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Abstract
Objectives: To develop risk prediction models for overall and moderate-severe bronchopulmonary dysplasia (BPD) on Days 1, 7, and 21, and 

compare these to 2011 NICHD model, in a cohort of VLBW infants all receiving prophylactic caffeine treatment.

Methods: This retrospective chart review included 448 infants born between 2012-2018 with gestational age <30 weeks. Models were 
constructed using step-wise forward logistic regressions, and predictive performances assessed using c-statistic.

Results: BPD developed in 215 (47.9%) infants. “Gestational age,” “type of ventilation,” and “average FiO2 levels” were predictive of BPD (and 
moderate-severe BPD) on Days 1 and 7; only the latter two factors were predictive on Day 21. Our model’s performance was comparable to the 2011 
NICHD model for Days 7 (p=.07) and 21 (p=.14) but was lower for Day 1 (p<.001).

Conclusion: We developed simple, and reliable models for BPD and moderate-severe BPD that neonatologists could easily implement in fast-
paced NICU settings.  
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Introduction

Bronchopulmonary Dysplasia (BPD) is a form of chronic lung 
disease commonly seen in premature infants that requires oxygen 
therapy [1]. The oxygen injures the lungs and the airways, leading 
to inflammation and tissue destruction (dysplasia) in the alveoli. [1] 
Despite advances in neonatal care, BPD remains a significant cause 
of morbidity and mortality among very low birth weight infants 
[2-4]. The prevention and management of BPD pose significant 
challenges in neonatal care as well as increase public health costs 
[5].

Identifying infants at high risk of developing BPD is important 
to optimize their respiratory support, facilitate appropriate follow-
up care to prevent the progression of the disease and its associated 
complications, and provide families with accurate prognostic 
information. Several prediction models for BPD have been 
proposed; although, the most accurate and commonly used one in 
clinical practice, which has been externally validated, is the 2011 
NICHD BPD estimator [6-8]. It has been widely adopted because 
it categorized BPD by severity, including infants who died, and 
examined models from day 1 through the first 28 postnatal days [6]. 

Both theophylline and caffeine are drugs that stimulate 
breathing efforts and were used to reduce apnea of prematurity 
beginning in 1970’s and 1980’s [9]. It was determined that caffeine 
was more easily absorbed and had a longer half-life, allowing for 
once daily dosage [10]. The American Academy of Pediatrics first 
began recommending the use of caffeine in 2006 to prevent BPD in 
infants who were <30 weeks gestational age and/or <1250 grams 
[11, 12]. The 2011 NICHD BPD estimator was developed based on 
a 2000-2004 cohort when caffeine was still being investigated for 
its potential role in the prevention of BPD. Currently, caffeine is 
one of the most prescribed medications in neonatal intensive care 
units for preventing BPD and managing apnea of prematurity [13, 
14]. However, there is no standardized protocol on optimal dosing 
and timing of caffeine administration [15]. The Caffeine for Apnea 
of Prematurity (CAP) Trial suggested a decrease in BPD by 52% 
with early caffeine treatment from 1-3 days compared to a 23% 
reduction in risk when administered after Day 3 [16]. Caffeine, 
initiated within the first 10 days after birth, is one of few drug 
therapies shown to significantly decrease the risk of BPD in very 
low birth weight infants 17. Widespread use of caffeine does not 
prevent BPD in all cases, and, as a result, continued exploration for 
novel therapeutics is ongoing [17].

Objective

Our study aimed to develop prediction models for BPD using 
a recent cohort of infants born between 2012 and 2018, who 
all received prophylactic caffeine treatment. This addresses a 
significant gap in the literature by accounting for the now standard 
use of caffeine therapy in neonatal care. This may provide clinicains 
with a contemporarily relevant tool in predicting the risk of BPD. 
The primary aims of this study were to: 

(i) develop BPD risk prediction models on Days 1, 7, and 21.

(ii) compare the performance of newly developed models 

with the 2011 NICHD model for BPD risk prediction.

(iii) develop risk prediction models specifically for moderate-
severe BPD on Days 1, 7, and 21. 

Methods

Study Design and Data: A retrospective chart review was 
performed on de-identified data obtained from electronic medical 
records at a Level III neonatal intensive care unit (NICU) in Illinois. 
This study received approval from our Institutional Review Board 
(#00000688).

