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Abstract 

Introduction  Randomized controlled trial (RCT) data are analyzed by two challengeable adjusted and non-adjusted 
approaches. Performing appropriate adjusted analysis leads to a more interpretable and efficient estimation of treat-
ment effects. Semiparametric adjustment approach modifies the estimating equations solved by the marginal 
treatment effect estimator by adding an augmentation function, which makes use of the baseline covariates and esti-
mate the unbiased marginal treatment effect with improved precision. The effect of the intervention obtained using 
the semi-parametric adjustment method, similar to the unadjusted method and contrary to the adjusted parametric 
method, is marginal, resulting in better interpretability. Moreover, due to leveraging baseline covariates, it is more effi-
cient compared to the unadjusted models. This study aimed to estimate the effect of beractant (Beraksurf™, Tekzima 
Company), compared with the Poractant alfa (Curosurf®, Chiesi Pharmaceuticals), as surfactant replacement therapy, 
on the need for Intermittent Positive Pressure Ventilation (IPPV) in Neonatal Respiratory Distress Syndrome (NRDS) 
more precisely by fitting a semi-parametric efficient model adjusted for appropriate covariates.

Method  This study is secondary and we re-analyzing data of a published RCT. This RCT was conducted in the NICU 
of Alzahra Hospital in Tabriz, Iran for eight months, and 200 infants were assigned to two groups receiving 
either 100 mg/kg BeraksurfTM (n = 99) or 200 mg/kg Curosurf® (n = 101). The effect of the treatments was evalu-
ated regarding the need for IPPV by fitting semi-parametric logistic regression models, adjusted for the best sub-
set of covariates selected by the forward variable selection algorithm and confounders identified by the expert 
panel. IPPV in our study was administered via an endotracheal tube, as per the protocol followed in the primary 
trial. The need for IPPV was determined based on the clinical judgment of neonatologists, considering the infants’ 
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respiratory distress levels, oxygen saturation, and arterial blood gas measurements. The decision was made 
within the first 72 h after surfactant administration.

Results  The proportions of the required IPPV outcome were 29.3% and 59.4% in the BeraksurfTM group and Curo-
surf®, respectively. While the unadjusted comparison between the two treatments was significant (OR = .283, 95% 
CI: (.157, .509), P-value < .001), adjusted OR in semi-parametric logistic regression by adjusting for the best subset 
of covariates selected by forward method including steroids, Apgar score at min1, and initial Fio2 wasn’t significant 
(OR = .751, 95% CI: (.510, 1.111), P-value = .151). The efficacy of this semi-parametric model over the unadjusted model 
was 1.81. The results of the expert-based adjusted model, adjusting for the gestational age, birth weight, and initial 
FiO2, were consistent with those derived from the R2-based selection, supporting the robustness of our findings 
(OR = .685, 95% CI: (.449, 1.529), P-value = .078).

Conclusion  Fitting a semi-parametric model adjusted for the baseline covariates resulted in a marginal, unbiased, 
more efficient and interpretable estimation of BeraksurfTM versus Curosurf® effects. Although the crude model 
showed that BeraksurfTM was more effective than Curosurf®, the results of the efficient semi-parametric model 
with adjustment for the best subset of covariates revealed no statistically significant difference between the two 
drugs regarding their effects. We hope that the use of this method and its findings will contribute to a better under-
standing of covariate adjustment.

