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Abstract

Purpose This study aims to (1) describe the health-related quality of life (HRQoL) outcomes experienced by children born
very preterm (28-31 weeks’ gestation) and extremely preterm (< 28 weeks’ gestation) at five years of age and (2) explore the
mediation effects of bronchopulmonary dysplasia (BPD) and severe non-respiratory neonatal morbidity on those outcomes.
Methods This investigation was based on data for 3687 children born at <32 weeks’ gestation that contributed to the EPICE
and SHIPS studies conducted in 19 regions across 11 European countries. Descriptive statistics and multi-level ordinary linear
squares (OLS) regression were used to explore the association between perinatal and sociodemographic characteristics and
PedsQL"™ GCS scores. A mediation analysis that applied generalised structural equation modelling explored the association
between potential mediators and PedsQL™ GCS scores.

Results The multi-level OLS regression (fully adjusted model) revealed that birth at <26 weeks’ gestation, BPD status and
experience of severe non-respiratory morbidity were associated with mean decrements in the total PedsQL"" GCS score of
0.35, 3.71 and 5.87, respectively. The mediation analysis revealed that the indirect effects of BPD and severe non-respiratory
morbidity on the total PedsQL"™ GCS score translated into decrements of 1.73 and 17.56, respectively, at <26 weeks’ ges-
tation; 0.99 and 10.95, respectively, at 26-27 weeks’ gestation; and 0.34 and 4.80, respectively, at 28-29 weeks’ gestation
(referent: birth at 30-31 weeks’ gestation).

Conclusion The findings suggest that HRQoL is particularly impaired by extremely preterm birth and the concomitant

complications of preterm birth such as BPD and severe non-respiratory morbidity.
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Preterm birth is associated with an increased risk of mor-
tality in comparison to birth at term. Compared to chil-
dren born at term, preterm born children are more likely to
develop serious complications such as bronchopulmonary
dysplasia (BPD) and severe non-respiratory morbidity,
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including intraventricular haemorrhage, periventricular leu-
komalacia, necrotising enterocolitis and retinopathy of pre-
maturity. Nevertheless, evidence on the mechanism through
which effects of neonatal morbidities are transmitted to the
health-related quality of life (HRQoL) of those born preterm
is scarce. Hence, this study aims to investigate the mecha-
nism. Furthermore, this study aims to describe the HRQoL
outcomes experienced by children born preterm at five years
of age. The study used data for 3687 children obtained from
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the EPICE (Effective Perinatal Intensive care in Europe)
and SHIPS (Screening to improve Health In very Preterm
infantS) studies. The data were collected from 11 European
countries. Data were analysed using a multi-level ordinary
least squares and a separate mediation analysis. The new evi-
dence provided by this study shows that neonatal morbidi-
ties and, in particular severe non-respiratory morbidity, are
the main drivers of HRQoL outcomes in children born very
preterm and extremely preterm. These results can be used
to inform service targeting towards these higher risk groups.

Introduction

Very preterm birth (VPT, birth at 28 to 31 weeks’ gesta-
tion) and extremely preterm birth (EPT, birth at <28 weeks’
gestation) are associated with an increased risk of mortal-
ity in comparison to birth at term [1]. Moreover, although
survival rates following VPT and EPT have increased in
recent years [2], surviving children are at increased risk of
cerebral palsy, visual and auditory deficits, poor respiratory
outcomes, impaired motor and cognitive ability and psy-
chiatric disorders compared to children born at term [3-6].
Furthermore, up to one third of children born VPT or EPT
and their parents face a life course with significant morbid-
ity, dependency, low educational achievement and socioeco-
nomic challenges [7-9].

There is increasing recognition of the need to measure
the impact of preterm birth across multiple domains [10].
Assessments of health-related quality of life (HRQoL) out-
comes provide valuable complementary data to biomedi-
cal assessments that have traditionally been reported [10].
Importantly, they also provide a framework for reflecting
the multi-dimensional aspects of physical, mental and social
well-being of those born preterm and their families. Several
assessments of HRQoL following preterm birth have applied
multi-dimensional health profile measures that disaggregate
outcomes across dimensions or subscales [11-13]. A small
number of recent assessments of the HRQoL of preterm-
born children [14-16] have applied the Pediatric Quality
of life Inventory”™ (PedsQL"™) [17], which was designed
to provide an age-specific modular approach to measuring
HRQoL in healthy children and adolescents, as well as those
with acute and chronic health conditions, across the broadest
empirically feasible age groups. However, these studies are
based on case series or cohorts with relatively small sam-
ples, with each limited to application in one country.

