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Introduction

Bronchopulmonary dysplasia (BPD), also known as chronic 
lung disease (CLD), is a common and unique chronic 
disease of premature infants. It mainly induces severe 
respiratory distress syndrome (RDS) caused by mechanical  
ventilation (1). BPD can cause neurodevelopmental 
disorders of premature infants, prolonging the hospital 

stay and increasing the risk of re-hospitalization. BPD 
in premature infants not only shows a higher mortality 
rate, but it may have a lifelong impact on children, which 
imposes a heavy burden on the physical and mental health 
of children, their families, and society. With the continuous 
advancement of perinatal technology, the birth rate and 
survival rate of very low birth weight and ultra-low birth 
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weight infants have not only increased, but the incidence of 
BPD has also increased (2). Research on the prevention and 
treatment of BPD appears to be necessary and imminent (3).  
For many years, researchers have conducted numerous 
studies on the prevention and treatment of premature 
infants with BPD. Although some progress has been made, 
there is still a lack of effective methods and measures for 
the prevention and treatment of premature infants with 
BPD (4). Vitamin A deficiency is a global public health 
problem. Vitamin A is mainly passed from mother to fetus 
through the placenta in the third trimester. Therefore, most 
premature infants are deficient in vitamin A. A large number 
of research results show that the younger the gestational 
age, the lower the weight, and the more serious the 
vitamin A deficiency. BPD is also more common in young 
premature infants, which suggests that the occurrence of 
BPD may be related to the lack of vitamin A. Researchers 
compared the plasma vitamin levels in early infants with 
BPD, and vitamin deficiency was found to be associated 
with BPD (5). As early as 1987, a double-blind randomized 
trial proved that vitamin A supplementation can prevent and 
treat the occurrence of BPD in premature infants. There are 
also a large number of clinical studies and evidence-based 
medicine results that have proven this theory in recent 
years. The mechanisms of vitamin A supplementation in the 
prevention and treatment of BPD may be as follows. Firstly, 
vitamin A can regulate and promote the proliferation and 
differentiation of various lung cells, thereby maintaining 
the integrity of the airway epithelium. Secondly, vitamin 
A can enhance the immune function of newborns, thereby 
further enhancing the newborn’s ability to resist disease 
and damage. Thirdly, vitamin A can promote the synthesis 
of lung surface active substances. Fourthly, vitamin A has a 
certain antioxidant effect. Additionally, vitamin A can also 
promote repair after lung injury (6). 

Although there have been numerous studies proving that 
vitamin A is a potential effective nutrient for preventing 
BPD, repeated intramuscular injections are required to 
achieve a therapeutic effect due to its relatively gentle force. 
Newborns are fragile and are not suited to long-term repeated 
intramuscular injections. This is also one of the reasons 
that hinders the application of vitamin A in the treatment 
of premature infants with BPD (7). The related theory that 
vitamin A can prevent and treat BPD in very low birth weight 
infants was put forward by researchers 20 years ago. In 
addition, many clinical studies on oral vitamin A prevention 
and treatment of BPD are still at the stage of patient 
recruitment. Therefore, many researchers have questioned 

the ability of vitamin A to prevent and treat BPD based on 
the above background and the continuous advancement of 
perinatal technology (8). For example, some researchers 
believe that vitamin A supplementation is not only ineffective 
in preventing and treating BPD, but may also increase the risk 
of sepsis in children (9). Studies have also shown that there is 
no correlation between vitamin A deficiency, neonatal death, 
and the occurrence of BPD (10,11). In summary, it can be 
known that there is no accurate conclusion yet on the influence 
of early vitamin A supplementation on the occurrence of BPD. 
Therefore, this paper searched the articles related to early 
vitamin A supplementation on the occurrence of BPD and 
made A detailed analysis on the emergence of key outcome 
indicators such as oxygen uptake rate at 28 days, mechanical 
ventilation days, and 36-week survival rate. In order to 
provide reference and basis for clinical treatment of related 
diseases. We present the following article in accordance with 
the PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/tp-21-496). 

Methods

Article retrieval

The search databases were PubMed, EMBASE, the 
Cochrane Library, and the Chinese Biomedical Literature 
Database. The search time was from the establishment of 
the database to July 28, 2021, and the articles were also 
traced. The retrieval method was a combination of subject 
words and free words. The English search terms were as 
follows: bronchopulmonary dysplasia, chronic lung disease, 
vitamin A, aquasol A, retinol, retinoid, retinoic, infant, 
newborn, neonate, neonatal, premature, low birth weight, 
randomized controlled trial, trial, and placebo.