Keywords  Semi-parametric model, Adjustment, IPPV, Preterm infant, Beractant, Poractant alfa, Respiratory distress 
syndrome

Introduction
Randomized controlled trials (RCT) are one of the clini-
cal trial types in which a treatment is randomly allocated 
to the participants. The main goal in these studies is to 
estimate the effect(s) of an intervention on the intended 
outcome. The medium and large-sample clinical trials are 
usually set up so that other auxiliary variables, in addition 
to the outcome variable information, are also collected 
for each participant. Covariates include demographic 
characteristics (e.g., age, gender, etc.), clinical character-
istics (e.g., treatment history, mental status, etc.), and the 
baseline values of the outcomes. Some of these auxiliary 
variables may be correlated with the outcome variable 
and may facilitate investigating the difference between 
two treatments [1]. The main goal in RCT studies is not 
to investigate the effect of these auxiliary variables; how-
ever, their inclusion in RCT studies together with the 
intervention variable improves the accuracy of estima-
tions and efficiency of the model when there is a corre-
lation between these variables and the outcome variable 
[2]. The randomized clinical trial studies are statistically 
analyzed by adopting two adjusted and non-adjusted 
approaches. In a non-adjusted approach, only the effect 
of the intervention variable is included in the model 
whereas in an adjusted analysis, the effect of the inter-
vention variable is examined in the presence of auxiliary 
variables. Although an appropriate adjustment increases 
the accuracy and efficiency of the intervention effect 
estimate, the application of auxiliary variables for adjust-
ment is accompanied by certain subtleties and sensitivi-
ties, and an inappropriate adjustment may cause bias in 
the estimations and even produce misleading results. 

Furthermore, the complexity of the interpretations of the 
results produced by adjustment methods has discour-
aged some researchers to employ these methods. Due to 
the above-mentioned reasons, the issue of adjustment or 
non-adjustment in RCT studies has become a challeng-
ing issue [2, 3].

To address this challenge and facilitate an optimal 
application of the information collected in an RCT study, 
Tsiatis et al [1] introduced a semi-parametric adjustment 
method for simple linear regression models that sepa-
rates the estimation of treatment differences from the 
adjustment process, reducing bias concerns common in 
regression-based methods. Their method facilitated the 
estimation of treatment effects that were more powerful 
than those produced by similar methods as well as per-
mitted the estimators to ensure an asymptotical normal 
distribution.

In this method, the systematic modeling of the rela-
tionship between auxiliary variable and outcome as well 
as the evaluation of a treatment effect are separated. It 
enjoys the simplicity of the non-adjustment methods 
in terms of interpretability. Zhang et  al [4] generalized 
a method developed by Tsiatis et  al. based on a lin-
ear regression model to a general statistical model (e.g., 
logistic regression, Cox regression, mixture model, etc.), 
and presented an innovative semi-parametric adjust-
ment method for estimation and hypothesis testing of 
the treatment effect. This method leverages the flex-
ibility of non-parametric techniques alongside the struc-
ture of parametric models, offering a robust alternative 
to commonly used methods like traditional multivari-
able models or propensity score adjustment. It provides 
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researchers with a powerful tool to adjust for covariates, 
especially in studies where the relationships between 
covariates and outcomes are complex. Unlike traditional 
methods such as propensity score analysis or multivari-
able regression, the semiparametric approach, separates 
the estimation of treatment differences from the adjust-
ment process. This separation allows for unbiased and 
efficient estimation while maintaining interpretability.

The presented semi-parametric adjustment approach 
modifies the estimating equations solved by the mar-
ginal treatment effect estimator by adding an augmenta-
tion function, which makes use of the baseline covariates 
and estimate the unbiased marginal treatment effect 
with improved precision. The effect of the intervention 
obtained using the semi-parametric adjustment method, 
similar to the unadjusted method and contrary to the 
adjusted parametric method, is marginal, resulting in 
better interpretability. Moreover, due to leveraging base-
line covariates, it is more efficient compared to the unad-
justed models.

On the other hand, infant respiratory distress syn-
drome (RDS) is a type of lung development defect that 
usually occurs after a premature birth due to the sur-
factant deficiency. RDS is one of the main causes of death 
among the premature infants.

