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Abstract

Preterm infants with bronchopulmonary dysplasia (BPD) are at increased risk of disruptions in their quality of life (QoL) at
school age, often associated with respiratory morbidity and the need for ongoing hospital care. The objective of this study
is to assess the impact of BPD on the perceived quality of life in preterm infants at school age. We conducted a prospective
observational study of infants born at less than 32 weeks gestation who were admitted to our neonatal unit between January
2012 and December 2014. These children were followed up, and at ages 8 to 10 years, their quality of life was assessed using
the Pediatric Quality of Life (PedsQL) questionnaire, with higher scores indicating poorer quality of life. The study included
102 patients with a mean gestational age of 29.42 weeks (SD 1.87) and a mean birth weight of 1221.36 g (SD 347.25), with
an average age of 8.59 years (SD 0.90) at the time of the survey. Patients with BPD 2-3 exhibited a significantly poorer per-
ception of “total quality of life” (p =0.03) and in the “social activities” domain (p =0.02) compared to those without BPD
or with BPD 1, even after adjusting for gestational age in a multivariate model. No significant differences were observed for
the “health and activities” domain (p=0.31), “emotional state”” domain (p =0.58), or “school activities” domain (p =0.33).
Patients who experienced asthma symptoms during follow-up had a poorer perception of total quality of life than those who
did not (20.53 (SD 6.19) vs. 11.89 (SD 1.44), p<0.01). No significant differences were found between patients without a
diagnosis of BPD and those with grade 1 BPD. Similarly, no significant differences were observed when comparing patients
of less than 28 weeks gestational age and more than 28 weeks of gestational age.

Conclusion: In our population of preterm school-aged children with grades 2—-3 BPD, worse perceived quality of life was
reported compared to those with no BPD or grade 1 BPD. Preterm children who developed asthma symptoms during the
follow-up period also reported lower perceived quality of life. No differences in QoL were observed between patients with
no BPD and those with grade 1 BPD, or between those born before and after 28 weeks of gestation. These findings high-
light the importance of assessing the QoL in preterm patients with BPD, particularly those with grade 2-3 BPD or asthma
symptoms, as early assessment can help identify patients who may benefit from targeted interventions to improve quality
of life and long-term outcomes.

What is Known:

o Survival rates of extremely preterm infants have increased significantly in recent years, but respiratory morbidity, particularly bronchopul-
monary dysplasia, remains a common problem. The impact of BPD on the quality of life of preterm infants, particularly at school age, is still
debated. BPD is associated with an increased risk of asthma and abnormal lung function, but its effect on QoL is not fully understood.

What is New:

® Preterm infants with grade 2-3 BPD have a significantly worse perception of QoL at school age, especially in the domain of "social activi-
ties". This finding emphasises the need for long-term follow-up and possible interventions to improve QoL, especially in terms of social
integration. Asthma symptoms during childhood also contribute to poorer QoL perceptions, highlighting the importance of early diagnosis
and effective treatment.
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Introduction

While survival rates of extremely preterm infants have sig-
nificantly increased in recent years, respiratory morbid-
ity remains prevalent among the most immature neonates
[1-3].

Bronchopulmonary dysplasia (BPD) is the most com-
mon respiratory consequence of prematurity. Its preva-
lence rises with decreasing gestational age, with up to
50% of infants born before 28 weeks gestation with grades
2-3 BPD [4]. These patients exhibit a heightened risk of
asthma and impaired pulmonary function tests [5-7].
However, the impact of this condition on their quality of
life (QoL) remains elusive and subject to debate.

BPD infants have an increased risk of hospital readmis-
sion after discharge compared to the general population,
particularly in the first 2 years of life. In addition, their
ongoing management requires multidisciplinary follow-up,
resulting in frequent hospital visits [8, 9].

The increased frequency of hospital admissions, emer-
gency department visits, outpatient follow-up appoint-
ments, and missed school days can have a significant
impact on the quality of life of both caregivers and patients
[10]. Some authors suggest that these circumstances may
contribute to a decline in the physical and psychological
well-being of those affected by BPD, potentially impact-
ing not only their school years but also extending into
adulthood [11, 12]. However, other authors have found
no significant differences in the quality of life of young
people with BPD compared with healthy volunteer con-
trols [13, 14].

