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Abstract

Background/Objectives: Bronchopulmonary dysplasia (BPD) remains a major complication
of prematurity, particularly among infants requiring prolonged respiratory support. Despite
its clinical relevance, data on BPD epidemiology and risk factors in Kazakhstan are limited.
This study aimed to assess the incidence of BPD and identify significant antenatal, intranatal,
and neonatal risk factors associated with its development among preterm infants in Almaty.
Methods: A retrospective analysis was conducted using medical records of preterm infants
born at the City Perinatal Center in Almaty between 2013 and 2017. Clinical, obstetric, and
neonatal data were collected for 111 infants diagnosed with BPD and 109 matched controls
without BPD. Statistical analyses included x? tests, Student’s t-tests, and multiple logistic
regression to determine independent predictors of BPD. Results: Among 39,255 live births
over a five-year period, 6271 were preterm, and bronchopulmonary dysplasia (BPD) was
diagnosed in 111 preterm infants (1.8%). Mortality among BPD infants was 31.9%, with
a declining trend over time. Significant maternal factors associated with BPD included
edema during pregnancy, polyhydramnios, acute respiratory viral infection (ARVI) during
the second trimester, low placentation, vaginal bleeding, chronic bronchitis, and a history
of preterm birth. Logistic regression identified edema (p = 0.009) and antenatal steroid
prophylaxis (p < 0.001). Neonatal risk factors significantly associated with BPD included
neonatal respiratory distress syndrome (p = 0.002), reintubation (p = 0.046), high FiO,
requirements, prolonged mechanical ventilation, and HFOV use. Regression analysis
confirmed neonatal RDS (p = 0.006) and higher FiO, (p < 0.001). Conclusions: BPD in
Almaty is driven by a combination of maternal complications and severe neonatal respiratory
pathology. Early identification and targeted perinatal management of these parameters
may help reduce BPD incidence and improve outcomes for preterm infants.

Keywords: preterm newborn; bronchopulmonary dysplasia; risk factors; epidemiology;
neonatology
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1. Introduction

According to the World Health Organization (WHO), approximately 15 million chil-
dren are born prematurely each year worldwide, accounting for 11% of all newborns. The
incidence of preterm births is increasing in almost all countries [1,2]. In the United States,
the preterm birth rate has averaged 10.1% over the past 10 years; in the United Kingdom,
it is 7.8%; in France, 7.2%; in Germany, 9-10%; in Norway, 7.9%; and in Hungary, 10% [2].
According to the statistical yearbook of the Republic of Kazakhstan, in 2022, 6.6% of preg-
nancies ended prematurely, and there has been a trend toward an increase in this rate over
the last decade [3]. Preterm infants are at a higher risk of morbidity, disability, and mortality
compared to their full-term peers. One condition that poses a significant risk to the health
of preterm infants in both the short and long term is BPD.

Currently, BPD is considered a multifactorial disease [4,5]. According to the National
Institute of Child Health and Human Development (NICHD), bronchopulmonary dysplasia
(BPD) is a chronic, multifactorial lung disease that develops in newborns, particularly very
preterm infants, with immature lungs and is associated with respiratory distress syndrome,
pneumonia, and the respiratory support required to manage these conditions.

Various researchers have repeatedly conducted studies on the epidemiology and risk
factors of this disease. Data on the incidence of BPD vary across different studies. BPD
predominantly develops in infants with a gestational age of less than 32 weeks and ex-
tremely low birth weight. In the United States alone, approximately 50,000 preterm infants
are affected by BPD each year [6]. According to German authors, the incidence of BPD
in their country exceeds that of congenital pneumonia, affecting around 1300 children
annually [7]. In Sweden, the disease occurs in 73% of infants with a gestational age of
less than 27 weeks [8], while in Japan, it affects 28-33% of children with very low birth
weight [9].

If initially the condition was considered a result of the damaging effects of oxygen and
mechanical ventilation, it is now believed that prematurity, chorioamnionitis, and postnatal
lung underdevelopment play a significant role in the development of BPD. In modern
contexts, BPD is regarded as a multifactorial disease. Research aimed at identifying new
risk factors and reassessing the significance of known factors for the development of BPD has
been actively conducted in recent years [10-23]. However, despite the increasing number
of patients with this condition, the issue of BPD in Kazakhstan has not been thoroughly
investigated. This has provided a basis for planning and conducting our study. Our study
is one of the first to explore the frequency and risk factors of BPD in domestic medicine.

2. Materials and Methods

2.1. Study Population

The study was conducted among children born between 2013 and 2017 at the City
Perinatal Center in Almaty. During this period, BPD developed in 111 newborns. All
children with BPD were preterm, and BPD was not diagnosed in full-term newborns.
Thus, within the framework of the retrospective study design, we analyzed the medical
documentation of 111 children with a diagnosis of BPD (main group) and 109 children
(control group) matched by gestational age and birth weight who did not have BPD.

The control group was selected using frequency matching based on gestational age and
birth weight. To account for the matching design and control for confounding, all matching
variables were included as independent covariates in the multivariable logistic regression
analysis. The baseline characteristics of the groups in terms of gestational age and birth
weight are presented in Table 1.
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Table 1. Baseline characteristics of the study groups by gestational age and birth weight.
Parameters Main Group Control Group Total
n % n % n %
22-27 weeks 61 55.0 47 43.1 108 49.1
Gestational age 28-33 weeks 48 43.2 61 56.0 109 49.5
34-36 + 6 weeks 2 1.8 1 0.9 3 1.4
ELBW (<1000 g) 77 69.4 86 789 163 74.1
Body mass at birth  VLBW (1000-1499 g) 24 21.6 21 19.3 45 20.5
LBW (1500-2499 g) 10 9.0 2 1.8 12 54

ELBW—extremely low birth weight; VLBW—uvery low birth weight; LBW—low birth weight.

