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Abstract

Background Understanding the impact of severe neonatal complications such as Bronchopulmonary Dysplasia (BPD),
Intraventricular Hemorrhage (IVH), or Necrotizing Enterocolitis (NEC) on adult health-related quality of life (HRQoL)
beyond the effect of prematurity itself is significant for health economic evaluation and policy.

Objective Analyze the independent associations of BPD, IVH, NEC and multiple birth status with preference-based HRQoL
utility scores in adulthood for survivors in the Dutch Project on Preterm and Small-for-gestational-age infants (POPS) a
national cohort born in 1983.

Methods Exposures were documented neonatal BPD, severe IVH (grades 3—4), NEC, and multiple birth status. HRQoL
data were available for n=644 (19 y), n=314 (28 y), and n=370 (35 y). Using multivariable linear regression adjusted for
confounders, we assessed the association between each exposure and HRQoL utility scores and optimal functioning. Analy-
ses incorporated inverse probability weighting to adjust for potential attrition bias. We conducted comprehensive sensitivity
analyses including best-case/worst-case imputation scenarios, comparison of [IPW-weighted versus unweighted estimates,
and post-hoc power calculations.

Results After adjustment for confounders, severe IVH (grade 3/4) was the only neonatal complication independently associ-
ated with significant and persistent decrements in overall preference-based HRQoL, with utility score reductions at 19 years
(HUI3: f=—0.08, p=0.05), 28 years (HUI3: f=—0.13, p=0.01), and 35 years (SF-6D: f=—0.07, p=0.04). These findings
were robust to IPW adjustment for attrition (all |Af]<0.02) and fell within plausible bounds established by best-case/worst-
case sensitivity analyses.

Conclusion Severe IVH was associated with significant and clinically meaningful utility decrements that persisted into the
fourth decade of life.

Keywords Preterm birth - HUI3 - SF-6D - Bronchopulmonary dysplasia - Intraventricular hemorrhage - Necrotizing
enterocolitis

Introduction

Very premature (VP) births (<32 weeks gestation) or with
very low birth weight (VLBW) (<1500 g), are associated
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Among preterm survivors, certain neonatal compli-
cations significantly increase the risk of adverse long-
term outcomes, particularly for those born very preterm
(<32 weeks gestational age) [9]. Bronchopulmonary Dys-
plasia (BPD), a chronic lung disease; severe Intraventricular
Hemorrhage (IVH), bleeding within the brain’s ventricles;
and Necrotizing Enterocolitis (NEC), a severe intestinal
disease, are among the most serious morbidities faced by
preterm infants [10—17]. BPD is known predictor of neu-
rodevelopmental impairment, respiratory problems [18-27]
while NEC [28, 29] and IVH [30-32] impact the likelihood
of chronic health issues persisting beyond childhood. Addi-
tionally, being born as part of a multiple birth (MB) is often
associated with prematurity and low birth weight, poten-
tially adding another layer of risk.

The long-term burden associated with these essentially
unpredictable risk factors [33—40] substantial costs on
healthcare systems and society [6, 41—46]. To effectively
evaluate interventions and allocate resources, robust mea-
sures of health outcome are essential. Health-related qual-
ity of life (HRQoL) provides a comprehensive assessment
of an individual’s well-being across physical, mental, and
social domains [47, 48].

Preference-based health-related quality of life measures
(HRQoL) such as Health Utilities Index Mark 3 (HUI3) [49,
50] and the Short Form 6 Dimensions (SF-6D) [51, 52] are
standardized, multidimensional health state classifications
that include preference or utility weights derived from rep-
resentative population samples. Among these measures, the
Health Utilities Index Mark 3 (HUI3) is a dominant measure
due to its robust psychometric properties [53, 54] and it is
the most widely used preference-based HRQoL measure in
children [55-57]. These utility scores are critical inputs for
cost-utility analyses, informing healthcare policy and fund-
ing decisions [58—60].

Although adult HRQoL after very preterm/very low
birthweight birth has been studied [7, 61], evidence is scarce
on how specific neonatal complications (BPD, severe IVH,
NEC) or multiple birth affect preference-based utility in
adulthood beyond prematurity itself. Condition-specific
utility decrements are essential for valid economic evalua-
tions (e.g., neuroprotective agents). Using average preterm
utilities might mask heterogeneity and force non—evidence-
based assumptions, weakening resource-allocation deci-
sions and obscuring targets for intervention.

In this study, we aimed to investigate the impact of
experiencing BPD, IVH, NEC, or being part of a multiple
birth on preference-based HRQoL in adults born VP and/or
VLBW. We utilized data from the Dutch Project on Preterm
and Small-for-gestational-age infants (POPS), a unique,
nationwide longitudinal cohort of individuals born VP
and/or VLBW in 1983 and followed into adulthood [62].
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Specifically, we sought to determine if these neonatal fac-
tors were robustly associated with lower HUI3 or SF-6D
utility scores at ages 19, 28, and 35 years compared to their
peers in the same cohort who did not experience these spe-
cific complications.

Methods
Data source and study population

The POPS cohort included 94% (n=1338) of all live-born
infants in the Netherlands in 1983 with a gestational age of
less than 32 weeks (VP) and/or a birth weight below 1500 g
(VLBW). Table 24 shows the analytic sample by exposure
and time point; Fig. 1 shows the flowchart of participants
from birth through follow-up. Although 1338 infants were
originally enrolled and this number is reported in earlier
publications [63], the analytic dataset comprised of 1336
unique participants. During data transfer for the RECAP
study, the POPS investigators discovered that one twin pair
had been entered twice. The number of participants provid-
ing HRQoL data varied at each time point due to attrition
[63-66].

The inclusion criteria of the POPS study allow the com-
parison of three distinct groups: (1) infants who were born
VP & VLBW (i.e. combined effect), (2) infants who were
born VP-only, and (3) infants who were VLBW-only. Ges-
tational age was determined using data from the last men-
strual period, pregnancy tests, and/or ultrasound findings.

Outcome variables

The primary outcomes were preference-based HRQoL util-
ity scores measured at three adult time points. The Health
Utilities Index Mark 3 was administered at 19 and 28 years.
The HUI3 assesses health status across eight attributes:
vision, hearing, speech, ambulation, dexterity, emotion,
cognition, and pain/discomfort [50]. Responses were con-
verted into multi-attribute utility (MAU) scores using Cana-
dian preference weights [49]. HUI3 MAU scores range
from — 0.36 (worst health state) to 1.0 (full health), with 0.0
representing death [67]. At the 35-year followup, the SF-12
questionnaire was administered [52]. Responses were used
to derive SF-6D utility scores using the UK preference-
based algorithm developed by Brazier et al. [51]. The SF-6D
describes health across six dimensions: physical function-
ing, role limitations, social functioning, pain, mental health,
and vitality. SF-6D scores theoretically range from 0 (death)
to 1.0 (perfect health), although the practical range based on
the algorithm is typically narrower (e.g., = 0.3 to 1.0). Sec-
ondary outcomes included binary indicators for achieving
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the optimal level of functioning (level 1) on each individual
attribute of the HUI3 and SF-6D measures.

Main exposures

The main independent variables represented key neonatal
characteristics documented at birth or during the neonatal
period: BPD: binary indicator (Yes/No) diagnosed during
neonatal admission and recorded in POPS files according to
contemporaneous clinical criteria aligned with Bell staging;
however, POPS did not consistently record medical versus
surgical management, precluding severity stratification.

We created a three-category IVH classification: No
IVH (n=1003; 75.1% of cohort), Mild IVH (Grades 1-2;
n=75; 5.6%)—subependymal hemorrhage or hemorrhage
with normal ventricular size and Severe IVH (Grades 3—4;
n=129; 9.7%)—hemorrhage with ventricular dilation or
parenchymal involvement is the primary exposure. A sepa-
rate binary indicator comparing infants with grade 3 or 4
IVH (Yes=1) versus those with no IVH or only grade 1 or
2 IVH (No=0). This distinction was examined specifically
because severe IVH is strongly associated with adverse
long-term neurodevelopmental outcomes [31, 32], which
are anticipated to have a more pronounced impact on adult
HRQoL compared to milder grades. We additionally report
results for IVH of any grade to facilitate comparability with
prior cohort studies that did not distinguish IVH severity,
while emphasizing that severity-stratified analyses are clini-
cally more informative [68—70].

NEC: binary indicator (Yes/No), diagnosed during neo-
natal admission and recorded in POPS files according to
contemporaneous clinical criteria aligned with Bell staging;
however, POPS did not consistently record medical versus
surgical management, precluding severity stratification.

Multiple Birth (MB): binary indicator (Multiple/Single-
ton). Any Risk Factor: a composite binary indicator (Yes/
No) for having experienced at least one of BPD, IVH,
NEC, or being part of a multiple birth. In all descriptive and
regression analyses, the reference group comprised POPS
participants who did not have the specific exposure under
examination (i.e., comparisons were within VP/VLBW sur-
vivors rather than versus term-born controls).

Covariates

Based on established literature between socio-demographic
factors and HRQoL in preterm populations [71, 72], the fol-
lowing covariates were included in adjusted analyses: sex
(male/female), GA (in completed weeks), birth weight (in
grams), age at assessment, maternal age at birth (in years),
maternal education level at birth categorized according
to the International Standard Classification of Education

(ISCED) into low (ISCED 0-2, reference), medium (ISCED
3-5), and high (ISCED 6-8) [73], maternal ethnicity (Cau-
casian/non-Caucasian, based on maternal self-report or
records) and maternal marital status (married or cohabiting
vs. other). Adult socioeconomic outcomes were not included
as covariates because they are on the causal pathway from
neonatal complications to adult HRQoL. This might bias the
overall association of neonatal complications with HRQoL.

Statistical analysis

Our primary analytical strategy involved fitting a multivari-
able linear regression model that simultaneously included
all four neonatal complications (BPD, severe IVH, NEC,
and multiple birth) to estimate their independent associa-
tions with HRQoL utility scores at each time point. This was
complemented by models assessing each complication indi-
vidually. To address potential biases, this core analysis was
supplemented with IPW for attrition and a formal sensitivity
analysis for unobserved confounding. Descriptive statistics
(means, standard deviations, counts, percentages) were cal-
culated for baseline characteristics and HRQoL outcomes.
Unadjusted comparisons between exposure groups (e.g.,
BPD vs. no-BPD) used independent samples #-tests for
continuous variables (utility scores, GA, BW) and y*/chi-
squared tests or Fisher’s exact test for categorical variables
(e.g. sex, optimal level of functioning indicator, maternal
education), as indicated by the p-values presented in the
descriptive tables.

Our identification strategy relies on the selection-on-
observables assumption to estimate robust associations
rather than causal effects. That is, after controlling for a rich
set of observed perinatal and maternal characteristics our
findings are best viewed as robust associations rather than
causal effects. The plausibility of this assumption is sup-
ported by clinical evidence suggesting that the occurrence
of BPD, IVH, or NEC, while associated with risk factors
like low gestational age, remains largely unpredictable for
an individual infant. Specifically, numerous studies have
shown that despite known risk factors, the occurrence of
BPD [33, 34], IVH [35-37], or NEC [38-40] in a given
infant are essentially unpredictable. This is particularly
relevant since our cohort was recruited in 1983. However,
because the potential for unobserved confounding can never
be fully eliminated in an observational study, our primary
estimates should be interpreted as robustly adjusted associa-
tions. To formally assess the potential impact of unobserved
confounders, we conduct a sensitivity analysis using the
method proposed by Oster [74].

Multivariable linear regression models Ordinary Least
Squares (OLS) were used to estimate the adjusted asso-
ciation between each main exposure (BPD, IVH, NEC,
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MB—entered separately in different models) and the con-
tinuous HRQoL utility scores (HUI3 MAU at 19 y/28 vy,
SF-6D score at 35 y). Thus, our primary coefficients were
derived from separate multivariable models for each expo-
sure. We also conducted a comprehensive multivariable
analysis including all four neonatal complications simulta-
neously to assess their independent associations.

These models included the covariates listed above. The
resulting beta coefficients (f) represent the adjusted mean
difference in utility score associated with having the expo-
sure compared to not having it. Linear probability model
was also used to model the association between exposures
and the likelihood of reporting optimal functioning (level 1)
on individual HUI3 and SF-6D attributes which have been
show to outperform logistic regression particularly in rare
events data [75-78].

Given the longitudinal nature and attrition, inverse prob-
ability weighting (IPW) have been applied in line with best
practices for the POPS cohort to account for potential bias
due to selective attrition. We restricted to participants with
complete data on outcome and covariates and then used [IPW
to mitigate bias from lost follow-up. Of the original 1336
participants, follow-up data multi-attribute utility scores
(MAU scores) were available for 644 (48.2%) at 19 years,
314 (23.5%) at 28 years, and 370 (27.7%) at 35 years. The
35-year follow-up involved renewed tracing and recruit-
ment; therefore, some individuals who did not participate
at 28 years returned at 35 years. We observed evidence of
selective attrition across all follow-up waves (Table 1). Par-
ticipants lost to follow-up were consistently more likely
to have had a lower gestational age, a lower birth weight,
and a mother who was younger, of non-caucasian ethnicity,

and had a lower level of education (all p<0.05). Neonatal
complications such as BPD and NEC were not significantly
associated with attrition, though individuals from a multiple
birth were significantly more likely to be lost to follow-up at
the 35-year wave (p=0.03). Variables included in the [PW
model were: sex, GA, birth weight, maternal age at birth,
maternal education, maternal ethnicity, maternal marital sta-
tus (Table 25).

Sensitivity analyses for attrition bias

To formally assess the robustness of our findings to poten-
tial attrition bias, we conducted three complementary sen-
sitivity analyses: (1) Comparison of IPW-weighted versus
unweighted estimates. We re-estimated all primary models
with and without inverse probability weights and compared
the resulting coefficients. The consistency between weighted
and unweighted estimates provides evidence regarding the
degree to which attrition bias affects our conclusions. (2)
Best-case/worst-case imputation analysis: we bounded
the potential impact of missing data by imputing missing
HRQoL outcomes under two extreme scenarios: Best Case:
Missing values for exposed participants (severe [VH) were
imputed at the 90th percentile of observed outcomes; miss-
ing values for unexposed participants were imputed at the
10th percentile. Worst Case: Missing values for exposed
participants were imputed at the 10th percentile; missing
values for unexposed participants were imputed at the 90th
percentile. This analysis establishes plausible bounds within
which the true association likely falls. (3) Characterization
of Missing Values: We created detailed tables comparing
baseline characteristics between participants with complete

Table 1 Baseline characteristics of the cohort by attrition status at each follow-up wave

Baseline characteristic At 19 years At 28 years At 35 years
Followed-up  Attrited p-value Followed-up  Attrited p-value Followed-up  Attrited p-value
(N = 644) (N =692) (N=314) (N =1022) (N =370) (N =966)
Neonatal complications, n (%)
BPD 35(5.4) 54 (8.0) 0.06 17 (5.4) 72(7.2) 0.27 19 (5.1) 70 (7.4) 0.14
NEC 39(6.1) 34 (5.0) 0.42 21(6.7) 52(5.2) 0.31 23(6.2) 50 (5.3) 0.50
Severe IVH (Grades 3/4) 27 (5.6) 102 (22.4) <0.001 17(7.3) 112 (15.9) <0.001 15 (5.6) 114 (17.0) <0.001
Multiple birth 138 (21.4) 172.(24.9) 0.14 64 (20.4) 246 (24.1) 0.18 71 (19.2) 239 (24.7) 0.03

Perinatal characteristics, mean (SD)

Gestational age (weeks)  31.01 (2.46)  29.67 <0.001 30.98(2.34) 30.12 <0.001 31.05(2.37) 30.04 <0.001
(3.05) (2.98) (2.98)

Birth weight (g) 1312.17 1190.14 <0.001 1310.10 1230.18 <0.001 1324.83 1219.90 <0.001

(293.81) (330.49) (304.49) (321.29) (297.19) (322.57)

Maternal characteristics

Age at birth, mean (SD)  27.80 (4.67)  26.80 <0.001 28.17 (4.34) 27.01 <0.001 28.21(4.11) 26.93 <0.001
(5.01) (4.99) (5.09)

Non-Caucasian, n (%) 69 (10.8) 120 (17.4) <0.001 18 (5.8) 171 (16.8) <0.001 19(5.2) 170 (17.7) < 0.001

Low education 179 (38.7) 73 (60.8) <0.001 92 (37.6) 160 (47.5) 0.03 94 (32.3) 158 (54.3) <0.001

BPD, Bronchopulmonary dysplasia; [VH, Intraventricular hemorrhage; NEC, Necrotizing enterocolitis; Low education refers to ISCED levels
0-2. p-values for education level are from chi-squared tests across all three categories
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versus missing outcome data at each time point (see Sup-
plementary Tables S1-S5). For participants with missing
IVH grade data, we coded severe IVH as missing (not ‘no
severe IVH”) and excluded them from analyses/or handled
via multiple imputation/or performed a sensitivity analysis
coding them as not severe (Table 2).

