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Abstract

Objective: Bronchopulmonary dysplasia (BPD) continues to pre-
vail among very preterm infants. While NICHD BPD Outcome Es-
timator is easy to use, the clinical interpretation remains challeng-
ing. This study aims to optimize its use.

Study Design: A retrospective study was conducted with 469 in-
fants born between 2015 and 2020. Data were entered into the 
Estimator to obtain probability scores. Trajectories of the prob-
ability scores were modeled using generalized additive modeling. 
The optimal cutoff number for predicting severe BPD or death was 
identified by a grid search from a range established by the original 
population distribution and the ROC curve.

Result: Combining probability scores from the severe and death 
categories and the no-BPD and mild categories may improve BPD 
outcome prediction. A cutoff of 21% combining outcome probabili-
ties from severe and death categories is predictive of severe BPD 
or death.

Conclusion: Combining probability scores of different categories 
improves BPD outcome prediction.
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Introduction

Preterm birth contributes significantly to both neonatal morbid-
ity and mortality. Vast improvement in the preterm mortality rate 
due to advancements in neonatal care over the years has been at 
the expense of these infants who experience increased adverse 
outcomes such as respiratory illness, neurodevelopmental delay, 
and behavioral problems, among many others (1–4). Among the 
survivors, bronchopulmonary dysplasia (BPD) is the most com-
mon respiratory complication of extreme prematurity (less than 

28 weeks of gestation) and affects one-third or more of preterm 
infants (5). Despite improvement in other morbidities of extreme 
prematurity, the incidence of BPD remains high (6,7). 

BPD is a multifactorial disease that results from a vulnerable, un-
derdeveloped lung experiencing injury, inflammation, and oxida-
tive stress causing prolonged oxygen dependence, a lengthened 
hospital stay, and significant long-term pulmonary morbidities that 
may continue into adulthood (8–10). BPD occurs due to disrupted 
postnatal lung development with alveolar simplification and dys-
morphic microvascular changes (11). The interruption of postnatal 
alveolarization decreases gas exchange in the lung and elevates 
the requirement for supplemental oxygen or mechanical ventila-
tion, which can exacerbate the existing lung damage and inflam-
mation (12). Due to the improvement in mortality rates of preterm 
neonates, the research focus for BPD has shifted to reducing the 
burden of the disease by promoting postnatal alveolarization and 
facilitating recovery through therapies such as optimized ventila-
tion, surfactant replacement, caffeine, antioxidants, vitamin A, and 
corticosteroids (13–15). 

Corticosteroids, in particular, have shown numerous benefits in 
the de-escalation of respiratory support by reducing lung inflam-
mation and improving the exchange rate of gases, although its 
role in BPD prevention is currently unclear (16,17). However, sys-
temic corticosteroid use has also been associated with impaired 
neurodevelopment, cerebral palsy, increased risk of intestinal 
perforation with indomethacin exposure, and late-onset sepsis 
(18,19). Given the potential for both benefit and harm, the prudent 
use of corticosteroids is suggested for infants when the severity 
risk of BPD is considerable (>50%) (20,21). One method to guide 
corticosteroid intervention is by using the Eunice Kennedy Shriver 
National Institute of Children Health and Human Development 
(NICHD) Neonatal BPD Outcome Estimator, developed in 2011, 
to quantify the risk (22). The model predicts four BPD outcomes 
(no BPD, mild, moderate, severe) or death based on demographic 
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variables and respiratory support for one postnatal day and is re-
stricted by range limits for birth weight, gestational age, and race/
ethnicity (only applicable for white, black, and Hispanic) (22). The 
Estimator is an easily accessible tool (23) for identifying infants 
with a risk of high severity BPD who may significantly benefit from 
postnatal corticosteroids. 

A systematic review and meta-analysis showed that the Estimator 
is currently the best prediction tool for BPD (24). Yet, there is no 
clear consensus on how the Estimator should be used clinically. 
Recently, Baud et al. further validated the Estimator externally us-
ing a French cohort and attempted to optimize the model by intro-
ducing three additional variables - respiratory support at baseline, 
center effect, and multiple pregnancies (25). While the original and 
the modified models both provide plausible C statistics results, the 
evaluation of each model’s accuracy, based on an optimal prob-
ability cutoff for each severity category, has not been extensively 
reported. Furthermore, Cuna et al. showed that a combined prob-
ability score of severe or death (> 37%) along with a no BPD prob-
ability score (< 3%) on postnatal day 14 was predictive of sys-
temic corticosteroid administration, suggesting that the probability 
scores may be used independently or in combination (26). Since 
the study still did not provide a cutoff value for BPD outcome pre-
diction, it remains unclear whether the severity category bearing 
the highest probability score should be considered the predicted 
BPD outcome or whether probability scores from different severity 
categories should be combined for clinical use. 