The goal of managing RDS is to provide interventions 
to maximize the survival while minimizing the potential 
complications. One of the most important treatments 
for infants suffering from RDS is the administration of 
exogenous surfactant. Different types of surfactant drugs 
derived from natural sources (e.g., Curosurf, Infasurf 
Surfacten, and [Beractant] Surventa) and artificial ones 
(e.g., Pneumactant, Venticute, Exosurf, and Syrfaxim) 
have been recognized as successful treatments [5, 6]. Due 
to the importance of this drug, much research has been 
devoted to investigating the effectiveness, side effects, 
and comparison of the various types of it.

One of the available and most common types of exog-
enous pulmonary surfactants in Iran is Poractant alfa 
(Curosurf®, Chiesi, Italy), which has FDA approval. The 
Iranian version of surfactant named Beractant (Berak-
surf™), which is the generic form of Survanta®, has been 
produced by Tekzima Company (Alborz, Iran) since 2018.

Due to the limited resources, an interesting issue in 
this context is to compare the efficacy and safety of this 
version with those of the common type of surfactant 
replacement therapy in RDS. To assess the feasibility of 
replacing BeraksurfTM with Curosurf®, it is extremely 
important to compare their effects on RDS and the 
adverse events of RDS more accurately. One of the most 
important adverse events of RDS is the need for Intermit-
tent Positive Pressure Ventilation (IPPV). IPPV provides 
a non‐invasive respiratory support for preterm infants 

who need endotracheal intubation and ventilation [7]. 
The current study, therefore, aimed to estimate the effect 
of BeraksurfTM compared with that of Curosurf® on the 
outcomes of the need for IPPV in the preterm infants 
with RDS more precisely by fitting a semi-parametric 
logistic regression model, adjusted for covariates, as well 
as to compare adjusted semi-parametric results with the 
findings produced by the parametric adjusted and unad-
justed approaches based on the data from a RCT study by 
Gharebaghi et al. [8].

Methodology
Data
This study is a secondary study and we re-analyzing data 
of a published RCT conducted by Gharehbaghi et  al. 
[8]. For this primary study, the study protocol was reg-
istered at the Iranian Registry of Clinical Trials (IRCT) 
(IRCT20180404039187N4) prior to subject recruitment.

The data of primary study were 200 preterm infants 
with RDS and admitted to the intensive care unit of 
Alzahra Hospital in Tabriz from November, 2018 to June, 
2019 in order to evaluate the efficacy of Beraksurf™ from 
the Tekzima company (Alborz, Iran) as a newly produced 
drug vs. Curosurf® as an available exogenous pulmonary 
surfactant for curing infants with RDS [8]. These infants 
were randomized into two groups receiving Beraksurf™ 
(n = 99) and Curosurf® (n = 101) by the block randomi-
zation technique. The Beraksurf™ group received this 
medicine at a maximum dose of 4 every six hours, while 
the other group received the drug Curosurf® at a dose 
of 2.5 every 12 h and, if re-prescription was needed, at a 
dose of 1.25 or a maximum dose of 3 in 48 h after birth. 
The report of this clinical trial with more details is avail-
able elsewhere [8]. For the purpose of this article, we 
just assessed the IPPV outcome. IPPV in our study was 
administered via an endotracheal tube, as per the proto-
col followed in the primary trial. The need for IPPV was 
determined based on the clinical judgment of neonatolo-
gists, considering the infants’ respiratory distress levels, 
oxygen saturation, and arterial blood gas measurements. 
The decision was made within the first 72  h after sur-
factant administration. While our re-analysis focused 
on the binary outcome of the need for IPPV, the primary 
trial collected data on secondary outcomes such as FiO2 
changes, duration of mechanical ventilation, and dura-
tion of respiratory support. These outcomes were not 
included in the current re-analysis but remain valuable 
for future studies.

Statistical methods
Data were presented as mean (SD) and number (percent) 
for continuous and categorical variables, respectively. 
To assess the treatment’s effect on IPPV, an adjusted 
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semi-parametric approach was employed, and our results 
were compared with those of the unadjusted and adjusted 
parametric models.