The inclusion criteria included infants born: 

(i) between 2012 and 2018, 

(ii) with a gestational age of <30 weeks. Infants with 
major congenital anomalies (i.e., genetic anomaly, syndrome, or 
malformation of a primary organ system) and those who died 
before the diagnosis of BPD were excluded from the study.

Outcome variable: Bronchopulmonary dysplasia (BPD) was 
defined as infants receiving supplemental oxygen for 28 days 
or more by the postmenstrual age of 36 weeks [6, 18]. BPD was 
classified as 

(i) mild, when receiving oxygen for >28 days but not at 36 
weeks.

(ii) moderate, when receiving oxygen for >28 days and 
treatment with <30% oxygen at 36 weeks.

(iii) severe, when receiving oxygen for >28 days and treatment 
with >30% oxygen at 36 weeks [6, 18]. If the baby was 
discharged or transferred before the time of assessment, the 
BPD was defined based on the status of oxygen therapy at the 
time of discharge/transfer. 

Predictor variables: Predictor variables were selected a priori 
based on confirmation in the literature, congruence with biological 
plausibility, and availability of information approved for release by 
the Department of Pediatrics. Information about gestational age, 
birth weight, gender, and race/ethnicity of each infant was obtained 
from electronic medical records. Gestational age was stratified into 
two categories, less than or equal to 27 weeks and greater than 27 
weeks. 

The timing of the first dose of caffeine variable referred to 
infants receiving caffeine within 24 hours, 48 hours, and >48 
hours after birth. The data on respiratory support was collected 
as none, Continuous Positive Airway Pressure/Biphasic, nasal IMV 
(Intermittent Mandatory Ventilation), SIMV, Assist control, and 
high-frequency ventilation. If an infant received greater than one 
type of respiratory support on the day of assessment, the most 
aggressive form of ventilation for that day was entered into the 
dataset. Nasal IMV, CPAP, and biphasic types of respiratory support 
were grouped as non-invasive, and SIMV, assist control, and high-
frequency ventilation types were classified as invasive types of 
ventilation.  

We utilized non-invasive ventilation (as opposed to none) as a 
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reference category to permit a direct comparison between invasive 
and non-invasive types of ventilation. The average FiO2 levels 
recorded on the day of risk estimation were used in the model. 

Birth weight and average FiO2 levels, were recorded as 
continuous variables. The remaining variables (i.e., gender, race, 
maternal chorioamnionitis, antenatal steroids, administration of 
caffeine within 24 hours, administration of caffeine within 48 hours, 
and type of respiratory support) were recorded as categorical 
variables. 

Statistical analysis: Descriptive statistics were used to 
characterize the cases and controls using mean and standard 
deviation for continuous variables and percentages for categorical 
variables. All analyses were performed using STATA 17 statistical 
software. 

The aim of the analyses was to identify demographic and 
clinical variables that could significantly predict the risk of BPD and 
moderate to severe BPD on Days 1, 7, and 21 postnatal age. Binary 
logistic regression models were constructed using a stepwise 
forward selection of variables with exclusion criteria of 0.05 to 
predict the risk of each outcome. The first step of developing the 
model was to examine the relationship between BPD and each risk 
factor (univariate analysis) using the study data. All statistically 
significant variables at the alpha level of 0.05, along with a priori 
predictors, were entered into the model. This is contrary to the 
NICHD Estimator, which based final model selection less on 
statistical significance and more on how a predictor enhanced the 
model’s predictive ability. 

Missign data: The variable on antenatal steroids had 18% 
missing data for which multiple imputations method by Chained 
Equations methods was employed. A logistic regression was 

employed and five imputed datasets were generated with plausible 
values derived from the observed data distribution. Subsequently, 
the results from 5 datasets were combined to obtain final 
consolidated estimates. Finally, a follow-up sensitivity analysis 
was perfomed comparing data with and without imputations to 
evaluate the impact of missing data.

Model validation and performance: The internal validity 
assessment of our logistic regression models was performed 
using 1000 bootstrap resamples, the most preferred approach 
for validating prediction models [19, 20]. This validation was 
performed by refitting each multivariable model in 1000 bootstrap 
resamples with replacement. The C-statistic was used to assess 
discrimination, which represented the area under the receiver 
operating characteristic curve to evaluate the fit of the final 
logistic regression and its performance. C-statistic represented 
the probability that a randomly selected patient who experienced 
the disease (case) had a higher risk than a patient who did not 
experience the disease (control).