2.2. Definitions and Outcome Measures

Bronchopulmonary dysplasia (BPD) was diagnosed according to the classification pro-
posed by Jobe and Bancalari (2001) [24]. BPD was defined as a requirement for supplemental
oxygen at 28 days of life. Disease severity was assessed according to the same classification at
36 weeks’ postmenstrual age (PMA) for infants born at a gestational age of less than 32 weeks,
or at 56 days of life or hospital discharge, whichever occurred first, for infants born at a gesta-
tional age of 32 weeks or more. BPD was classified as mild if the infant was breathing room
air at the time of assessment, moderate if supplemental oxygen requirements were less than
30%, and severe if supplemental oxygen requirements were greater than 30% or the infant
required positive-pressure ventilation (PPV) or nasal continuous positive airway pressure
(NCPAP). Among the 111 infants diagnosed with BPD in this study, 54.1% (1 = 60) had mild
BPD, 12.6% (n = 14) had moderate BPD, and 33.3% (n = 37) had severe BPD.

2.3. Data Collection

Data collection was carried out by sampling clinical, functional, and laboratory data
into a structured questionnaire from medical documentation.

2.4. Statistical Analysis

Data entry was performed using a database management system (DBMS) program
based on MS Access. The materials entered into the database were processed using modern
methods of variance statistics and SPSS software (version 21.0). Initial statistical processing
of the data was conducted to determine the frequency (in percentage) of the suspected
risk factors for BPD. The Student’s t-test was used for comparing quantitative data between
subgroups, while Pearson’s x? test was used for qualitative data. Multiple logistic regression
was applied to identify risk factors associated with BPD development. Differences were
considered statistically significant at p < 0.05.

Candidate variables were selected for inclusion in the multivariable model based on
the results of univariable analysis (p < 0.05) and their clinical relevance. To minimize the
risk of overfitting, the number of predictors in the model was limited in accordance with the
events-per-variable (EPV) principle. Gestational age and birth weight, the main matching
variables, were also included as covariates in the model. The analysis was restricted to cases
with complete data. Differences were considered statistically significant at p < 0.05.

3. Results

During the period 2013-2017, in the City Perinatal Center of Almaty, the number of
newborns born alive was 39,255 children; among them, 6271 were premature. Figure 1A
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shows the number of newborns born in the perinatal center by year. The incidence of
bronchopulmonary dysplasia (BPD) was also assessed among infants according to birth
weight category: extremely low birth weight (ELBW), very low birth weight (VLBW), and
low birth weight (LBW). During the study period, 590 infants with ELBW were born at the
City Perinatal Center in Almaty, of whom 77 (13.1%) were diagnosed with BPD. Among
887 infants with VLBW and 4710 infants with LBW, BPD was diagnosed in 24 (2.7%) and
10 (0.2%) infants, respectively. The results remained high regarding the mortality rate of
children with BPD and amounted to 31.9% over five years, but, over the years, there has
been a downward trend of 11.2% (Figure 1B). All deaths occurred after BPD had been
diagnosed on the 28th day of life.

A. Distribution of newborn children in the perinatal center

2013 2014 2015 2016 2017

M Premature newbons  m Newborns born alive

B. Dynamics fatal cases of patients with BPD
42.00%

/ Q%
29.40% 9.60%

18.20%

2013 2014 2015 2016 2017

= Died patients with BPD

Figure 1. Trends in newborn demographics and outcomes in the perinatal center from 2013 to 2017.
(A) Number of newborns and preterm infants by year. (B) Annual mortality rate (%) among infants
diagnosed with bronchopulmonary dysplasia (BPD).
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Next, risk factors associated with the development of BPD in preterm infants were
analyzed. For clarity, the clinical variables were grouped into categories.

3.1. Antenatal and Intrapartum Risk Factors Associated with the Development of BPD

A comparative analysis of the medical histories of the study group and the control
group showed that in preterm infants, severe respiratory disorders and the development of
BPD occurred under the influence of various adverse maternal factors.

According to the results of this study, a complicated obstetric history, such as infertility
and previous pregnancies resulting in stillbirths, was almost twice as common among
mothers of preterm infants who developed BPD. The incidence of previous pregnancies
resulting in preterm birth in the main group was 17.1% (n = 19) compared to 7.3% (n = 8)
in the control group, with these data being statistically significant (p = 0.027). The obstetric
and gynecological history of the mothers of preterm infants is presented in Table 2.

Table 2. Obstetric and gynecological history of mothers of preterm infants with and without the
development of BPD.

Main Group n =111 Control Group n = 109

Risk Factors . % . % x%p
Medical abortion 19 17.1 30 275 3.44,0.064
Infertility 5 4.5 3 2.8 0.48,0.488
Spontaneous miscarriage 22 19.8 19 17.4 0.21, 0.649
Non-developing pregnancy 12 10.8 20 18.3 2.51,0.113
Previous pregnancies resulting in stillbirth 9 8.1 5 4.6 1.14, 0.285
Previous pregnancies resulting in preterm birth 19 17.1 8 7.3 4.88,0.027

The course of this pregnancy was characterized by numerous pathological conditions in
the mothers. Although these conditions occurred with high frequency in the control group,
the following conditions were significantly more common among mothers of children who
developed BPD. Anemia was found in more than half of the mothers, occurring in 58.6%
(n = 65) of the main group and 55.0% (n = 60) of the control group. Chronic pyelonephritis
was identified in approximately half of the mothers, with 41.4% (n = 46) in the main group
and 33.9% (n = 37) in the control group. The risk of pregnancy termination was more
frequent in the main group, at 27.0% (n = 30), compared to 19.3% (n = 21) in the control
group. Oligohydramnios was nearly twice as common among mothers in the main group
at 18.0% (n = 20), versus 10.1% (n = 11) in the control group. Multiple pregnancies were
also more frequently identified in the main group, at 17.1% (n = 19), compared to 11.9%
(n =13) in the control group.