Inclusion and exclusion criteria of the articles

The inclusion criteria were defined as follows: articles with 
all the basic information included; articles with a sufficient 
number of cases; articles which were clinical trials; subjects 
with a non-congenital abnormality, premature infants with 
short-term survival difficulty, and gestational age less than 
37 weeks; articles with intervention measures including 
vitamin A supplementation (the drug route, dosage, and 
course of treatment were not limited) based on routine 
vitamin A supplementation (breast milk, premature infants 
milk, intravenous hypernutrition, etc.), and a placebo or no 
extra vitamin A supplementation in the control group.

https://dx.doi.org/10.21037/tp-21-496
https://dx.doi.org/10.21037/tp-21-496
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The exclusion criteria were as follows: poor quality 
articles that had serious flaws in the research design and 
improper randomization methods that led to a lack of 
randomness; the same articles which published the largest 
number of samples multiple times; articles with none of the 
main or secondary indicators required; and articles with 
unavailable original texts or sufficient original data was not 
provided.

Data extraction

Two researchers independently screened and evaluated 
the retrieved articles based on the inclusion and exclusion 
criteria, which was cross checked after data extraction 
using the same data extraction table. If a unified agreement 
could not be obtained by these two researchers, it would 
be discussed and resolved by finding a third party. The 
main extraction content was as follows: basic information 
of the included research such as publication time, country, 
or region; research methods and key elements of bias 
risk evaluation; characteristics of the research subjects, 
including baseline data, inclusion and exclusion criteria, and 
sample size; treatment methods, including administration 
time, route, dose, and course of treatment; and outcome 
evaluation indicators and diagnostic criteria.

Clinical effect indicators

Primary outcome measures were 28-day BPD rate  
28-day oxygen rate 36-week mortality secondary outcome 
measures were 28-day ventilator use number of ventilation 
days and PDA rate. When the accurate mean and standard 
deviation were not reported in the included literature, it was 
estimated by the graphs used in the literature. All data were 
from the included articles.

Quality assessment

In order to assess the quality of the review literature, quality 
was evaluated using the Cochrane Manual for Systematic 
evaluation of interventions. The evaluation content included 
the following seven items: (I) which randomization method 
was used; (II) whether allocation concealment was used; 
(III) the implementation of blinding between patients and 
researchers; (IV) evaluation of the effect of blinding; (V) 
whether the results were complete; (VI) whether the research 
results were credible; and (VII) other biases. Regarding 
the randomized controlled trials (RCTs) for item seven 

above, “satisfied” meant that the bias was relatively low and 
“unsatisfied” meant that the bias was high and the research did 
not have sufficient detailed reports. Unknown risk assessment 
includes random sequence generation, allocation concealment, 
blinding, and tracking/exit. The four dimensions were scored 
from 1 to 3 points, which was considered as low quality, and  
4–7 points were considered high quality.

Statistical analysis

In this study, the RevMan 5.3.5 software provided by the 
Cochrane Collaboration was adopted to analyze the article 
data. Binary variables were evaluated by relative risk (RR) 
and odds ratio (OR), while weighted mean difference 
(WMD) was used to evaluate continuous variables and 
calculate their 95% confidence interval (CI). As for the 
heterogeneity of the literature, the χ2 test was adopted 
to test the homogeneity of the included studies. If P>0.1 
and I2<50%, the included articles were considered to be 
homogeneous or consistent, and the fixed effects model 
(FEM) was adopted. If P<0.1 and I2>50%, the included 
articles were considered to be heterogeneous, and the 
random effects model (REM) was used for analysis. The 
meta-analysis test level was set to α=0.05, and P≤0.05 meant 
that the difference was statistically significant.

Results

Results of article retrieval and the basic characteristics of 
the included articles

A total of 465 related articles were retrieved in this study, 
of which 179 were retrieved from the PubMed database, 
154 were retrieved from the EMBASE database, 55 were 
retrieved from the Cochrane Library database, and 77 were 
retrieved from the China Biomedical Literature Database. 
A total of 122 articles were excluded due to duplicated 
published articles. After the title and abstract were read, 319 
articles that obviously did not meet the inclusion criteria 
were excluded, and 15 articles were eliminated after the full 
text was read. Finally, six (12-17) articles were included, 
with a total of 1,499 newborns. For details, refer to the 
literature screening flowchart shown in Figure 1. The basic 
information of the included literature is shown in Table 1.