Post-hoc power analysis

Given the small sample sizes in some complication groups,
we calculated: The minimum detectable effect size (MDES)
at 80% power and a=0.05 for each exposure and time point;
The achieved (post-hoc) power for the observed effect sizes
and Cohen’s d standardized effect sizes to facilitate com-
parison across outcomes.

We initially considered a detailed analysis of the simul-
taneous associations and potential interactions between the
four neonatal complications. However, an examination of
their co— occurrence revealed this approach to be statisti-
cally infeasible due to data sparseness. While a substantial
portion of the cohort experienced a single complication
(28.8%), very few individuals presented with multiple con-
ditions: only 90 participants (6.7%) had two complications,
and just 12 (0.9%) had three. These small cell counts for
specific combinations of morbidities would result in unsta-
ble model estimates and insufficient statistical power to reli-
ably detect interaction effects. Consequently, our primary
analysis focused on a multivariable regression model that
included all four complications as independent predictors to
estimate their adjusted, independent associations with long-
term HRQoL.

To evaluate the long-term impact of severe IVH on
HRQoL and to assess whether this impact changes over

time, we employed a linear mixed-effects model. This lon-
gitudinal analysis utilized pooled data from the 19- and
28-year follow-up waves for participants with available
HUI3 MAU scores. The model specified the HUI3 utility
score as the dependent variable. The primary independent
variables were an indicator for severe IVH (grades 3/4), a
categorical variable for age at assessment (19 vs. 28 years),
and an interaction term between these two variables to test
for a differential association of IVH over time. The model
was adjusted for sex, gestational age, birth weight, mater-
nal age, maternal education, and maternal ethnicity as fixed
effects. To account for the non-independence of repeated
observations from the same individual, a random intercept
was included for each participant.

Tests for selection on unobservables: bounds under
partial identification approach

Nonetheless, our identification strategy cannot completely
control for all unobserved heterogeneity, so we conducted
additional robustness and sensitivity analyses. We address
this concern by implementing multiple additional analyses
and a sensitivity test to assess the extent to which omitted
unobservables might explain the observed relationships,
while controlling for relevant covariates proposed by [79]
and formalized by [74]. However, we were able to provide
bounds for estimated association using the partial identifica-
tion approach [74]. Specifically, we implemented a formal
test advocated by [79] and formalized by Oster [74] to assess
the degree to which omitted unobservable factors might
possibly explain away the observed relation between f;;3 4
and MAU scores following adjustment for X covariates.

Table 2 Basline characteristics

Total Missings/N (Pct)
POPS cohort N (%) 1336 (100.0) 0/1336 (0.0)
Male, N (%) 626 (47.0) 0/1336 (0.0)
Gestational age weeks, Mean (SD) 30.32 (2.86) 0/1336 (0.0)
Birth weight (g), Mean (SD) 1248.96 (319.11) 0/1336 (0.0)
BPD, N (%) 89 (6.8) 21/1336 (1.6)
IVH, N (%) 333 (24.9) 0/1336 (0.0)
IHV grades 3 or 4, N (%) 129 (13.8) 399/1336 (29.9)
NEC, N (%) 73 (5.5) 18/1336 (1.3)
Multiple birth, N (%) 310(23.2) 0/1336 (0.0)
Maternal age, mean (SD) 27.28 (4.87) 31/1336 (2.3)
Maternal marital status, N (%)
Married/co-habitating 1167 (87.7)
Not married 163 (12.3) 6/1336 (0.4)
BPD, Bronchopulmonary Maternal educational level, N (%)
dysplasia; IVH, Intraventr‘icplar Low Level (ISCED 0_2) 98 (16.8)
gﬁt’l‘t‘;‘;g:}zlgjsl‘; ISEgEge;rl?:r?;g Medium Level (ISCED 3-5) 252 (43.3)
tional Standa’rd Class’iﬁcation of High Level (ISCED 6-8) 232 (39.9) 754/1336 (56.4)
Education Maternal ethnicity (Caucasian), N (%) 1137 (85.7) 10/1336 (0.7)
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The idea of the test is based on the assumption that the
bias from observed variables contains useful data regarding
the bias from unobserved variables. The coefficient of pro-
portionality (J) is understood as how substantial the impact
of unobserved variables needs to be relative to the impact of
observed variables for the f;;3,4,=0. Thus, a =2 implies
that the unobserved variables would need to be two times
as substantial as the variables used in analysis to cancel the
identified association (i.e. for B;;34=0). A value of §>1
suggests that the adjusted association is likely robust [79].
To apply this test, it is required to run a linear probability
regression model and to set up a maximum attainable value
of R* called R, that measures the maximum variance
explained by both observed and unobserved variables [74].
However, the empirical evidence suggests that R, =1 is
too conservative, and Oster proposed to set R,,,.=1.3R*[74,
where R?> measures the variability explained by observed
covariates. A negative delta indicates that adding control
variables increased the magnitude of the treatment effect
(more negative coefficient) rather than attenuating it.

Economic sensitivity analysis

To project the lifetime health economic burden of severe
IVH, we calculated quality-adjusted life year (QALY)
losses under different discount rate assumptions. We tested
four discount rates: 0% (undiscounted), 1.5, 3.5 and 5%.
Assuming the observed QALY decrement at age 35 persists
for 45 remaining life years (to age 80), we projected lifetime
QALY losses and their monetary valuations using willing-
ness-to-pay thresholds of £20,000 and £30,000 per QALY.

All analyses were performed using Stata version 18 (Stata
Corp, College Station, TX). A two-sided p-value of<0.05
was considered statistically significant.

Results
Cohort characteristics and follow-up

The initial study cohort included data on 1336 preterm
infants. Baseline characteristics for the overall cohort are
presented in Table 3, while characteristics for selected sub-
groups assessed at follow-up are detailed in Tables 7-12.
The mean GA was 30.3 weeks, and BW was 1249 g. BPD
was recorded in 7%, IVH (any grade) in 25%, and NEC in
6% of the initial cohort. MB accounted for 23%. Follow-up
data for HRQoL was available for subsets of the original
cohort at three time points: 644 participants (48% of ini-
tial N=1336) provided HUI3 scores at 19 years, 314 par-
ticipants (23.5%) provided HUI3 scores at 28 years, and
370 participants (27.7%) provided SF-6D utility scores
(derived from SF-12) at 35 years. The increase in sample
size at 35 years show renewed tracing increased sample size
without materially altering the composition of the analytic
cohort at age 35 (Fig. 1).

Baseline characteristics by neonatal complication
status at follow-up

Comparisons of baseline characteristics between partici-
pants with and without specific neonatal risk factors (BPD,
IVH, NEC, MB) within the samples assessed at 19, 28, and
35 years are detailed in Tables 7-12. BPD: individuals with
a history of BPD consistently had significantly lower mean
GA compared to those without BPD across all follow-up
assessments (p<0.001). Their mean BW was also signifi-
cantly lower at 19 years (p<0.001), but not at 28 or 35 years.
IVH: a history of IVH was associated with significantly
lower mean GA (p<0.001 at all ages) and lower mean BW
(»<0.001 at 19 y, p=0.01 at 28 y, p=0.03 at 35 y) com-
pared to those without IVH. At 35 years, the [VH group had

Table 3 Adjusted association Outcome measure Adjusted coefficient [95% CI] p-value
of neonatal complications with HRQoL at 19 years (HUI3), N = 331
long-term health-related quality BPD ’ 0.049 [ 0030, 0.127] 0222
of life ’ e ’
Severe IVH (grades 3—4) —0.096 [ 0.180,—0.012] 0.025*
All models are adjusted for sex, NEC 0.008 [—0.078, 0.094] 0.857
maternal age, maternal educa- Multiple birth —0.004 [=0.050, 0.042] 0.865
tion level, and maternal ethnic- HRQoL at 28 years (HUI3), N = 175
ity. BPD, Bronchopulmonary BPD 0022 [-0.118, 0.075] 0.662
dysplasia; IVH, Intraventricular ’ oo ’
hemorrhage; NEC, Necrotizing Severe IVH (grades 3—4) -0.126 [-0.222,-0.029] 0.011*
enterocolitis. The coefficient NEC 0.017 [~ 0.087, 0.121] 0.747
represents the adjusted mean Multiple birth -0.019 [—0.084, 0.045] 0.550
difference in the MAU score HRQoL at 35 years (SF-6D), N = 203
associated with the complica- BPD ~0.027 [~ 0.096, 0.041] 0.434
tion C"m,l;’l?re‘tl ' the refle,re‘t‘,ce Severe IVH (grades 3-4) ~0.068 [~ 0.132, - 0.003] 0.041*
group without the complication. 3 3
[*] Statistically significant at p NECV ) 0.050 [~ 0.119,0.018] 0.148
<005 Multiple birth —0.025 [-0.065, 0.015] 0.216
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a significantly higher proportion of individuals with non-
white maternal ethnicity (10.3% vs 4.0%, p=0.04). Table
9 summarizes key baseline characteristics among individu-
als with severe IVH (grade 3 or 4) compared to those with
no IVH or only grade 1-2. The subgroup with severe IVH
formed approximately 5-7% of participants at each time
point (N=27 of 482 at 19 years, N=17 of 234 at 28 years,
and N=15 of 266 at 35 years). Individuals with severe IVH
had notably lower mean gestational age (e.g., 28.44 vs.
31.17 weeks at the 19-year follow-up, p<0.001) and birth
weight (e.g., 1195 gvs. 1311 g at 19 years, p=0.05). Groups
did not significantly differ with respect to maternal age,
sex distribution, or maternal ethnicity. NEC: participants
with a history of NEC had significantly lower mean BW at
19 years (p=0.01) and 28 years (p=0.03) compared to those
without NEC, but mean GA did not differ significantly at
any time point (Table 10). MB: individuals born as part of a
multiple birth had significantly lower mean GA at 19 years
(»p=0.01) compared to singletons, but BW and GA did not
significantly differ at later assessments (Table 11). Any Risk
Factor: participants with at least one of the defined risk fac-
tors (BPD, IVH, NEC, or MB) had significantly lower mean
GA compared to those with none of these factors at all fol-
low-up time points (»p<0.001) (Table 12).

Table 4 Summary of statistically significant optimal functioning
HRQoL differences by risk factors

Risk factor Age (years) Outcome p-value
BPD 35 SF-6D physical OF 0.03
35 SF-6D mental health OF 0.02
IVH 19 HUI3 speech OF 0.05
19 HUI3 dexterity OF 0.01
28 HUI3 hearing OF 0.04
IVH grade 3/4 19 HUI3 pain OF <0.001
19 HUI3 ambulation OF 0.01
19 HUI3 dexterity OF <0.001
19 HUI3 MAU (mean) 0.04
19 HUI3 MAU (median) <0.001
28 HUI3 MAU (mean) 0.02
28 HUI3 MAU (median) 0.05
35 SF-6D physical OF <0.001
35 SF-6D MAU (mean) 0.03
35 SF-6D MAU (median) 0.02
NEC 28 HUI3 emotion OF <0.001
35 SF-6D vitality OF 0.01
35 SF-6D MAU (mean) 0.05
Multiple birth 19 HUI3 ambulation OF 0.01
19 HUI3 cognition OF 0.03
19 HUI3 speech OF 0.05
Any risk factor 19 HUI3 ambulation OF 0.01
19 HUI3 dexterity OF <0.001
19 HUI3 cognition OF 0.03
35 SF-6D MAU (mean) 0.04

MAU stands for multi-attribute utility. OF, Optimal functioning

Unadjusted health-related quality of life outcomes

Overall mean HRQoL utility scores for the assessed cohort
were 0.87 (SD 0.18) for HUI3 at 19 years, 0.89 (SD 0.17)
for HUI3 at 28 years, and 0.81 (SD 0.12) for SF-6D at
35 years. Unadjusted comparisons of HRQoL utility scores
and the proportion achieving optimal functioning (level 1)
on individual HUI3 and SF-6D attributes are presented by
risk factor status (see Tables 13—18).

BPD There were no statistically significant differences
in mean or median HUI3 or SF-6D utility scores between
participants with and without BPD at 19, 28, or 35 years.
However, at 35 years, the unadjusted data (Table 13) shows
BPD is associated with significantly worse mental health
(»=0.02); the detailed adjusted analysis (Table 19) shows a
non-significant trend toward worse mental health (p=0.102)
(Table 4).

IVH No significant differences were observed in mean or
median HUI3 or SF-6D utility scores between the IVH and
no-IVH groups at any time point (p>0.17 for all median/
mean comparisons). At 19 years, the IVH group reported
significantly less optimal functioning on HUI3 dexterity
(91.7% vs 96.8%, p=0.01) and speech (77.1% vs 84.9%,
p=0.05) (Table 14). Unadjusted mean HUI3 scores at
19 years were significantly lower among participants with
grade 3 or 4 IVH than those with none or milder IVH
(0.80 vs. 0.87, p=0.04). Similar findings were observed at
28 years (0.80 vs. 0.89, p=0.02). By 35 years, individuals
with grade 3/4 IVH had a lower mean SF-6D utility (0.75
vs. 0.81, p=0.03). Domain-specific results (Table 15) also
indicated more pronounced difficulties with ambulation,
dexterity, and pain at 19 years among those with severe IVH
(Table 5).

NEC Mean and median HUI3/SF-6D scores did not dif-
fer significantly between NEC and no-NEC groups at 19 or
28 years (p>0.80). At 35 years, the mean SF-6D score was
lower in the NEC group, approaching statistical significance
(0.76 vs 0.81, p=0.05). At 35 years, they reported signifi-
cantly more optimal functioning on SF-6D vitality (21.7%
vs 7.2%, p=0.01). Multiple Birth: No significant differences
in mean or median HUI3/SF-6D utility scores were found
between multiple birth individuals and singletons at any
age. At 19 years, the MB group reported significantly more
optimal functioning on HUI3 ambulation (2.2% vs 0.2%,
p=0.01) and cognition (8.7% vs 4.2%, p=0.03). Any Risk
Factor: Participants with at least one risk factor (BPD, IVH,
NEC, or MB) did not significantly differ in HUI3 scores at
19 or 28 years compared to those with none of these fac-
tors. However, at 35 years, those with any risk factor had a
significantly lower mean SF-6D utility score (0.79 vs 0.82,
p=0.04). At 19 years, this group reported significantly less
optimal functioning on HUI3 dexterity (93.0% vs 97.9%,
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Table 5 Statistically signifi- Risk factor Age (y) Outcome Estimate (95% CI) p-value
cant adjusted associations with IVH (Grade 3/4)

HRQoL outcomes IVH 4 19 HUI3 MAU ~0.08 [~ 0.16, — 0.00] 0.05

IVH3,4 19 HUI3 pain OF —0.37[-0.56, — 0.18] <0.001

) ) IVH3,4 19 HUI3 ambulation OF 0.05[0.01, 0.08] 0.01

MAU stands for multi-attribute — pypy | 19 HUI3 dexterity OF ~0.12 [~ 0.21, - 0.03] 0.01

utility. OF, Optimal Functioning.