Results

Between November 1st, 2012 and October 31st, 2018, 448 
infants with a gestational age of <30 weeks met the inclusion 
criteria. The sample consisted of 43.9% female infants. The racial 
distribution was representative of the population served by the 
hospital, with the sample consisting of predominantly Caucasians 
(68.1%), followed by Blacks (24.4%), Asians (1.9%), and others 
(5.6%). Among the infants in our cohort, 215 (47.9%) infants 
developed BPD; specifically, 22.3% had mild BPD, 13.2% had 
moderate BPD, and 12.5% had severe BPD. The mean birth weight 
was 959.5grams (SD: 260.5), and the average gestational age was 
27.1 weeks (SD: 1.8) (Table 1). 

Table 1: Infant characteristics and BPD outcomes.

 Total 
(n=448)

No BPD 
(n=233)

Mild BPD 
(n=100)

Moderate BPD 
(n=59)

Severe BPD
P Value

(n=56)

Gestational age, mean (SD), weeks 27.10 (1.83) 28.12 (1.22) 26.11 (1.69) 25.99 (1.69) 25.76 (1.80) <0.001*

Birth weight, mean (SD), grams 959.45 
(260.49)  958.65 (266.19) 983.16 (252.18)  917.27 

(257.08) 964.89 (255.8) <0.001*

Gender      

0.342  Males, n (%) 251 (56.03) 122 (52.36) 59 (59.00) 38 (64.41) 32 (57.14)

  Females, n (%) 197 (43.97) 111 (47.64) 41 (41.00) 21 (35.59) 24 (42.86)

Race      

0.490

  White, n (%) 298 (66.52) 165 (70.82) 57 (57) 38 (64.41) 38 (67.86)

  Black, n (%) 119 (26.56) 55 (23.61) 32 (32) 18 (30.31) 14 (25)

  Asians, n (%) 10 (2.23) 4 (1.72) 3 (3) 1 (1.69) 2 (3.57)

  Others, n (%) 21 (4.69) 9 (3.86) 8 (8) 2 (3.39) 2 (3.57)

Caffeine within 24 hours      

0.124  Yes, n (%) 407 (90.85) 213 (91.42) 90 (90.00) 57 (96.61) 47 (83.93)

  No, n (%) 41 (9.15) 20 (8.58) 10 (10.00) 2 (3.39) 9 (16.07)
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Caffeine within 48 hours      

0.235  Yes, n (%) 435 (97.10) 227 (97.42) 98 (98.00) 58 (98.31) 52 (92.86)

  No, n (%) 13 (2.90) 6 (2.58) 2 (2.00) 1 (1.69) 4 (7.14)

Antenatal steroids      

0.156
  Yes, n (%) 297 (66.29) 148 (63.52) 66 (66.00) 42 (71.19) 41 (73.21)

  No, n (%) 70 (15.63) 43 (18.45) 16 (16.00) 7 (11.86) 4 (7.14)

  Unknown, n (%) 81 (18.08) 42 (18.03) 18 (18.00) 10 (16.95) 11 (19.64)

Type of ventilation (Day 1)      

<0.001*
  None, n (%) 40 (8.93) 12 (5.15) 12 (12.00) 6 (10.17) 10 (17.86)

  Non-invasive, n (%) 266 (59.38) 189 (81.12) 42 (42.00) 19 (32.20) 16 (28.57)

  Invasive, n (%) 142 (31.70) 32 (13.73) 46 (46.00) 34 (57.63) 30 (53.57)

Type of ventilation (Day 7)      

<0.001*
  None, n (%) 109 (24.33) 88 (37.77) 8 (8.00) 6 (10.17) 7 (12.50)

  Non-invasive, n (%) 219 (48.88) 138 (59.23) 46 (46.00) 20 (33.90) 15 (26.79)

  Invasive, n (%) 120 (26.79) 7 (3.00) 46 (46.00) 33 (55.93) 34 (60.71)

Type of ventilation (Day 21)      

<0.001*
  None, n (%) 164 (36.61) 140 (60.09) 13 (13.00) 4 (6.78) 7 (12.50)

  Non-invasive, n (%) 164 (36.61) 89 (38.20) 49 (49.00) 16 (27.12) 10 (17.86)