Risk bias assessment of the included articles

The Cochrane Handbook version 5.3 systematic review 



3221Translational Pediatrics, Vol 10, No 12 December 2021

© Translational Pediatrics. All rights reserved.   Transl Pediatr 2021;10(12):3218-3229 | https://dx.doi.org/10.21037/tp-21-496

Id
en

tif
ic

at
io

n

Identification of studies via databases and registers

S
cr

ee
ni

ng
In

cl
ud

ed

Records identified from:
Databases (n=465)

Registers (n=0)

Records removed before screening:
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(n=9)

Studies included in review
(n=6)

Figure 1 Flowchart of the article retrieval process.

Table 1 The basic characteristics of the included articles

Included articles Year of publication Gestational age (weeks) Birth weight (g) Cases (T/C) Diagnostic criteria of BPD

Basu et al. 2019 30.9±2.9 991–1,344 98/98 28-day oxygen inhalation

Pearson et al. 1992 27±1 700–1,100 27/22 28-day oxygen inhalation

Shenai et al. 1987 26–30 700–1,300 20/20 28-day oxygen inhalation

Tyson et al. 1999 GA <30 700–1,300 g 405/402 36-week oxygen inhalation

Wardle et al. 2001 25–27 <1,000 g 77/77 28-day or 36-week oxygen inhalation

Werkman et al. 1994 GA <31 725< and <1,300 15/15 28-day oxygen inhalation

BPD, bronchopulmonary dysplasia.

writing manual was adopted to evaluate the risk of bias 
of the 6 articles included in this study. The risk of bias 
charts, as shown in Figures 2,3, were drawn by the RevMan  
5.3 software.

Incidence of 28-day BPD

A total of 4 articles studied the incidence of 28-day BPD. 
Patients in the experimental group were supplemented with 
vitamins on the basis of routine vitamin supplementation, 

and subjects in the control group were given a placebo or no 
treatment. The results showed that −0.17, 95% CI: −0.34 
to −0.00, I2=76%, and P=0.007, so the REM was selected. 
A total of 286 infants in the vitamin A supplementation 
group developed BPD on the 28th day, with an incidence 
rate of 54%, and a total of 325 infants in the control 
group developed BPD on the 28th day, with an incidence 
rate of 62%. The incidence of BPD on the 28th day was 
compared between the 2 groups, and it was found that the 
incidence of BPD in the vitamin A supplementation group 
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Figure 2 Assessment of the risk of bias of the included articles.
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Figure 3 Multiple studies in the articles corresponded to the multiple risk bias evaluation results.

was significantly lower compared to that in the control 
group (Z=1.98, P=0.05) (Figure 4). This suggests that early 
vitamin A supplementation has a significant impact on 
the occurrence of BPD in premature infants. As shown in  
Figure 5, the funnel plot was basically symmetrical, and 
most of the data was on both sides of the central axis. It 
shows that the included articles are reliable and there is no 
publication deviation.

36-week survival rate

A total of four articles studied the 36-week survival 
rate of infants. Patients in the experimental group were 
supplemented with vitamins on the basis of routine vitamin 

supplementation, and subjects in the control group were 
given a placebo or no treatment. The results showed that 
1.08, 95% CI: 0.80–1.46, P=0.51, I2=0%, so the FEM was 
selected. In the vitamin A group, 497 patients survived at  
36 weeks, with A survival rate of 81.8%, while in the 
control group, 484 patients survived, with A survival rate of 
80%. The 36-week survival rate was compared between the  
2 groups, and it was found that the 36-week survival rate in 
the vitamin A supplementation group was slightly higher 
compared with that in the control group (Z=0.49, P=0.62), 
showing no statistically significant difference (Figure 6). 
This suggests that early vitamin A supplementation can have 
a marked impact on the 36-week survival rate of premature 
infants. As shown in Figure 7, the funnel plot was basically 
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symmetrical, and most of the data was on both sides of the 
central axis. Such results suggest that publication bias is 
effective.

Incidence of the 28-day oxygen uptake rate

A total of 3 articles met the inclusion criteria. Patients in the 
experimental group were supplemented with vitamins on 

the basis of routine vitamin supplementation, and subjects 
in the control group were given a placebo or no treatment. 
The results showed that 0.81, 95% CI: 0.38–1.73, P=0.03, 
I2=70%. According to the previous I2=70%>50%, the FEM 
was selected. Among the 530 infants in the experimental 
group, there were 296 cases requiring oxygen inhalation at 
the 28th day (accounting for 55.8%), and 307 of 522 infants 
in the control group required oxygen inhalation on the 

Figure 4 Forest plot of the meta-analysis on incidence of BPD on the 28th day. BPD, bronchopulmonary dysplasia.