It is well known that, compared to children born at term,
preterm born children are more likely to develop serious
complications such as bronchopulmonary dysplasia (BPD)
[18, 19] and severe non-respiratory morbidity [20-22].
Those who develop BPD can suffer from long-term respira-
tory complications, such as impaired lung function, which
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can have life-long consequences for those born preterm
[18]. Likewise, the severe non-respiratory morbidity asso-
ciated with preterm birth can also result in decrements in
the HRQoL of those born preterm. For example, one study
found that pre-school children born preterm who had been
admitted to neonatal intensive care due to morbidity asso-
ciated with preterm birth had significantly poorer HRQoL
than children born at term across the measurement scales
for lungs, stomach, eating disorders, motor functioning and
communication of the TNO-AZL Preschool Quality Of Life
questionnaire [23]. However, evidence on the mediation
effects of BPD and severe non-respiratory morbidity on the
HRQoL of those born preterm is scarce. More generally,
studies are required to understand the mechanisms through
which preterm birth affects the HRQoL of those born very or
extremely preterm. The aims of this study are therefore two-
fold: firstly, to describe the HRQoL experienced by children
born VPT or EPT across multi-dimensional outcomes and,
secondly, to explore the mediation effects of BPD and severe
non-respiratory morbidity on those outcomes.

Methods
Study population

Data for this study were obtained from the EPICE (Effective
Perinatal Intensive care in Europe) cohort study and SHIPS
(Screening to improve Health In very Preterm infantS), a
follow-up study for EPICE. A detailed description of the
design, outcome measures and data collection processes
in the EPICE and SHIPS studies can be found elsewhere
[24]. In brief, the EPICE and SHIPS studies constituted and
followed up a population-based prospective cohort of all
children born between 22+° weeks and 31*® weeks of ges-
tation over a 12-month period (except in France where it
was conducted over a 6-month period) in 2011-2012 in 19
regions across 11 European countries: Belgium (Flanders);
Denmark (Eastern Region); Estonia (entire country); France
(Burgundy, Ile-de-France and the Northern region); Ger-
many (Hesse and Saarland); Italy (Emilia-Romagna, Lazio
and Marche); the Netherlands (Central and Eastern region),
Poland (Wielkopolska); Portugal (Lisbon and Northern
region); Sweden (Greater Stockholm) and the United King-
dom (UK) (East Midlands, Northern and Yorkshire & the
Humber regions). Perinatal data were extracted from medi-
cal records whilst parental questionnaires at two and five
years of age were used as the primary vehicle for assess-
ments of longer term outcomes.
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To measure HRQoL outcomes, the PedsQL"™ 4.0 Generic
Core Scales (hereafter PedsQL GCS for brevity) were com-
pleted via postal questionnaires by parents when their chil-
dren were five years of age. The parent proxy-report [ages
5-7 (young child)] format was used. The PedsQL GCS have
been developed to measure the core dimensions of health
as well as school functioning [25]. The PedsQL GCS con-
tain 23 items covering physical functioning (8 items), emo-
tional functioning (5 items), social functioning (5 items) and
school/day care functioning (5 items). A 5-point response
scale is utilised across each item (0 =never a problem,;
1 =almost never a problem; 2 =sometimes a problem;
3 =often a problem; 4 =almost always a problem). Raw
responses were scored (0 to 4) and reversely transformed to
a 0-100 scale. The mean of scale scores was computed as
the sum across the relevant items over the number of items
answered, thereby accounting for missing data [25]. The
mean psychosocial health summary score was calculated
as the sum of the item scores over the number of the items
completed for the emotional, social and school functioning
scales, whilst the physical health summary score was identi-
cal to the physical functioning scale score. The total score
represents the sum of scores across all 23 items divided by
the number of items answered. Higher scores indicate better
HRQoL.

Predictive factors

The key predictive factors incorporated into the analysis
that explored mediation effects were gestational age at birth,
BPD status and severe non-respiratory morbidity status, all
of which were measured using data extracted from medi-
cal records. Gestational age at birth was classified into four
categories of <26 weeks, 26 to 27 weeks, 28 to 29 weeks
and 30 to 31 weeks. BPD was defined as receipt of sup-
plemental oxygen and/or ventilatory support (continuous
positive airway pressure (CPAP) or mechanical ventilation)
at 36 weeks of postmenstrual age and dichotomised by its
presence or absence. Severe non-respiratory morbidity con-
sisted of intraventricular haemorrhage (IVH) grade III/1V,
cystic periventricular leukomalacia (cPVL), retinopathy of
prematurity (ROP) stage III or more or necrotizing entero-
colitis (NEC) requiring surgery or peritoneal drainage and
dichotomised according to the presence or absence of at least
one of these morbidities.