Furthermore, with advances in perinatal and neonatal
care over the last decades, the pathophysiology and progres-
sion of BPD have evolved, leading to uncertainties regarding
the impact on the quality of life of individuals affected by
the so-called “new bronchopulmonary dysplasia” 3, 8, 15].

While some studies suggest a potential improvement in
quality of life (QoL) over time, the variability in findings
highlights the need for further research to provide a robust
basis for guiding interventions and improving QoL in this
vulnerable population. Therefore, the aim of this study was
to assess the impact of a diagnosis of BPD on perceptions
of QoL at school age in our cohort of preterm infants.

Material and methods
Study design and subjects

We conducted a single-center, prospective, observational
study including all infants born at less than 32 weeks
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gestational age and admitted to our neonatal unit between
January 2012 and December 2014. Perinatal and postnatal
data were prospectively collected from medical records.
Patients who agreed to participate were then followed up
for ongoing assessment.

Exclusion criteria included patients who died during the
neonatal period or before the start of the study,, patients who
were lost to follow-up or could not be contacted, and patients
whose family members refused to provide informed consent.

The following prenatal data were collected: gestational
age, defined in weeks and days since the last menstrual
period, or if this was not known, it was estimated from the
first-trimester ultrasound; birth weight, in g; sex; presence
of chorioamnionitis; intrauterine growth restriction (IUGR);
and prenatal corticosteroid administration.

As postnatal variables, the need for delivery room ventila-
tion, surfactant administration, use of invasive mechanical
ventilation (IMV) and high-frequency oscillatory ventilation
(HFOV), presence and grade of BPD (defined according to
the NIH consensus definition [15]; supplemental oxygen
required for at least 28 days, defined as grade 1 [breathing
room air at 36 weeks PMA or discharge], grade 2 (need
for <30% oxygen at 36 weeks PMA or discharge), or grade 3
(need for >30% oxygen and/or positive pressure at 36 weeks
PMA or discharge), periventricular leukomalacia/stage 3
intraventricular hemorrhage or in association with intra-
parenchymal hemorrhage (PVLM/IVH) according to the
modified Papile’s classification [16], necrotizing entero-
colitis (NEC), late-onset sepsis (LOS), and patent ductus
arteriosus (PDA) were collected.

During the children’s follow-up, we recorded the per-
ceived quality of life of the participants at the age of 8 to 10
years.. In addition, respiratory symptoms were monitored
throughout the follow-up period, including episodes of
wheezing and asthma symptoms (such as nocturnal cough
unrelated to infection, dyspnea during physical activity, and
recurrent bronchospasm).

Quality of life analysis

During the children’s follow-up, the Pediatric Quality of Life
Questionnaire (PedsQL) was used to assess the participants’
perceived quality of life. This questionnaire was developed
by the Children’s Hospital and Health Center in San Diego,
California. It was designed to assess health-related quality of
life (HRQoL) in children and adolescents aged 2 to 18 years.
In this study, the scale for children aged 8—12 years was used
to assess their perceived quality of life [17].

The PedsQL 4.0 questionnaire consists of 23 items cover-
ing four domains: (1) “health and activities” (8 items), (2)
“emotional state” (5 items), (3) “social activities” (5 items),
and (4) “school activities” (5 items). These scales have been
carefully developed through focus groups and cognitive
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interviews [18]. The items are scored on a scale from O to 4,
where 0 indicates never and 4 almost always, with a higher
number indicating a poorer perceived quality of life.

In order to summarize the results of this study, the items
were grouped according to domains (“health and activities,”
“emotional state,” “social activities,” and ‘““school activities”)
and simplified by adding them to a “total quality of life.”

Statistical analysis

Descriptive analysis was performed using absolute frequen-
cies and percentages for the analysis of qualitative variables
and means with standard deviation or medians with inter-
quartile range for quantitative variables, depending on the
symmetry of the distributions.

Proportions were compared using Pearson’s y2 test and
Fisher’s exact test, where appropriate, and quantitative vari-
ables were compared using Student’s ¢-test for normal dis-
tributions and Mann—Whitney U test for non-normal distri-
butions. Multivariate analysis was performed using logistic
regression or multiple linear regression, as appropriate. Sta-
tistical significance was set at p <0.05. The Statistical Pack-
age for the Social Sciences (SPSS, version 25) was used.