This study investigated how to translate the probabilities for each 
BPD category best to be clinically informative. We hypothesize 
that a comprehensive understanding of the probability trajectories 
for each BPD severity category is crucial to developing an optimal 
methodology for interpreting the results of the Estimator.   

Subjects and Methods

Study population and data collection

This observational retrospective study was approved by Loma 
Linda University Institutional Review Board with a waiver for in-
formed consent. Preterm infants included in the study were born 
at 30 weeks gestational age (GA) or less with a race/ethnicity des-
ignated as white, black, or Hispanic. All infants were admitted to 
the neonatal intensive care unit (NICU) at the Loma Linda Univer-
sity Children’s Hospital between 2015 and 2020 with respiratory 
data available at postnatal days 1, 3, 7, 14, 21, and/or 28 and at 
36 weeks’ CGA for BPD outcome assessment. The categories of 

race/ethnicity and the discretization of the postnatal days are limi-
tations set by the Estimator.

Demographic data including sex, race/ethnicity, birth weight, ges-
tational age at birth, mortality before 36 weeks’ CGA, as well as 
clinical data such as antenatal steroids, mode of delivery, post-
natal steroids, and patent ductus arteriosus treatment, were col-
lected with chart review. Notably, antenatal steroids were con-
sidered as administered if the mother received at least one dose 
prior to delivery. Additionally, we defined postnatal steroids (i.e., 
dexamethasone) as prescribed for BPD if given for a full 10-day 
course or more.  

Other demographic information including birth GA, birth weight, 
sex, race/ethnicity, and respiratory data including ventilator type 
and oxygen fraction (FiO2) on six postnatal days (1, 3, 7, 14, 21, 
and 28), when available, were obtained from the infants’ medical 
charts. If a birth weight fell out of the range required by the Estima-
tor (which differs for each GA), the closest weight suggested by 
the tool was used. Based on the options available in the Estimator, 
ventilator types were categorized into (1) high-frequency ventila-
tion, which included high-frequency oscillator and high-frequency 
jet ventilator; (2) IMV/SIMV, which included conventional tidal ven-
tilators; (3) continuous positive airway pressure (CPAP), which in-
cluded regular CPAP or non-invasive positive pressure ventilation 
(NIPPV); (4) cannula/hood, which included either high-flow and 
low-flow nasal cannula. After entering the demographic and respi-
ratory data into the Estimator, the probability scores for each BPD 
severity category were generated and recorded for the trajectory 
model development and validation.

BPD clinical outcome designation

The 2001 definition of BPD severity category was used to catego-
rize respiratory outcomes, in which respiratory support of fewer 
than 28 days was defined as no BPD; respiratory support of more 
than 28 days with no need for respiratory support at 36 weeks 
CGA was defined as mild; respiratory support of more than 28 
days with continued support at 36 weeks CGA by nasal cannula 
with FiO2 < 30% was considered moderate, and respiratory sup-
port of more than 28 days with support at 36 weeks by nasal can-
nula with FiO2 ≥ 30% or by positive pressure support was defined 
as severe BPD (13). Infants meeting the inclusion criteria but died 
before reaching 36 weeks CGA were included in the death cat-
egory.

Severity probability score trajectory model development

Upon initial assessment of the probability score trajectories for 
each severity category, a non-linear trend was noted. Additionally, 
given repeated measurement of ventilator type and FiO2 across 
postnatal days of each infant, we utilized a generalized additive 
mixed modeling (GAMM) algorithm to model trajectories of the 
probability scores. In the initial model, we included the five sever-
ity categories of the outcome probabilities for each of the five clini-
cal outcomes (severity-by-outcome, 25 levels) as fixed-effect; we 
also included a smoothed function of the postnatal day alongside 
its interaction with severity-by-outcome. In the subsequent mod-
els, the levels of the severity-by-outcome variable were reduced 
to 10 levels encompassing two severity categories for each of the 
five clinical outcomes or to 2 levels encompassing one severity 
category for dichotomized clinical outcome groups. The residual 
term distribution was assessed to ensure model adequacy. Gen-
eralized cross-validation was performed during the fitting process. 