Statistical analysis
Differences in the total PedsQL GCS score in relation to pre-

term status (VPT vs EPT), and presence of BPD (no, yes) or
severe non-respiratory morbidity (no, yes), were tested using

Student’s 7 test. These differences were estimated for each of
the scales of the PedsQL GCS, namely physical functioning,
emotional functioning, social functioning, school function-
ing, psychosocial functioning, as well as for the total score.

Multi-level regression analysis was initially carried out to
explore the association between the total PedsQL GCS score
and perinatal, neonatal and sociodemographic variables.
As the overall PedsQL GCS score is a continuous variable,
ordinary least square (OLS) regression was employed in the
analysis. The following levels of the multi-level analysis
were specified: 1) individual child, 2) parent/caregiver and
3) country. Independent variables in the model were chosen
based on published evidence [26-28], including published
empirical models using data from the EPICE and SHIPS
studies [29]. These included the following: gestational age
at birth (weeks) (<26, 26-27, 28-29, 30-31) [30], small
for gestational age (SGA) status (birth weight < 10th, > 10th
centile for gestational age) [31], congenital anomaly status
(no or yes), sex (male or female), multiplicity (singletons,
twins or more, based on known associations between mul-
tiplicity and increased risk of preterm birth) [30], BPD sta-
tus (no or yes), severe non-respiratory morbidity status (no
or yes), highest maternal education level (high school or
less, more than high school) [27], maternal country of birth
(native-born, non-native from other European country, non-
native from non-European country), maternal age at child-
birth (years) (<25, 25 to 34,> 34) and parity (primiparous,
multiparous).

Two regression models were constructed for the multi-
level OLS regression: (1) a partially adjusted model that
excluded BPD status and severe non-respiratory morbidity
status and (2) a fully adjusted model that included all inde-
pendent variables. Due to different education systems across
the participating countries with children starting compulsory
schooling at different ages, regions in Denmark and Ger-
many provided a low number of responses to questions about
school functioning within the PedsQL GCS. To address this
issue, a sensitivity analysis excluding Denmark and Ger-
many was performed.

BPD and severe non-respiratory morbidity can act as
mediators that negatively affect health for preterm born chil-
dren [28, 32]. Mediation analysis is a widely used tool for
exploring whether the effect of an independent variable on a
dependent variable is entirely or partially due to one or more
intermediary (mediator) variables [33, 34]. In mediation
analysis, the overall effect can be decomposed into direct
and indirect effects. Total effects are calculated as the sum
of the direct effects and indirect effects that are the product
of path coefficients (e.g. preterm birth to BPD * BPD to Ped-
sQL GCS score). This can be used to understand a relation-
ship between an independent variable (X) and a dependent
variable (Y) with the underlying mechanism that affects the
dependent variable through a mediator variable (M). Simply
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Indirect effects

Indirect effect/"

Direct effects

Fig. 1 Overview of mediation analysis

adjusting for the intermediate variable can cause bias [35].
As aresult, in a regression analysis, the coefficient of X on Y
can be considered a direct effect, whereas the coefficient of
M on Y can be considered an indirect effect. In cases where
there are multiple mediators in the model, these can be esti-
mated using either Structural Equation Modelling (SEM)
or Generalised Structural Equation Modelling (GSEM)
[36]. Direct effects indicate the effects of independent vari-
ables on a dependent variable whilst indirect effects indicate
the effects that are mediated through the mediators on the
dependent variable (Fig. 1). In general, if the indirect effects
are statistically significant, it is believed that mediation
effects exist [37]. In other words, the significance of the total
effect is not necessary for the existence of mediation effects.
In this study, the mediating variables were BPD and severe
non-respiratory morbidity. Direct effects were estimated as
the effects of gestational age per se on the total PedsQL GCS
score whilst indirect effects were estimated as the effects of
the mediating variables of BPD and severe non-respiratory
morbidity on the total PedsQL GCS score. This is illustrated
in Fig. 1. The GSEM framework was applied and standard
errors were estimated using a bootstrap procedure run over
1000 iterations [38]. A sensitivity analysis that excluded data
from Denmark and Germany was also conducted. Statistical
analyses were carried out with using Stata 16.0 (StataCorp,
College Station, TX).