According to this study, ARVI (acute respiratory viral infection) in the second trimester
was 2.5 times more common among mothers of children with BPD (13.5% (n = 15) vs. 5.5%
(n = 6)), while polyhydramnios was found nine times more frequently (9.0% (n = 10) vs.
0.9% (n =1)). ARVIin the third trimester was identified in the main group at 3.6% (n = 4)
and in the control group at 2.8% (n = 3); ARVI in the first trimester was found in the main
group in only one case and in two cases in the control group.

Edema in pregnant women was observed four times more frequently among mothers
of preterm infants who developed BPD (11.7% (n = 13) vs. 2.8% (n = 3)). Intrauterine
infections (TORCH) and complications from acute and chronic genital infections occurred
almost equally between the groups, at 11.7% (n = 13) in the main group and 11.0% (n = 12)
in the control group. The data are presented in Table 3.
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Table 3. Course of pregnancy among mothers of preterm infants with and without BPD.
Risk Factors Main Group n = 111 Control Group n = 109 X2 p
n % n Y%

65 58.6 60 55.0 0.28, 0.599

Chronic pyelonephritis 46 414 37 33.9 1.32,0.251

Risk of pregnancy termination 30 27.0 21 19.3 1.86,0.173
Intrauterine growth restriction 20 18.0 32 294 3.92,0.048
Oligohydramnios 20 18.0 11 10.1 2.85, 0.091

Multiple pregnancy 19 17.1 13 11.9 1.19,0.275

Severe preeclampsia 17 15.3 23 21.1 1.24, 0.266

Low placentation 16 14.4 31 28.4 6.44,0.011

Arterial hypertension 15 135 28 25.7 5.18, 0.023

ARVI in the second trimester of pregnancy 15 13.5 6 55 4.09, 0.043
Edema in pregnant women 13 11.7 3 2.8 6.55,0.011
Intrauterine infections (TORCH) 13 11.7 12 11.0 0.03, 0.870
Acute and exacgrbatign of chronic genital 13 117 1 11.0 0.03, 0.870

infections

Polyhydramnios 10 9.0 1 0.9 7.58, 0.006
Rh-negative blood group without antibody titer 9 8.1 9 8.3 0.002, 0.968
Uterine scar 9 8.1 18 16.5 3.61, 0.057

Mild preeclampsia 7 6.3 8 7.3 0.09, 0.761

In vitro fertilization (IVF) 6 54 2 1.8 2.00, 0.157
Isthmic-cervical insufficiency 6 54 6 55 0.001, 0.974
ARVI in the third trimester of pregnancy 4 3.6 3 2.8 0.13,0.719

Marginal placentation 4 3.6 - - -

ARV in the first trimester of pregnancy 2 1.8 1 0.9 0.32,0.572
Eclampsia 2 1.8 5 4.6 1.38, 0.239

HELLP syndrome 2 1.8 4 3.7 0.72,0.395

Mothers of the studied children exhibited a range of chronic diseases and disorders.
Drug allergies were found in 13.5% (n = 15) of children in the main group and 17.4% in
the control group. Endocrine disorders (gestational diabetes, hyperthyroidism, hypothy-
roidism) were diagnosed in 9.0% of women in the main group (n = 10) and 17.4% of
women in the control group (n = 19). Among cardiovascular diseases, only chronic arterial
hypertension was noted, occurring in 6.3% (n = 7) of the main group and 11.9% (n = 13) of
the control group. According to this study, chronic bronchitis was found in 6.3% (n =7)
of mothers of preterm infants who developed BPD, while in the control group, chronic
bronchitis was diagnosed in only one woman (p = 0.033; x? = 4.558; df = 1). Additionally,
only the mothers of these children had documented nicotine dependence in 3.6% (n = 4),
bronchial asthma in 1.8% (n = 2), and seasonal allergic rhinitis in 1.8% (n = 2).

Among gastrointestinal diseases, chronic gastritis was identified in 3.6% (n = 4) of the
main group and 4.6% (n = 5) of the control group; chronic cholecystitis was present in 4.5%
(n =5) of the main group and 6.4% (n = 7) of the control group; chronic hepatitis occurred
in 3.6% (n = 4) only in the main group. Dyscirculatory encephalopathy was found almost
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equally in both groups, at 3.6% (n = 4) and 3.7% (n = 4), respectively. Obesity was reported
in 5.4% (n = 6) of the main group and 8.3% (n = 9) of the control group; varicose veins
of the lower extremities occurred in 7.2% (n = 8) of the main group and 5.5% (n = 6) in
the control group; mild myopia was present in 8.1% (n = 9) of the main group and 6.4%
(n =7) of the control group, while osteochondrosis of the spine was found in 3.6% (n = 4)
only in the main group.

Among the diseases of the reproductive system in mothers of preterm infants, cervical
erosion was identified in 5.4% (n = 6) only among mothers of children with BPD. Uterine
fibroids were noted in 4.5% (n = 5) of the main group and 3.7% (n = 4) of the control group;
adhesive disease was present in 2.7% (n = 3) of the main group and 2.8% (n = 3) of the
control group; ovarian cysts occurred in 1.8% (n = 2) of the main group and 0.9% (n =1)
of the control group (Table 4).