Results at 28 and 35 are adjusted IVH3/4 28 HUI3 MAU —0.15[0.28,-0.02] 0.03

for selective attrition inverse IVH3 /4 35 SF-6D MAU —0.07[-0.14,-0.01] 0.03

probability weighting. Variables  VHs /4 35 SF-6D physical OF 0.19[0.20, 0.77] <0.001

included in the weighting model NEC

were: sex, GA, birth weight, NEC 28 HUI3 speech OF 0.084 [0.03, 0.136] <0.001

maternal age at birth, maternal . .

. L. Multiple birth (MB)
education, maternal ethnicity »
and maternal marital status MB 19 HUI3 cognition OF ~0.04 [~ 0.09, ~ 0.001] 0.05

»<0.001), but significantly more optimal functioning on
HUI3 ambulation (1.6% vs 0.0%, p=0.01) and cognition
(7.4% vs 3.6%, p=0.03).

IPW adjusted regression analyses of HRQoL
outcomes

IPW results from linear regression analyses, adjusting for
potential confounders examining the association between
each risk factor and HRQoL outcomes are presented in Tables
19-22. Overal, the adjusted regression analyses revealed a
nuanced picture. While most neonatal complications were not
independently associated with overall utility scores in adult-
hood, a notable exception was found for survivors with a his-
tory of severe grade 3/4 IVH, who experienced significant
and persistent HRQoL decrements (Table 3).

BPD After adjustment, BPD was not significantly associ-
ated with overall HUI3 MAU scores at 19 or 28 years, nor
with the SF-6D utility score at 35 years (p>0.10 for all).

1IVH (any grade) IVH was not significantly associated with
overall HUI3 or SF-6D utility scores at any time point after
adjustment (p>0.30 for all). There were also no significant
adjusted associations between IVH and optimal function-
ing on any individual HUI3 or SF-6D attribute (p>0.09
for all), including those where unadjusted differences were
observed. In adjusted regression models, severe IVH was
associated with statistically significant deficits in overall
utility. Specifically, in Table 23 we observed the follow-
ing adjusted coefficients for grade 3/4 IVH compared to no
or grade 1-2 IVH: At 19 years (HUI3): p=-0.08, 95% CI
[-0.16,—0.001], p=0.05. At 28 years (HUI3): f=-0.15,
95% CI [-0.28,—0.02], p=0.03. At 35 years (SF-6D):
p=-0.07, 95% CI [-0.14,—0.01], p=0.03. These estimates
indicate that, while IVH (any grade) did not consistently pre-
dict substantially lower HRQoL overall, the subgroup with
severe IVH (grades 3 or 4) experienced modest yet signifi-
cant reductions in both HUI3 and SF-6D scores in adulthood

(Fig. 2).
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NEC NEC was not significantly associated with overall
HUI3 or SF-6D utility scores at any time point after adjust-
ment (p>0.15 for all).

Multiple birth Being born as part of a MB was not signifi-
cantly associated with overall HUI3 or SF-6D utility scores
at any time point after adjustment (p>0.15 for all). At
19 years, MB was associated with a significantly lower like-
lihood of optimal HUI3 cognition functioning (8= —0.04)
compared to singletons. The trend towards lower likelihood
of optimal ambulation at 19 years persisted but was not sta-
tistically significant (p=0.06) Table 23.

In models assessing each complication individually,
severe IVH was associated with a significant utility dec-
rement at 28 years (f=-0.15, 95% CI [-0.28, —0.02],
p=0.03). This association remained significant when all
neonatal complications were included in a single model
(p=-0.126, 95% CI [-0.222, -0.029], p=0.011).

Sensitivity analysis: IPW-weighted versus
unweighted comparison

To formally assess whether attrition bias affected our primary
estimates, we compared unweighted and [PW-weighted
regression coefficients for all exposures at each time point.
Table 26 presents these results. The IPW-adjusted coeffi-
cients were similar to the unweighted estimates, with maxi-
mum |AS|=0.022. For severe IVH, all associations remained
statistically significant after IPW adjustment, and the coef-
ficients were slightly larger in magnitude at 19 and 28 years
(f=—0.088 vs —0.080 at 19y; f=—0.146 vs —0.128 at 28y),
suggesting our unweighted estimates may be conservative.
This consistency strongly supports our conclusion that attri-
tion bias had minimal impact on the primary findings.

Best-case/worst-case sensitivity analysis

Table 27 presents the results of the best-case/worst-case
sensitivity analysis for severe IVH. Our observed estimates
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(unweighted: f=-0.073 to—0.128) fall between these
extreme bounds and are closer to the worst-case values. If
anything, selective attrition of sicker individuals may lead to
underestimation of the true negative effects of severe IVH.

Post-hoc power analysis

Table 28 presents the post-hoc power analysis results,
including minimum detectable effect sizes (MDES) at 80%
power. Severe IVH: The observed effect sizes (—0.064
to—0.094) approached our MDES thresholds, achieving
36—-59% power. Despite borderline power, all associations
reached statistical significance (p=0.007-0.048), suggest-
ing clinically meaningful effects. BPD and NEC: Observed
effects were substantially smaller than MDES values, result-
ing in low power (5-27%). We therefore cannot rule out
small effects for these complications; null findings should
be interpreted as no evidence of association.

Longitudinal mixed effects models regression
analyses of HRQoL outcomes

In multivariable models adjusting for perinatal and sociode-
mographic factors, severe IVH (grades 3—4) was the only
neonatal complication consistently and independently
associated with lower MAU scores in adulthood. This
association corresponded to a statistically significant util-
ity decrement at 19 years (f=—0.096; 95% CI [-0.180,
—0.012]), 28 years (f=—0.126; 95% CI [-0.222, —0.029]),
and 35 years (f=—0.068; 95% CI [-0.132, —0.003]). In
contrast, after accounting for other complications, BPD,
NEC, and multiple birth status were not significantly asso-
ciated with HRQoL scores at any follow-up wave.

The mixed-effects model, using 506 observations from 343
individuals, revealed a statistically significant and persistent
negative main adjusted association of severe IVH on HUI3
utility scores. After adjusting for covariates, participants
with a history of severe IVH had an average HUI3 score that
was 0.122 points lower than those without severe [IVH at the
baseline age of 19 years (95% CI [-0.202, -0.042]; p=0.003).
The interaction term between severe [IVH and age at assess-
ment was small and not statistically significant (f=—0.009,
p=0.849), indicating that this utility decrement did not sig-
nificantly change between ages 19 and 28.

Bounds

To assess the robustness of our estimates to potential omit-
ted variable bias, we implemented the method developed by
Oster (2019). We calculated the index of proportional selec-
tion, &, which represents the degree of selection on unobserved

variables relative to observed covariates that would be required
to reduce the estimated association of [IVH to zero.

For the analysis at age 19, the calculated J was — 0.99. A
negative value for J indicates that our observed control vari-
ables (e.g., gestational age, birth weight) were acting as sup-
pressors. In other words, accounting for them increased the
magnitude of the negative association between severe [VH and
HRQoL. For an unobserved variable to explain away our find-
ing, it would have to be correlated with IVH and HRQoL in the
opposite direction to our main controls, a scenario considered
less likely and which therefore strengthens our confidence in
the result. In the model for health utility at age 28, we found that
the result was moderately robust to potential unobserved con-
founding. The analysis yielded a ¢ of 0.41. This value implies
that unobserved factors would need to be 41% as strongly cor-
related with both severe IVH and HUI as the included covari-
ates to nullify the estimated association.

For the health utility outcome at age 35 (SF-6D), the robust-
ness of the estimate increased. The calculated 6 was 0.71, indi-
cating that the influence of unobserved confounders would
need to be 71% as strong as that of the observed controls to
explain away the association. This suggests that even though
the primary estimate was not statistically significant at conven-
tional levels, it is reasonably robust to omitted variable bias.
Oster’s coefficient-stability diagnostics indicate that plausible
omitted-variable structures are unlikely to nullify these esti-
mates—particularly the adolescent result, where unobservables
would have to act in the opposite direction to the observables.

Economic sensitivity analysis: discount rate
variation

Table 28 presents the projected lifetime QALY losses and
monetary valuations for severe IVH under different dis-
count rate assumptions.

Discussion

Our analysis reveals that among the major neonatal complica-
tions studied, severe IVH is the most significant independent
predictor of diminished long-term HRQoL into the fourth
decade of life. In our fully adjusted model accounting for BPD,
NEC, and multiple birth status, severe IVH was associated with
a utility decrement of 0.126 (p=0.011) at age 28. This deficit is
not only statistically significant but also clinically meaningful,
substantially exceeding the established minimally important
difference for both the HUI3 and SF-6D instruments. The lack
of a significant independent association for BPD and NEC in
our fully adjusted models suggests that their long-term impact
on HRQoL may be less pronounced or potentially mediated by
other factors once the profound consequence of a severe brain
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injury like IVH is accounted for. This finding has critical impli-
cations for health economic evaluations: cost-utility analyses
of perinatal interventions must specifically account for the sub-
stantial and persistent qualityof-life losses attributable to severe
IVH, as failing to do so may underestimate the long-term value
of neuroprotective strategies.

To the best of our knowledge, this study is among the first
to specifically examine the independent association of all com-
mon severe neonatal complications (BPD, IVH, NEC) and MB
status with preference-based HRQoL utility scores in early and
mid-adulthood, within a large, population-based cohort of
VP/VLBW survivors, using data from the well-characterized
Dutch POPS cohort. Our primary finding is that, after adjusting
for important perinatal and socio-demographic confounders,
none of these specific neonatal risk factors were consistently
associated with statistically significant deficits in overall HUI3
or SF-6D utility scores compared to their peers who did not
experience these specific conditions.

However, our analysis focusing specifically on severe
intraventricular hemorrhage (IVH grade 3 or 4) versus no
or mild IVH (grade 1-2) highlights an important exception
to the general null findings for overall utility. The subgroup
with severe IVH demonstrated significantly lower unadjusted
HUI3 and SF-6D scores at all adult follow-up points (19, 28,
and 35 years). Adjusted analyses, controlling for confounders,
confirmed these modest but potentially meaningful decrements
in overall utility scores. Specifically, severe IVH was associ-
ated with adjusted HUI3 score reductions of MAU scores at all
assessment timepoints. From a health economics perspective,
these decrements are noteworthy as they exceed the commonly
cited minimally important difference threshold of 0.03 for the
HUI3 instrument [80-87].

The longitudinal analysis confirms that severe neonatal [IVH
is associated with a substantial and enduring deficit in health-
related quality of life into early adulthood. The mixed-effects
model demonstrates a clinically meaningful utility decrement
of approximately 0.12 points, a finding that is robust after con-
trolling for key perinatal and sociodemographic factors. The
lack of a significant interaction between severe IVH and age
at assessment is a critical finding; it suggests that the gap in
HRQoL established by age 19 neither narrows through poten-
tial adaptation nor worsens significantly by age 28. This persis-
tence of the utility decrement underscores the lifelong burden
conferred by severe neonatal brain injury and reinforces the
need for sustained clinical and social support for these sur-
vivors. For health economic evaluations, this result justifies
applying a consistent and substantial quality-of-life penalty in
models assessing the long-term cost-effectiveness of interven-
tions aimed at preventing severe [IVH.

These findings align with the extensive pediatric follow-up
literature indicating that higher grade IVH is a robust predictor
of adverse long-term neurodevelopmental outcomes [31, 32].
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Metaanalyses confirm a dose-dependent effect, with severe
IVH (Grade 3—4) conferring substantially higher odds (e.g.,
~4-5 times higher) of moderate-to-severe neurodevelopmen-
tal impairment, cerebral palsy, and cognitive/motor deficits
by early childhood compared to those with no or mild IVH
[88, 89]. While milder grades (1-2) often do not result in sig-
nificant differences in cognitive or behavioral outcomes by
late adolescence [90], severe neonatal brain injury, including
Grade 3-4 IVH, is clearly linked to poorer neuropsychologi-
cal outcomes and functional impairment persisting into adult-
hood [91]. Our results extend these findings by demonstrating
a corresponding impact on preference-based HRQoL utility
scores. It is important to note, however, that even among survi-
vors of severe IVH with complications like post-hemorrhagic
ventricular dilatation, there is considerable variability in long-
term HRQoL, with some individuals achieving nearnormal
scores while others experience profound deficits, particularly
in physical domains [92]. From a health economic standpoint,
these results strongly caution against using a single HRQoL
decrement for “any IVH” in cost-effectiveness models or pol-
icy decisions concerning VP/VLBW survivors. Distinguishing
outcomes based on IVH severity is crucial for accurately esti-
mating the lifetime burden of disease and the potential value
of interventions. Strategies aimed at preventing severe IVH or
mitigating its consequences could yield substantial long-term
benefits, not only by improving neurodevelopmental function
but also by enhancing overall adult quality of life as captured
by preference-based utility measures.

Our findings are consistent with evidence from other large
longitudinal cohorts showing that (i) VP/VLBW or extremely
preterm birth is associated with lower HRQoL compared
with term-born controls into adolescence and adulthood, and
(i) within preterm survivors, the largest and most persistent
HRQoL decrements tend to concentrate among those with
major neurosensory or neurodevelopmental impairment rather
than being uniformly distributed across all neonatal diagnoses.
For example, the Bavarian Longitudinal Study reported lower
HUI3 utilities among VP/VLBW participants than term con-
trols at ages 13 and 26, with parental reports indicating wors-
ening over time particularly in emotion and pain domains [93].
In the EPICure program, parent-reported HUI-based utilities
in childhood showed clinically meaningful limitations, and an
epoch comparison reported lower HRQoL among extremely
preterm children born in 2006 compared with 1995, with
speech and dexterity contributing strongly to the decline—
domains closely aligned with utility scoring [94-96]. Similarly,
post-surfactant era cohorts have reported broadly comparable
self-perceived HRQoL to controls in late adolescence on aver-
age, but with domain-specific differences (e.g., dexterity/physi-
cal functioning) that mirror the types of signals we observe for
severe IVH [97]. Together, these studies support two implica-
tions for health economic evaluation: average utilities for VP/
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VLBW survivors may mask substantial heterogeneity, and
severity markers of neurological injury are particularly impor-
tant for parameterizing long-term QALY impacts.