Covariates for adjustment were selected adopting 
two approaches. First, we fitted parametric and semi-
parametric models using covariates selected by domain 
experts to incorporate clinical context or pathophysi-
ological insights. For this models, the initial FiO2, ges-
tational age, and birth weight were selected as potential 
confounders according to the experts’ opinion and con-
sistent with original study report [8]. Second, we used a 
data-driven approach to identify the best subset of covar-
iates based on R2; So, the best subset of covariates with 
the highest R2 was selected using a semi-parametric for-
ward variable selection algorithm. All analyses were car-
ried out using the speff2trial package in R version 4.3.2.

There are various statistical methods for comparing 
different levels of treatment in RCT studies. In this sec-
tion, the method developed by Zhang et al [4] based on 
the efficient semi-parametric approach was described 
while briefly stating some common adjustment/non-
adjustment methods.

Considering the binary nature of our outcome (i.e., the 
need for IPPV) and treatment (i.e., Beraksurf™ and Curo-
surf®), these methods were described for the case where 
the outcome and intervention variables are both binary 
(0 or 1). The outcome variable was denoted by Y, the 
intervention by Z, and the auxiliary variables by X.

Unadjusted logistic regression method
In this method and considering logit(p) = ln

p
1−p , the 

relationship between outcome variable and treatment is 
determined by:

where, p is the proportion of success for the outcome var-
iable. In this model, the interpretation of parameter 

β1 = log
p(Y=1|Z=1)
p(Y=0|Z=1)
p(Y=1|Z=0)
p(Y=0|Z=0)

 as is log of the ratio of odds under 

treatment 1 to treatment 0.

Adjusted logistic regression method
In this model, the effect of the intervention variable is 
adjusted by auxiliary variables X = (X1, . . .Xp) as: 

In this model,β1 appears as:β1 = log
p(Y=1|Z=1,X)
p(Y=0|Z=1,X)
p(Y=1|Z=0,X)
p(Y=0|Z=0,X)

where the parameter β1 shows the log  ratio of odds in 
two treatments conditionally, and a zero value repre-
sents the sameness of the conditional odds. Therefore, 

(1)Logit p(Y = 1|Z) = β0 + β1Z + ε

(2)
Logit p(Y = 1|X, Z) = β0 + β1Z + α1X1 + · · · + αpXp + ε

the interpretation of parameter β1 is not the same in two 
adjusted and non-adjusted models [1].

Many researchers avoid using adjustment in the logis-
tic regression model since they believe that this method 
reduces the accuracy of the estimator. This belief is mainly 
formed due to a confusion over the following two issues.

Firstly, a lack of proper understanding of the difference 
between conditional and marginal treatment effects causes 
that the conditional treatment effect has been mistakenly 
used instead of the marginal treatment effect. Secondly, 
the selection of auxiliary variables is always a challenging 
issue because an inappropriate selection of these variables 
distorts the model. In the adjusted model, for instance, the 
estimate of parameter β1 may be significantly altered by 
changing the covariates and, therefore, the result of the trial 
study may be reversed.

Logistic regression method with efficient semi‑parametric 
approach
The basic idea of semi-parametric adjustment method 
introduced by Zhang et  al. [4] is that we can modify the 
estimating equations which are solved by the marginal 
(unconditional) treatment effect estimator by adding 
an augmentation function, which makes use of the baseline 
covariates and estimate the marginal treatment effect with 
improved precision.

The construction of the augmentation function depends 
on specifying a parametric working model for predicting 
the outcome using the baseline covariates. Importantly 
however, estimates remain (asymptotically) unbiased irre-
spective of whether this so-called working model is cor-
rectly specified.

To this end, the unadjusted logistic regression model was 
considered as E(Y|Z) = exp(β0+β1Z)

1+exp(β0+β1Z)
.