Table 4. Diseases of the reproductive system in mothers of preterm infants with and without the
development of BPD.

Main Group n = 111 Control Group n = 109 )
Risk Factors X p
n % n %
Cervical erosion 6 5.4 - - -
Uterine fibroid 5 4.5 4 3.7 0.10, 0.755
Adhesive disease 3 2.7 3 2.8 0.00, 0.982
Ovarian cyst 2 1.8 1 0.9 0.32,0.572

In addition to a complicated obstetric and gynecological history and the course of
this pregnancy with complications, the majority of mothers of the studied children also
exhibited pathological conditions during labor (Table 5).

Table 5. Labor and delivery characteristics of preterm infants with and without BPD.

. Main Group n = 111 Control Group n = 109 )
Risk Factors Xp
n % n %
Spontaneous vaginal delivery 54 48.7 49 42.2 0.30, 0.583
Induced labor 5 4.5 3 2.8 0.48, 0.488
Cesarean section 52 46.8 57 52.3 0.65,0.419
Severe asphyxia 44 39.6 46 422
Moderate asphyxia 61 54.5 51 45.5 2.92,0.232
No asphyxia 6 5.4 12 11.0

As seen in Table 5, the frequency of complications during labor in preterm infants is
high. Specifically, 46.8% (n = 52) of children who developed BPD and 52.3% (n = 57) of
children without this condition were delivered by cesarean section. Spontaneous vaginal
delivery occurred in 48.7% (n = 54) of children in the main group and 42.2% (n = 49)
in the control group; induced labor was reported in 4.5% (n = 5) of the main group and
2.8% (n = 3) of the control group. In the main group, 87.4% (n = 97) of preterm infants
were assessed as being in a very critical condition at birth, compared to 78.0% (n = 85)
in the control group. In the main group, 12.6% (n = 14) of infants were born in a critical
condition, while this was 22.9% (n = 24) in the control group. Most of the studied children
exhibited acute asphyxia at birth. Severe asphyxia (Apgar score 0-3 points at 1 min after
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birth) occurred in 39.6% (n = 44) of the main group and 42.2% (n = 46) of the control
group; moderate asphyxia (Apgar score 4-7 points at 1 min after birth) was present in
54.5% (n = 61) of the main group and 45.5% (n = 51) of the control group. The mean Apgar
score at 1 min was 3.6 & 1.4 in the main group (median 4 [1;10]) and 3.7 £+ 1.4 in the control
group (median 3 [1,6]). At 5 min, the mean Apgar score was 5.2 + 1.4 (median 5 [1;10])
in the main group and 5.4 + 1.2 (median 5 [2;10]) in the control group. There were no
differences between the groups for these parameters. It is known that the Apgar score lacks
diagnostic significance in preterm infants, unlike those born at term.

Antenatal steroid prophylaxis for respiratory distress syndrome (RDS) was signifi-
cantly more common in the main group, at 53.2% (1 = 59), compared to 29.4% (n = 32) in
the control group (x* = 12.839, p < 0.001). Despite the high risk of preterm labor among
women in both groups, not all received antenatal steroid prophylaxis for RDS. This was
due to some women being transported by ambulance, and, in some cases, there was no
documentation regarding the administration of antenatal steroid prophylaxis for RDS. The
duration of the dry period after the rupture of membranes was 20.7% (n = 23) in the
main group and 21.1% (n = 23) in the control group; premature separation of a normally
positioned placenta occurred in 17.1% (n = 19) of the main group and 19.3% (n = 21) of
the control group; premature separation of a low-lying placenta was found in 4.6% (n = 5)
only in the control group; chorioamnionitis was present in 3.6% (n = 4) of the main group
and 10.1% (n = 11) of the control group (n = 11); bleeding was reported in 16.2% (n = 18)
of the main group and 29.4% (n = 32) of the control group (p = 0.020); placental defects
(retained placental parts and membranes) were found in 11.7% (n = 13) of the main group
and 13.8% (n = 15) of the control group.

Thus, statistically significant associations with BPD were identified for the following
maternal clinical factors: a history of preterm birth, maternal edema during pregnancy,
acute respiratory viral infection (ARVI) in the second trimester, polyhydramnios, antenatal
corticosteroid prophylaxis for respiratory distress syndrome (RDS), and chronic bronchitis.
Polyhydramnios was not included in the multivariable logistic regression model because of
the low frequency of events, which could have compromised the stability and reliability of
the model estimates.

After identifying strong associations, a multifactorial regression analysis was con-
ducted. Due to the study of the relationship between several quantitative and qualitative
features and a binary outcome (two possible case outcomes: with or without the devel-
opment of BPD), the method of multiple logistic regression was employed. The analysis
produced a regression equation to predict the impact of various factors on the development
of BPD (Table 6, RMcF2 = 0.172, p < 0.001).

Table 6. Multivariable logistic regression analysis of maternal clinical factors associated with BPD.

Exp(B) 95% CI

Predictor Exp(B) p
Lower Upper
Previous pregnancies ending in the birth of a preterm infant 2.428 0.951 6.198 0.063
Edema in pregnant women 6.088 1.557 23.802 0.009
ARVI in the second trimester of pregnancy 1.801 0.615 5.278 0.283
Antenatal steroid prophylaxis for RDS 3.161 1.678 5.952 <0.001
Chronic bronchitis 8.549 0.954 76.645 0.055
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The results indicate that the following maternal clinical factors were significantly asso-
ciated with the development of BPD in preterm infants: maternal edema during pregnancy
and antenatal corticosteroid prophylaxis for respiratory distress syndrome (RDS).