  Invasive, n (%) 120 (25.79) 4 (1.72) 38 (38.00) 39 (66.10) 39 (69.64)

Average FiO2      

<0.001*

  Day 1, mean (SD), mm of Hg 26.52 ± 8.93 23.20 ± 4.44 28.88 ± 9.76 29.34 ± 9.52 33.16 ± 13.69

  Day 7, mean (SD), mm of Hg 25.05 ± 8.28 21.62 ± 3.01 27.02 ± 7.30 29.25 ± 11.46 31.37 ± 12.96

  Day 21, mean (SD), mm of Hg 26.77 ± 
10.16 21.53 ± 1.36 27.46 ± 5.99 33.28 ± 13.26 40.52 ± 15.03

Among the mothers, 7.4% were diagnosed with 
chorioamnionitis during pregnancy, and 64.2% were known to have 
received antenatal steroids. Additionally, 89.9% of infants received 
caffeine within 24 hours, 95.5% within 48 hours, and 100% within 
day 10.

Prediction Models 

Our predictive models were derived from the following 
covariates: 

(i) gestational age

(ii) birth weight

(iii) race

(iv) gender

(v) type of respiratory support

(vi) average FiO2 levels on that day

(vii) caffeine given within 24 hours (for day 1), within 48 hours 
(for day 7 and day 21)

(viii) antenatal steroids

(ix) maternal chorioamnionitis. Multiple imputation method 
was employed for missing data for antenatal steroids.

A total of 6 prediction models were developed for the outcomes 
of BPD and moderate-severe BPD on 1, 7, and 21 days after birth.

Day 1

Day 1- Prediction of BPD: 

The primary predictors on Day 1 for BPD were gestational age, 
type of ventilation, and average FiO2 values (Table 2a). Infants with 
gestational age < 27 weeks were 7 times more likely to develop 
BPD (aOR= 7.20, 95% CI: 4.40-11.77). Additionally, those receiving 
invasive ventilation on Day 1 were 3.27 times more likely (aOR= 
3.27, 95% CI: 1.87-5.73) compared to non-invasive ventilation to 
develop BPD. Finally, a 10 unit increase in average FiO2 on Day 1 
was associated with nearly three times an increase [(aOR 1.11)10 
= 2.84] in the likelihood of developing BPD. This model had a good 
c-statistic value of 0.87. The sensitivity and specificity of the model 
were 78.60% and 78.54%, respectively.

Day 1- Prediction of moderate-severe BPD: 

The predictors estimated on Day 1 for moderate-severe BPD 
were the same as those for overall BPD (Table 2b). Infants with 
gestational age <27 weeks were three times more likely to develop 
moderate-severe BPD (aOR= 3.14, 95% CI: 1.98-4.99), and those 
receiving invasive ventilation on Day 1 were 2.36 times more 
likely (aOR= 2.36, 95% CI: 1.45-3.87) compared to non-invasive 
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ventilation to develop moderate-severe BPD. Finally, a 10-unit 
increase in average FiO2 on Day 1 was associated with 1.63 times 

more likelihood [(aOR 1.05)10 = 1.63] of developing moderate-
severe BPD. This model had a c-statistic value of 0.77.

Table 2: Prediction models on Day 1

Table 2a: Risk of BPD Predicted on Day 1

 Odds Ratio Std Err z P>|z|     95% Confidence interval

Gestational age       

>27weeks ref      

≤27weeks 7.20 1.81 7.87 <.001     4.40 11.77

Ventilation       

Noninvasive ref      

Invasive 3.27 .94 4.15 <.001     1.87 5.73

None 2.15 1.02 1.62 .11 .85 5.44

Average FiO2 on Day 1 1.11 .03 4.47 <.001     1.07 1.17

Constant .02 .01 -6.86 <.001     .01 .05

Table 2b: Risk of Moderate to Severe BPD Predicted on Day 1

 Odds Ratio Std Err z P>|z|     95% Confidence interval

Gestational age       

>27weeks ref      

≤27weeks 3.31 .86 4.6 <.001     1.99 5.52

Ventilation       

Noninvasive ref      

Invasive 2.75 .76 3.66 <.001     1.6 4.74

None 1.93 .82 1.55 .12 0.84 4.43

Average FiO2 on Day 1 1.05 .01 3.26 .001 1.02 1.08

Constant .03 .01 -8.41 <.001     .02 .07

Notes: Non-invasive ventilation utilized as a reference category as opposed to “none” to permit direct comparison between invasive and non-invasive 
types of ventilation

Day 1- Comparison with NICHD model:

The NICHD prediction model that we applied to our sample 
to predict BPD had a significantly higher c-statistic value 
(c-statisticNICHD= 0.90) than our model (c-statistic = 0.86) with a 
p-value <0.001. However, none of the additional variables of race, 
gender, and birth weight were statistically significant in our cohort.