It is a function based on a single observation and param-
eters, which is used to build the estimation equations. 
Therefore, its estimation function is:

As a result, it is deduced as an unadjusted estimate for 
the model parameters by solving the equations:

Since these estimators are in the class of M-estimators, 
they ensure an asymptotic normal distribution. To improve 
this estimator and apply the auxiliary variables, Zhang et al. 
suggested the following estimation function:

(3)

m Y,Z; β0, β1 = {1, Z}T Y−
exp(β0 + β1Z)

1+ exp(β0 + β1Z)

(4)
n∑

i=1

m
(
Yi , Zi; β0, β1

)
= 0
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where π0 and π1 are the ratio of observations at Z levels 0 
and 1, respectively:

By solving these estimation equations:

the efficient semi-parametric adjusted estimators are 
obtained for the model parameters. These estimators also 
belong to the family of M-estimators; therefore, they are 
asymptotically/normally distributed, and their efficiency 
can be calculated and/or compared to the non-adjusted 
state.

Two important advantages of these estimators com-
pared to the non-adjusted mode and the conditional 
mode are as follows:

1. The interpretation of parameters β0, β1 in this 
model is also similar to that in the non-adjustment 
mode and, as a result, these parameters reflect the 
value of the marginal treatment effect and not the 
conditional effect of the treatment.
2. The obtained estimators are more efficient than 
those obtained from unadjusted logistic regression.

Similarly, Zhang et  al [4] developed an efficient semi-
parametric method for hypothesis testing

(5)

m∗
(
Y,X, Z;β0,β1

)
= m

(
Y, Z;β0,β1

)
−

1∑

g=0

{
I(Z=g) − πg

}
E
(
m(Y ,Z,β0,β)|X ,Z = g

)

(6)

E(Y |X ,Z) =
exp(β0 + β1Z+ α1X1 + · · · + αpXp)

1+ exp(β0 + β1Z+ α1X1 + · · · + αpXp)

(7)
∑n

i=1
m∗

(
Yi ,Xi , Zi; β0, β1

)
= 0

H0 : β1 = 0

H1 : β1 �= 0

The test statistic in this method, similar to the esti-
mation problem, is obtained in two steps; that is, first a 
statistic is found by considering the non-adjusted model 
and then is improved by including the adjustment. The 
adjusted test statistic obtained in this normal asymptotic 
method has a higher power than that obtained in the 
non-adjusted state.

Results
In the primary study, 101 infants received 200  mg/kg 
of poractant alfa (Curosurf®) and 99 infants received 
100 mg/kg of beractant (Beraksurf™) as the initial doses. 
The mother/infant-related baseline characteristics are 
shown in Table 1.

The study groups were not significantly different in 
terms of the 1-min Apgar score at 1 min score, mode of 
delivery, and mother-related risk factors (e.g., the moth-
er’s underlying diseases, maternal age, the incidence of 
Premature Rupture of Membranes (PROM), and preec-
lampsia), but they were significantly different regarding 
the gestational age, birth weight, and application of ante-
natal steroids.

Table  2 shows the estimation obtained for the treat-
ment effect on the need for IPPV outcome after 
implementing unadjusted/adjusted parametric and semi-
parametric models.

The proportions of the required IPPV outcome were 
29.3% and 59.4% in the Beraksurf™ group and Curosurf®, 
respectively. The unadjusted comparison between two 
treatments was significant the unadjusted estimate of 
the log-odds ratio, is − 1.261 with standard error 0.299 
(OR = 0.283, 95% CI: (0.157, 0.509), P-value < 0.001). The 
conditional OR became insignificant after adjusting for 
the expert-based selected confounders including baseline 
FiO2, birth weight, and gestational age through the para-
metric logistic regression (OR = 0.464, 95% CI: (0.199, 
1.082), P-value = 0.075).

