (*109/L) 317.0 (165) 320 (160) 234 (235) <0.001

  CRP (mg/L) 6.0 (20.0) 6.0 (19.0) 10.0 (38.3) <0.001

  ALT (U/L) 21.0 (22.0) 21.0 (20.0) 34.0 (81.0) <0.001

  AST (U/L) 40.0 (33.0) 39.0 (30.0) 69.5 (173.0) <0.001

  ALB (g/L) 42.0 (8.0) 42.0 (7.1) 36.0 (11.0) <0.001

  DB (mg/L) 1.9 (2.3) 1.9 (2.2) 3.2 (6.6) <0.001

  IB (mg/L) 5.5 (5.4) 5.5 (5.2) 4.9 (6.7) <0.001

  LDH (U/L) 307.0 (166.0) 303.0 (154.0) 522.0 (682) <0.001

  CK- MB (U/L) 31.0 (23.0) 31.0 (22.0) 35.0 (54.0) 0.002

  K+ (mmol/L) 3.8 (0.7) 3.8 (0.7) 3.9 (1.0) 0.002

  Na+ (mmol/L) 136.0 (5.0) 136.0 (5.0) 137.0 (8.0) 0.028

  Urea (mmol/L) 3.7 (2.3) 3.7 (2.3) 4.5 (3.5) <0.001

  Scr (μmoI/L) 42.6 (16.0) 42.0 (15.0) 46.0 (29.0) <0.001

  Arterial PH 7.4 (0.04) 7.4 (0.03) 7.4 (0.14) <0.001

  Glucose (mmol/L) 5.7 (1.9) 5.7 (1.8) 6.2 (4.1) <0.001

  Lactate (mmol/L) 1.6 (1.5) 1.6 (1.4) 2.8 (4.0) <0.001

Pediatric Critical Illness Score 94.0 (7.0) 94.0 (7.0) 87.0 (12.0) <0.001

Length of PICU stay (days) 1.9 (5.0) 1.8 (4.6) 5.5 (15.3) <0.001

ALB, albumin; ALT, alanine aminotransferase; AST, aspartate transaminase; CK- MB, creatine kinase isoenzyme- MB; CRP, C reactive protein; DB, direct bilirubin; Hb, 
hemoglobin; IB, indirect bilirubin; LDH, lactate dehydrogenase; N, neutrophil ratio; PH, potential of hydrogen; PICU, pediatric intensive care unit; PLT, platelet; Scr, 
serum creatinine; WBC, white blood cell.
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which is bigger than that for PCIS (0.69, 95% CI 0.66 to 
0.72) (figure 1A). Similarly, in the validating set, the AUC 
of the probability of in- hospital mortality was bigger for the 
new predictive model (0.80, 95% CI 0.77 to 0.84), than for 
PCIS (0.67, 95% CI 0.63 to 0.72) (figure 1B). The calibra-
tion plot in the validating set showed excellent calibration 
as the plot followed the 45 degree line of perfect calibration 
(online supplemental figure 2). This result was confirmed 
by a non- significant Hosmer- Lemeshow test (p=0.18).

To establish the new score, each continuous variable was 
divided into two categories in terms of the cut- off point 
of ROC analysis (table 2). ALB <40 g/L, LDH >452 U/L, 
lactate >3.2 mmol/L, urea >5.6 mmol/L, arterial PH 
<7.3 and glucose >6.9 mmol/L were treated as risk factors 
for higher mortality. A value of ‘+1’ was assigned when 
the effects were higher risk while ‘0’ was assigned when 

the effects were lower risk. Finally, each patient obtained a 
score that was calculated by summing up the score of each 
item. In summary, the new score ranged from 1 to 6 among 
all the included patients.

The new score in predicting in-hospital mortality in 
different groups
The AUC- ROC showed that the performance of the new 
score in predicting in- hospital mortality was different in 
groups with diseases of the respiratory system (0.67, 95% 
CI 0.62 to 0.72), diseases of the nervous system (0.77, 95% 
CI 0.70 to 0.84), diseases of the circulatory system (0.77, 
95% CI 0.70 to 0.84), diseases of the digestive system (0.87, 
95% CI 0.81 to 0.93), diseases of the genitourinary system 
(0.95, 95% CI 0.90 to 1.00) and neoplasms (0.72, 95% CI 
0.64 to 0.80)(online supplemental figure 3).