Results

A total of 102 patients were included in the study (Fig. 1),
60 (58%) were male. Of the participants, 42.3% (44 patients)
were diagnosed with BPD (all grades 1, 2, and 3), with 17

<32 weeks GA (2012-2014):
n=327

death:
n=47

—

<32 weeks GA survivors:
n=280

lost follow-up:
—
n=88

[not meet inclusion criteria:] ¢

n=21

[ refused to participate: 1

-— |
n=24
Followed-up patients:
N=147
not complete the
—— questionnaire:
n=45
Included patients:
n=102

Fig. 1 Flow chart—recruitment of preterm infants for follow-up

(16.6%) patients classified as BPD 2-3. The mean gesta-
tional age of the total sample was 29.42 weeks (SD 1.87),
with a minimum gestational age of 23.9 weeks and a maxi-
mum of 31.9 weeks. Those in the no BPD/1 group had
a mean gestational age of 29.61 weeks (SD 1.80), while
those in the BPD 2-3 group had a mean gestational age of
28.48 weeks (SD 2.00) (p=0.02). Baseline characteristics
of the total sample and subgroups based on BPD diagnosis
are shown in Table 1.

At the time of the questionnaire, the mean age of the
patients was 8.59 years (SD 0.90). No significant differences
were observed between patients without and with BPD (all
grades 1, 2, and 3) in the total perception of quality of life
(p=0.53) or across the four domains: “health and activities”
(p=0.52), “emotional state” (p=0.34), “social activities”
(p=0.11), and “school activities” (p=0.91) (Table 3).

However, patients with BPD 2-3 exhibited a significantly
poorer perception of “total quality of life” (»=0.03) and in
the “social activities” domain (p =0.02) compared to those
without BPD or with BPD 1, with no differences noted in
“health and activities” domain (p =0.31), “emotional state”
domain (p=0.58), or “school activities” domain (p =0.33)
(Fig. 2, Table 2). This effect persisted after adjusting for
gestational age in the multivariate model (Table 2).

No statistically significant differences were found
between patients without a diagnosis of BPD and those with
grade 1 BPD (Table 3). Similarly, there were no statistically
significant differences in quality of life between those of less
or more than 28 weeks of gestational age (Table 4).

Of the patients who completed the PedsQL question-
naire, information on respiratory symptoms was available
for 81 individuals: 68 from the no BPD/1 group and 13 from
the grade 2-3 BPD group. Of the 13 patients in the grade
2-3 BPD group, 10 (77%) experienced wheezing episodes,
compared with 32 (47%) in the no BPD/1 group, p=0.04.
Seven patients in the no BPD/1 group had asthma symptoms
throughout their follow-up (10%), compared to 4 patients in
the grade 2-3 BPD group (31%), p 0.04. Patients who expe-
rienced asthma symptoms during follow-up had a poorer
perception of total quality of life (as indicated by higher
scores) than those who did not (20.53 (SD 6.19) vs. 11.89
(SD 1.44), p <0.01). However, no significantly higher qual-
ity of life scores were observed between those with isolated
wheezing and those without (22.00 (SD 16.76) vs. 16.00
(SD 10.91), p=0.07).

Further analysis of factors potentially influencing qual-
ity of life at school age revealed a poorer perception of
quality of life ) with increased hours of mechanical ven-
tilation, adjusted for the degree of BPD. The presence of
asthma symptoms during childhood was also associated
with a higher risk of poorer QoL perception, even after
adjusting for BPD grade. However, no significant associa-
tions were observed between other perinatal factors such
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Table 1 Characteristics of the sample