The well-established literature shows that preterm birth
itself (often VP/VLBW compared to term birth) is associated
with lower HRQoL scores in adulthood [7, 61]. A related design
consideration is the choice of comparison group. Our analyses
compare exposed versus unexposed individuals within the VP/
VLBW survivor cohort to estimate the incremental HRQoL
burden attributable to specific neonatal complications beyond
the baseline impact of prematurity itself. This contrast is the
most directly relevant for economic evaluations that compare
interventions within neonatal intensive care (e.g., strategies
that reduce severe IVH among VP/VLBW infants). By con-
trast, comparisons to term-born controls would estimate a total
burden that conflates prematurity and complication effects and
answers a different policy question. For context, major cohorts
comparing VP/VLBW individuals with term-born controls
consistently report lower HRQoL into adulthood, indicating
that the overall burden of VP/VLBW remains substantial even
when incremental complication effects are small. Our results
suggest that while being born VP/VLBW carries a substantial
baseline risk for reduced adult HRQoL, the additional signifi-
cant burden conferred by these specific complications on over-
all preference-based utility scores, when compared to other
VP/VLBW survivors, may be less pronounced or consistently
detectable than perhaps anticipated. Several factors might
contribute to this observation. First, the significant underly-
ing burden of VP/VLBW status on multiple domains might
indeed”swamp” the specific additional impact of individual
complications when summarized into a single utility score,
especially using generic instruments [98] or due to instruments’
psychometric properties [53, 54]. Second, long-term follow-up
allows for potential resilience and adaptation mechanisms to
emerge [99-101]. Individuals may adapt to functional limita-
tions, or develop coping strategies that mitigate the impact on
their overall subjective well-being, a phenomenon known as the
“disability paradox” [99]. Furthermore, the comparison group
(survivors without the specific complication) may themselves
have lower-than-average HRQoL, narrowing the observable
difference. Null findings in overall utility may reflect measure-
ment properties of generic preference-based instruments. Both
HUI3 and SF-6D summarize multiple domains into a single
index and can exhibit ceiling effects in community-dwelling
samples; subtle executive, behavioral, or participation limita-
tions that are clinically salient in VP/VLBW survivors may
not shift the overall utility score if impacts are modest, com-
pensated by strengths in other domains, or fall outside instru-
ment emphasis. Fourth, historical measurement may introduce
exposure misclassification (e.g., incomplete ascertainment or
grading of IVH in the early ultrasound era), which would bias
estimates toward the null. Finally, survivorship and selective

participation can attenuate between-group differences even
after IPW if the most severely affected survivors are under-
represented at adult follow-up.

Despite the null findings for overall utility scores, our analy-
ses revealed several statistically significant associations at the
level of specific HRQoL domains, highlighting the importance
of a multi-faceted assessment. Importantly, the domain-level
results help explain why severe IVH produced consistent util-
ity decrements whereas other morbidities did not. Severe [IVH
was associated with deficits in domains that carry substantial
weight in preference-based scoring (e.g., pain, dexterity/physi-
cal functioning), which plausibly drives the observed reduc-
tions in overall HUI3/SF-6D utilities. In contrast, for BPD and
NEC we observed scattered domain signals without a consis-
tent pattern across instruments and time points, which may be
insufficient to shift the aggregate utility index. This distinc-
tion matters for decision modeling: where interventions pri-
marily affect a small number of functional domains, analysts
should consider whether those domains are strongly reflected
in the chosen utility instrument and whether domain-specific
outcomes (and costs) need explicit representation alongside
utilities. The association of multiple birth status with poorer
cognitive function (HUI3) at 19 years is also consistent with
studies reporting subtle cognitive and developmental differ-
ences in preterm multiples compared to singletons [102—104].
The lack of a significant overall association between IVH (all
grades combined) and HRQoL outcomes might be explained
by the grouping of mild (grades I/I) and severe (grades III/IV)
hemorrhages. Severe IVH is much more strongly predictive
of major neurodevelopmental impairment [31, 32], and future
analyses focusing specifically on this subgroup, if sample
size permits, could yield different results regarding long-term
HRQoL utility.

Robustness of findings

Our sensitivity analyses substantially strengthen confidence in
the primary findings. First, the comparison of I[PW-weighted
versus unweighted estimates demonstrated remarkable con-
sistency, with all coefficient changes less than 0.02 in magni-
tude. The fact that [IPW estimates for severe IVH were slightly
larger at 19 and 28 years suggests that, if anything, our primary
(unweighted) estimates may be conservative.

Second, the best-case/worst-case analysis established that
our observed estimates fall within plausible bounds and are
closer to the worst-case scenario, indicating our findings are
not contingent on optimistic assumptions about missing data.
This pattern suggests that selective attrition of sicker individu-
als may actually lead to underestimation of the true effect.

Third, the post-hoc power analysis clarifies the interpreta-
tion of our findings. For severe IVH, we achieved 36-59%
power and detected statistically significant associations at all
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time points, suggesting the true effect is clinically meaningful.
For BPD and NEC, however, our study was underpowered to
detect effects smaller than 0.07-0.12 utility units. We therefore
cannot exclude the possibility of small but clinically relevant
effects for these complications; our null findings should be
interpreted as “no evidence of association” rather than defini-
tive “no association.”

Finally, the Oster bounds analysis provides reassurance
regarding unobserved confounding. The negative delta at age
19 is particularly noteworthy: it indicates that controlling for
observed confounders strengthened the IVH-HRQoL associa-
tion, suggesting that additional unobserved confounders with
similar properties would further strengthen rather than attenu-
ate our findings.

Our economic sensitivity analysis demonstrates that the
health economic burden of severe IVH might be substantial,
even with the more conservative 5% discount rate, the life-
time impact remains 1.21 QALYs. These projections provide
benchmarks for evaluating preventive interventions. This
economic framing underscores the potential value of invest-
ing in neuroprotective strategies and supports the prioritization
of research aimed at reducing the incidence of severe IVH in
preterm populations. The absence of strong, consistent over-
all utility decrements specifically attributable to BPD, NEC,
or MB beyond the effect of VP/VLBW birth suggests caution
when applying large, specific utility penalties for these condi-
tions in cost-effectiveness models comparing interventions
within the VP/VLBW population, especially if based on com-
parisons to term-born controls. This is particularly true when
the comparator is another intervention within the VP/VLBW
population. However, our domain-specific findings suggest
that while the overall utility score may not be significantly
lower, the costs associated with managing these specific mor-
bidities over a lifetime are likely to be substantial. Economic
models should therefore focus on capturing these specific cost
drivers, even if a distinct utility penalty is not applied for con-
ditions other than severe [IVH. Using decrements derived from
the general VP/VLBW population average [61] might be more
appropriate as a baseline, with adjustments potentially consid-
ered based on the presence of severe functional impairment
rather than solely the neonatal diagnosis. However, the signifi-
cant domain-specific findings strongly reinforce the need for
targeted, long-term support tailored to the known sequelae of
these conditions. These domainspecific morbidities likely drive
differences in healthcare utilization, educational support needs,
and societal costs that are not fully captured by overall HRQoL
utility scores [105, 106]. Therefore, resource allocation and
intervention strategies must consider these nuanced effects.

These findings have implications for health policy and
resource allocation. The substantial lifetime burden, which
remains significant even when using a more conservative
utility decrement (— 0.068, yielding 1.96 discounted QALY's
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lost) or a lower discount rate (1.5%, yielding 5.05 discounted
QALYs lost) (see Table 29 for comprehensive sensitivity
analysis), underscores the economic imperative to address this
neonatal complication. This valuation provides justification for
prioritizing research funding for novel neuroprotective strate-
gies, supporting the implementation of evidence-based clinical
practices in neonatal intensive care, and ensuring that the long-
term, patient-centered consequences of severe IVH are central
to future health economic models. This analysis demonstrates
that investments in preventing neonatal brain injury are not
merely costs, but high-value investments in decades of future
health and well-being. These projections are illustrative and
not intended as contemporaneous cost-effectiveness thresh-
olds. Changes in survival, severity mix, and long-term support
services in modern cohorts may alter both the prevalence of
severe [IVH and its average lifetime utility impact.

This study leverages the significant strengths of the POPS
cohort, including its population-based design mitigating selec-
tion bias, prospective data collection from birth, long-term
longitudinal follow-up into mid-adulthood, and the use of
internationally recognized, validated preference-based HRQoL
measures suitable for economic evaluation [49, 51, 53, 62].
Nevertheless, several limitations must be acknowledged. The
methods used here are based on an assumption of selection on
observables that cannot be verified with observed data [107,
108]. Our findings are best viewed as robust associations rather
than causal effects. Although clinical and biological evidence
indicates that BPD, IVH, and NEC behave largely as exogenous
shocks—and we have adjusted for several key confounders—
the possibility of residual or unmeasured confounding cannot
be entirely ruled out. Thus, this study may not fully account
for all potential confounding variables that could influence the
relationship between VP/VLBW status and HRQoL outcomes
in early adulthood. POPS study had substantial attrition which
occurred over the 35-year follow-up period [64]. Our compre-
hensive sensitivity analyses—including IPW comparison and
best-case/worst-case analyses—demonstrated that attrition bias
had minimal impact on our primary findings, with all conclu-
sions remaining unchanged after adjustment [109, 110].

Second, the sample sizes for specific complication groups,
particularly BPD (N=17-35 depending on wave) and NEC
(N~=21-39), were relatively small at the adult follow-up assess-
ments, limiting statistical power to detect potentially modest
but clinically meaningful differences in HRQoL utility (e.g.,
differences less than the commonly cited minimally important
difference thresholds for HUI3/SF-6D of 0.03-0.05) [80-87,
111]. Our post-hoc power analysis (Table 28) confirms that we
were adequately powered (36-59%) to detect the moderate
effects observed for severe IVH, but underpowered (5-27%)
for BPD and NEC. Null findings for these complications
should therefore be interpreted as “no evidence of association”
rather than definitive absence of effect. Third, as noted, IVH
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was analyzed combining all grades due to sample size con-
straints for severe [VH.

Fourth, the cohort was born in 1983 and therefore reflects
an era of neonatal intensive care that predates several practices
now considered standard (e.g., widespread antenatal cortico-
steroids, status and indicator severe IVH non-invasive venti-
lation strategies, caffeine therapy, tighter oxygen saturation
targeting, and bundled neuroprotection/NEC-prevention path-
ways). These advances have changed both (i) the incidence
and severity distribution of neonatal morbidities and (ii) the
case-mix of survivors, because improved survival at the lowest
gestational ages increases the proportion of infants at risk of
chronic morbidity. As a result, the absolute prevalence of BPD,
IVH, and NEC—and their downstream sequelae—may differ
in contemporary cohorts, so the transportability of our point
estimates requires caution.

Importantly, however, evidence from more recent compari-
sons suggests that improved survival has not translated into
uniform improvements in later functional and quality-of-life
outcomes. For example, school-age and adolescent follow-
up of extremely preterm cohorts has shown persistent (and in
some settings worsening) profiles in domains closely related
to utility measurement (e.g., motor function; speech/dexterity;
neurodevelopmental/behavioral outcomes), despite substantial
changes in neonatal care [95, 96, 112—-114]. These findings
support the continued relevance of long-term HRQoL evidence
for decision models, particularly for complications that repre-
sent structural injury (e.g., severe IVH) where the underlying
pathophysiology is unlikely to be eliminated even if incidence
changes. At the same time, contemporary cohorts may expe-
rience different patterns of morbidity clustering and survivor-
ship, so future work should replicate these analyses in newer
cohorts as long-term follow-up accrues.

Fifth, our dataset does not distinguish between medical and
surgical NEC, nor does it include information on VP shunt
placement following post-hemorrhagic hydrocephalus. These
distinctions may be important for understanding the full spec-
trum of long-term outcomes, and we recommend that future
data collection efforts include these variables.

While modern clinical practice may differ from practice
during the range of birth years across the cohort considered,
however, it is plausible that the underlying biological impacts
of VP/VLBW remains informative as the evidence shows that
despite changes in practices there is no improvements in out-
come [95, 96, 112—114]. Future research is needed to assess
whether improvements in care have modified long-term out-
comes using more recent data. Sixth, being a single-country
study in a high-income setting (the Netherlands), findings may
not directly apply to different healthcare systems or socio-
economic contexts. Analyses of domain-level optimal func-
tioning outcomes were exploratory and involved multiple

hypothesis tests. We therefore interpret domain-specific p-val-
ues cautiously.

Conclusion

In this population-based cohort of Dutch VP/VLBW survi-
vors born in 1983, experiencing BPD, NEC, or being part of
a MB during the neonatal period was generally not associated
with significantly lower overall preference-based HRQoL util-
ity scores in early adulthood compared to peers without these
specific conditions. Severe IVH (grade 3/4) was associated
with clinically significant decrements in HUI3 at 19 and 28
and in SF-6D at 35 years. These findings were robust to com-
prehensive sensitivity analyses including IPW adjustment for
attrition, best-case/worstcase imputation scenarios, and assess-
ment of unobserved confounding. Overall, these findings high-
light the complexity of long-term outcomes after VP/VLBW
birth and suggest that while overall utility may appear similar
between subgroups, targeted support addressing specific func-
tional limitations remains crucial. Health economic evaluations
should consider these nuances rather than applying uniform
utility decrements based solely on the presence of these neo-
natal complications. Further research in contemporary cohorts,
potentially with larger samples for specific complications and
analysis of [VH severity, is needed.

Appendix 1

See Tables 6, 7, 8,9, 10, 11 and 12.

Table 6 Sensitivity analysis of the estimated associations of severe
IVH on adult health utility

Outcome OLS Oster (2019)
Coefficient (8) R-squared o Observations

HUI-3 atage 19 —0.080 0.039 -0.99 331

HUI-3 at age 28% —0.075 0.41 0.365 163

SF-6D at age 35 —0.070 0.037 0.710 187

This table summarizes the results of two sensitivity analyses testing
the robustness of the estimated association of severe IVH on adult
health utility scores to potential unobserved confounding. All under-
lying models control for child’s sex, maternal age, maternal educa-
tion, and maternal ethnicity. The Oster (2019) § quantifies the degree
of selection on unobservables relative to selection on observables
that would be necessary to reduce the estimated coefficient to zero. A
common, conservative threshold for a robust result is |§] > 1.

a The sensitivity analyses for the age 28 outcome were conditioned on
the availability of the age 19 outcome, resulting in a smaller sample
size (N = 163) and a slightly different OLS coefficient and R-squared
than the main regression model for that age (which had N = 175). The
values shown are from the models used for the sensitivity tests
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Table 7 Baseline characteristics by BPD status