Results

Table 1 summarises the characteristics of the study children
at birth, split by country. Estonia and the UK had the low-
est (N=153) and highest numbers (N =1745) of preterm
born study children, respectively. The number of children
followed up at five years, using the denominator of all live
and eligible children (N=6759), was 3687 (54.5%). Of the
eligible children, singletons represented 5437 (80.4%) of the
preterm born children, whereas twins and higher order births
represented 1322 (19.6%) of the preterm born children.
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Table 1 Descriptive statistics of participant characteristics (entire cohort of live births), by country

Italy Netherlands ~ Poland Portugal UK Sweden

Germany

Estonia France

Denmark

Belgium

351 153 1307 758 1134 393 316 724 1745 267

752

Infants (N)

28.6 (2.3) 28.0 (2.4) 28.7 (2.2) 28.4 (2.3) 28.2 (2.6) 28.5 (2.4) 28.4 (2.5) 28.1 (2.8) 28.5(2.2) 28.5 (2.4) 28.2 (2.5)

Gestational

age,

completed
weeks,

Mean (SD)
Male, N (%)
Singleton, N

407 (53.7) 563 (49.6) 195 (49.6) 176 (55.7) 423 (58.4) 965 (55.3) 145 (54.3)
768 (67.7) 274 (69.7) 251 (79.4) 185 (69.3)

701 (53.6)
881 (67.4)

185 (52.7) 80 (52.3)

208 (59.3)

426 (56.6)

1300 (74.6)

500 (69.1)

119 (77.8) 487 (64.2)

464 (61.7)

(%)

Twins or

143 (407)  34(22.2) 426 (32.6)  271(358)  366(32.3) 119(303) 65 (20.6) 204(30.9) 443 (254)  82(30.7)

288 (38.3)

more, N (%)
Birth weight

1216.7 (436.4)

1141.6 1287.0 1162.3 1165.1 11954 1198.2 1224.7 1149.4 1210.4

1260.0

(420.8) (415.4) (390.1) (372.1) (418.0) (420.3) (412.1) (474.2) (363.5) (383.9)

(grams),

Mean (SD)
Follow up at

152 (43.3) 134 (87.6) 779 (59.6) 280 (36.9) 693 (61.1) 155 (39.4) 189 (59.8) 433 (59.8) 448 (25.7) 144 (53.9)

280 (37.2)

five years of
age, N (%)

UK denotes United Kingdom; SD denotes standard deviation
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Estonia had the highest follow-up rate (88%) whilst the UK
had the lowest follow-up rate (26%).

Table 2 presents differences in mean PedsQL GCS scores
by preterm status, BPD status and severe non-respiratory
morbidity status. The results show that the total PedsQL
GCS score differed significantly by preterm status (78.61
for VPT vs 75.70 for EPT; p <0.001), BPD status (78.60
for no BPD vs 72.70 for BPD; p<0.001) and severe non-
respiratory morbidity status (78.59 for no morbidity vs 71.98
for morbidity; p <0.001). Significant differences were also
observed in PedsQL GCS physical, emotional, social, school
and psychosocial functioning scores by preterm status, BPD
status and severe non-respiratory morbidity status. A table
that replicates these analyses for the four gestational age
categories (<26, 26-27, 28-29, 30-31 weeks) is presented
in Online Appendix 1.

Table 3 shows the results of the OLS regression based
on multi-level modelling. Both partially and fully adjusted
models present similar patterns in terms of the direction of
signs, statistical significance and magnitude of coefficients.
In the fully adjusted model, the total PedsQL GCS score of
the children who were born at <26 gestational weeks, with
BPD or with severe non-respiratory morbidity were lower
than the respective values for the reference group of children
born at 30-31 gestational weeks, without BPD or without

severe non-respiratory morbidity by 0.35 (p=0.834), 3.71
(p<0.001) and 5.87 (p <0.001), respectively. Birth earlier
than 26 weeks’ gestation was associated with a significant
reduction in the total PedsQL GCS score in the partially
adjusted model (p <0.05), but not following further adjust-
ment for BPD status and severe non-respiratory morbidity
status. In addition, congenital anomaly status, sex, maternal
education and maternal country of birth all had statistically
significant effects in both the partially and fully adjusted
models. For instance, in the fully adjusted model, the coef-
ficients for presence of a congenital anomaly, male sex,
highest maternal education of high school or less and non-
European maternal country of birth were — 3.34 (p <0.001),
—2.86 (p<0.001), — 1.56 (»p <0.05) and — 6.45 (p <0.001),
respectively. The results of the sensitivity analysis excluding
Denmark and Germany showed a similar pattern and are
presented in Online Appendix 2. The results of a multi-level
OLS regression that treated gestational age as a continuous
variable is presented in Online Appendix 3.