3.2. Neonatal Risk Factors Associated with BPD Development

Neonatologists often have to use oxygen and mechanical ventilation (MV) to save the life
of the infant. According to this study, all children who developed BPD received respiratory
treatment during the neonatal period. In the control group, one child did not require respira-
tory treatment. After birth, 23.4% (n = 26) of infants in the main group and 22.0% (n = 24)
in the control group received non-invasive therapy with nasal continuous positive airway
pressure (NCPAP). The remaining newborns were on invasive MV. However, subsequently,
depending on the condition of the infants, some children from both the main and control
groups were switched from NCPAP to invasive MV. Thus, the number of infants receiving
NCPAP as the sole mode of respiratory support decreased. The respiratory treatment pro-
vided to the children is shown in Table 7. Infants in the main group were more likely to be on
high-frequency oscillatory ventilation (HFOV), at 30.6% (n = 34), compared to 17.4% (n = 19)
in the control group. However, the result was not statistically significant (p = 0.053).

Table 7. Respiratory therapy in preterm infants with and without the development of BPD.

Main Group n = 111 Control Group n = 109 )
Risk Factors X p
n % n %
Mechanical ventilation 74 66.7 84 77.1
0.053; x> = 5.860; df = 1

HFOV 34 30.6 19 174
NCPAP 3 2.7 5 4.6 0.713
Reintubation 27 24.3 15 13.8 0.046

The average duration of mechanical ventilation was 26.3 + 16.5 days in the main group
and 9.7 x 6.8 days in the control group (p < 0.001).

Reintubation was required for 24.3% (n = 27) of children in the main group and 13.8%
(n = 15) in the control group (p = 0.046; x> = 3.373; df = 1).

The parameters of respiratory therapy were also analyzed. Among these, the concen-
tration of oxygen in the inhaled mixture (FiO,) differed between groups. In the presented
results, FiO, represents the maximum fraction of inspired oxygen recorded during the
first 28 days of life in the BPD group, up to the time of diagnosis. In the control group,
FiO, represents the maximum value recorded during the period of respiratory and oxygen
therapy. Specifically, FiO, < 40% was found in 15.3% (1 = 17) of the main group and 50.5%
(n = 55) of the control group; FiO, between 40% and 70% was 40.5% (n = 45) in the main
group and 33.0% (n = 36) in the control group; FiO, > 70-100% was observed in 44.1%
(n = 49) of the main group and 16.5% (n = 18) of the control group. The control group
had more children receiving respiratory treatment with FiO, < 40%, while the main group
had more with FiO, 40-70% and FiO, 70-100% (p = 0.001; x? = 35.384; df = 2).

No significant changes were observed in other respiratory therapy parameters.
PIP < 20 was 91.0% (n = 101) in the main group and 91.7% (n = 100) in the control group.
The peak end-expiratory pressure (PEEP) was <4-5in 99.1% (n = 110; n = 108), and the
inspiratory time (Ti) was consistently between 0.25 and 0.35 s.

Thus, this study reaffirms the toxic effects of oxygen on the lungs of infants. Approxi-
mately half of the children who developed BPD were exposed to oxygen concentrations of
70-100%, which was three times more common than in children without BPD.
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The results of this study show that preterm infants who developed BPD had a high
frequency of comorbidities (Table 8).

Table 8. Comorbidities in preterm infants with and without the development of BPD.