Study or subgroup

Total (95% CI) 529 521 100.0% −0.17 [−0.34, −0.00]
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Study or subgroup

Total (95% CI) 607 599 100.0% 1.08 [0.80, 1.46]

Favours [experimental] Favours [control]

Events Events Weight M-H, Random, 95% CI
Odds ratioControlExperimental Odds ratio

M-H, Random, 95% CITotal Total

Figure 5 Funnel plot for the comparison of the incidence of BPD on the 28th day for patients in the 2 groups. BPD, bronchopulmonary 
dysplasia.

Figure 6 Forest plot of the meta-analysis on the 36-week survival rate.
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Figure 7 Funnel plot of the comparison of the 36-week survival rate between patients in the two groups.

Study or subgroup

Total (95% CI) 530 522 100.0% 0.81 [0.38, 1.73]

Favours [experimental] Favours [control]
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Odds ratioControlExperimental Odds ratio
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Figure 8 Forest plot of the meta-analysis on the incidence of the 28-day oxygen uptake rate.

28th day (accounting for 58.8%). Therefore, the number of 
infants requiring oxygen inhalation on the 28th day in the 
experimental group was slightly lower compared with the 
control group (Z=0.53 and P=0.59), and the difference was 
not statistically significant (Figure 8). As shown in Figure 9, 
the funnel plot was basically symmetrical, and most of the 
data was on both sides of the central axis. This shows that 
publication bias is effective.

28-day ventilator use

A total of 3 articles met the inclusion criteria. Patients in 
the experimental group were supplemented with vitamins 
on the basis of routine vitamin supplementation, and 
subjects in the control group were given a placebo or 
no treatment. The results showed that 0.77, 95% CI: 
0.31–1.92, P=0.10, I2=57%. According to the previous 
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Figure 9 Funnel plot for the comparison of the incidence of the 28-day oxygen uptake rate.
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Study or subgroup

Total (95% CI) 392 389 100.0% 0.77 [0.31, 1.92]

Favours [experimental] Favours [control]

Events Events Weight M-H, Random, 95% CI
Odds ratioControlExperimental Odds ratio

M-H, Random, 95% CITotal Total

Figure 10 Forest plot of the meta-analysis on the incidence of 28-day ventilator use.

I2=57%>50%, the REM was selected. There were 38 cases 
that required ventilator use at the 28th day (accounting 
for 9.6%) in the experimental group, and 40 infants in 
the control group required ventilator use on the 28th day 
(accounting for 10.2%). Therefore, the number of infants 
requiring ventilator use on the 28th day in the experimental 
group was slightly lower compared to the control group 
(Z=0.55 and P=0.58), and the difference was not statistically 
significant (Figure 10). As shown in Figure 11, the funnel 
plot was basically symmetrical, and most of the data was on 
both sides of the central axis. This shows that publication 
bias is effective.

Days of mechanical ventilation

A total of 3 articles met the inclusion criteria. Patients in the 
experimental group were supplemented with vitamins on 
the basis of routine vitamin supplementation, and subjects 
in the control group were given a placebo or no treatment. 
The results showed that 0.02, 95% CI: −1.46–1.49, P=0.31, 
I2=15%. According to the previous I2=15%<50%, the FEM 

was selected. The days of mechanical ventilation in the 
experimental group were slightly lower compared with the 
control group, showing no statistical difference (Z=0.02 and 
P=0.98), as illustrated in Figure 12. As shown in Figure 13,  
the funnel plot was basically symmetrical, and most of 
the data was in the range of the 95% CI. This shows that 
publication bias is effective.

Incidence of PDA

A total of 3 articles met the inclusion criteria. Patients in the 
experimental group were supplemented with vitamins on 
the basis of routine vitamin supplementation, and subjects 
in the control group were given a placebo or no treatment. 
The results showed that 0.77, 95% CI: 0.27–2.21, P=0.09, 
I2=67%. According to the previous I2=67%>50%, the FEM 
was selected. Among the 190 infants in the experimental 
group, 36 cases suffered from PDA (accounting for 18.9%), 
and 46 of 190 infants in the control group suffered from 
PDA (accounting for 24.2%). Therefore, the number of 
infants who suffered from PDA in the experimental group 
was slightly lower in contrast to the control group (Z=0.482 
and P=0.63), and the difference was not statistically 
significant (Figure 14). As shown in Figure 15, the funnel 
plot was basically symmetrical, and most of the data was on 
both sides of the central axis. This shows that publication 
bias is effective.