Table 4 shows the results of the mediation analysis
using BPD and severe non-respiratory morbidity as media-
tors based on the GSEM (Online Appendix 4). The indirect
effects of BPD and severe non-respiratory morbidity on the
total PedsQL GCS score were estimated at — 1.73 (boot-
strap 95% confidence interval (CI) — 2.68 to — 0.77) and

Table 2 Differences in PedsQL GCS scores by preterm, BPD and severe non-respiratory morbidity status

Preterm status VPT, mean (SD) EPT, mean (SD) Mean difference 95% Confidence interval p value

Physical functioning 81.34 (20.39) 77.82 (22.40) 341 (1.69, 5.13) <0.001
Emotional functioning 76.19 (16.70) 74.83 (17.77) 1.09 (—0.30,2.48) 0.037
Social functioning 82.74 (18.73) 79.03 (20.20) 3.26 (1.71,4.81) <0.001
School functioning 76.51 (19.27) 72.91 (19.66) 3.64 (2.06,5.21) <0.001
Psychosocial functioning 79.33 (14.90) 76.27 (16.19) 2.66 (1.60, 4.10) <0.001
Total score 78.61 (14.93) 75.70 (16.06) 2.85 (1.42,3.90) <0.001
BPD No, mean (SD) Yes, mean (SD) Mean difference 95% Confidence interval p value

Physical functioning 81.27 (20.33) 74.41 (24.40) 6.86 (4.86, 8.86) <0.001
Emotional functioning 76.15 (16.65) 73.23 (18.91) 2.92 (1.29, 4.55) 0.001
Social functioning 82.76 (18.51) 75.14 (21.87) 7.62 (5.79, 9.45) <0.001
School functioning 76.61 (18.85) 69.10 (21.34) 7.51 (5.54,9.48) <0.001
Psychosocial functioning 79.31 (14.78) 72.97 (17.99) 6.35 (4.89, 7.80) <0.001
Total score 78.60 (14.79) 72.70 (17.26) 5.90 (4.45,7.35) <0.001
Severe non-respiratory morbidity No, mean (SD) Yes, mean (SD) Mean difference 95% Confidence interval p value

Physical functioning 81.52 (19.84) 71.43 (26.85) 10.1 (7.83,12.37) <0.001
Emotional functioning 76.24 (16.85) 73.32 (17.59) 2.93 (1.06, 4.79) 0.002
Social functioning 82.70 (18.64) 74.20 (21.74) 8.51 (6.41, 10.60) <0.001
School functioning 76.44 (18.89) 68.04 (21.95) 8.40 (6.14, 10.67) <0.001
Psychosocial functioning 79.37 (14.70) 71.83 (18.00) 7.54 (5.88,9.19) <0.001
Total score 78.59 (14.84) 71.98 (17.38) 6.62 (4.96, 8.28) <0.001

Differences in characteristics between preterm status, BPD and severe non-respiratory morbidity status were tested using the Student 7 test

BPD denotes bronchopulmonary dysplasia; VPT denotes very preterm; EPT denotes extremely preterm
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Table 3 Multi-level regression analysis of the association between the total PedsQL GCS score and clinical and sociodemographic factors

Partially adjusted” Fully adjusted
Gestational age (weeks) (ref: 30-31) <26 —4.46 (2.22)* —0.35(1.64)
26-27 —1.46 (0.83) 0.42 (0.71)
28-29 —0.68 (0.89) —0.23 (0.82)
SGA (ref: > 10th centile) < 10th centile —0.74 (0.60) —0.39 (0.57)

Congenital anomalies (ref: no) Yes
Sex (ref: female) Male
Multiplicity (ref: singleton)
BPD (ref: no) Yes
Severe non-respiratory morbidity (ref: no) Yes
Mother’s education (ref: higher education)

Country of birth for mothers (ref: native)

Non-native, non-European born

Mother’s age at childbirth (years) (ref: 25-34) <25
>34

Parity (ref: multiparous) Primiparous

Twins and higher

High school or less

Non-native, European born

—3.95 (0.87)***
—2.93 (0.69)***
2.02 (0.83)*

— 3.34(0.90) #**
— 2.86 (0.69) #**
1.83 (0.87) *

—3.71 (0.92) ##*
— 5.87 (1.13) %5

— 1.71 (0.62)%* — 1.56 (0.66)*
—0.18 (1.24) 0.59 (1.29)

— 5.81 (0.99)%% — 6.45 (1.02)%**
— 1.07 (0.99) —0.78 (0.95)
1.31 (1.03) 1.33 (1.09)
~0.26 (0.65) ~0.20 (0.55)