Day 7

Day 7- Prediction of BPD: 

The variables predicting the risk of BPD estimated on Day 7 
included the same as on Day 1 (Table 3a): 

(i) gestational age of ≤27 weeks (aOR= 3.30, 95% CI: 1.87-
5.82)

(ii) invasive ventilation compared to non-invasive ventilation 
(aOR= 9.59, 95% CI: 4.01-22.93)

(iii) average FiO2 on Day 7 (aOR= 1.23, 95% CI: 1.12-1.36). 
For each 10-unit increase in FiO2 values, the risk of developing 
BPD increased by about eight times [(aOR 1.23)10= 7.93]. The 
c-statistic value for this model was 0.90. The sensitivity and 
specificity of the model were 75.35% and 90.56%, respectively.

Day 7- Prediction of moderate-severe BPD: 

The factors predictive of the risk of moderate-severe BPD 
estimated on Day 7 were gestational age, invasive ventilation, and 
average FiO2 levels (Table 3b). The model had a c-statistic value of 
0.81. 

Table 3: Predictive models on Day 7

Table 3a: Risk of BPD Predicted on Day 7

 Odds Ratio Std Err z P>|z|     95% Confidence interval

Gestational age       

>27 ref      
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≤27 3.30 .95 4.13 <.001     1.87 5.82

Ventilation on Day 7       

Noninvasive ref      

Invasive 9.59 4.27 5.09 <.001     4.01 22.93

None .50 .17 -2.09 .04 .25 .96

Average FiO2 on Day 7 1.23 .06 4.19 <.001     1.12 1.36

Constant .01 .01 -5.64 <.001     .01 .03

Table 3b: Risk of Moderate to Severe BPD Predicted on Day 7

 Odds Ratio Std Err z P>|z|     95% Confidence interval

Gestational age       

>27 ref      

≤27 2.05 .58 2.52 .012 1.17 3.58

Ventilation on Day 7       

Noninvasive ref      

Invasive 3.67 1.04 4.57 <.001     2.10 6.41

None .71 .28 -.86 .39 .33 1.54

Average FiO2 on Day 7 1.07 .02 4.13 <.001     1.03 1.10

Constant .03 .01 -8.28 <.001     .01 .07

Notes: Non-invasive ventilation utilized as a reference category as opposed to “none” to permit direct comparison between invasive and non-invasive 
types of ventilation

Day 7- Comparison with NICHD model:

One Day 7, there was no significant difference in c-statistic 
values for our model (c-statistic= 0.90) and the NICHD model 
(c-statisticNICHD= 0.91, p=.07). Similar to Day 1, none of the 
additional variables of race, gender, and birth weight were 
statistically significant in our cohort.

Day 21

Day 21- Prediction of BPD: 

On Day 21 assessment, only type of ventilation and average 
FiO2 levels predicted BPD at 36 weeks PMA (Table 4a). Infants 
receiving invasive ventilation on Day 21 were 9.3 times more 

likely to develop BPD compared to those receiving non-invasive 
ventilation (aOR= 9.29, 95% CI: 2.86-30.20). This model had a 
c-statistic value of 0.95. The sensitivity and specificity values were 
84.19% and 93.99%, respectively.

Day 21- Prediction of moderate-severe BPD: 

On day 21, the same two factors, type of ventilation and average 
FiO2 levels, were predictive of moderate-severe BPD at 36 weeks 
postmenstrual age (Table 4b). A 10-unit increase in FiO2 values on 
day 21 was associated with more than four times more likelihood 
[(aOR 1.16)10 = 4.41] of developing moderate-severe BPD. The 
c-statistic value of this model was 0.90.

Table 4: Predictive models on Day 21.