BPD No-BPD Total p-value Missings/N (Pct)
At 19 years
N (%) 35(5.4) 609 (94.6) 644 (100.0) 0/644 (0.0)
Child sex, N (%)
Male 25(71.4) 269 (44.2) 294 (45.7) <0.001 0/644 (0.0)
Female 10 (28.6) 340 (55.8) 350 (54.3)
Gestational age (weeks), mean (SD) 28.76 (1.71) 31.14 (2.44) 31.01 (2.46) <0.001 0/644 (0.0)
Birth weight (g), mean (SD) 1174.29 (228.96) 1320.09 (295.31) 1312.17 (293.81) <0.001 0/644 (0.0)
Maternal age at birth (years), mean (SD) 27.05 (4.29) 27.84 (4.69) 27.80 (4.67) 0.33 12/644 (1.9)
Maternal education level at birth, N (%)
Low level (ISCED 0-2) 13 (43.3) 166 (38.4) 179 (38.7)
Medium level (ISCED 3-5) 10 (33.3) 186 (43.1) 196 (42.4) 0.56 182/644 (28.3)
High level (ISCED 6-8) 7(23.3) 80 (18.5) 87 (18.8)
Maternal ethnicity, N (%)
Caucasian 33(94.3) 536 (88.9) 569 (89.2)
Non-Caucasian 2(5.7) 67 (11.1) 69 (10.8) 0.32 6/644 (0.9)
At 28 years
N (%) 17 (5.4) 297 (94.6) 314 (100.0) 0/314 (0.0)
Child sex, N (%)
Male 10 (58.8) 109 (36.7) 119 (37.9) 0.07 0/314 (0.0)
Female 7(41.2) 188 (63.3) 195 (62.1)
Gestational age (weeks), mean (SD) 28.87 (1.66) 31.10 (2.31) 30.98 (2.34) <0.001 0/314 (0.0)
Birth weight (g), mean (SD) 1223.24 (255.47) 1315.07 (306.68) 1310.10 (304.49) 0.23 0/314 (0.0)
Maternal age at birth (years), mean (SD) 28.10 (4.40) 28.18 (4.34) 28.17 (4.34) 0.94 9/314 (2.9)
Maternal education level at birth, N (%)
Low level (ISCED 0-2) 7(41.2) 85(37.3) 92 (37.6)
Medium level (ISCED 3-5) 6(35.3) 97 (42.5) 103 (42.0) 0.84 69/314 (22.0)
High level (ISCED 6-8) 4(23.5) 46 (20.2) 50 (20.4)
Maternal ethnicity, N (%)
Caucasian 17 (100.0) 276 (93.9) 293 (94.2)
Non-Caucasian 0(0.0) 18 (6.1) 18 (5.8) 0.29 3/314 (1.0)
At 35 years
N (%) 19 (5.1) 351 (94.9) 370 (100.0) 0/370 (0.0)
Child sex, N (%)
Male 12 (63.2) 149 (42.5) 161 (43.5) 0.08 0/370 (0.0)
Female 7 (36.8) 202 (57.5) 209 (56.5)
Gestational age (weeks), mean (SD) 28.79 (1.84) 31.17 (2.34) 31.05 (2.37) <0.001 0/370 (0.0)
Birth weight (g), mean (SD) 1216.58 (165.87) 1330.69 (301.71) 1324.83 (297.19) 0.10 0/370 (0.0)
Maternal age at birth (years), mean (SD) 27.74 (4.58) 28.23 (4.09) 28.21 (4.11) 0.61 8/370 (2.2)
Maternal education level at birth, N (%)
Low level (ISCED 0-2) 6(35.3) 88 (32.1) 94 (32.3)
Medium level (ISCED 3-5) 7(41.2) 130 (47.4) 137 (47.1) 0.88 79/370 (21.4)
High level (ISCED 6-8) 4(23.5) 56 (20.4) 60 (20.6)
Maternal ethnicity, N (%)
Caucasian 19 (100.0) 327 (94.5) 346 (94.8)
Non-Caucasian 0(0.0) 19 (5.5) 19 (5.2) 0.29 5/370 (1.4)

BPD, Bronchopulmonary dysplasia; ISCED, International Standard Classification of Education
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Table 8 Baseline characteristics by [IVH status

IVH (grade 1 to 4) No-IVH Total p-value Missings/N (Pct)
At 19 years
N (%) 109 (16.9) 535 (83.1) 644 (100.0) 0/644 (0.0)
Child sex, N (%)
Male 48 (44.0) 246 (46.0) 294 (45.7) 0.71 0/644 (0.0)
Female 61 (56.0) 289 (54.0) 350 (54.3)
Gestational age (weeks), mean (SD) 29.57 (2.00) 31.31 (2.45) 31.01 (2.46) <0.001 0/644 (0.0)
Birth weight (g), mean (SD) 1236.72 (303.24) 1327.54 (289.74) 1312.17 (293.81) <0.001 0/644 (0.0)
Maternal age at birth (years), mean (SD) 27.86 (4.50) 27.78 (4.70) 27.80 (4.67) 0.88 12/644 (1.9)
Maternal education level at birth, N (%)
Low level (ISCED 0-2) 23(30.7) 156 (40.3) 179 (38.7)
Medium level (ISCED 3-5) 37 (49.3) 159 (41.1) 196 (42.4) 0.28 182/644 (28.3)
High level (ISCED 6-8) 15 (20.0) 72 (18.6) 87 (18.8)
Maternal ethnicity, N (%)
Caucasian 90 (84.1) 479 (90.2) 569 (89.2)
Non-Caucasian 17 (15.9) 52(9.8) 69 (10.8) 0.06 6/644 (0.9)
At 28 years
N (%) 59 (18.8) 255(81.2) 314 (100.0) 0/314 (0.0)
Child sex, N (%)
Male 21 (35.6) 98 (38.4) 119 (37.9) 0.69 0/314 (0.0)
Female 38 (64.4) 157 (61.6) 195 (62.1)
Gestational age (weeks), mean (SD) 29.53 (2.02) 31.31(2.28) 30.98 (2.34) <0.001 0/314 (0.0)
Birth weight (g), mean (SD) 1211.86 (301.62) 1332.83 (301.19) 1310.10 (304.49) 0.01 0/314 (0.0)
Maternal age at birth (years), mean (SD) 28.06 (4.41) 28.20 (4.33) 28.17 (4.34) 0.82 9/314 (2.9)
Maternal education level at birth, N (%)
Low level (ISCED 0-2) 13 (28.3) 79 (39.7) 92 (37.6)
Medium level (ISCED 3-5) 24 (52.2) 79 (39.7) 103 (42.0) 0.26 69/314 (22.0)
High level (ISCED 6-8) 9 (19.6) 41 (20.6) 50 (20.4)
Maternal ethnicity, N (%)
Caucasian 53 (91.4) 240 (94.9) 293 (94.2)
Non-Caucasian 5(8.6) 13(5.1) 18 (5.8) 0.31 3/314 (1.0)
At 35 years
N (%) 69 (18.6) 301 (81.4) 370 (100.0) 0/370 (0.0)
Child sex, N (%)
Male 29 (42.0) 132 (43.9) 161 (43.5) 0.78 0/370 (0.0)
Female 40 (58.0) 169 (56.1) 209 (56.5)
Gestational age (weeks), mean (SD) 29.41 (1.82) 31.42 (2.33) 31.05 (2.37) <0.001 0/370 (0.0)
Birth weight (g), mean (SD) 1255.29 (299.51) 1340.77 (294.85) 1324.83 (297.19) 0.03 0/370 (0.0)
Maternal age at birth (years), mean (SD) 27.38 (4.46) 28.40 (4.01) 28.21 (4.11) 0.06 8/370 (2.2)
Maternal education level at birth, N (%)
Low level (ISCED 0-2) 15 (26.8) 79 (33.6) 94 (32.3)
Medium level (ISCED 3-5) 30 (53.6) 107 (45.5) 137 (47.1) 0.52 79/370 (21.4)
High level (ISCED 6-8) 11 (19.6) 49 (20.9) 60 (20.6)
Maternal ethnicity, N (%)
Caucasian 61 (89.7) 285 (96.0) 346 (94.8)
Non-Caucasian 7 (10.3) 12 (4.0) 19 (5.2) 0.04 5/370 (1.4)

IVH, Intraventricular Hemorrhage; ISCED, International Standard Classification of Education
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Table 9 Baseline characteristics by IVH Grade 3 or 4 status

Grade l or2 orno IVH  IVH Grade3or4  Total p-value  Missings/N (Pct)

At 19 years

N (%) 455 (94.4) 27 (5.6) 482 (100.0) 162/644 (25.2)
Child sex, N (%)

Male 199 (43.7) 12 (44.4) 211 (43.8) 0.94 0/644 (0.0)
Female 256 (56.3) 15 (55.6) 271 (56.2)

Gestational age (weeks), mean (SD) 31.17 (2.42) 28.44 (1.56) 31.02 (2.46) <0.001 0/644 (0.0)
Birth weight (g), mean (SD) 1310.93 (296.02) 1195.00 (292.51) 1304.43 (296.73)  0.05 0/644 (0.0)
Maternal age at birth (years), mean (SD)  27.88 (4.72) 27.44 (3.89) 27.85 (4.67) 0.64 12/644 (1.9)
Maternal education level at birth, N (%)

Low level (ISCED 0-2) 120 (37.4) 3(15.8) 123 (36.2)

Medium level (ISCED 3-5) 139 (43.3) 11 (57.9) 150 (44.1) 0.16 182/644 (28.3)
High level (ISCED 6-8) 62 (19.3) 5(26.3) 67 (19.7)
Maternal ethnicity, N (%)

Caucasian 401 (88.5) 23 (85.2) 424 (88.3)

Non-Caucasian 52 (11.5) 4 (14.8) 56 (11.7) 0.60 6/644 (0.9)
At 28 years

N (%) 217 (92.7) 17 (7.3) 234 (100.0) 80/314 (25.5)
Child sex, N (%)

Male 76 (35.0) 7(41.2) 83 (35.5) 0.61 0/314 (0.0)
Female 141 (65.0) 10 (58.8) 151 (64.5)

Gestational age (weeks), mean (SD) 31.11 (2.23) 28.13 (1.66) 30.89 (2.32) <0.001 0/314 (0.0)
Birth weight (g), mean (SD) 1314.86 (319.01) 1163.53 (275.19) 1303.87 (317.95)  0.06 0/314 (0.0)
Maternal age at birth (years), mean (SD)  28.22 (4.29) 28.46 (3.61) 28.24 (4.24) 0.82 9/314 (2.9)
Maternal education level at birth, N (%)

Low level (ISCED 0-2) 60 (36.1) 3(21.4) 63 (35.0)

Medium level (ISCED 3-5) 73 (44.0) 6(42.9) 79 (43.9) 0.31 69/314 (22.0)
High level (ISCED 6-8) 33(19.9) 5(35.7) 38 (21.1)
Maternal ethnicity, N (%)

Caucasian 203 (94.0) 16 (94.1) 219 (94.0)

Non-Caucasian 13 (6.0) 1(5.9) 14 (6.0) 0.98 3/314 (1.0)
At 35 years

N (%) 251 (94.4) 15 (5.6) 266 (100.0) 104/370 (28.1)
Child sex, N (%)

Male 104 (41.4) 5(33.3) 109 (41.0) 0.54 0/370 (0.0)
Female 147 (58.6) 10 (66.7) 157 (59.0)

Age (weeks), mean (SD) 31.17 (2.27) 28.10 (1.66) 31.00 (2.35) <0.001 0/370 (0.0)
Birth weight (g), mean (SD) 1318.19 (304.46) 1203.00 (301.97) 1311.69 (304.92)  0.16 0/370 (0.0)
Maternal age at birth (years), mean (SD)  28.30 (4.02) 27.14 (2.88) 28.23 (3.97) 0.28 8/370 (2.2)
Maternal education level at birth, N (%)

Low level (ISCED 0-2) 61 (31.6) 2 (14.3) 63 (30.4)

Medium level (ISCED 3-5) 90 (46.6) 7 (50.0) 97 (46.9) 0.30 79/370 (21.4)
High level (ISCED 6-8) 42 (21.8) 5(35.7) 47 (22.7)
Maternal ethnicity, N (%)

Caucasian 236 (94.4) 14 (93.3) 250 (94.3)

Non-Caucasian 14 (5.6) 1(6.7) 15 (5.7) 0.86 5/370 (1.4)

IVH, Intraventricular Hemorrhage; ISCED, International Standard Classification of Education
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Table 10 Baseline characteristics by NEC status

NEC No-NEC Total p-value Missings/N (Pct)
At 19 years
N (%) 39 (6.1) 605 (93.9) 644 (100.0) 0/644 (0.0)
Child sex, N (%)
Male 17 (43.6) 277 (45.8) 294 (45.7) 0.79 0/644 (0.0)
Female 22 (56.4) 328 (54.2) 350 (54.3)
Gestational age (weeks), mean (SD) 30.75 (2.28) 31.03 (2.48) 31.01 (2.46) 0.50 0/644 (0.0)
Birth weight (g), mean (SD) 1199.10 (293.40) 1319.45 (292.58) 1312.17 (293.81) 0.01 0/644 (0.0)
Maternal age at birth (years), mean (SD) 28.11 (4.47) 27.78 (4.68) 27.80 (4.67) 0.67 12/644 (1.9)
Maternal education level at birth, N (%)
Low level (ISCED 0-2) 10 (41.7) 169 (38.6) 179 (38.7)
Medium level (ISCED 3-5) 8(33.3) 188 (42.9) 196 (42.4) 0.59 182/644 (28.3)
High level (ISCED 6-8) 6(25.0) 81 (18.5) 87 (18.8)
Maternal ethnicity, N (%)
Caucasian 32 (86.5) 537 (89.4) 569 (89.2)
Non-Caucasian 5(13.5) 64 (10.6) 69 (10.8) 0.59 6/644 (0.9)
At 28 years
N (%) 21(6.7) 293 (93.3) 314 (100.0) 0/314 (0.0)
Child sex, N (%)
Male 8(38.1) 111 (37.9) 119 (37.9) 0.98 0/314 (0.0)
Female 13 (61.9) 182 (62.1) 195 (62.1)
Gestational age (weeks), mean (SD) 31.13 (2.68) 30.97 (2.31) 30.98 (2.34) 0.76 0/314 (0.0)
Birth weight (g), mean (SD) 1174.52 (312.88) 1319.82 (302.09) 1310.10 (304.49) 0.03 0/314 (0.0)
Maternal age at birth (years), mean (SD) 28.34 (3.70) 28.16 (4.38) 28.17 (4.34) 0.86 9/314 (2.9)
Maternal education level at birth, N (%)
Low level (ISCED 0-2) 6 (37.5) 86 (37.6) 92 (37.6)
Medium level (ISCED 3-5) 6(37.5) 97 (42.4) 103 (42.0) 0.88 69/314 (22.0)
High level (ISCED 6-8) 4(25.0) 46 (20.1) 50 (20.4)
Maternal ethnicity, N (%)
Caucasian 18 (90.0) 275 (94.5) 293 (94.2)
Non-Caucasian 2 (10.0) 16 (5.5) 18 (5.8) 0.40 3/314 (1.0)
At 35 years
N (%) 23(6.2) 347 (93.8) 370 (100.0) 0/370 (0.0)
Child sex, N (%)
Male 10 (43.5) 151 (43.5) 161 (43.5) 1.00 0/370 (0.0)
Female 13 (56.5) 196 (56.5) 209 (56.5)
Gestational age (weeks), mean (SD) 31.40 (2.71) 31.02 (2.35) 31.05 (2.37) 0.46 0/370 (0.0)
Birth weight (g), mean (SD) 1216.52 (298.91) 1332.01 (296.11) 1324.83 (297.19) 0.07 0/370 (0.0)
Maternal age at birth (years), mean (SD) 28.73 (3.70) 28.17 (4.14) 28.21 (4.11) 0.55 8/370 (2.2)
Maternal education level at birth, N (%)
Low level (ISCED 0-2) 6(33.3) 88(32.2) 94 (32.3)
Medium level (ISCED 3-5) 6(33.3) 131 (48.0) 137 (47.1) 0.32 79/370 (21.4)
High level (ISCED 6-8) 6(33.3) 54 (19.8) 60 (20.6)
Maternal ethnicity, N (%)
Caucasian 20 (90.9) 326 (95.0) 346 (94.8)
Non-Caucasian 2(9.1) 17 (5.0) 19 (5.2) 0.40 5/370 (1.4)

NEC, Necrotizing enterocolitis; ISCED, International Standard Classification of Education
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Table 11 Baseline characteristics by MB status