*Partially adjusted model excludes BPD and severe non-respiratory morbidity

SGA small for gestational age, BPD bronchopulmonary dysplasia. This is defined as receipt of supplemental oxygen and/or ventilatory support

(CPAP or mechanical ventilation) at 36 weeks of postmenstrual age

Severe non-respiratory morbidity: Intraventricular haemorrhage grades III-IV (IVH), periventricular leukomalacia (PVL), retinopathy of prema-
turity stages III-V (ROP) or necrotising enterocolitis needing surgery (NEC)

Likelihood Ratio (LR) test for linear regression=p <0.001
*p<0.05, *#p <0.01, ***p <0.001

— 17.56 (bootstrap CI — 24.15 to — 10.96), respectively,
at <26 weeks’ gestation (referent: birth at 30-31 weeks’
gestation). The indirect effects of BPD and severe non-
respiratory morbidity on the total PedsQL GCS score were
estimated at — 0.99 (bootstrap 95% CI — 1.53 to — 0.46)
and — 10.95 (bootstrap 95% CI — 15.19 to — 6.70), respec-
tively, at 26-27 weeks’ gestation, and — 0.34 (bootstrap
95% CI — 0.54 to — 0.15) and — 4.80 (bootstrap 95% CI
— 6.96 to — 2.64), respectively, at 28-29 weeks’ gestation
(referent: birth at 30-31 weeks’ gestation). In contrast,
the direct effects of birth at <26 weeks, 26-27 weeks and
28-29 weeks were — 1.06 (bootstrap 95% CI — 3.38 to
1.26), 0.10 (bootstrap 95% CI — 1.37 to 1.57) and — 0.45
(bootstrap 95% CI — 1.73 to 0.82), respectively (refer-
ent: birth at 30-31 weeks’ gestation), which were not
statistically significant. In short, Table 4 illustrates the
importance of the indirect effects of BPD and severe non-
respiratory morbidity on the total PedsQL GCS score, with
diminishing indirect effects with increasing gestational
age. This result is graphically presented in Fig. 2. Online
Appendix 5 presents the sensitivity analysis that excluded
Denmark and Germany from the mediation analysis and
reveal similar magnitude of coefficients observed when the
data for the entire study population were analysed.
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Discussion

This study provides new evidence on HRQoL outcomes in
mid-childhood of children born very or extremely preterm
in 11 European countries. To the best of our knowledge,
this is the first study that provides information with respect
to HRQoL outcomes, as measured by the PedsQL GCS, of
children born preterm across several European countries.
The estimated PedsQL GCS scores are based on 3687 VPT
born children in Europe. In addition, this study explores
the mediation effects of BPD and severe non-respiratory
morbidity on PedsQL GCS scores.

The study confirms that the HRQoL of VPT born chil-
dren is significantly better in those who did not experience
BPD or severe non-respiratory morbidity. This result is
consistent with evidence from existing studies [28, 39,
40]. A study conducted in the USA [41] reported that in
children who survived to 18-36 months of corrected age
with severe BPD, the mean physical health summary score
of the PedsQL GCS was 78.0 and the mean psychosocial
health summary score of the PedsQL GCS was 75.3. This
compared with physical health and psychosocial health
summary scores of 74.4 and 73.0, respectively, observed
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Table 4 Mediation analysis of
the indirect effects and total
effects of preterm status on
the total PedsQL GCS score
(four categories of gestational
age: <26 weeks, 2627 weeks;
28-29 weeks; 30-31 weeks
(referent))

Fig.2 Mediation analysis of the
indirect effects and total effects
of preterm status on the total
PedsQL GCS score”

Coef (SE) Bootstrap 95%
confidence
interval

<26 BPD: indirect effects® — 1.73 (0.49) (—2.68,—0.77)
Direct effects® — 1.06 (1.18) (—3.38, 1.26)
BPD: total effects® —2.79 (1.16) (= 5.06, — 0.51)
Severe non-respiratory morbidity: indirect effects® - 17.56 (3.37) (= 24.15, — 10.96)
Direct effects” —1.06 (1.18) (—3.38, 1.26)
Severe non-respiratory morbidity: total effects® —18.62 (3.29) (—25.06, — 12.17)

26-27 BPD: indirect effects® —0.99 (0.27) (- 1.53, - 0.46)
Direct effects” 0.10 (0.75) (- 1.37,1.57)
BPD: total effects® —0.90 (0.75) (—=2.37,0.58)
Severe non-respiratory morbidity: indirect effects® —10.95 (2.16) (- 15.19, — 6.70)
Direct effects” 0.10 (0.75) (- 1.37,1.57)
Severe non-respiratory morbidity: total effects® —10.85 (2.17) (- 15.09, — 6.60)