No BPD/1 (n=85) BPD 2-3 (n=17) Total (n=102) p
Gestational age (weeks) 29.61 (1.80) 28.48 (2.00) 29.42 (1.87) 0.02
Birth Weight (g) 1276.20 (335.09) 947.18 (275.37) 1221.36 (347.25) <0.01
Small for gestational age 10 (12%) 4 (24%) 14 (14%) 0.19
Male sex 51 (60%) 9 (53%) 60 (59%) 0.59
Antenatal corticosteroids 66 (78%) 11 (65%) 77 (75%) 0.25
Chorioamnionitis 18 (21%) 4 (24%) 22 (22%) 0.83
NIPPV/IPPV at delivery room 45 (53%) 16 (95%) 42 (60%) <0.01
Surfactant administration 37 (44%) 13 (76%) 50 (49%) 0.01
Postnatal corticosteroids 0 (0%) 1 (6%) 1 (1%) 0.03
Invasive mechanical ventilation 34 (40%) 15 (89%) 49 (48%) <0.01
High-frequency oscillatory ventilation 10 (12%) 7 (42%) 17 (17%) <0.01
Hours of invasive mechanical ventilation 45.75 (128.22) 299.15 (347.15) 87.98 (204.37) <0.01
NEC 2 (1%) 1(6%) 3 (3%) 043
PVLM/IVH 3 (4%) 6 (35%) 9 (9%) <0.01
PDA Patent ductus arteriosus 16 (19%) 8 (47%) 24 (24%) 0.01
LOS Late-onset sepsis 43 (51%) 14 (82%) 57 (56%) 0.02

Data are expressed as mean (standard deviation) and n (%); comparison of means (student’s t-test); comparison of proportions (chi-squared test)

Abbreviations: BPD: Bronchopulmonary dysplasia; NIPPV, noninvasive positive pressure ventilation IPPV, invasive positive pressure ventila-
tion; NEC, necrotizing enterocolitis (> Grade 2 Bell); PVLM/IVH, periventricular leukomalacia/stage 3 intraventricular hemorrhage or in asso-
ciation with intraparenchymal hemorrhage

Quality of Life

p 0.03
25
20
15

24.94
10
17.49
p0.58 p0.33
p0.31 p <0.01
5
. 6.53 6.18
414 >V > 4.41 4.86
2.52
Health & Activities Emotional state Social activities School activities Total Quality of Life

No BDP/ 1 BPD 2-3

Comparison of means: Student’s t-test

Fig.2 Quality of life according to the different ITEMS

as gestational age, low birth weight, necrotizing entero- Discussion
colitis, patent ductus arteriosus, periventricular leukoma-
lacia, stage 3 or hlgher intraventricular hemorrhage, late- This study h]ghhghts the importance of assessing the qua]_

onset sepsis, and quality of life perception at school age, ity of life in preterm patients with BPD, particularly those
adjusted for the degree of BPD (Table 5).
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Table 2 Comparison of quality

. . . No BPD/1 (n=85) BPD2-3(n=17) p B Standard error  p
of life between patients with no
BPD/1 and patients with grades  Health and activities  4.14 (4.75) 5.47 (5.88) 0.31 137 136 0.32
2-3 BPD Emotional state 5.98 (3.86) 6.53 (3.22) 058 097 1.0l 0.34
Social activities 2.52 (2.85) 441 (3.41) <0.01 174 0.0 0.03
School activities 4.86 (3.87) 6.18 (5.15) 0.33 134 112 0.23
Total quality of life  17.49 (12.31) 24.94 (17.85) 0.03 798 3.65 0.03

Variables are described as mean (standard deviation); comparison of means with Student’s #-test; multiple
linear regression (adjusted for gestational age)

Table 3 Comparison of quality

: _ . NoBPD(58) BPD1(27) p  NoDBP(n=58) DBP 1-2-3 (n=44) p

of life between patients without

BPD and patients with grade Health and activities 4.09 (5.11)  4.26(3.96)  0.87 4.09 (5.11) 4.73 (4.76) 0.52

I BPD Emotional state 638(3.77) 5.11(399) 0.16 638(3.77) 5.66 (3.74) 0.34
Social activities 241(2.59) 2.74(338)  0.62 2.42(2.59) 3.39 (3.45) 0.11
School activities 512(4.11)  430(3.28) 036 5.12(4.11) 5.02 (4.15) 0.91
Total quality of life  18.00 (12.79) 16.41 (11.36) 0.58 18.00 (12.79)  19.70 (14.64) 0.53

Variables are described as mean (standard deviation); comparison of means with Student’s t-test

Table 4 Comparison of quality of life between patients with less and
more than 28 weeks of gestational age

<28 weeks (n=20) >28 weeks (n=82) p

Health and activi- ~ 4.25 (5.18) 4.39 (4.92) 0.91
ties

Emotional state 4.60 (3.62) 6.43 (3.72) 0.05

Social activities 3.05(3.2) 2.78 (2.99) 0.72

School activities 5.10 (4.62) 5.07 (4.01) 0.98

Total quality of life  17.00 (14.94) 19.16 (13.29) 0.53

Variables are described as mean (standard deviation); comparison of
means with Student’s ¢-test

with grades 2-3, as they have a worse perception of quality
of life at school age.