Table 4a: Risk of BPD Predicted on Day 21

 Odds Ratio Std Err z P>|z|     95% Confidence interval

Ventilation       

Noninvasive ref      

Invasive 9.29 5.59 3.71 <.001     2.86 30.20

None .23 .08 -4.05 <.001     .12 .47

Average FiO2 1.92 .16 7.67 <.001     1.62 2.27

Constant 2.56e-07 4.89e-07 -7.96 <.001     6.10e-09 .00e-06

Table 4b: Risk of Moderate to Severe BPD Predicted on Day 21

 Odds Ratio Std Err z P>|z|     95% Confidence interval

Ventilation       

Noninvasive ref      

Invasive 3.50 1.17 3.77 <.001     1.83 6.72

None .45 .19 -1.89 .06 .20 1.03
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Average FiO2 1.16 0.03 6.32 <.001     1.11 1.21

Constant .01 .003 -8.36 <.001     .001 .02

Notes: Non-invasive ventilation utilized as a reference category as opposed to “none” to permit direct comparison between invasive and non-invasive 
types of ventilation

Day 21- Comparison with NICHD model: 

Similar to Day 7, on Day 21, the prediction of BPD using the 
NICHD model (c-statisticNICHD= 0.95) was not statistically 
different from our model (c-statistic= 0.95, p=.14).

Discussion

Prediction models have a unique role in medical practice, 
public health, and patient care. Hence, BPD prediction models have 
the ability to predict the risk of BPD early after birth to determine 
which infants will benefit most from interventions that may reduce 
the risk of BPD. 

We developed prediction models for BPD for VLBW infants 
for days 1, 7, and 21 after birth and compared the performance 
of our model with the most frequently used traditional /classic 
NICHD model. Our model’s performance was on par with NICHD 
for Days 7 and 21 but lower for Day 1. Overall, it is apparent that our 
model is preferable because it is clinically simpler with fewer and 
readily available parameters, thereby enhancing its feasibility and 
applicability in a fast-paced clinical setting in the NICU, allowing 
neonatologists to incorporate the model into their routine practice 
easily. This echoes the recommendation provided by a recent 
systematic review and meta-analysis of BPD prediction models, 
stating that the predictors within the model should be routinely 
assessed as part of clinical practice and not reliant on factors that 
may vary with clinical practice, such as changes in weight and fluid 
intake [8].

Our findings revealed that “gestational age,” “type of 
ventilation,” and “average FiO2 levels” were predictive of BPD (as 
well as moderate-severe BPD) on Days 1 and 7. In contrast, only 
“type of ventilation’ and “average FiO2 levels” were predictive of 
BPD (as well as moderate-severe BPD) on Day 21. The predictive 
value of “gestational age” was strongest on day 1 but decreased on 
Day 7 and disappeared on Day 21. In contrast, the predictive value 
of “type of ventilation” and “FiO2 values” continued to increase 
from Day 1 to Day 7 to Day 21. 

The 2011 NICHD model that was used in this study was 
developed in a 2000-2004 cohort prior to the clinical usage of 
caffeine to prevent BPD [6]. One of the major advantages of our 
sample is that all the infants received caffeine treatment within 
10 days of birth, which is known to decrease the risk of BPD 
among low-birth-weight infants significantly. Out of the total 
study sample, 91% of infants received caffeine within 24 hours of 
birth, 97% received it within 48 hours, and 100% by Day 10. The 
status of caffeine administration was not reported among infants 
included in recent prediction models, except for the prediction 
model developed by Dai and colleagues [21]. They used a machine 
learning technique to develop their model but reported only 80% of 
included infants received caffeine therapy [21]. 

Various prediction models have been published in the literature; 
however, accurate prediction still remains an enigma due to studies 
utilizing different timings for evaluation, dissimilar predictors, 
and non-identical statistical methods [22]. External validation of 
the existing prediction models published by Onland et al. in 2013 
concluded that only two models were possibly clinically relevant 
with external validity [7]. The first was the NICHD model [6]. 
The second validated model by Ryan et al. had limited usefulness 
because it estimated the risk of BPD only on the 4th postnatal day 
and was only used for infants receiving mechanical ventilation [7, 
23]. 

In 2019, a multicenter study including 16,407 infants weighing 
500–1500 grams from the Neocosur Network database proposed 
BPD prediction models using step-wise logistic regression modeling 
formoderate–severe BPD or death at four postnatal ages: at birth 
and at 3, 7, and 14 days 24. Similar to our findings, birthweight, and 
gestational age had higher contributions to the prediction model 
at birth, and the length of oxygen therapy and ventilation had the 
highest contribution to the subsequent models on days 3, 7, and 14 
24. One of their limitations was the exclusion of specific respiratory 
parameters of the fraction of inspired oxygen (FiO2) levels on each 
day of prediction, which was subsequently addressed in our study 
[24].