28-29 BPD: indirect effects? —0.34 (0.10) (- 0.54, - 0.15)
Direct effects” —0.45 (0.65) (- 1.73,0.82)
BPD: total effects® —0.80 (0.65) (—2.08, 0.49)
Severe non-respiratory morbidity: indirect effects® —4.80(1.10) (—6.96, — 2.64)
Direct effects’ —0.45 (0.65) (- 1.73,0.82)
Severe non-respiratory morbidity: total effects® —5.25(1.24) (—7.68, —2.82)

This was performed based on 1000 bootstrap simulations

“This presents the indirect effect of each mediator (BPD and Severe non-respiratory morbidity) on the Ped-
sQL GCS score. See Fig. 1

°This represents the direct effect of gestational age (GA) on the PedsQL GCS score. See Fig. 1

“Total effects are calculated as the sum of the direct effects and indirect effects that are the product of path
coefficients (e.g. preterm birth to BPD * BPD to PedsQL GCS score)

Indirect effect

<26 weeks: -1.73 (0.49)
26-27 weeks:-0.99 (0.27)
28-29 weeks: -0.34 (0.10)

Direct effect
<26 weeks: -1.06 (1.18)

26-27 weeks: 0.10 (0.75)
28-29 weeks: -0.45 (0.65)

Indirect effect
<26 weeks: -17.56 (3.37)
26-27 weeks: -10.95 (2.16)
28-29 weeks: -4.80 (1.10)

*: Standard errors are in parentheses
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amongst children with BPD in our study (descriptive
analyses). Although it is not straightforward to compare
and contrast our PedsQL GCS score findings with those
in other studies and with ‘population’ norms, a study con-
ducted in Canada [42] for liver transplant children aged
under 6 found that healthy children had a mean total Ped-
sQL score of 82, compared to 73 and 75 for chronically ill
children and liver transplant children, respectively.

It is unclear whether the approximate 3 point difference in
mean total PedsQL GCS that we observed between children
born VPT and EPT can be considered clinically meaningful
to stakeholders as there is, to our knowledge, no generally
accepted minimum clinically important difference in the
total PedsQL GCS score. However, there have been a few
studies that have generated estimates of minimally impor-
tant clinical differences for the PedsQL GCS score [42—-44].
Amongst these studies, a US study [43] that estimated
PedsQL GCS scores of 20,031 families with children aged
2-16 years showed that healthy children had a mean total
PedsQL GCS score of 84, compared to 74 for chronically
ill children. Furthermore, as noted above, a Canadian study
[42] of liver transplant children aged under 6 years found
that healthy children had a mean total PedsQL GCS score
of 82, compared to 73 and 75 for chronically ill children and
liver transplant children, respectively.

In our partially adjusted multi-level OLS model, birth
at<26 weeks’ gestation was associated with a statistically
significant decrement in HRQoL, consistent with evidence
from other research studies [40, 45, 46], but this effect dis-
sipated after adjustment for BPD status and severe non-
respiratory morbidity status (fully adjusted model). Our
multi-level OLS model also found that presence of a con-
genital anomaly, male sex, low maternal education status
and non-European maternal country of birth are independent
predictors of the HRQoL of VPT born children. Compara-
tive evidence of the association between these factors and
the HRQoL of VPT born children is sparse. One study con-
ducted in Finland found that presence of a congenital anom-
aly was negatively associated with the HRQoL of preterm
born children born between 2000 and 2003 [47]. A study of
early-school age children born preterm, conducted in France,
revealed that poorer HRQoL was reported for boys than for
girls when the “Vécu et Santé Percue de I’Adolescent et de
I’Enfant’ (VSP-A) questionnaire (parent version) was used,
but the difference was not statistically significant [48]. Low
parental education status was also negatively associated
with the HRQoL of preterm born children in a Taiwanese
study, but the association was not statistically significant
[49]. We are not, however, aware of any other studies that
have explored the association between maternal country of
birth and the HRQoL of preterm born children, although the
association between migrant status and preterm birth rates
is well established [50-52].

@ Springer

This study provides clear evidence around the media-
tion effects of BPD and severe non-respiratory morbidity
on the HRQoL outcomes of VPT born children in Euro-
pean countries. Although there have been numerous studies
describing the negative effects of perinatal complications on
HRQoL outcomes, the mechanisms through which preterm
birth translates into poorer HRQoL have not been elucidated.
Existing studies [32, 41, 53] focus on either the association
between complications and HRQoL outcomes or the asso-
ciation between preterm birth per se and HRQoL outcomes
[40] rather than exploring or focussing on the mediating
mechanisms through which those outcomes are experienced.