“This study investigated how to translate 
the probabilities for each BPD category 
best to be clinically informative. We 
hypothesize that a comprehensive 
understanding of the probability 
trajectories for each BPD severity 
category is crucial to developing an 
optimal methodology for interpreting the 
results of the Estimator.”



5NEONATOLOGY TODAYtwww.NeonatologyToday.nettSeptember 2021

Table 1. Patient characteristics.

                                    BPD Group

Variable
No BPD/Mild/Moderate Severe/Death P value

Number of patients 220 249 -

Female 121 (55%) 100 (40.2%) 0.002

Race/ethnicity

0.44
White 51 46

Black 41 47

Hispanic 128 156

Median gestational age 27 week 6 days 25 week 4 days < 0.001

Mean birth weight 950 ± 186 grams 774 ± 186 grams < 0.001

Death before 36 weeks CGA 0 53 <0.001

Antenatal steroids 0.29

Yes 202 218

No 16 26

Unknown 2 5

C-section 157 (79%) 174 (70%) 0.80

Postnatal steroids 8 76 <0.001

Postnatal steroids ≤ 28 days of life 6 32 <0.001

Patent ductus arteriosus 

Medical treatment 26 31 0.95

Surgical Ligation 12 54
<0.001

      Embolization 2 8

Number of training data points 1,200 984 -

Number of testing data points 58 191 -
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Figure 1. Trajectories of probability scores of each severity category for each clinical BPD outcome group. A plot for the modeled 
trajectories of the probabilities of each severity category for each postnatal day stratified by clinical BPD outcome. Dots represent 
predicted values; error bars represent 95% confidence intervals.

Figure 2. Trajectories of combined probability scores for each clinical BPD outcome group. A plot for the modeled trajectories of the 
probabilities of each postnatal day stratified by clinical BPD outcome following combining the probability scores for no BPD and mild cat-
egories as well as severe illness and death categories. Dots represent predicted values; error bars represent 95% confidence intervals.
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The final model equation is as follows:

Probability score = severity-by-outcome + smoothed(postnatal 
day, by = severity-by-outcome)

Statistical analysis and performance assessment

Descriptive statistics were performed to characterize the patient 
population. Student’s t-test or Wilcoxon rank-sum test was used 
for continuous variables, and chi-squared test was used for the 
categorical variables.

For binary outcome prediction, a confusion matrix was used. Sen-
sitivity, specificity, positive predictive value (PPV), negative pre-
dictive value (NPV), and overall accuracy were calculated. Ad-
ditionally, the area under the receiver’s operating characteristic 
(auROC) curve was calculated to assess the predictability of re-
spiratory outcome using combined probabilities from the Estima-

tor.

All statistical analyses were performed in R 4.1.0 using RStudio 
1.4 (27). The GAMM models were developed using the gamm4 
package (28). Codes are available upon request.

Results

Infant characteristics

We identified 469 infants from 2015 to 2020, meeting inclusion 
criteria with a total of 2,433 respiratory data points (infants born at 
outside hospitals may not have respiratory data prior to transfer 
for probability score calculation). Detailed patient characteristics 
are available in Table 1. Out of the 469 infants, 220 with no BPD, 
mild, or moderate were categorized as “non-severe,” whereas the 
other 249 infants were categorized in the “severe” group. Fifty-
five percent of the infants in the non-severe group were female, 
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Figure 3. A receiver’s operating characteristic curve shows the BPD outcome’s predictability using combined probability scores of se-
vere disease and death. The curve showed the relationship between sensitivity and specificity using various cutoff points for the com-
bined probability scores. The area under the curve (AUC) was 0.818 (95% confidence interval: 0.799-0.837). A Youden’s J statistics 
showed a cutoff of 18.15 provides the most balanced sensitivity and specificity. 
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compared to 40% in the severe group. The mean GA in the non-
severe group was 27 weeks 5 days ± 1 week 6 days, compared to 
25 weeks 6 days ± 1 week 6 days in the severe group (p<0.001, 
Table 1).

Additionally, the mean birth weight was 950 ± 186 grams in the 
non-severe group, compared to 774 ± 186 grams in the severe 
group (p<0.001). There was no significant difference between the 
rate of antenatal steroids and the mode of delivery between the 
two groups. Infants in the severe group were significantly more 
likely to receive corticosteroid intervention and invasive interven-
tion for patent ductus arteriosus (PDA). Demographic and clinical 
comparisons are available in Table 1. 