Multiple Singleton Total p-value Missings/N (Pct)
At 19 years
N (%) 138 (21.4) 506 (78.6) 644 (100.0) 0/644 (0.0)
Child sex, N (%)
Male 68 (49.3) 226 (44.7) 294 (45.7) 0.34 0/644 (0.0)
Female 70 (50.7) 280 (55.3) 350 (54.3)
Gestational age (weeks), mean (SD) 30.50 (2.08) 31.15 (2.54) 31.01 (2.46) 0.01 0/644 (0.0)
Birth weight (g), mean (SD) 1328.12 (266.49) 1307.82 (300.93) 1312.17 (293.81) 0.47 0/644 (0.0)
Maternal age at birth (years), mean (SD) 27.61 (3.85) 27.85 (4.87) 27.80 (4.67) 0.60 12/644 (1.9)
Maternal education level at birth, N (%)
Low level (ISCED 0-2) 33(33.0) 146 (40.3) 179 (38.7)
Medium level (ISCED 3-5) 47 (47.0) 149 (41.2) 196 (42.4) 0.40 182/644 (28.3)
High level (ISCED 6-8) 20 (20.0) 67 (18.5) 87 (18.8)
Maternal ethnicity, N (%)
Caucasian 123 (91.1) 446 (88.7) 569 (89.2)
Non-Caucasian 12 (8.9) 57 (11.3) 69 (10.8) 0.42 6/644 (0.9)
At 28 years
N (%) 64 (20.4) 250 (79.6) 314 (100.0) 0/314 (0.0)
Child sex, N (%)
Male 23 (35.9) 96 (38.4) 119 (37.9) 0.72 0/314 (0.0)
Female 41 (64.1) 154 (61.6) 195 (62.1)
Gestational age (weeks), mean (SD) 30.74 (2.04) 31.04 (2.40) 30.98 (2.34) 0.36 0/314 (0.0)
Birth weight (g), mean (SD) 1342.58 (274.63) 1301.79 (311.64) 1310.10 (304.49) 0.34 0/314 (0.0)
Maternal age at birth (years), mean (SD) 28.28 (3.86) 28.15 (4.46) 28.17 (4.34) 0.83 9/314 (2.9)
Maternal education level at birth, N (%)
Low level (ISCED 0-2) 14 (28.0) 78 (40.0) 92 (37.6)
Medium level (ISCED 3-5) 22 (44.0) 81 (41.5) 103 (42.0) 0.19 69/314 (22.0)
High level (ISCED 6-8) 14 (28.0) 36 (18.5) 50 (20.4)
Maternal ethnicity, N (%)
Caucasian 60 (95.2) 233 (94.0) 293 (94.2)
Non-Caucasian 3(4.8) 15 (6.0) 18 (5.8) 0.70 3/314 (1.0)
At 35 years
N (%) 71(19.2) 299 (80.8) 370 (100.0) 0/370 (0.0)
Child sex, N (%)
Male 35(49.3) 126 (42.1) 161 (43.5) 0.27 0/370 (0.0)
Female 36 (50.7) 173 (57.9) 209 (56.5)
Gestational age (weeks), mean (SD) 30.82 (2.02) 31.10 (2.45) 31.05 (2.37) 0.38 0/370 (0.0)
Birth weight (g), mean (SD) 1354.79 (258.86) 1317.72 (305.55) 1324.83 (297.19) 0.35 0/370 (0.0)
Maternal age at birth (years), mean (SD) 28.86 (3.83) 28.05 (4.16) 28.21 (4.11) 0.13 8/370 (2.2)
Maternal education level at birth, N (%)
Low level (ISCED 0-2) 11 (19.3) 83 (35.5) 94 (32.3)
Medium level (ISCED 3-5) 33 (57.9) 104 (44.4) 137 (47.1) 0.06 79/370 (21.4)
High level (ISCED 6-8) 13 (22.8) 47 (20.1) 60 (20.6)
Maternal ethnicity, N (%)
Caucasian 66 (95.7) 280 (94.6) 346 (94.8)
Non-Caucasian 3 (4.3) 16 (5.4) 19 (5.2) 0.72 5/370 (1.4)

MB, Multiple birth; ISCED, International Standard Classification of Education
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Table 12 Baseline characteristics—presence of at least one risk factor

No Yes Total p-value Missings/N (Pct)
At 19 years
N (%) 387 (60.1) 257 (39.9) 644 (100.0) 0/644 (0.0)
Child sex, N (%)
Male 171 (44.2) 123 (47.9) 294 (45.7) 0.36 0/644 (0.0)
Female 216 (55.8) 134 (52.1) 350 (54.3)
Gestational age (weeks), mean (SD) 31.57 (2.48) 30.17 (2.19) 31.01 (2.46) <0.001 0/644 (0.0)
Birth weight (g), mean (SD) 1330.06 (299.40) 1285.22 (283.63) 1312.17 (293.81) 0.06 0/644 (0.0)
Maternal age at birth (years), mean (SD) 27.87 (4.96) 27.68 (4.20) 27.80 (4.67) 0.61 12/644 (1.9)
Maternal education level at birth, N (%)
Low level (ISCED 0-2) 112 (40.9) 67 (35.6) 179 (38.7)
Medium level (ISCED 3-5) 113 (41.2) 83 (44.1) 196 (42.4) 0.51 182/644 (28.3)
High level (ISCED 6-8) 49 (17.9) 38(20.2) 87 (18.8)
Maternal ethnicity, N (%)
Caucasian 345 (89.6) 224 (88.5) 569 (89.2)
Non-Caucasian 40 (10.4) 29 (11.5) 69 (10.8) 0.67 6/644 (0.9)
At 28 years
N (%) 181 (57.6) 133 (42.4) 314 (100.0) 0/314 (0.0)
Child sex, N (%)
Male 70 (38.7) 49 (36.8) 119 (37.9) 0.74 0/314 (0.0)
Female 111 (61.3) 84 (63.2) 195 (62.1)
Gestational age (weeks), mean (SD) 31.44 (2.29) 30.35 (2.26) 30.98 (2.34) <0.001 0/314 (0.0)
Birth weight (g), mean (SD) 1335.20 (312.27) 1275.94 (291.25) 1310.10 (304.49) 0.09 0/314 (0.0)
Maternal age at birth (years), mean (SD) 28.17 (4.43) 28.18 (4.22) 28.17 (4.34) 0.98 9/314 (2.9)
Maternal education level at birth, N (%)
Low level (ISCED 0-2) 57 (41.3) 35(32.7) 92 (37.6)
Medium level (ISCED 3-5) 56 (40.6) 47 (43.9) 103 (42.0) 0.34 69/314 (22.0)
High level (ISCED 6-8) 25(18.1) 25(23.4) 50 (20.4)
Maternal ethnicity, N (%)
Caucasian 169 (93.9) 124 (94.7) 293 (94.2)
Non-Caucasian 11 (6.1) 7(5.3) 18 (5.8) 0.77 3/314 (1.0)
At 35 years
N (%) 217 (58.6) 153 (41.4) 370 (100.0) 0/370 (0.0)
Child sex, N (%)
Male 91 (41.9) 70 (45.8) 161 (43.5) 0.47 0/370 (0.0)
Female 126 (58.1) 83 (54.2) 209 (56.5)
Gestational age (weeks), mean (SD) 31.59(2.31) 30.28 (2.26) 31.05 (2.37) <0.001 0/370 (0.0)
Birth weight (g), mean (SD) 1348.67 (306.19) 1291.01 (281.47) 1324.83 (297.19) 0.07 0/370 (0.0)
Maternal age at birth (years), mean (SD) 28.30 (4.02) 28.08 (4.24) 28.21 (4.11) 0.61 8/370 (2.2)
Maternal education level at birth, N (%)
Low level (ISCED 0-2) 60 (36.1) 34 (27.2) 94 (32.3)
Medium level (ISCED 3-5) 73 (44.0) 64 (51.2) 137 (47.1) 0.26 79/370 (21.4)
High level (ISCED 6-8) 33(19.9) 27 (21.6) 60 (20.6)
Maternal ethnicity, N (%)
Caucasian 205 (95.3) 141 (94.0) 346 (94.8)
Non-Caucasian 10 (4.7) 9 (6.0) 19 (5.2) 0.57 5/370 (1.4)

ISCED, International Standard Classification of Education
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Appendix 2

See Tables 13, 14, 15, 16, 17 and 18.

Table 13 HRQoL outcomes by
BPD

@ Springer

BPD No-BPD Total p-value
At 19 years
N (%) 35(5.4) 609 (94.6) 644 (100.0)
HUI3-vision optimal functioning, N (%) 0(0.0) 1(0.2) 1(0.2) 0.81
HUI3-hearing optimal functioning, N (%) 0(0.0) 7(1.1) 7(1.1) 0.52
HUI3-speech optimal functioning, N (%) 31 (88.6) 507 (83.3) 538 (83.5) 0.41
HUI3-emotion optimal functioning, N (%) 28 (80.0) 396 (65.0) 424 (65.8) 0.07
HUI3-pain optimal functioning, N (%) 26 (74.3) 457 (75.0) 483 (75.0) 0.92
HUI3-ambulation optimal functioning, N (%) 0(0.0) 4(0.7) 4(0.6) 0.63
HUI3-dexterity optimal functioning, N (%) 32(91.4) 586 (96.2) 618 (96.0) 0.16
HUI3-cognition optimal functioning, N (%) 3(8.6) 30 (4.9) 33(5.1) 0.34
HUI3 MAU score, mean (SD) 0.89 (0.16) 0.87(0.18)  0.87(0.18) 0.55
HUI3 MAU score, median (25th; 75th) 0.93 (0.84;  0.93 (0.83; 0.93 (0.83; 0.63
1.00) 1.00) 1.00)
At 28 years
N (%) 17 (5.4) 297 (94.6) 314 (100.0)
HUI3-vision optimal functioning, N (%) 0(0.0) 2(0.7) 2(0.6) 0.73
HUI3-hearing optimal functioning, N (%) 0(0.0) 1(0.3) 1(0.3) 0.81
HUI3-speech optimal functioning, N (%) 14 (82.4) 267 (89.9) 281 (89.5) 0.32
HUI3-emotion optimal functioning, N (%) 0(0.0) 1(0.3) 1(0.3) 0.81
HUI3-pain optimal functioning, N (%) 13 (76.5) 219 (73.7) 232(73.9) 0.80
HUI3-ambulation optimal functioning, N (%) 0(0.0) 2(0.7) 2 (0.6) 0.73
HUI3-dexterity optimal functioning, N (%) 16 (94.1) 287 (96.6) 303 (96.5) 0.58
HUI3-cognition optimal functioning, N (%) 3(17.6) 22(7.4) 25 (8.0) 0.13
HUI3 MAU score, mean (SD) 0.86 (0.21)  0.89(0.16)  0.89 (0.17) 0.54
HUI3 MAU score, median (25th; 75th) 0.97 (0.83;  0.95(0.85; 0.96 (0.85; 0.72
0.97) 1.00) 1.00)
At 35 years
N (%) 19 (5.1) 351 (94.9) 370 (100.0)
SF-6D physical optimal functioning, N (%) 6 (31.6) 47 (13.4) 53 (14.3) 0.03
SF-6D role limitations optimal, N (%) 11 (57.9) 249 (70.9) 260 (70.3) 0.23
SF-6D social functioning optimal, N (%) 5(26.3) 79 (22.5) 84 (22.7) 0.70
SF-6D pain optimal level, N (%) 4(21.1) 85(24.2) 89 (24.1) 0.75
SF-6D mental health optimal level, N (%) 2 (10.5) 129 (36.8) 131 (35.4) 0.02
SF-6D vitality optimal level, N (%) 2 (10.5) 28 (8.0) 30(8.1) 0.69
SF-6D (utility score), mean (SD) 0.78 (0.12)  0.81(0.11)  0.81(0.12) 0.36
SF-6D (utility score), median (25th; 75th) 0.80 (0.66;  0.86 (0.72; 0.86 (0.72; 0.40
0.92) 0.86) 1.00)
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Table 14 HRQoL outcomes by
IVH

IVH No-IVH Total p-value
At 19 years
N (%) 109 (16.9)  535(83.1) 644 (100.0)
HUI3-vision optimal functioning, N (%) 0(0.0) 1(0.2) 1(0.2) 0.65
HUI3-hearing optimal functioning, N (%) 0(0.0) 7(1.3) 7(1.1) 0.23
HUI3-speech optimal functioning, N (%) 84 (77.1) 454 (84.9) 538 (83.5) 0.05
HUI3-emotion optimal functioning, N (%) 69 (63.3) 355 (66.4) 424 (65.8) 0.54
HUI3-pain optimal functioning, N (%) 77 (70.6) 406 (75.9) 483 (75.0) 0.25
HUI3-ambulation optimal functioning, N (%) 2(1.8) 2(0.4) 4(0.6) 0.08
HUI3-dexterity optimal functioning, N (%) 100 (91.7) 518 (96.8) 618 (96.0) 0.01
HUI3-cognition optimal functioning, N (%) 8(7.3) 25(@4.7) 33(5.1) 0.25
HUI3 MAU score, mean (SD) 0.86(0.18) 0.87(0.18)  0.87(0.18) 0.40
HUI3 MAU score, median (25th; 75th) 0.92 (0.79;  0.93 (0.83; 0.93 (0.83; 0.17
0.97) 1.00) 1.00)
At 28 years
N (%) 59 (18.8) 255 (81.2) 314 (100.0)
HUI3-vision optimal functioning, N (%) 0(0.0) 2(0.8) 2 (0.6) 0.49
HUI3-hearing optimal functioning, N (%) 1(1.7) 0(0.0) 1(0.3) 0.04
HUI3-speech optimal functioning, N (%) 50 (84.7) 231 (90.6) 281 (89.5) 0.19
HUI3-emotion optimal functioning, N (%) 0(0.0) 1(0.4) 1(0.3) 0.63
HUI3-pain optimal functioning, N (%) 45 (76.3) 187 (73.3) 232 (73.9) 0.64
HUI3-ambulation optimal functioning, N (%) 1(1.7) 1(0.4) 2 (0.6) 0.26
HUI3-dexterity optimal functioning, N (%) 56 (94.9) 247 (96.9) 303 (96.5) 0.46
HUI3-cognition optimal functioning, N (%) 7(11.9) 18 (7.1) 25 (8.0) 0.22
HUI3 MAU score, mean (SD) 0.87(0.19)  0.89(0.16)  0.89(0.17) 0.31
HUI3 MAU score, median (25th; 75th) 0.93(0.78;  0.97 (0.86; 0.96 (0.85; 0.47
1.00) 1.00) 1.00)
At 35 years
N (%) 69 (18.6) 301 (81.4) 370 (100.0)
SF-6D physical optimal functioning, N (%) 14 (20.3) 39 (13.0) 53 (14.3) 0.12
SF-6D role limitations optimal, N (%) 50 (72.5) 210 (69.8) 260 (70.3) 0.66
SF-6D social functioning optimal, N (%) 18 (26.1) 66 (21.9) 84 (22.7) 0.46
SF-6D pain optimal level, N (%) 18 (26.1) 71 (23.6) 89 (24.1) 0.66
SF-6D mental health optimal level, N (%) 23 (33.3) 108 (35.9) 131 (35.4) 0.69
SF-6D vitality optimal level, N (%) 9 (13.0) 21(7.0) 30 (8.1) 0.10
SF-6D (utility score), mean (SD) 0.79 (0.12)  0.81(0.12)  0.81(0.12) 0.24
SF-6D (utility score), median (25th; 75th) 0.80 (0.47,  0.86 (0.52; 0.86 (0.47, 0.21
1.00) 1.00) 1.00)
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Table 15 HRQoL outcomes by
grades 3 and 4 IVH status
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NoIVHorIVH  IVH Grade Total p-value
grade 1/2 3/4 1
At 19 years
N (%) 455 (94.4) 27 (5.6) 482 (100.0)
HUI3-vision optimal functioning, N (%) 1(0.2) 0(0.0) 1(0.2) 0.81
HUI3-hearing optimal functioning, N (%) 6(1.3) 0(0.0) 6(1.2) 0.55
HUI3-speech optimal functioning, N (%) 381 (83.7) 21(77.8)  402(83.4) 042
HUI3-emotion optimal functioning, N (%) 293 (64.4) 15 (55.6) 308 (63.9) 035
HUI3-pain optimal functioning, N (%) 352 (77.4) 14 (51.9) 366(75.9) <0.001
HUI3-ambulation optimal functioning, N (%) 1(0.2) 1(3.7) 2(0.4) 0.01
HUI3-dexterity optimal functioning, N (%) 442 (97.1) 23(85.2) 465(96.5)  <0.001
HUI3-cognition optimal functioning, N (%) 26 (5.7) 3(11.1) 29 (6.0) 0.25
HUI3 MAU score, mean (SD) 0.87 (0.18) 0.80(0.19) 0.87(0.18)  0.04
HUI3 MAU score, median (25th; 75th) 0.93(0.83;1.00) 0.87(0.73; 0.93(0.82; <0.001
0.92) 0.97)
At 28 years
N (%) 217 (92.7) 17 (7.3) 234 (100.0)
HUI3-vision optimal functioning, N (%) 2(0.9) 0(0.0) 2(0.9) 0.69
HUI3-hearing optimal functioning, N (%)
HUI3-speech optimal functioning, N (%) 196 (90.3) 14 (82.4) 210(89.7)  0.30
HUI3-emotion optimal functioning, N (%)
HUI3-pain optimal functioning, N (%) 161 (74.2) 11 (64.7) 172 (73.5)  0.39
HUI3-ambulation optimal functioning, N (%)
HUI3-dexterity optimal functioning, N (%) 210 (96.8) 16 (94.1) 226 (96.6)  0.56
HUI3-cognition optimal functioning, N (%) 15 (6.9) 2 (11.8) 17 (7.3) 0.46
HUI3 MAU score, mean (SD) 0.89 (0.15) 0.80(0.22) 0.88(0.16) 0.02
HUI3 MAU score, median (25th; 75th) 0.95 (0.87;1.00)  0.88 (0.70; 0.95(0.84; 0.05
0.97) 0.97)
At 35 years
N (%) 251 (94.4) 15 (5.6) 266 (100.0)
SF-6D physical optimal functioning, N (%) 33 (13.1) 9 (60.0) 42 (15.8) <0.001
SF-6D role limitations optimal, N (%) 184 (73.3) 9 (60.0) 193 (72.6)  0.26
SF-6D social functioning optimal, N (%) 56 (22.3) 4 (26.7) 60 (22.6) 0.69
SF-6D pain optimal level, N (%) 58 (23.1) 6 (40.0) 64 (24.1) 0.14
SF-6D mental health optimal level, N (%) 88 (35.1) 4(26.7) 92 (34.6) 0.51
SF-6D vitality optimal level, N (%) 20 (8.0) 2 (13.3) 22 (8.3) 0.46
SF-6D (utility score), mean (SD) 0.81 (0.11) 0.75(0.10) 0.81(0.11)  0.03
SF-6D (utility score), median (25th; 75th) 0.86(0.72;0.90)  0.80 (0.66; 0.86(0.67;  0.02
0.80) 0.86)
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Table 16 HRQoL outcomes by
NEC