The mediation analysis performed in this study shows that
an association exists between the complications associated
with preterm birth including BPD and, in particular, severe
non-respiratory morbidity which explains a high proportion
of the total effect of gestational age and total PedsQL GCS
scores. It was found that gestational age at birth no longer
had a continued direct effect on outcomes after these indirect
effects were taken into consideration as the direct effects of
gestational age were not statistically significant. This implies
that poorer HRQoL as measured by the total PedsQL GCS
score is primarily driven by the complications of preterm
birth rather than preterm status per se. The negative effects
of BPD and severe non-respiratory morbidity for the health
and development of preterm born children have been well
reported, with severe non-respiratory morbidities, namely
brain lesions, being strongly associated with some of the
most severe impairments, such as cerebral palsy [54]. Fur-
ther, one study reported that, within a preterm group, infants
who had neonatal steroid treatment for BPD presented lower
HRQoL scores as measured by the Child Health Question-
naire (CHQ-Pf 50) than infants who did not have this treat-
ment [40].

Mediation analysis is, in principle, a causal inference
model [55]. However, a mediation analysis proposes the
causal relationship between the independent variable and
the dependent variable by mediating variables rather than
directly showing the causal relationship between the inde-
pendent variable and the dependent variable. It has been
argued that statistical significance only confirms the effect
that the presumed model provides [56]. The strength of a
mediation analysis comes from the appropriate study design
based on the clinical and epidemiological context. Given
this, the results of this study should be carefully interpreted
because mediation is not defined statistically.

The main strength of this study comes from its large sam-
ple size of approximately 3600 born very preterm across
Europe. The population-based sample was drawn from
defined geographic areas rather than clinic-based popula-
tions; consequently, selection biases are unlikely to represent
a major problem. It also used a validated generic measure
of children’s HRQoL that facilitates comparisons with the
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HRQoL outcomes experienced by general childhood and
clinical populations [48, 57]. Notably, a comprehensive
analytical strategy was adopted to disentangle the direct
and indirect effects of gestational age at birth on HRQoL
outcomes.

Inevitably, there are limitations to this study. Firstly, the
methods for collecting HRQoL data were heterogeneous
across countries. For example, Denmark and Germany pro-
vided substantially lower numbers of observations due to the
different schooling systems in those countries as registra-
tion for schooling starts later. To overcome this, a sensitiv-
ity analysis excluding these two countries was performed,
the results of which showed a similar pattern. Secondly, the
study is based on the untestable assumption of no omitted
variables for a causal mediation analysis [58]. In order to
minimise this potential bias, we adjusted for a broad range of
covariates that can act as potential confounders in the mul-
tilevel OLS regression. Thirdly, this study was performed
using parental reports of children’s HRQoL and there may
be biases associated with parental reporting. There are a
number of studies with respect to cross reporting of chil-
dren’s HRQoL from both parents and children [59, 60], but
they are mostly concentrated in children who can accurately
express their thoughts and feelings (e.g. 8—16 years old) as
pre-school aged children’s communicative expressions are
generally constrained. In addition, a recent study revealed
that five-year-old children could not independently provide
PedsQL GCS data of sufficient psychometric quality [61].
As such, this is not a problem unique to this study.

Our findings offer insights into factors that affect the
HRQoL of children born very or extremely preterm. We
anticipate that these insights will be useful input for policy
making. By understanding which physical or mental ail-
ments influence the HRQoL that VPT born children expe-
rience, researchers, clinicians and decision-makers should
be able to concentrate their efforts on proactively targeting
children with those particular morbidities. In terms of the
health research agenda, the data presented in this study can
be used in applied work. For example, our findings should
be of help to researchers aiming to reflect the differences in
HRQoL associated with different characteristics of preterm
born children in prognostic models. Our findings can further
be used to target services towards higher risk groups with
severe morbidities rather than all children born very preterm.
The data reported in this study can also act as a significant
new resource that can inform HRQoL estimation within the
context of complications associated with preterm birth.

In conclusion, this study describes the magnitude and
mechanisms of the HRQoL outcomes of children born very
preterm based on a large cohort recruited from 11 European
countries. Equally importantly, the study’s findings give rise
to further questions that could trigger subsequent research on
the topic. Based on our findings, further research is needed

to further clarify the mechanisms through which different
morbidities affect the HRQoL of children born very preterm.
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