Performance of the Estimator using the highest score of the prob-
ability of an outcome for BPD outcome prediction

We first assessed the Estimator’s performance by using the maxi-
mum probability scores to predict BPD severity. The prediction 
was assigned by the severity category with the highest probability 
of outcome score. A five-by-five confusion matrix was constructed 
(Table 2) and showed a poor correlation between clinical BPD 
outcome and predicted outcome, with an overall accuracy rate 

of 29%.

Generalized additive modeling of the trajectories of the probability 
of outcome scores

All 2,433 sets of probability score data from 469 infants, including 
31, 125, 64, 189, and 60 infants in the no BPD, mild, moderate, 
severe, and death group, respectively, were used to develop the 
trajectory model. The modeled trajectories for each respiratory 
outcome group are shown in Figure 1. Each column represents 
a clinical BPD outcome or death. Every curve in each clinical out-
come represents a trajectory of the probabilities for one severity 
category over time. The no BPD clinical outcome group showed 
a distinct predicted probability curve for the no BPD severity cat-
egory with predicted values all above 80. However, in the clinical 
outcome groups of mild, moderate, severe, and death, the trajec-
tories for each severity category demonstrated increasing over-
lapping as the clinical outcome severity increased. The modeled 
trajectories of the outcome probabilities confirmed that using the 
highest probability score to predict clinical BPD outcome is inad-
equate other than for the no-BPD group.

Combining probability of outcome scores from different severity 

20

40

�0

80

100

1 3 7 14 21 28
Postnatal day

C
om

bi
ne

d 
sc

or
es

 fo
r

Se
ve

re
 a

nd
 D

ea
th

 c
at

eg
or

ie
s

Clinical BPD outcome groups
nonísevere �no� mild� or moderate BPD�

severe �severe BPD or died�

Figure 4. Trajectories of combined probability scores for dichotomized clinical BPD outcome groups. A plot for the modeled trajectories 
of the probabilities of each postnatal day following combining the probability scores for severe and death categories and dichotomizing 
the clinical BPD outcome groups into the non-severe (no, mild or moderate BPD outcome) group and the severe (severe BPD or died 
before 36 weeks’ corrected gestational age) group. Dots represent predicted values; error bars represent 95% confidence intervals. 
The horizontal dashed line represents the cutoff number of 21.



Table 2. Comparison between actual clinical and predicted BPD outcome using the NICHD BPD Outcome Estimator probability scores. 
The numbers shown in the table are the numbers of patients in each corresponding outcome category.
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categories

Infants with severe BPD or who died before 36 weeks’ CGA had a 
higher likelihood of needing invasive treatment for PDA and were 
more likely to receive systemic corticosteroid treatment, repre-
senting infants on the worse end of the spectrum in terms of the 
respiratory outcome at 36 weeks’ CGA. On the other hand, infants 
with no BPD or mild did not require any respiratory support at 36 
weeks’ CGA, representing the better end of the spectrum in terms 
of respiratory outcome. Based on these clinical features, we com-
bined probability scores for severe BPD and death into one score 
and scores for no BPD and mild into another score, followed by re-
peating the trajectory modeling of the new combined scores (Fig-
ure 2). The predicted trajectories of combined probability scores 
showed a significantly improved distinction both across the five 
clinical BPD outcome groups and across the scoring groups (no 
BPD + mild vs. severe BPD + death). This approach of combin-
ing the probability scores represents a better model for predicting 
clinical BPD outcomes.

Identifying the optimal cutoff threshold to maximize prediction

Infants predicted to have severe BPD or death are the target pop-
ulation for early interventions, such as providing an aggressive 
nutrition program, vitamin A injections, and/or systemic corticoste-
roid administration. The population used for the model develop-
ment of the Estimator included 26% of infants, approximately, that 
had severe BPD or death before 36 weeks’ CGA (22). If the distri-
bution of the clinical outcome in our cohort was similar to the dis-
tribution of the population used to develop the model, a combined 
score (severe + death) of 26 would likely be an ideal cutoff. Due 
to the much higher percentage (53%, 249 out of 469) of infants in 
our cohort’s severe and death clinical outcome categories, we re-
quire a lower cutoff threshold. To further identify the optimal cutoff, 
the outcome probabilities for both severe BPD and death severity 
categories were combined, and a ROC curve was generated by 
comparing the combined probabilities with clinical BPD outcomes 
of either severe or death (Figure 3). The ROC curve showed an 
auROC of 0.818 (95% CI: 0.799-0.837). The optimal cutoff based 
on Youden’s J statistic was 18% (29). To maximize sensitivity, 
specificity, PPV, NPV, and accuracy altogether, we performed a 
grid search between 18 and 26 as cutoff scores for each postnatal 