Table 1  Baseline covariates of mothers and infants

* P-value from independent T test
** P-value from chi-square test

variable Beraksurf™ (N = 99) Curosurf® (N = 101) P-value

Gestational age (week), Mean (SD) 32.9 (2.6) 30.3(2.6)  < .001*

Birth weight (g), Mean (SD) 1957.2 (675.2) 1566.2 (672.3)  < .001*

Maternal age (year), Mean (SD) 29.9 (5.7) 31 (7.2) .21*

Apgar score at 1 min, Mean (SD) 6.6 (2.1) 5.9 (2.3) .30*

Apgar score at 5 min, Mean (SD) 8.3 (1.4) 7.7 (1.7) .01*

Initial Fio2, Mean (SD) 75.93 (9.66) 81.94 (12.47)  < .001*

Preterm Delivery, n(%) 50 (50.5) 68 (67.3) .01**

using Antenatal steroid, n(%) 73 (74.5) 83 (92.2) .01**

Preeclampsia, n(%) 11 (11.1) 18 (17.8) .22**
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The results produced after adjusting for these variables 
via a semi-parametric logistic regression showed a non-
significant effect for the treatment (OR = 0.685, 95% CI: 
(0.449, 1.529), P-value = 0.078).

The results produced after a selection of the best 
covariates subset by the forward selection method dem-
onstrated a model with a higher R2. Selected variables 
to adjust in this model were steroids, Apgar score at 
1  min, and initial Fio2. Adjusted OR in semi-paramet-
ric model was 0.75 (OR = 0.75, 95% CI: (0.51, 1.111), 
P-value = 0.151).

An OR of 0.548 was achieved after considering the 
selected variables in the parametric logistic regression 
(OR = 0.548, 95% CI: (0.244, 1.229), P-value = 0.145).

The efficacy of the semi-parametric model with the 
best covariates subset selected by the forward selection 
method over the unadjusted model was: 

efficacy = (
se
(
β̂unadjusted

)

se
(
β̂semi−parametric

) )

2

= ( .299.201 )
2
= 2.22

 . The efficacy of the semi-

parametric model with the potential confounders over 
the unadjusted model was 1.93. Furthermore, the efficacy 
of the semi-parametric model to the parametric model 
for the best covariates subset was 4.20 and for potential 
confounders was 4.03.

Discussion
Performing appropriate adjusted models leads to a 
more interpretable and efficient estimation of treat-
ment effects. The semi-parametric adjusted estima-
tions, similar to the unadjusted estimations and unlike 
the parametric adjusted estimations, are unconditional 
and more interpretable but their estimations are more 
efficient than the unadjusted model because of lever-
aging baseline predictors of the outcomes. While we 
acknowledge the existence of alternative approaches for 
adjusting imbalanced baseline prognostic factors, such 
as classical control for confounders using traditional 
multivariable models [2], propensity score analysis [9] 
or confounder summary score adjustment [10], in our 
study, we used the regression approach with the semi-
parametric framework due to its better interpretability 

and more efficiency. This method can complement 
existing approaches and serve as a valuable option for 
investigators aiming to enhance the precision and reli-
ability of their analyses.

In our study, the effect of BeraksurfTM versus Curo-
surf® on the need for IPPV outcome was estimated by 
using unadjusted/adjusted parametric and semi-para-
metric models. Adjusted covariates selected by the expert 
were initial FiO2, Gestational age, and Birth weight, 
whereas those selected by semi-parametric forward vari-
able selection algorithm were steroids, Apgar score at 
1 min, and initial fio2.

Our results demonstrated that the coefficients of the 
parametric adjusted models were lower than that of 
the crude model, which suggested the existence of het-
erogeneity between two groups in terms of the adjusted 
variables and, therefore, a significant change in the effect 
size of the intervention caused by the adjustment for 
the covariates. This difference may have been attributed 
to the existence of a significant difference between two 
groups regarding the baseline values of variables such 
as initial Fio2, Apgar score at 1 min, steroids, gestational 
age, and birth weight.