Two risk scores for BPD using multivariate logistic regression 
models and weights assigned to coefficients were reported in 
the literature [25, 26]. The risk scoring system by Gursoy and 
colleagues developed with a cohort from 2006-2009 included birth 
weight, gestational age, gender, hemodynamically significant patent 
ductus arteriosus, respiratory distress syndrome, hypotension, and 
intraventricular hemorrhage as predictors of BPD. [25] Similarly, 
Jassem-Bobowicz and colleagues proposed a risk score system 
utilizing data from 278 neonates born between 2013-2017 at a 
single center [26]. In this model with an AUC of 0.932, four factors 
were significantly associated with BPD, including gestational age, 
number of Red Blood Cell transfusions, number of surfactant 
administrations, and presence of hsPDA [26]. However, unlike 
our study, these risk scores were not measured at a particular 
time point(s), thereby not enabling clinicians to perform BPD risk 
assessment on specific day(s) to make a decision about adopting 
preventive strategies.

Finally, in 2022, the NICHD developed a new BPD risk estimator 
using the 2019 NRN BPD definition based on clinical data of 9181 
infants born <29 weeks gestation to estimate BPD risk on postnatal 
days 1, 3, 7, 14, and 28 [27]. Because the 2022 risk estimator 
has not been externally validated, and our study population was 
diagnosed with BPD between 2012-2018, we choose to utilize the 
2011 NICHD BPD estimator for all comparisons [27]. In fact, the 
2011 NICHD BPD estimator has been used repeatedly in clinical 
practice and research [6, 8]. 
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Strengths and Limitations: Our study has some notable 
limitations. The cohort was drawn from a single center, raising 
concerns about generalizability of the prediction model in a 
different setting. There was also underrepresentation of certain 
racial-ethnic groups in our cohort, particularly Hispanics and 
Asians; albeit Blacks were well represented. The study cohort 
reflected the population served by the hospital. Finally, unlike the 
2011 NICHD Neonatal BPD Outcome Estimator, our model has not 
been externally validated.

There are many strengths of our study. One of the primary 
advantages of our prediction model is its ease of use for clinicians, 
particularly with the inclusion of a maximum of three variables. 
Second, our cohort reflects current clinical practices where all 
infants received caffeine as prophylactic treatment for BPD. Third, 
we estimated the risk of both overall BPD as well as moderate-severe 
BPD on days 1, 7, and 21. While it may not always be possible to 
completely prevent BPD from occurring in these infants, identifying 
those at risk of moderate-severe BPD could enable pediatricians to 
reduce the severity of the disease and its associated complications 
through early intervention/prevention. 

Finally, this study addressed all methodological shortcomings 
reported in a recent systematic review of existing prediction 
models for BPD in preterm infants [28]. First, the sample size was 
fairly large. Second, the missing data were handled using multiple 
imputation methods to avoid a biased performance model. Third, 
the selection of predictor variables was not based on univariate 
analysis but rather using a forward selection logistic regression 
model. Once externally validated, our approach to include only the 
significant variables selected in a step-wise regression simplified 
the model for incorporation in clinical use. Fourth, we reported 
the discrimination and calibration performance of all the models 
developed in the study. Finally, the internal validity of the models 
was assessed using the preferred bootstrapping method. 

Conclusion

We focused on developing a simple, reliable, and interpretable 
model that neonatologists could easily implement in the NICU. To 
ensure our model was contemporary, we based our choice of infant 
cohorts on current clinical practices (e.g., receiving caffeine.) The 
ultimate goal of this proposed model is to inform clinical decisions 
and treatment and, most importantly, improve VLBW infant 
outcomes.

In the future, the risk prediction models should take into 
account the treatments and interventions (e.g., surfactant) that 
are administered to premature infants in the subsequent days 
following their birth and be updated based on infant’s response 
to such treatment. Furthermore, studies should also investigate 
the appropriate therapeutic window (timing, dosage) for caffeine 
treatment. Finally, long-term consequences of this treatment 
in VLBW infants should be examined during adolescence and 
adulthood. 
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