Main Groupn =111  Control Group n = 109

Risk Factors x5y
n % n %
Neonatal respiratory distress syndrome 107 96.4 92 84.4 9.16, 0.002
Cerebral ischemia 79 71.2 78 71.6 0.004, 0.949
Intraventricular hemorrhage
No 34 30.6 42 38.5
1st degree 5 4.5 2 1.8 5.73,0.221
2nd degree 49 44.1 53 48.6
3rd degree 19 17.1 10 9.2
4th degree 4 3.6 2 1.8
Intrauterine pneumonia 71 64.0 86 78.9 6.0, 0.014
Anemia of prematurity 57 51.4 43 39.4 3.14, 0.076
Retinopathy of prematurity 54 48.6 53 48.6 0,0.997
Atelectasis 54 48.6 65 59.6 2.67,0.102
Patent ductus arteriosus 32 28.8 28 25.7 0.27, 0.601
Patent foramen ovale 16 14.4 24 22.0 2.14,0.144
Neonatal pneumonia 12 10.8 13 11.9 0.07,0.794
Atrial septal defect 11 9.9 6 55 1.50, 0.221
Intrauterine sepsis 10 9.0 - - -
Neonatal sepsis 10 9.0 - - -
Ventricular septal defect 8 7.2 - - -
Convulsive syndrome 7 6.3 5 4.6 0.32,0.575
Protein-energy deficiency 7 6.3 - -
Secondary internal progressive hydrocephalus 6 5.4 - - -
Internal hydrocephalus 5 4.5 - - -
Toxic hepatitis 5 4.5 1 0.9 2.67,0.102
Neonatal jaundice 5 4.5 4 3.7 0.10, 0.755
Necrotizing enterocolitis 5 4.5 4 3.7 0.10, 0.755
Congenital CMV infection 4 3.6 2 1.8 0.65, 0.421
Inguinoscrotal hernia 4 3.6 - - -
CMV carrier 3 2.7 - - -
Herpes simplex virus carrier 3 2.7 - - -
Stigmata of dysmorphogenesis 3 2.7 1 0.9 0.98, 0.322
Congenital infection cgused by herpes simplex 3 07 ) ) )
virus
Toxoplasmosis carrier 1 0.9 - - -
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As can be seen, children who developed BPD were frequently diagnosed with multiple
comorbidities. Neonatal respiratory distress syndrome was identified in 96.4% (n = 107)
of BPD patients, compared to 84.4% (n = 92) of the control group (p = 0.002). Cerebral
ischemia was found in 71.2% (n = 79) of newborns in the main group and 71.6% (n = 78)
in the control group. Grade I intraventricular hemorrhage was found in 4.5% (n = 5) of the
main group and 1.8% (n = 2) of the control group; the incidence of Grade II was almost
equal in both groups, at 44.1% (n = 49) in the main group and 48.6% (n = 53) in the control
group; Grade III was more common in the main group, at 17.1% (n = 19), compared to
9.2% (n = 10) in the control group; and Grade IV was found in 3.6% (n = 4) of the main
group and 1.8% (n = 2) of the control group. Intrauterine pneumonia was identified in
64.0% (n = 71) of children with BPD and 78.9% (n = 86) of children in the control group
(p = 0.014). Congenital pneumonia was defined based on a combination of clinical and
radiological findings indicative of infectious and inflammatory lung involvement, identified
during the early neonatal period and considered to be of intrauterine origin. Anemia of
prematurity developed in half of the children with BPD, at 51.4% (n = 57), while in the
control group it was found in 39.4% (n = 43) of cases. One condition frequently encountered
in premature infants, which poses significant challenges for their socialization, is retinopathy
of prematurity. This condition was detected in nearly half of the studied children, with an
equal incidence in both groups at 48.6% (n = 54). Pulmonary atelectasis was diagnosed
in 48.6% (n = 54) of children in the main group and 59.6% (n = 65) in the control group.
Numerous studies have shown a link between patent ductus arteriosus and BPD [23].
However, according to the results of this study, patent ductus arteriosus was found almost
equally in both groups, at 28.8% (n = 32) and 25.7% (n = 28), respectively. Additionally, the
following conditions were diagnosed with low frequency. Notably, these conditions were
identified only in children with BPD. Among them, protein-energy malnutrition was found
in 6.3% (n = 7), secondary internal progressive hydrocephalus in 5.4% (n = 6) (p = 0.014),
internal hydrocephalus in 4.5% (1 = 5) (p = 0.025), and iliac-scrotal hernia in 3.6% (1 = 4),
which were present only in the main group. Furthermore, carriers of intrauterine infections
were also found only in newborns from the main group. Among children with BPD, three
were carriers of cytomegalovirus and herpes simplex virus, and one child was a carrier
of toxoplasmosis.

Statistically significant associations with BPD were identified for the following neona-
tal factors: neonatal respiratory distress syndrome, FiO,, reintubation, and mechanical
ventilation. After identifying strong associations, a multifactorial regression analysis was
conducted. To examine the relationship between several quantitative and qualitative vari-
ables and a binary outcome (two possible case outcomes: development of BPD or no BPD),
multiple logistic regression was employed. The analysis produced a regression equation to
predict the influence of various factors on the development of BPD (Table 9, RMcF2 = 0.158,
p < 0.001).

Table 9. Multivariable logistic regression analysis of factors associated with BPD development (based
on neonatal clinical parameters).

Exp(B) 95% CI

Predictor Exp(B) r
Lower Upper
Neonatal respiratory distress syndrome 5.778 1.647 20.274 0.006
Oxygen concentration in the inhaled mixture 4.054 1.980 8.298 0.000
Reintubation 0.527 0.244 1.139 0.103
Mechanical ventilation 1.289 0.306 5.436 0.729
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Based on the results obtained, it can be stated that the following neonatal risk fac-
tors have a statistically significant association with the development of BPD in preterm
infants: neonatal respiratory distress syndrome and the concentration of oxygen in the
inhaled mixture.

4. Discussion

Data on the epidemiology of BPD show that it varies significantly across different
countries and medical centers worldwide. The incidence rate is affected by the diagnostic
criteria used (such as “28 days” or “36 weeks” of oxygen dependency), the mortality rate
of premature newborns, the studied population, the level of technical equipment, and the
intensity of hospital care [19]. In our study, the incidence of BPD at the City Perinatal
Center in Almaty was lower compared to other international studies conducted during the
analyzed period. Specifically, the incidence of BPD among all live births was 0.3%, while
among preterm infants it was 1.8%. Comparable results were obtained in a study conducted
in 2005 by R.R. Wauer, where the incidence of BPD among all live births was 0.17% [23].

From 2016 to 2017, the incidence of BPD increased compared to previous years. This
may be related to the fact that during the analyzed period, the survival rate of infants with
extremely low birth weight (ELBW) increased from 36.8% in 2013 to 53.2% in 2017. On
average, over 5 years, BPD developed in 1.8% of newborns. Additionally, during the study
period, the mortality rate among infants diagnosed with BPD showed a downward trend,
with an overall mortality rate of 31.9%.

The development of bronchopulmonary dysplasia, as shown in this and previous stud-
ies [25,26], is associated with antenatal and intrapartum risk factors that vary in prevalence.
Obstetric history factors such as spontaneous miscarriages, missed abortions, antenatal fetal
demise, preterm labor, and a history of medical abortions are risk factors for premature
birth, which can subsequently lead to the development of BPD in preterm infants. In a study
conducted in 2015 in China involving 47 preterm infants, obstetric history was identified as
an independent risk factor for the severity of BPD [8]. Our research results also indicated
that obstetric history factors such as infertility and previous pregnancies ending in stillbirth
were almost twice as common among mothers of preterm infants with BPD.