NEC No-NEC Total p-value
At 19 years
N (%) 39(6.1) 605 (93.9) 644 (100.0)
HUI3-vision optimal functioning, N (%) 0(0.0) 1(0.2) 1(0.2) 0.80
HUI3-hearing optimal functioning, N (%) 1(2.6) 6 (1.0) 7(1.1) 0.36
HUI3-speech optimal functioning, N (%) 33 (84.6) 505 (83.5) 538 (83.5) 0.85
HUI3-emotion optimal functioning, N (%) 22 (56.4) 402 (66.4) 424 (65.8) 0.20
HUI3-pain optimal functioning, N (%) 33 (84.6) 450 (74.4) 483 (75.0) 0.15
HUI3-ambulation optimal functioning, N (%) 0(0.0) 4(0.7) 4 (0.6) 0.61
HUI3-dexterity optimal functioning, N (%) 38(97.4) 580 (95.9) 618 (96.0) 0.63
HUI3-cognition optimal functioning, N (%) 4(10.3) 29 (4.8) 33(5.1) 0.13
HUI3 MAU score, mean (SD) 0.87(0.15)  0.87(0.18) 0.87(0.18)  0.84
HUI3 MAU score, median (25th; 75th) 0.93 (0.80; 0.93 (0.84;  0.93 (0.83; 0.83
1.00) 1.00) 1.00)
At 28 years
N (%) 21 (6.7) 293 (93.3) 314 (100.0)
HUI3-vision optimal functioning, N (%) 0(0.0) 2(0.7) 2 (0.6) 0.70
HUI3-hearing optimal functioning28y, N (%) 0(0.0) 1(0.3) 1(0.3) 0.79
HUI3-speech optimal functioning, N (%) 21 (100.0) 260 (88.7) 281 (89.5) 0.10
HUI3-emotion optimal functioning, N (%) 1 (4.8) 0(0.0) 1(0.3) <0.001
HUI3-pain optimal functioning, N (%) 16 (76.2) 216 (73.7) 232 (73.9) 0.80
HUI3-ambulation optimal functioning, N (%) 0(0.0) 2(0.7) 2 (0.6) 0.70
HUI3-dexterity optimal functioning, N (%) 21 (100.0) 282 (96.2) 303 (96.5) 0.37
HUI3-cognition optimal functioning, N (%) 2(9.5) 23(7.8) 25 (8.0) 0.78
HUI3 MAU score, mean (SD) 0.89 (0.16)  0.88(0.17) 0.89(0.17)  0.81
HUI3 MAU score, median (25th; 75th) 0.95 (0.89; 0.97 (0.85;  0.96 (0.85; 0.95
0.97) 1.00) 1.00)
At 35 years
N (%) 23 (6.2) 347 (93.8) 370 (100.0)
SF-6D physical optimal functioning, N (%) 4(17.4) 49 (14.1) 53 (14.3) 0.66
SF-6D role limitations optimal, N (%) 14 (60.9) 246 (70.9) 260 (70.3) 0.31
SF-6D social functioning optimal, N (%) 3(13.0) 81 (23.3) 84 (22.7) 0.25
SF-6D pain optimal level, N (%) 4(17.4) 85 (24.5) 89 (24.1) 0.44
SF-6D mental health optimal level, N (%) 5(21.7) 126 (36.3) 131 (35.4) 0.16
SF-6D vitality optimal level, N (%) 521.7) 25(7.2) 30 (8.1) 0.01
SF-6D (utility score), mean (SD) 0.76 (0.16)  0.81(0.11)  0.81(0.12)  0.05
SF-6D (utility score), median (25th; 75th) 0.80 (0.60; 0.86 (0.72;  0.86 (0.72; 0.22
0.90) 0.86) 0.86)

@ Springer



146 Page 24 of 35 Quality of Life Research (2026) 35:146

Table 17 HRQoL outcomes by MB No-MB Total p-value
multiple birth (MB) At 19 years
N (%) 138 (21.4) 506 (78.6) 644 (100.0)
HUI3-vision optimal functioning, N (%) 1(0.7) 0(0.0) 1(0.2) 0.06
HUI3-hearing optimal functioning, N (%) 1(0.7) 6(1.2) 7(1.1) 0.64
HUI3-speech optimal functioning, N (%) 123 (89.1) 415 (82.0) 538 (83.5) 0.05
HUI3-emotion optimal functioning, N (%) 95 (68.8) 329 (65.0) 424 (65.8) 0.40
HUI3-pain optimal functioning, N (%) 106 (76.8) 377 (74.5) 483 (75.0) 0.58
HUI3-ambulation optimal functioning, N (%) 3(22) 1(0.2) 4(0.6) 0.01
HUI3-dexterity optimal functioning, N (%) 130 (94.2) 488 (96.4) 618 (96.0) 0.24
HUI3-cognition optimal functioning, N (%) 12 (8.7) 21 (4.2) 33(5.1) 0.03
HUI3 MAU score, mean (SD) 0.87(0.20) 0.87(0.17)  0.87(0.18) 0.83
HUI3 MAU score, median (25th; 75th) 0.93 (0.83;  0.93 (0.83; 0.93 (0.83; 0.51
1.00) 1.00) 1.00)
At 28 years
N (%) 64 (20.4) 250 (79.6) 314 (100.0)
HUI3-vision optimal functioning, N (%) 0(0.0) 2(0.8) 2 (0.6) 0.47
HUI3-hearing optimal functioning, N (%) 0(0.0) 1(0.4) 1(0.3) 0.61
HUI3-speech optimal functioning, N (%) 59 (92.2) 222 (88.8) 281 (89.5) 0.43
HUI3-emotion optimal functioning, N (%) 0(0.0) 1(0.4) 1(0.3) 0.61
HUI3-pain optimal functioning, N (%) 45 (70.3) 187 (74.8) 232 (73.9) 0.47
HUI3-ambulation optimal functioning, N (%) 1(1.6) 1(0.4) 2 (0.6) 0.30
HUI3-dexterity optimal functioning, N (%) 60 (93.8) 243 (97.2) 303 (96.5) 0.18
HUI3-cognition optimal functioning, N (%) 6(9.4) 19 (7.6) 25 (8.0) 0.64
HUI3 MAU score, mean (SD) 0.88 (0.18)  0.89(0.16)  0.89 (0.17) 0.69
HUI3 MAU score, median (25th; 75th) 0.97 (0.86;  0.95 (0.85; 0.96 (0.85; 0.67
0.97) 1.00) 1.00)
At 35 years
N (%) 71(19.2) 299 (80.8) 370 (100.0)
SF-6D physical optimal functioning, N (%) 8 (11.3) 45 (15.1) 53 (14.3) 0.41
SF-6D role limitations optimal, N (%) 50 (70.4) 210 (70.2) 260 (70.3) 0.98
SF-6D social functioning optimal, N (%) 19 (26.8) 65 (21.7) 84 (22.7) 0.36
SF-6D pain optimal level, N (%) 17 (23.9) 72 (24.1) 89 (24.1) 0.98
SF-6D mental health optimal level, N (%) 28 (39.4) 103 (34.4) 131 (35.4) 0.43
SF-6D vitality optimal level, N (%) 4(5.6) 26 (8.7) 30(8.1) 0.40
SF-6D (utility score), mean (SD) 0.79 (0.11)  0.81(0.12)  0.81(0.12) 0.31
SF-6D (utility score), median (25th; 75th) 0.80 (0.66;  0.86 (0.72; 0.86 (0.72; 0.25
0.86) 0.86) 0.86)
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Table 18 QoL by any risk factor

No Yes Total p-value
At 19 years
N (%) 387 (60.1)  257(39.9) 644 (100.0)
HUI3-vision optimal functioning, N (%) 0(0.0) 1(0.4) 1(0.2) 0.22
HUI3-hearing optimal functioning, N (%) 5(1.3) 2(0.8) 7(1.1) 0.54
HUI3-speech optimal functioning, N (%) 323 (83.5) 215 (83.7) 538 (83.5) 0.95
HUI3-emotion optimal functioning, N (%) 255 (65.9) 169 (65.8) 424 (65.8) 0.97
HUI3-pain optimal functioning, N (%) 289 (74.7) 194 (75.5) 483 (75.0) 0.82
HUI3-ambulation optimal functioning, N (%) 0(0.0) 4(1.6) 4(0.6) 0.01
HUI3-dexterity optimal functioning, N (%) 379(97.9)  239(93.0) 618 (96.0) <0.001
HUI3-cognition optimal functioning, N (%) 14 (3.6) 19 (7.4) 33(5.1) 0.03
HUI3 MAU score, mean (SD) 0.87(0.17)  0.86(0.19)  0.87 (0.18) 0.58
HUI3 MAU score, median (25th; 75th) 0.93 (0.84; 0.93(0.83; 0.93(0.83; 0.69
1.00) 1.00) 1.00)
At 28 years
N (%) 181 (57.6) 133 (42.4) 314 (100.0)
HUI3-vision optimal functioning, N (%) 2(1.1) 0(0.0) 2 (0.6) 0.22
HUI3-hearing optimal functioning, N (%) 0(0.0) 1(0.8) 1(0.3) 0.24
HUI3-speech optimal functioning, N (%) 161 (89.0) 120 (90.2) 281 (89.5) 0.72
HUI3-emotion optimal functioning, N (%) 0(0.0) 1(0.8) 1(0.3) 0.24
HUI3-pain optimal functioning, N (%) 133 (73.5) 99 (74.4) 232 (73.9) 0.85
HUI3-ambulation optimal functioning, N (%) 1(0.6) 1(0.8) 2 (0.6) 0.83
HUI3-dexterity optimal functioning, N (%) 177 (97.8) 126 (94.7) 303 (96.5) 0.15
HUI3-cognition optimal functioning, N (%) 11 (6.1) 14 (10.5) 25 (8.0) 0.15
HUI3 MAU score, mean (SD) 0.89 (0.16)  0.88(0.18)  0.89(0.17) 0.42
HUI3 MAU score, median (25th; 75th) 0.97 (0.86;  0.95(0.85;  0.96 (0.85; 0.42
1.00) 0.97) 0.97)
At 35 years
N (%) 217 (58.6) 153 (41.4) 370 (100.0)
SF-6D physical optimal functioning, N (%) 27 (12.4) 26 (17.0) 53 (14.3) 0.22
SF-6D role limitations optimal, N (%) 153 (70.5) 107 (69.9) 260 (70.3) 0.91
SF-6D social functioning optimal, N (%) 49 (22.6) 35(22.9) 84 (22.7) 0.95
SF-6D pain optimal level, N (%) 52 (24.0) 37 (24.2) 89 (24.1) 0.96
SF-6D mental health optimal level, N (%) 81 (37.3) 50 (32.7) 131 (35.4) 0.36
SF-6D vitality optimal level, N (%) 14 (6.5) 16 (10.5) 30 (8.1) 0.16
SF-6D (utility score), mean (SD) 0.82 (0.11)  0.79(0.12)  0.81(0.12) 0.04
SF-6D (utility score), median (25th; 75th) 0.86 (0.73;  0.80 (0.66;  0.86 (0.66; 0.06
0.86) 0.86) 0.86)
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Appendix 3

See Tables 19, 20, 21, 22 and 23.

Table 19 Adjusted BPD Impact Outcome B SE Lower 95% CI  Upper95% CI  p-value

on HRQoL
At 19 years
HUI3-MAU score 0.001 0.031 -0.061 0.063 0.976
HUI3-vision OF -0.002 0009  —0.020 0.016 0.832
HUI3-hearing OF -0010 0020  —0.050 0.029 0.605
HUI3-speech OF 0.002 0.064  —0.124 0.129 0.970
HUI3-emotion OF 0.100 0.089  —0.075 0.275 0.263
HUI3-pain OF -0.074 0079  —0229 0.081 0.350
HUI3-ambulation OF -0.008 0016  —0.038 0.023 0.630
HUI3-dexterity OF -0063 0037  —0.135 0.009 0.087
HUI3-cognition OF -0.003 0037  —0.075 0.069 0.938
At 28 years
HUI3-MAU score -0.033  0.055  —0.142 0.076 0.554
HUI3-speech OF -0.145  0.130  —0.402 0.112 0.268
HUI3-pain OF -0.004 0139  -0278 0.271 0.979
HUI3-dexterity OF -0.033 0047  —0.126 0.059 0.476
HUI3-cognition OF 0.178 0.111 ~0.041 0.397 0.110

MAU stands for multi-attribute At 35 years

utility. OF: Optimal Functioning, ~ SF-6D MAU score -0.050  0.045  —0.139 0.040 0.276

Vision, Hearing, Emotion, and SF-6D physical OF 0.213 0.144  —0.071 0.497 0.140

Ambulation OF at 28 years were SF-6D role limitations OF -0.183 0.165 -0.509 0.143 0.269

omitted from the model due to SF-6D social OF 0.028 0112  —0.193 0.249 0.803

%‘;S"lfl‘;‘::t";sa;fda;g ot Zﬁf’lﬁ‘t’e’ . SF-6D pain OF 0.040 0117 —0.191 0.270 0.734

for seleotive attrition usin gJ SF-6D mental health OF -0.171 0.104  —0.376 0.034 0.102
SF-6D vitality OF 0.040 0.082  —0.122 0.202 0.623

inverse probability weighting
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Table 20 Adjusted IVH impact
on HRQoL

MAU stands for multi-attribute

utility. OF: Optimal Functioning.