In each covariate subset, moreover, the absolute values 
of regression coefficients in the semi-parametric model 
were smaller than the coefficients of the parametric model 
with the same covariates. This may have been due to the 
fact that the values of regression coefficients in the para-
metric models are conditional effect of the intervention 
and not its marginal effect, while the obtained coefficient 
in the semi-parametric model is marginal and indicative 
of the unconditional effect of the intervention on the out-
come like the unadjusted value; seemingly, the contribu-
tion of other variables was removed from this value.

In addition, the results generated by parametric analy-
sis with adjustment for potential confounders (border-
line P-value) were more comparable to those produced 
by the unadjusted model (significant P-value) in term of 
P-value; this is while, parametric model with adjustment 
for optimal covariates, which were selected based on the 
forward selection method, did not show a significant 
effect for the treatment.

Table 2  Estimating effect of Beraksurf™ versus Curosurf® on need to IPPV outcome by the unadjusted and adjusted models

a Potential confounders: initial fio2, Gestational age, birth weight
b Optimal covariates: steroids, Apgar score at 1 min, initial fio2

Model b SE(b) 95%CI p-value

Unadjusted parametric model −1.261 .299 (−1.849, -.674)  < .001

Parametric model adjusted for potential confoundersa -.769 .432 (−1.61, .080) .075

Parametric model adjusted for optimal covariatesb -.601 .412 (−1.410, .207) .145

Semi-parametric model adjusted for potential confoundersa -.378 .215 (.-.079, .0425) .078

Semi-parametric model adjusted for optimal covariatesb -.289 .201 (-.685, .106) .151
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This issue indicates that in the parametric adjustment 
model, the correct determination of covariates for adjust-
ment can greatly affect the results; therefore, in the para-
metric adjustment approach, only an adjustment is not 
enough, and the adjusted variables and their functional 
form should be also selected appropriately to have unbi-
ased estimator of intervention effect.

On the other hand, because the semi-parametric 
approach separates the estimation of treatment differ-
ences from the adjustment process, the use of model 
selection techniques, such as forward selection, to deter-
mine covariates to include in the augmentation term 
models have no effect asymptotically on the properties of 
the intervention effect estimator. Hence, misspecification 
of the working models (covariates section) in semipa-
rametric does not introduce bias in the treatment effect 
estimator, but instead some efficiency is lost [4].

According to our study results, the SE of coefficients 
in semi-parametric models was, as expected, lower than 
that in similar parametric models, which was indicative 
of the fact that the semi-parametric models were more 
efficient and generated more precise estimations for the 
intervention effect [4].

Moreover, the results revealed that the most impor-
tant variable to adjust in all adjusted models was the 
initial fio2 variable. The results of the semi-parametric 
and parametric models became similar to those of the 
unadjusted model after removing fio2 variable from the 
models, which suggested that more accurate and realis-
tic results may have been obtained for the intervention 
effect by adjusting it when there was an important covar-
iate demonstrating a high correlation with the outcome.

Gestational age and birth weight were among the con-
founders selected based on the expert opinion. Although 
these variables had effect on the outcome of the need for 
IPPV and the two groups were different in terms of these 
variables, they were not observed in the model with opti-
mal covariates, which may have been attributable to the 
fact that these variables were strongly correlated (r > 0.7) 
with initial fio2 and, therefore, were not selected in the 
forward method in the process of variables selection due 
to their collinearity and common information but were 
represented by the initial fio2 variable.

Although the crude model showed greater effectiveness 
of BeraksurfTM, after adjusting for the optimal covariates 
(some of them had a confounding role), the final results of 
the semi-parametric models indicated no significant dif-
ference between two drugs concerning their effects.