According to Xiong et al., pregnancy pathology is a common antenatal risk factor for
the development of bronchopulmonary dysplasia (BPD) in preterm infants [25]. In their
meta-analysis based on the assessment of relative risk (OR), antenatal risk factors for BPD
include inflammatory conditions such as chorioamnionitis (OR = 1.52), premature rupture
of membranes (OR = 1.42), and hypertensive disorders of pregnancy (OR = 2.73). As can
be seen, certain pregnancy pathologies not only contribute to the development of BPD in
preterm infants but also influence the severity of the condition.

To identify antenatal diagnostic factors associated with the development of BPD, a
study conducted in the United States (USA) evaluated various prenatal exposures in preterm
infants with a gestational age of less than 32 weeks. The analysis demonstrated that in-
trauterine growth restriction was among the most significant predictors of BPD, while
prenatal inflammatory conditions were also identified as important contributing factors.
Additionally, polyhydramnios emerged as a relevant antenatal factor associated with an
increased risk of BPD. Comparable results were obtained in the current study, where ARVI
in the second trimester was found to be 2.5 times more common, and polyhydramnios was
nine times more frequent in preterm infants with BPD [26].

In this study, cervical ectropion was observed only among mothers of infants with
BPD and was identified as one of the major antenatal risk factors associated with BPD.
In a comparable study conducted in China, maternal genital infections were identified as
significant risk factors for the development of BPD, with a notable proportion observed
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among mothers of affected infants [9]. In particular, intrauterine inflammatory conditions
were reported to contribute substantially to the pathogenesis of BPD.

The presence of edema during pregnancy (except for severe or rapidly occurring edema
of the face or lower back) should not be considered a sign of a pathological condition, as
edema in the lower extremities occurs in 50-80% of pregnant women in the absence of
proteinuria and hypertension and is of a physiological nature. However, in our study, edema
was observed four times more frequently in mothers of preterm infants who developed BPD,
and it was also identified as an antenatal risk factor associated with BPD development in
preterm infants. We did not find comparable results in the studies conducted by researchers
from both distant and nearby countries.

An analysis of antenatal risk factors demonstrated that maternal smoking prior to
preterm birth was associated with an approximately twofold increase in the likelihood
of bronchopulmonary dysplasia in extremely preterm infants. Furthermore, maternal
hypertensive disorders have also been identified as significant factors associated with the
development of BPD [27].

In our study, mothers of preterm infants who developed BPD more frequently had
chronic bronchitis, and nicotine dependence and bronchial asthma were found only in the
mothers of these children. These findings are of great interest and suggest the need for
more in-depth research on BPD in our republic, particularly regarding potential genetic
predispositions, which have been receiving increasing attention worldwide in recent years.

A meta-analysis conducted by Crowley demonstrated that antenatal glucocorticoids
reduce the incidence of RDS in preterm infants by 50%, without significantly affecting the
incidence of BPD [28]. Results from other studies also showed that the use of antenatal
glucocorticoids decreases the frequency and severity of RDS, increases infant survival, and
reduces the risk of developing bronchopulmonary dysplasia; however, it does not decrease
the incidence of BPD [3,29,30].

Animal studies have shown that glucocorticoids significantly increase lung gas vol-
ume but may adversely affect subsequent alveolarization and lung growth [31,32]. In our
study, antenatal glucocorticoids were administered 1.5 times more frequently to mothers
of preterm infants who developed BPD than to mothers of infants without BPD, a finding
consistent with the aforementioned studies. However, according to updated World Health
Organization (WHO) recommendations and current evidence, antenatal corticosteroids
(ACS) administered to women at risk of preterm birth between 24 and 34 weeks of gesta-
tion reduce neonatal mortality and the incidence of severe respiratory distress in the early
neonatal period, provided that appropriate conditions for care are met, including access to
skilled healthcare professionals and adequate neonatal support systems [29]. Therefore,
antenatal corticosteroid administration should not be interpreted as an independent risk
factor for BPD based on the findings of the present study. A more plausible explanation is
that corticosteroids are more frequently administered to women whose pregnancies are
already at high risk of very preterm delivery, while infants born very preterm are themselves
atincreased risk of developing BPD. This potential confounding should be further evaluated
by adjusting for birth weight, gestational age, indications and reasons for early delivery,
degree of prematurity, and the completeness and timing of the antenatal corticosteroid
course relative to delivery.

To preserve the life of the newborn, neonatologists often have to use oxygen and
mechanical ventilation; however, the choice of respiratory support method is currently a
topic of discussion [32-34]. Some researchers believe that early and “aggressive” use of
NCPAP can reduce the need for mechanical ventilation and exogenous surfactant or facilitate
weaning from ventilation [35,36]. Other researchers recommend brief intubation for the
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administration of surfactant (the INSURE strategy: Intubation—Surfactant—Extubation)
followed by transitioning to nasal NCPAP [37].

Furthermore, many different modes and strategies of mechanical ventilation have
been studied in the prevention and treatment of BPD. A meta-analysis of 11 randomized
controlled trials comparing the effects of high-frequency oscillatory ventilation (HFOV)
and conventional mechanical ventilation in the first 24 h after birth showed that HFOV
moderately reduced the incidence of BPD in the group of surviving infants [38]. According
to S.E. Courtney et al., HFOV reduced mortality and the incidence of BPD compared to
infants receiving synchronized, intermittent, mandatory ventilation [39]. However, other
studies found no short- or long-term advantages or disadvantages of HFOV compared
to conventional mechanical ventilation and synchronized intermittent mandatory ventila-
tion [40,41]. In our study, almost one-third of the children with BPD received HFOV using
the SLE 5000 ventilator, which was twice as common compared to children without BPD.
This may be related to the timing of HFOV application; international data suggest that
high-frequency ventilation is more beneficial in the first hours or days of a child’s life. In our
center, HFOV was applied in cases of extremely severe conditions in children at later stages.