Discussion

BPD is also known as CLD (18). The commonly used 
clinical definitions of the disease are as follows: at  
36 weeks of positive gestational age: mechanical ventilation 
or continuous positive airway pressure or inhaled oxygen 
score ≥0.33 is required to maintain blood oxygen saturation 
at 90–96%; when inhaled oxygen fraction <0.3 maintain 
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Figure 11 Funnel plot for the comparison of the incidence of  
28-day ventilator use.
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Figure 13 Funnel plot for the comparison of the days of mechanical ventilation.

Figure 14 Forest plot of the meta-analysis on the incidence of PDA. PDA, patent ductus arteriosus.
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Figure 15 Funnel plot for the comparison of the incidence of PDA. PDA, patent ductus arteriosus.
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blood oxygen saturation of 90–96% or inhaled oxygen 
fraction ≥0.3 and blood oxygen saturation >96%, it has to 
gradually reduce the oxygen concentration to air oxygen 
concentration for 30 minutes and then blood oxygen 
saturation <90%; and infants without oxygen are not 
diagnosed as “physiological BPB”. This definition can 
better predict the outcomes of children, so it has been 
widely recognized and applied (19). Therefore, 36 weeks 
and 28 days of corrected gestational age were selected as 
the main outcome indicators for analysis and description in 
this study. In recent years, with the further improvement 
and advancement of perinatal technology, the birth rate and 
survival rate of premature infants with younger gestational 
age and lighter weight have further increased, and the 
incidence of BPD has also increased. Research data shows 
that the incidence of premature infants with gestational 
age <32 weeks is 1.3%, the incidence of BPD in premature 
infants surviving 24–31 weeks is 12.5%, the incidence of 
BPD in infants with gestational age 24–27 weeks is 34.7%, 
and the incidence of BPD is 34.7%. The rate gradually 
decreases with the increase of gestational age, and the 
incidence of BPD is higher and has a trend of increasing 
year by year (20,21).

The fatality rate of BPD is relatively high, and the 
consequent adverse reactions last for a long time. Research 
data show that the effects of BPD on the respiratory system 
cover infancy, childhood, and adulthood. Studies have 
pointed out that school-age children who have suffered 
from BPD still have lung structural abnormalities, and 
severe BPD is more obvious and often complicated by 
pulmonary hypertension (22,23). BPD is one of the difficult 
problems in the field of perinatal medicine, but there are 
still no accurate and effective treatment methods, and many 
treatment methods are controversial. In addition, the cost 
of treating BPD is relatively high, so prevention of BPD is 
very important. Vitamin A is an early discovered vitamin 
necessary to maintain the human body and metabolism. 
Many studies have shown that it can prevent a variety of 
neonatal diseases including BPD (24). However, vitamins 
are mainly passed from the mother to the fetus through 
the placenta in the third trimester, so premature infants 
generally lack vitamin A. BPD also occurs in premature 
infants, which suggests that there may be a connection 
between the two. At present, the clinical administration 
methods of vitamins mainly include oral, intravenous, 
and intramuscular injection. In oral administration, 
premature infants have immature gastrointestinal function, 
which affects the absorption of vitamin A. In intravenous 

injection, vitamin A is easily photolyzed and adheres to the 
wall of the infusion device. It is unclear whether repeated 
intramuscular injections bring discomfort to infants and 
whether repeated painful stimulation during the neonatal 
period will affect their neurodevelopment (25). Based on the 
above background, the efficacy and safety of early vitamin 
supplementation for the prevention and treatment of BPD 
in premature infants were systematically evaluated in this 
study. The results of the study showed that the incidence of 
BPD, the 28-day oxygen uptake rate, the 36-week fatality 
rate, PDA incidence, days of mechanical ventilation, and 
28-day mechanical ventilation in the experimental group 
were lower than those in the control group. These results 
suggested that vitamin supplementation for premature 
infants in the early stage showed a better prevention and 
treatment effect on BPD and did not cause sepsis.

Conclusions

A total of 6 articles were included in this study. The 
efficacy and safety of early vitamin supplementation for 
the prevention and treatment of BPD in premature infants 
were systematically evaluated. The results of the study 
showed that the incidence of BPD, the 28-day oxygen 
uptake rate, the 36-week fatality rate, PDA incidence, 
days of mechanical ventilation, and 28-day mechanical 
ventilation in the experimental group were lower than those 
in the control group. The studies demonstrated that early 
supplementation of vitamin A showed a better effect on the 
prevention and treatment of BPD in premature infants and 
was safer. However, there may be some limitations due to 
the search of English and Chinese databases and the small 
number of samples included in this study. In future research, 
the scope of the search will be further expanded.
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