day using probability data from 80% of randomly selected infants. 
The clinical BPD outcome was dichotomized into a non-severe 
(no, mild, or moderate BPD) group and a severe (severe BPD 
or death before 36 weeks’ CGA) group. After incorporating all 
postnatal days, we identified a combined score of 21 as the most 
optimal cutoff score, giving an overall accuracy of approximately 
75%. The performance was comparable using data from the re-
maining 20% of the infants. The complete characterization of the 
prediction performance is shown in Table 3. For a visual depiction, 
Figure 4 showed the trajectories of the combined probability of 
outcome scores for severe BPD and death for dichotomized clini-
cal outcome groups comparing infants with non-severe (no BPD, 
mild, or moderate) disease vs. infants with severe disease (severe 
BPD or death before 36 weeks’ CGA).

Discussion

In this report, we systematically assessed the probability scores 
calculated by the NICHD BPD Outcome Estimator in 469 very 
preterm infants. Our analysis suggested that individual probability 
scores may not be adequate in prediction, but combining prob-
abilities and trending combined probability scores over time may 
be more informative to clinicians. Using our regional cohort, we 
further demonstrated that a summed score from the severe and 
death categories of more than 21 accurately predicted a dichoto-
mized clinical BPD outcome in 75-80% of infants.

Evidence suggests a developmental origin of BPD (30). Using re-
spiratory data in the first 28 days of postnatal life can be viewed as 
one way to assess the potential reversibility of the impact of ante-
natal factors on BPD development and the need for interventions 
to alter the trajectory of BPD pathology early on in life.

A common goal for BPD Estimator use is to assist clinicians in 
determining whether systemic corticosteroid administration is jus-
tifiable. Studies have shown that systemic corticosteroid use in 
a group of infants, along with 50% requiring oxygen therapy at 
36 weeks CGA, showed a clinical benefit by reducing mortality 
or cerebral palsy (31). This cutoff number is similar to the per-
centage (approximately 46%) of infants in the moderate, severe, 
or death outcome categories used to develop the models for the 
Estimator. In this study, the most optimal cutoff number assessed 
by the ROC curve (18%) was much lower than the percentage of 

                Clinical outcome

 Predicted outcome
No BPD Mild Moderate Severe Death

No BPD 175 386 108 127 17

Mild 1 276 119 311 16

Moderate 1 42 57 265 19

Severe 0 7 33 149 19

Death 0 16 37 188 64
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infants in the severe and death outcome categories (26%) used 
to develop the Estimator, suggesting that the Estimator may un-
derestimate the severity of BPD in infants in our cohort. In other 
words, our findings suggest that the infants admitted to our NICU 
may require higher acuity care and prolonged respiratory support 
compared to the cohort used to develop and validate the Esti-
mator. We must also acknowledge that our findings may suggest 
room for improvement in our neonatal respiratory management 
approaches. One possible improvement would be to develop a 
geographically localized cutoff number to improve predictability. 
Baud et al. found a significant influence of a center-related effect 
in their efforts to improve the predictability of the Estimator (25). 
Unfortunately, this regional effect becomes diluted in a large co-
hort.

We recently modeled postnatal weight and weight z-score trajec-
tories of extremely preterm infants using GAM to faithfully sum-
marize weight gain at various stages of development in the NICU 
(32). Here, we adopted a similar approach and modeled trajecto-
ries of outcome probabilities using our institutional data. Trajectory 
analysis using a mixed modeling approach with interaction terms 
allows for a better understanding of interrelationships in the over-
all direction of the propagation of the probability scores across 
the clinical outcome groups in one model. Unfortunately, the tra-
jectories across various clinical outcome groups, especially in the 

mild, moderate, and severe BPD groups, was that the relationship 
among trajectories within each clinical outcome group was resem-
blant across clinical outcome groups. These findings confirm that 
using the probability scores directly from the Estimator would not 
be feasible. A recent report comparing various grouping strategies 
also suggested that the grouping strategy used for the Estima-
tor may not be clinically informative (33). In this report, the most 
optimal grouping strategy did not support a correlation between 
respiratory support needs for more than 28 days and BPD de-
velopment. Furthermore, respiratory support modality, rather than 
FiO2, demonstrated a better correlation with BPD outcome.  