The high frequency of reintubation and the use of high-frequency oscillatory ventilation
(HFOV) at later stages in our cohort suggest the development of a severe airway and pul-
monary parenchymal phenotype. These findings underscore the importance of early, non-
invasive respiratory support strategies, such as nasal continuous positive airway pressure
(NCPAP) and high-flow nasal cannula (HFNC), while minimizing exposure to potentially
injurious mechanical ventilation to reduce the risk of pulmonary vascular remodeling.

It is known that mechanical ventilation parameters such as the inspiratory-to-expiratory
time ratio (Tin/Texp), the concentration of oxygen in the inhaled mixture (FIO,), and the
mean airway pressure (MAP) are significantly higher in children who subsequently develop
BPD [34,42]. Our study further confirmed the toxicity of oxygen to the lungs of children, as
nearly half of the children who developed BPD were exposed to oxygen concentrations of
70-100%, which was three times more frequent compared to children without BPD.

Although the study cohort (2013-2017) predates the introduction of the contem-
porary BPD severity classification proposed by Jensen et al. [31] and the emergence of
phenotype-based approaches, including pulmonary vascular and inflammatory pheno-
types, our findings regarding the frequent use of invasive mechanical ventilation and high
FiO, levels may reflect substantial pulmonary parenchymal injury and an inflammatory
component of BPD. In contemporary clinical practice, phenotypic characterization may
help guide individualized respiratory and pharmacological management, highlighting the
value of re-evaluating historical cohorts in light of emerging phenotype-based and targeted
therapeutic approaches.

In the present study, children with BPD had almost twice as many re-intubations, which
are considered one of the signs of BPD and can also exacerbate airway damage. An analysis
of outcomes in very-low-birth-weight infants requiring mechanical ventilation showed
that re-intubation after initial extubation occurred in 38.1% of cases, with significantly
higher rates observed among infants with moderate-to-severe BPD or death compared
to controls. Multivariate analysis further demonstrated that early re-intubation within
48 h was independently associated with an increased risk of the combined outcome of
moderate-to-severe BPD or death, underscoring the prognostic significance of re-intubation
timing in extremely preterm infants [22].

Thus, BPD is a multidisciplinary issue in modern medicine and is considered a multi-
organ disease. Several studies from both near and far abroad support this [6,18,24,43].
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Multivariable analysis showed that respiratory distress syndrome (RDS) was strongly
associated with the development of BPD in preterm infants (OR = 5.778), consistent with
the established understanding of BPD pathogenesis.

Conversely, the lower recorded frequencies of maternal hypertension and congeni-
tal pneumonia among infants with BPD warrant further interpretation. Maternal hyper-
tension, particularly preeclampsia, is a major indication for medically indicated preterm
delivery. Women with these conditions are often managed in tertiary-level healthcare
facilities and may be more likely to receive timely and complete courses of antenatal corti-
costeroids (ACS), which promote fetal lung maturation and may reduce the risk of neonatal
respiratory complications.

The lower recorded frequency of congenital pneumonia in the BPD group may, in turn,
reflect diagnostic overlap between pneumonia and severe RDS, as well as differences in
diagnostic coding in routine clinical practice, rather than a genuine protective biological
effect. These potential explanations remain speculative and require validation in prospective
studies using standardized criteria for neonatal diagnosis.

Study Limitations

This study has several limitations that should be considered when interpreting the
findings. First, it was a single-center, retrospective study based on a cohort of infants
born between 2013 and 2017. This study period was determined by the original research
design, initiated in 2019, which primarily aimed to investigate the long-term developmental
outcomes of children with BPD rather than exclusively to identify neonatal risk factors.

Second, retrospective data collection from medical records inevitably carries a risk
of incomplete or inaccurate documentation. Respiratory management protocols and stan-
dards of care for preterm infants have evolved over the years, which may limit the direct
applicability of our findings to contemporary clinical practice. Furthermore, the relatively
small sample size and the performance of multiple comparisons warrant caution when gen-
eralizing the results. Finally, the retrospective observational design allows the identification
of statistical associations between the factors investigated and BPD but does not establish
direct causal relationships.

In addition, analyzing numerous clinical variables without a formal adjustment for
multiple comparisons increases the risk of false-positive findings (Type I errors). Therefore,
associations with p-values close to 0.05 should be interpreted cautiously and considered for
validation in future studies.

5. Conclusions

The analysis of the main factors associated with the development of bronchopulmonary
dysplasia (BPD) in preterm infants in Almaty revealed that between 2013 and 2017, the
average incidence of BPD at the City Perinatal Center in Almaty was 1.8% among preterm
infants. Over the five-year study period, the mortality rate among infants diagnosed with
BPD was 31.9%. The main factors associated with BPD in preterm infants included maternal
and perinatal factors, such as maternal edema during pregnancy and antenatal corticosteroid
prophylaxis for respiratory distress syndrome (RDS), as well as neonatal clinical factors,
including RDS and the fraction of inspired oxygen (FiO,).

BPD arises from the interaction of numerous factors that can injure the immature lung.
Therefore, prevention should be developed based on all factors related to the pathogenesis
of BPD. The more severe the disease, the worse the prognosis. Thus, in clinical practice, we
can actively implement preventive measures to control the progression of the disease.
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