Despite recent advancements in the survival rates of
extremely preterm infants, the prevalence of respiratory
sequelae, particularly BPD, remains high [1, 2]. Prior
research indicates that patients diagnosed with BPD are at
an increased risk of asthma and pulmonary function abnor-
malities compared to those without BPD [5, 19-22]. How-
ever, there is no established consensus on the impact of this
condition on quality of life.

The present study used the Pediatric Quality of Life Ques-
tionnaire (PedsQL) to evaluate the QoL of preterm infants
during school age, focusing on four domains: “health and
activities,” “emotional state,” “social activities,” and “school
activities.” Patients with BPD 2-3 exhibited a significantly
poorer perception of the “total quality of life” (p=0.03)
and in the “social activities” domain (p =0.02) compared
to those without BPD or with BPD 1, even after adjusting
for gestational age in a multivariate model. In our sample

99 ¢

of patients with BPD, the scores were higher (indicating
poorer quality of life) than those reported in the study by W.
Varni et al. [17], where the questionnaire was completed by
healthy children.

Lee et al. [12] conducted a systematic review in 2023 to
analyze the impact of BPD on quality of life from three per-
spectives: caregivers’ quality of life, caregivers’ perception
of patients’ quality of life, and BPD patients’ self-reported
quality of life. The results highlighted difficulties experi-
enced by patients and carers, including sleep problems and
acute care needs, which negatively affected quality of life,
particularly in the immediate post-discharge period. In this
study, patients with BPD demonstrated physical QoL similar
to preterm infants without BPD in late childhood and early
adulthood [12]. Additionally, Sudhir Sriram et al. [24] and
Wook Kim, S. et al. [23] reported that patients without BPD
had better perceived QoL than those with BPD.

In our study population significant differences were found
in the “social activities” domain, potentially related to find-
ings described by Della Longa L. et al. [25], who noted that
preterm infants have difficulties recognizing facial emotions,
which may impact their social skills. In light of these find-
ings, it may be worth considering referring patients with
BPD to psychological services to enhance their social skills,
as research suggests that simple interventions can result in
clinical improvement [26].

However, other authors have not found differences in
quality of life in patients with BPD. Beaudoin et al. [27]
found similar health-related quality of life and respiratory
symptoms when comparing patients with a history of pre-
maturity and bronchopulmonary dysplasia with healthy term
controls, despite the fact that the former required greater use

@ Springer
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Table 5. Multiple linear F R? B Standard error »

regression: perinatal and

postnatal factors influencing Gestational age 240 0.046 047 0.73 0.52

fct:;fioifﬁggu?fnlﬁmﬁ;:ggsia Birth weight 234 0045 0002 001 0.58
Small for gestational age 223 0.043 1.20 3.89 0.76
Chorioamnionitis 2.20 0.043 -0.62 3.23 0.85
NIPPV/IPPV at delivery room 2.18 0.042 0.17 2.85 0.95
Surfactant administration 2.66 0.051 2.61 2.73 0.34
Postnatal corticosteroids 2.26 0.044 -5.25 13.82 0.70
Hours of invasive mechanical ventilation 4.37 0.081 0.015 0.01 0.04
High-frequency oscillatory ventilation 2.27 0.044 1.51 3.73 0.69
NEC* 2.41 0.046 -5.16 7.87 0.51
PVLM/IVH* 2.39 0.046 -3.27 5.14 0.53
Patent ductus arteriosus 2.20 0.043 —0.61 3.23 0.85
LOS*Late-onset sepsis 2.20 0.043 0.53 3.67 0.85
Wheezing episodes 3.45 0.081 4.92 3.20 0.13
Asthma symptoms 8.60 0.181 15.24 4.41 0.01

Abbreviations: NIPPV, noninvasive positive pressure ventilation IPPV, invasive positive pressure venti-
lation; NEC, necrotizing enterocolitis (> Grade 2 Bell); PVLM/IVH, periventricular leukomalacia/stage 3
intraventricular hemorrhage or in association with intraparenchymal hemorrhage

Multiple linear regression (adjusted for bronchopulmonary dysplasia)

of health services and prescription drugs. Other authors also
report no significant differences in quality of life between
patients with BPD and healthy controls [14] and even find
lower rates of depression, fatigue, and pain in the BPD group
[13].