Multiple antenatal and postnatal non-respiratory factors have 
been shown to play a significant role in the respiratory outcome 
and BPD (25,30). The original Estimator does not incorporate 
these risk factors into the prediction models developed for a sin-
gle postnatal day. The Estimator only accounts for two respiratory 
variables: ventilator type and the fraction of inspired oxygen which 
may change over time. This approach to predictive model devel-
opment makes the disadvantageous presumption that all factors 
contributing to BPD development, known or unknown, can be 
summarized by these two respiratory variables. This assumption 
inevitably leads to prediction error when these two respiratory fac-
tors cannot encapsulate other contributing factors. For example, 
infants affected by intrauterine growth restriction may perform su-

Table 3. Assessing performance of combined probability scores for BPD severity prediction. Performance of the NICHD Neonatal BPD 
Outcome Estimator using combined scores of the severe and death categories with a cutoff number of 21, above which predictive of a 
severe (positive) disease outcome and below which predictive or a non-severe (negative) disease outcome. The actual clinical outcome 
was dichotomized into the severe (severe BPD or death before 36 weeks’ corrected gestational age) group and the non-severe (no, mild 
or moderate BPD) group for comparison.

                          
Postnatal day

Parameter
Day 1 Day 3 Day 7 Day 14 Day 21 Day 28

Exploratory dataset for grid search

Sensitivity 0.764 0.740 0.730 0.755 0.691 0.710

Specificity 0.741 0.742 0.750 0.738 0.807 0.831

Positive Predictive Value 0.750 0.720 0.720 0.717 0.755 0.793

Negative Predictive Value 0.755 0.761 0.759 0.774 0.751 0.759

Accuracy 0.752 0.741 0.741 0.746 0.753 0.774

Validation dataset

Sensitivity 0.805 0.825 0.833 0.884 0.810 0.744

Specificity 0.641 0.675 0.800 0.700 0.800 0.800

Positive Predictive Value 0.702 0.717 0.814 0.760 0.810 0.800

Negative Predictive Value 0.758 0.794 0.821 0.848 0.800 0.744

Accuracy 0.725 0.750 0.817 0.795 0.805 0.771
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perior to those born at the same GA. Yet, they frequently require 
prolonged respiratory support beyond 36 weeks CGA and are 
more likely to be diagnosed with BPD (34). On the other hand, sig-
nificant events (systemic corticosteroid administration, late-onset 
sepsis, stage 3 necrotizing enterocolitis, among others) that usu-
ally occur after 28 postnatal days may alter the trajectory of respi-
ratory support and change the respiratory outcome at 36 weeks 
CGA. This illustrates why a model that considers these events 
would improve predictability (25). Future work may focus on incor-
porating antenatal exposure variables and postnatal comorbidity 
variables to assess which variables may improve prediction ac-
curacy. Such effort will aid clinical decision-making and provide 
greater insight and understanding into how non-respiratory factors 
may affect respiratory outcomes.

Using the new grading system for BPD, a recent report using 
the Vermont Oxford Network data found a positive correlation 
between the grades and adverse respiratory outcomes such as 
supplemental oxygen use after hospital discharge and tracheos-
tomy (35). Moreover, the study also showed that most of the non-
respiratory comorbidities of extreme prematurity were associated 
with mechanical ventilator use at 36 weeks CGA (Grade 3). Future 
work could include developing prediction tools for outcomes strati-
fied by respiratory support type at a predefined postnatal age and/
or for long-term respiratory outcomes beyond infancy.

Limitations

The study is limited by a lack of prospective and external valida-
tion. Additionally, the intrinsic limitations of the Estimator, including 
low temporal resolution (6 time points out of 28 days), the use of 
only two respiratory variables, and the lack of non-respiratory fac-
tors that may impact the respiratory outcomes in the model are 
also inherited as limitations to this study. 

Conclusion

In this study, we found that the NICHD Outcome Estimator was 
prone to underestimating the respiratory severity of our preterm 
infants. A longitudinal approach based on non-linear modeling of 
the severity probability score trajectories was proposed, which 
significantly improved prediction accuracy. Our study emphasizes 
the crucial role of longitudinal assessment of the respiratory tra-
jectory. Future work may include incorporating more detailed re-
spiratory data alongside antenatal and postnatal non-respiratory 
comorbidity data to improve respiratory outcome prediction fur-
ther.
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