Association between the new score and in-hospital 
mortality
The dose- response analysis was conducted between the new 
score and in- hospital mortality. The result showed a non- 
linear relationship between the new score and in- hospital 
mortality (p value for non- linearity <0.05) (figure 2). The 
calculated ORs showed there was a trend that higher scores 
indicated higher risk of death (p value for trend <0.001) 
(table 3). Subgroup analyses showed that the observed asso-
ciation between the new score and in- hospital mortality 
could be modified by surgical factors (p value for interac-
tion <0.001). However, age and gender were not factors 
that could modify in- hospital mortality prediction (all p 
values for interaction >0.05) (figure 3).

Figure 1 Comparison of ROC of the new score and the Pediatric 
Critical Illness Score in predicting in- hospital mortality in (A) The 
training set and (B) The validating set. ROC, receiver operating 
characteristic; AUC, area under the ROC curve.

Table 2 The ORs of variables included in the LASSO- logistic 
regression analysis to predict in- hospital mortality in the training 
set, and their optimal cut- off values determined by Youden’s 
Index

Variables OR (95% CI) Cut- off values

ALB 0.93 (0.91 to 0.94) 40 g/L

LDH 1.0003 (1.0002 to 1.0005) 452 U/L

Lactate 1.08 (1.04 to 1.13) 3.2 mmol/L

Urea 1.11 (1.07 to 1.16) 5.6 mmol/L

Arterial PH 0.25 (0.08 to 0.78) 7.3

Glucose 1.06 (1.03 to 1.09) 6.9 mmol/L

ALB, albumin; LASSO, least absolute shrinkage and selection operator; LDH, 
lactate dehydrogenase.

Figure 2 Dose- response analyses showed a non- linear 
relationship between the new score and in- hospital mortality in 
(A) The training set and (B) The validating set.
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The clinical value of the new score
The clinical value of the new score was evaluated by 
conducting DCA. DCA is a novel method for evaluating 
alternative predictive strategies. The DCA curves showed 
the new score had more obvious net benefits than PCIS in 
both the training set and the validating set (online supple-
mental figure 4).

DISCUSSION
In this study, we successfully constructed and validated 
a simple- to- use new scoring system only containing 
biomarkers, which provided excellent performance in 
predicting the severity of the disease for patients admitted 
to PICU. Higher score indicates higher risk of death in 
hospital. Compared with PCIS, the discriminatory ability 
and clinical value of the new scoring system is better in 
predicting in- hospital mortality. Furthermore, the non- 
linear dose- response trend indicates that in- hospital 
mortality would change in a non- parallel manner with 
changes in the new score.

The scoring system containing six easily and reliably 
retrievable biomarkers in clinical practice included ALB, 
LDH, urea, arterial PH, lactate and glucose. ALB <40 g/L, 
LDH >452 U/L, lactate >3.2 mmol/L, urea >5.6 mmol/L, 
arterial PH <7.3 and glucose >6.9 mmol/L were treated as 
risk factors for higher mortality. The included factors are 
all markers of inflammation which are often changed in the 
inflammatory process and play major roles in regulating 
inflammation and innate immunity. Previous studies have 
also suggested that these biomarkers were predictors for 

mortality in different conditions,8 9 17–20 which is consistent 
with the results of this study.

The PCIS was the most widely used scoring system for 
predicting the prognosis of critically ill pediatric patients 
in China.5 It has suboptimal discriminatory power and 
clinical value than the newly established score with lower 
AUC- ROC in predicting in- hospital mortality in this study. 
To our knowledge, PCIS includes vital signs such as heart 
rate, blood pressure and respiratory rate. However, the 
values of these factors were not reliable enough and would 
fluctuate with different age ranges and may change rapidly 
even in a short period for certain values. Moreover, PCIS 
also includes arterial PO2, which may not be an appropriate 
factor for prognosis prediction because many children were 
given oxygen treatment. In addition, clinicians may have 
difficulties in the judgement of disorders in the gastroin-
testinal system for critically ill children at an early stage 
of the disease, which usually leads to inaccurate scoring 
in PCIS. On the contrary, the newly established score was 
totally biomarker based. It is objective and scientific enough 
to obtain an accurate total score which infers the disease 
severity in critically ill children.