In our study, we observed no significant differences in
QoL between patients without BPD and those with grade
1 BPD, nor between those born before and after 28 weeks
gestation. This suggests that the presence of grades 2-3 BPD
has a more substantial impact on perceived QoL than gesta-
tional age. The association between prematurity and altered
QoL remains contentious, with some studies indicating a
diminished perception of QoL in preterm infants compared
to term infants [28, 29], while others show no such correla-
tion [30-32]. Our findings align with previous research by
Wook Kim, S. et al. [23], who noted worse QoL perceptions
in infants born before 26 weeks of gestational age but found
that this effect disappeared when adjusted for BPD and other
comorbidities. Zwiker et al. [33] found a decreasing effect of
prematurity/very low birth weight on health-related quality
of life over time, but the heterogeneous nature of the studies
limits definitive conclusions.

Additionally, among other perinatal factors consid-
ered, only the duration of invasive mechanical ventilation
increased the risk of poorer QoL (adjusted for BPD). In line
with our sample, other studies using the PedsQL scale have
also found no association between low birth weight for ges-
tational age and quality of life [34]. As for other perinatal
factors, there is currently no clear evidence that they are
associated with changes in perceived quality of life.

@ Springer

During follow-up, asthma symptoms were shown to
increase the risk of poorer quality of life perception, even
after adjustment for gestational age in a multivariate model.
This finding is consistent with reports by other authors who
also describe an increased risk of poorer quality of life per-
ception in children with both diagnosed and undiagnosed
asthma, particularly due to limitations in social activities,
similar to what we observed in our patient sample. Further-
more, Cibirkaité et al. [35-37] note that as children with
bronchial asthma grow older, the impact of the disease
on their overall well-being decreases. This underlines the
importance of early diagnosis and effective treatment to
improve the quality of life of these patients.

There are several limitations that need to be acknowl-
edged in our study. Firstly, we were unable to include a con-
trol group of healthy term infants, which poses a challenge
to adequately assess the effect of prematurity on quality
of life in comparison with this group. Although we have
attempted to mitigate this gap by analyzing the relationship
between gestational age and quality of life, the lack of a
direct comparison remains a limitation. In addition, as a
single-center study, the generalizability of our findings to
wider populations may be limited. Furthermore, the inability
to include all preterm infants born during the study due to
the extended follow-up period and loss of follow-up of sev-
eral patients introduces a potential bias; it is plausible that
healthier infants were more likely to remain in the study,
thereby influencing the results.

This study highlights the importance of assessing the
quality of life in preterm patients with BPD, particularly
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in those with grades 2-3 BPD and asthma symptoms. The
findings suggest that the presence of BPD 2-3, significantly
impacts their perception of quality of life, particularly in
aspects related to “social activities.” These results under-
score the necessity for long-term follow-up, not only for the
detection and treatment of medical issues but also for inter-
vention in areas affecting quality of life. Moreover, given
the lack of consensus in the literature and the variability of
results, further research is essentialto guide specific inter-
ventions aimed at improving the well-being of this vulner-
able population throughout their development.

Conclusion

In our population of preterm school-aged children with
grades 2-3 BPD, worse perceived quality of life was
reported compared to those with no BPD or grade 1 BPD,
regardless of gestational age. Preterm children who devel-
oped asthma symptoms during the follow-up period also
reported lower perceived quality of life. No differences in
QoL were observed between patients with no BPD and those
with grade 1 BPD, or between those born before and after
28 weeks of gestation. These findings highlight the impor-
tance of assessing QoL in preterm patients with BPD, par-
ticularly those with grade 2-3 BPD or asthma symptoms, as
early assessment can help identify patients who may benefit
from targeted interventions to improve quality of life and
long-term outcomes.
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