Taking into account the results from this study, 
although the crude model showed that Beraksur-
fTM has a significantly higher effect than Curosurf®, 
the results of the efficient semi-parametric models 
with adjustment for the best subset of covariates and 

potential confounders were argued that the effect of 
the Iranian version of surfactant (i.e., BeraksurfTM) 
was not significantly different from its foreign version 
(i.e., Curosurf®) in reducing the need to IPPV. This 
does not imply equivalence, as equivalence testing with 
appropriate margins and larger sample sizes would be 
required to confirm this. We recommend future studies 
with equivalence testing to assess the true comparabil-
ity of these treatments.

Previous studies have investigated the effect of Bractant 
and Curosurf on the pulmonary outcome and its compli-
cations such as the need for IPPV. FiO2 is one of the most 
critical factors in assessing the efficacy of drugs in RDS. 
Studies comparing the effects of Bractant and Curosurf 
on RDS have reported contradictory results about the 
efficacy of Bractant. Gharehbaghi et  al. analyzed these 
data and concluded that the two drugs were the same in 
terms of side effects, but the amount of Fio2 in the group 
of infants aged under 32  weeks and receiving Bractant 
was significantly reduced compared to that in the group 
receiving Curosurf® [8].

Fujii et  al [11] examined the infants aged under 
30  weeks and with RDS symptoms in 2010, and con-
cluded that the amount of Fio2 in the Curosurf group 
72 h after birth was lower than that in Bractant. Malloy 
et al. (2005) demonstrated that the FiO2 requirement in 
the first 48 h in the poractant alfa (Curosurf®) group was 
significantly lower than that in the beractant (Survanta®) 
group [12]. Saeedi et  al. [13] also showed that the two 
drugs (i.e., Curosurf and Bractant) were similar in terms 
of mortality, length of hospitalization, and the need for 
ventilation. Mirzarahimi et  al [14] similarly indicated 
that these two drugs had similar side effects, but Curo-
surf required less re-dosing than Bractant, and Bract-
ant caused a greater reduction in ventilation time than 
Curosurf. Dilli et al [15] also reported that the amount of 
the required oxygen, mechanical ventilation, and length 
of hospitalization were similar in two groups receiving 
Bractant and Curosurf®, which was consistent with our 
results.

While we used a data-driven approach to identify 
the best subset of covariates based on R2 we also fitted 
a model using covariates selected by domain experts 
to incorporate clinical context or pathophysiological 
insights, including clinically relevant variables such as 
gestational age, birth weight, and initial FiO2. These 
confounders had been selected by experts based on the 
DAGs approach in the primary study and we considered 
them for adjustment in the current study.

The results of this expert-based semi-parametric model 
were consistent with those derived from the R2-based 
selection, supporting the robustness of our findings.
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Although we fitted a model by considering experts 
opinions, alternative methods, such as the Structural 
Equation Modeling (SEM), could provide more clinically 
oriented insights. We suggest future studies consider 
these approaches for better evaluation of causal effects.

Limitations
The primary study has been conducted in one center. It 
was recommended that a multicenter study with a longer 
follow-up duration should be carried out to evaluate 
these drugs and obtain more accurate outcomes. While 
our re-analysis focused on the binary outcome of the 
need for IPPV, the primary trial collected data on sec-
ondary outcomes such as FiO2 changes, duration of 
mechanical ventilation, and duration of respiratory sup-
port. These outcomes were not included in the current 
re-analysis but remain valuable for future studies.

Conclusion
Fitting a semi-parametric model adjusted for the best 
subset of covariates resulted in a more interpretable and 
efficient estimation of BeraksurfTM versus Curosurf® 
effects. Although the crude model showed that Berak-
surfTM has significantly higher effect than Curosurf®, 
the results of the efficient semi-parametric models with 
adjustment for the best subset of covariates and potential 
confounders revealed no statistically significant differ-
ence between the two drugs regarding their effects. We 
hope that the use of this method and its findings will con-
tribute to a better understanding of covariate adjustment.
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