Interestingly, the differences in predictive ability of the 
new score among different diagnoses were observed in 
terms of AUC- ROC. It seems that the new scoring system 
is more adaptive for critically ill children with diseases of 
the digestive or genitourinary systems. The reason for this 
was not clear and further studies are needed to validate 
this observation. In subgroup analysis we found that the 
positive association between the new score and in- hospital 
mortality could be modified by surgical factors. Although 
these factors did not reverse the predictive effect of the new 
score on in- hospital mortality, a better predictive ability of 
the new score was observed in children who had surgical 
treatment during this hospital stay. In addition, the results 
of dose- response analysis indicated that mortality increased 
with an increase in the new score, but it changed in a non- 
linear manner. It may be inferred that the risk of death is 
not simply superimposed with more predictors in the new 
score; this may be related to the different degrees of inflam-
mation of organs and systems in the body.

Strength and limitations
Our study has several strengths that should be highlighted. 
First, this is the first study establishing a simple- to- use 
scoring system for critically ill children to predict the prog-
nosis at an early stage. Second, the new scoring system is 
totally biomarker based to avoid clinicians’ objective judg-
ment of symptoms and signs. Third, the huge sample size 
guarantees accuracy and stability of the results. Fourth, the 
accuracy of the new score was evaluated for different diag-
noses and the results showed the new score could be more 
adaptive for patients with diseases of the digestive and geni-
tourinary systems.

There were some shortcomings in this study also. First, 
the actual AUC- ROC of the new score is not high enough. 
Further studies should explore more biomarkers to improve 
the performance of the scoring system, with a larger sample 
size. Second, the included patients were all Chinese chil-
dren, which may require the new score to be validated in 
different populations. Third, we did not obtain permission 

Table 3 ORs of the association between the new score 
(categorical) and in- hospital mortality

Unadjusted OR (95% CI) Adjusted OR 95% CI)*

Score =1 1.00 (reference) 1.00 (reference)

Score =2 2.86 (1.92 to 4.26) 2.07 (1.38 to 3.10)

Score =3 6.60 (4.46 to 9.77) 3.61 (2.42 to 5.39)

Score =4 16.36 (10.98 to 24.39) 7.27 (4.82 to 10.96)

Score =5 43.33 (28.49 to 65.90) 16.65 (10.81 to 25.65)

Score >6 45.80 (25.35 to 82.73) 16.85 (9.21 to 30.84)

P value for trend <0.001 <0.001

*Adjusted for age (continuous), gender (male vs female) and surgery (yes vs 
no).

Figure 3 Subgroup analyses of the association of the new score 
with in- hospital mortality. *p value for interaction <0.05.
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to collect information of more children hospitalized in 
intensive care units in other places. As a result, only internal 
validation was done and there was no external validation in 
this study, which led to a limited evaluation of the extrapo-
lative utility of the new model.

Clinical implications
As this new score is totally biomarker based, it could be 
implemented in clinical practice by the development of 
an online calculator or implementation in an electronic 
medical record system. With such a tool, the predicted 
probability of mortality for the individual patient can be 
generated easily right after obtaining the six predictors.

CONCLUSION
In summary, this study develops and validates a totally 
biomarker- based new score to predict in- hospital mortality 
for pediatric patients admitted to a PICU. The in- hos-
pital mortality ascends with the increase of the new score. 
ALB <40 g/L, LDH >452 U/L, lactate >3.2 mmol/L, urea 
>5.6 mmol/L, arterial PH <7.3 and glucose >6.9 mmol/L 
were treated as risk factors for higher mortality. More 
attention and more positive care and treatment should be 
given to children with higher scores. Future studies should 
be conducted to clarify whether in- hospital mortality could 
be modified by age, surgical factors, diseases of the respi-
ratory, digestive or genitourinary systems, and explore the 
possible reason.
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