Results at 28 and 35 are adjusted
for selective attrition inverse
probability weighting. Variables
included in the weighting model
were: sex, GA, birth weight,
maternal age at birth, maternal
education, maternal ethnicity
and maternal marital status

Table 21 Adjusted impact of
grade 3/4 IVH on HRQoL

MAU stands for multi-attribute

utility. OF: Optimal Functioning.

Results at 28 and 35 are adjusted
for selective attrition inverse
probability weighting. Variables
included in the weighting model
were: sex, GA, birth weight,
maternal age at birth, maternal
education, maternal ethnicity
and maternal marital status

Bri SE Lower 95% CI Upper 95% CI p-value
HUI3 outcomes at 19 years
HUI3-MAU scores 0.01 0.02 —0.04 0.05 0.81
HUI3-vision OF 0.00 0.01 —0.01 0.01 0.64
HUI3-hearing OF 0.01 0.01 -0.01 0.04 0.32
HUI3-speech OF 0.06 0.04 -0.02 0.15 0.16
HUI3-emotion OF 0.03 0.06 —0.09 0.15 0.63
HUI3-pain OF 0.09 0.05 —0.01 0.19 0.09
HUI3-ambulation OF —-0.01 0.01 —0.03 0.01 0.48
HUI3-dexterity OF 0.04 0.02 —0.01 0.08 0.14
HUI3-cognition OF —-0.03 0.02 —0.08 0.01 0.16
HUI3 outcomes at 28 years
HUI3-MAU scores 0.03 0.03 -0.03 0.10 0.34
HUI3-hearing OF -0.04 0.04 —0.11 0.03 0.31
HUI3-speech OF 0.09 0.06 —0.04 0.22 0.17
HUI3-pain OF -0.01 0.07 -0.15 0.14 0.92
HUI3-ambulation OF 0.01 0.01 -0.01 0.03 0.33
HUI3-dexterity OF 0.04 0.05 —-0.06 0.14 0.44
HUI3-cognition OF —-0.06 0.06 -0.18 0.06 0.34
SF-6D outcomes at 35 years
SF-6D MAU scores —0.01 0.02 —0.04 0.03 0.73
SF-6D physical OF —-0.05 0.06 -0.16 0.06 0.40
SF-6D role limitations OF -0.12 0.07 -0.25 0.02 0.09
SF-6D social OF -0.04 0.06 -0.16 0.09 0.57
SF-6D pain OF -0.02 0.06 -0.13 0.10 0.80
SF-6D mental health OF 0.00 0.08 -0.15 0.16 0.96
SF-6D vitality OF —0.04 0.05 —0.13 0.05 0.40

BIVHs,. SE Lower 95% CI Upper 95% CI p-value
HUI3 outcomes at 19 years
HUI3-MAU scores -0.08 0.04 —0.16 —0.00 0.05
HUI3-vision OF —0.00 0.01 —0.03 0.02 0.75
HUI3-hearing OF -0.02 0.03 -0.07 0.04 0.57
HUI3-speech OF -0.08 0.08 -0.24 0.08 0.33
HUI3-emotion OF -0.17 0.11 —0.40 0.05 0.12
HUI3-pain OF -0.37 0.10 -0.56 -0.18 <0.001
HUI3-ambulation OF 0.05 0.02 0.01 0.08 0.01
HUI3-dexterity OF -0.12 0.05 -0.21 —0.03 0.01
HUI3-cognition OF 0.00 0.05 -0.09 0.10 0.98
HUI3 outcomes at 28 years
HUI3-MAU scores -0.15 0.07 -0.28 -0.02 0.03
HUI3-speech OF -0.14 0.11 -0.37 0.08 0.20
HUI3-pain OF -0.18 0.14 —0.46 0.10 0.20
HUI3-dexterity OF -0.09 0.09 -0.28 0.09 0.33
HUI3-cognition OF 0.13 0.10 -0.07 0.33 0.20
SF-6D outcomes at 35 years
SF-6D MAU scores -0.07 0.03 -0.14 —0.01 0.03
SF-6D physical OF 0.49 0.15 0.20 0.77 <0.001
SF-6D role limitations OF -0.19 0.16 —0.50 0.11 0.21
SF-6D social OF 0.05 0.11 -0.17 0.27 0.66
SF-6D pain OF 0.19 0.14 -0.07 0.46 0.16
SF-6D mental health OF -0.03 0.15 -0.32 0.26 0.83
SF-6D vitality OF 0.12 0.13 -0.13 0.37 0.34
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Table 22 Adjusted NEC impact Outcome B s SE Lower 95% CI  Upper 95% CI  p-value
on HRQoL

At 19 years
HUI3-MAU score 0.004 0.037 —0.069 0.076 0.922
HUI3-vision OF —0.003 0.011 -0.024 0.018 0.796
HUI3-hearing OF 0.039 0.023 —0.007 0.085 0.099
HUI3-speech OF —0.012 0.075 —0.160 0.135 0.872
HUI3-emotion OF —0.105 0.104 -0.310 0.100 0.313
HUI3-pain OF 0.030 0.092 -0.151 0.211 0.746
HUI3-ambulation OF —0.006 0.018 —0.042 0.030 0.744
HUI3-dexterity OF 0.040 0.043 —0.044 0.124 0.351
HUI3-cognition OF 0.012 0.043 -0.072 0.096 0.776
At 28 years
HUI3-MAU score 0.032 0.042 —0.052 0.115 0.454
HUI3-speech OF 0.084 0.033 0.033 0.136 <0.001
HUI3-pain OF —0.055 0.148 —0.348 0.237 0.709
HUI3-dexterity OF 0.045 0.028 —0.011 0.100 0.113
HUI3-cognition OF 0.030 0.063 —0.095 0.155 0.641
MAU stands for multi-attribute At 35 years
utility. OF: Optimal Functioning. ~ SF-6D MAU score —-0.032 0.048 -0.127 0.063 0.511
Vision, Hearing, Emotion, and SF-6D physical OF 0.077 0.117 —0.154 0.308 0.510
Ambulation OF at 28 years were SF-6D role limitations OF -0.157 0.156 —0.464 0.149 0.313
omitted from the model due to SF-6D social OF ~0.141 0073  —0.285 0.004 0.056
%‘;Svlj‘l?:;";ga:f d";g ‘;’; Zﬁj’lj:‘t’e g SF-6D pain OF 0.113 0.130 -0.144 0.370 0.385
for selective attrition usin SF-6D mental health OF -0.228 0.100 —0.425 —0.031 0.023
g
inverse probability weighting SF-6D vitality OF 0.151 0115 —0.075 0377 0.188
Table 23 Adjusted MB impact on 3 SE Lower 95% CI Upper 95% CI p-value
HRQoL MR
HUI3 outcomes at 19 years
HUI3-MAU scores 0.00 0.02 —0.03 0.04 0.83
HUI3-vision OF —0.01 0.01 —0.02 0.00 0.06
HUI3-hearing OF 0.01 0.01 —0.01 0.04 0.25
HUI3-speech OF —0.05 0.04 -0.13 0.02 0.17
HUI3-emotion OF —0.06 0.05 -0.16 0.05 0.28
HUI3-pain OF 0.01 0.05 -0.09 0.10 0.89
HUI3-ambulation OF -0.02 0.01 —0.04 0.00 0.06
HUI3-dexterity OF 0.01 0.02 —0.04 0.05 0.78
HUI3-cognition OF —0.04 0.02 —0.09 —0.00 0.05
HUI3 outcomes at 28 years
HUI3-MAU scores —0.01 0.03 —0.06 0.04 0.82
HUI3-hearing OF 0.01 0.01 —0.01 0.02 0.34
HUI3-speech OF —0.00 0.05 —0.10 0.10 0.96
HUI3-pain OF 0.04 0.08 -0.11 0.19 0.57
HUI3-ambulation OF 0.01 0.01 —0.01 0.02 0.34
HUI3-dexterity OF 0.01 0.03 —0.05 0.07 0.80
MAU stands for multi-attribute HUI3-cognition OF -0.04 0.05 -0.14 0.06 0.45
utility. OF: Optimal Functioning. SF-6D outcomes at 35 years
Results at 28 and 35 are adjusted ~ SF-6D MAU scores 0.03 0.02 ~0.01 0.06 0.16
for selective attrition inverse SF-6D physical OF 0.06 0.04 -0.03 0.14 0.20
probability weighting. Variables SF-6D role limitations OF 0.03 0.07 -0.11 0.18 0.65
included in the weighting model  gF_gD social OF -0.04 007  —0.18 0.09 0.54
were: sex, GA, birth weight, SF-6D pain OF 0.04 0.06  —0.07 0.16 0.44
maternal age at birth, maternal - gp 0y oL pealth OF 0.02 007 -0.12 0.16 0.81
education, maternal ethnicity
SF-6D vitality OF —0.00 0.05 -0.11 0.10 0.96

and maternal marital status
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Appendix 4

See Tables 24, 25, 26, 27 and Fig. 1.

Table 24 Analytic sample derivation by exposure and time point

Time Exposure Sample size Exclusions
Total Outcome + Exposure Final Outcome Exposure Covars

19-year follow-up (HUI-3)

19y BPD 1336 644 644 448 692 0 196
19y IVH Grade 34 1336 644 482 331 692 162 151
19y NEC 1336 644 644 448 692 0 196
28-year follow-up (HUI-3)

28y BPD 1336 314 314 237 1022 0 77
28y IVH Grade 34 1336 314 234 175 1022 80 59
28y NEC 1336 314 314 237 1022 0 77
35-year follow-up (SF-6D)

35y BPD 1336 370 370 282 966 0 88
35y IVH Grade 34 1336 370 266 203 966 104 63
35y NEC 1336 370 370 282 966 0 88

Sample sizes at each stage of analytic sample derivation. Total = baseline cohort; Outcome = non-missing outcome data; +Exposure = non-
missing outcome and exposure; Final = complete case (outcome + exposure + covariates). Exclusions show the number excluded at each stage.
Covariates include age at assessment, sex, maternal age, maternal education, and maternal ethnicity. BPD = Bronchopulmonary Dysplasia; IVH
= Intraventricular Hemorrhage; NEC = Necrotizing Enterocolitis; HUI-3 = Health Utilities Index Mark 3; SF-6D = Short Form 6 Dimensions

Table 27 Sensitivity analysis for severe IVH (Grade 3—4)

Table 25 Variables included in the inverse probability weighting

Analysis Time (y) 3 95% CI p-value

(IPW) model
Domain Variables Best case 19 0.028 [~ 0.040, 0.096] 0.425
Infant characteristics Sex, gestational age, birth Worst case 19 ~0.154 [~ 0215,-0.093]  <0.001
weight Best case 28 0.136  [0.073,0.198] <0.001
Maternal characteristics Maternal age, mat education, Worst case 28 -0.256 [-0.302,-0.210] <0.001
mat ethnicity, mat marital status Best case 35 0.093  [0.050, 0.136] <0.001
Worst case 35 -0.170 [-0.207,—0.133] <0.001

Best case assumes missing exposed participants had excellent out-
comes (90th percentile) while missing unexposed had poor outcomes
(10th percentile). Worst case assumes the reverse

Table 26 Comparison of unweighted vs IPW-weighted regression coefficients

Exposure Time (y) Unweighted IPW-weighted AB
3 P 8 P

BPD 19 0.001 0.976 0.023 0.489 +0.022
28 —0.029 0.499 —0.032 0.562 —0.003
35 —0.047 0.109 —-0.050 0.275 —0.003

Severe IVH (Grade 3—4) 19 —0.080 0.048 —0.088 0.046 —0.007
28 -0.128 0.007 —0.146 0.032 —0.018
35 -0.073 0.024 —0.069 0.045 +0.005

NEC 19 0.004 0.922 0.008 0.802 +0.004
28 0.027 0.567 0.034 0.433 +0.008
35 —0.045 0.135 —0.032 0.512 +0.013

All models adjusted for sex, maternal age, maternal education, and maternal ethnicity. AS = IPW coefficient minus unweighted coefficient.
Negative values indicate IPW estimates are larger in magnitude (more negative)
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Final 19y Sample
(IVH analysis)
n = 331

Baseline Cohort 19-Year Follow-up

IVH Grade Available

}_.

35-Year Follow-up
SF-6D Available
n = 370 (27.7%)

28-Year Follow-up
HUI-3 Available
n = 314 (23.5%)

Final 28y Sample
(IVH analysis)
n =175

—[EEH

Y

N = 1,336 _ s HUI-3 Available
(Born 1983) o = €Y ([017) n = 644 (48.2%)
% Y ¥
Missing IVH Grade M‘is‘i‘gﬁég’(ﬁ“g%mc Missing 28y Outcome
(29.9%) - ) n = 1,022 (76.5%)

19y—28y: 362 lost (56.2%) 28y—35y: 68 lost (21.7%)

Fig. 1 Flow Diagram: Sample Selection and Attrition in the POPS
Study. Boxes show sample sizes at each stage; dashed arrows indi-
cate exclusions due to missing data. Final analytic samples for IVH

Appendix 5

See Table 28.

Table 28 Post-hoc power analysis: MDES vs observed effect sizes

{Missing 35y Outcom(‘}
— 9 30
n = 966 (72.3%) Final 35y Sample
L——>( (IVH analysis)
n = 203

(Grade 3-4) analyses include participants with complete outcome,
exposure, and covariate data. HUI-3 =Health Utilities Index Mark 3;
SF-6D = Short Form 6 Dimensions; [VH =Intraventricular Hemorrhage

Complication Time (y) N (Exp) N (Unexp) Observed A MDES Power (%)
BPD 19 35 609 0.019 0.088 10.2

28 17 297 -0.025 0.116 7.4

35 19 351 —0.025 0.076 12.7
Severe IVH (Grade 3—4) 19 27 455 -0.072 0.099 45.1

28 17 217 —0.094 0.111 36.0

35 15 251 —0.064 0.084 58.7
NEC 19 39 605 0.006 0.084 5.6

28 21 293 0.009 0.105 5.7

35 23 347 —0.048 0.069 26.7

MDES, Minimum Detectable Effect Size at 80% power and o = 0.05. Observed A = observed mean difference in utility scores. Power =

achieved post-hoc power for the observed effect

Appendix 6

See Table 29.

Table 29 Projected lifetime QALY loss and monetary valuation by
discount rate

Discount rate Lifetime Value £20k Value
QALYs lost £30k
0% (undiscounted) 2.96 £59,239 £88,859
1.5% 2.16 £43,209 £64,813
3.5% (NICE standard) 1.51 £30,258 £45,386
5.0% 1.21 £24177 £36,266

Based on observed annual QALY decrement of 0.064 for severe [IVH
at age 35, projected over 45 remaining life years (to age 80)
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Appendix 7
See Fig. 2.

Fig. 2 Utility over time

Health Utility Over Time by IVH Status
POPS Cohort: 19, 28, and 35-Year Follow-up

| 1 1

Mean Utility Score
0.70 0.75 0.80 0.85 0.90 0.95

1

19

T
28 35
Age (Years)

—=&—— No/Mild IVH

——® —- Severe |VH (Grade 3-4)

Error bars represent 95% confidence intervals.
19y and 28y: HUI-3 Multi-Attribute Utility; 35y: SF-6D Utility

Data Availability The data that support the findings of this study are
not available due to restrictions related to participant privacy and the
informed consent under which the data were collected.
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