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Abstract

Aim: To measure the association between cerebral palsy (CP) and non-CP-related
movement difficulties and health-related quality of life (HRQoL) among 5-year-old
children born extremely preterm (<28 weeks gestational age).

Method: We included 5-year-old children from a multi-country, population-based
cohort of children born extremely preterm in 2011 to 2012 in 11 European coun-
tries (n=1021). Children without CP were classified using the Movement Assessment
Battery for Children, Second Edition as having significant movement difficul-
ties (<5th centile of standardized norms) or being at risk of movement difficulties
(6th-15th centile). Parents reported on a clinical CP diagnosis and HRQoL using
the Pediatric Quality of Life Inventory. Associations were assessed using linear and
quantile regressions.

Results: Compared to children without movement difficulties, children at risk of
movement difficulties, with significant movement difficulties, and CP had lower ad-
justed HRQoL total scores (3 [95% confidence interval] =—5.0 [-7.7 to —2.3], 9.1 [-12.0

Abbreviations: DCD, developmental coordination disorder; HRQoL, health-related quality of life; IPW, inverse probability weighting; MABC-2, Movement Assessment
Battery for Children, Second Edition; NDI, neurodevelopmental impairment; PedsQL, Pediatric Quality of Life Inventory; SHIPS, Screening to Improve Health in Very

Preterm Infants in Europe.
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AUBERT ET AL.

With advances in obstetric and neonatal care, survival after
being born extremely preterm (<28weeks gestational age)
has increased in recent decades,' but children born extremely
preterm continue to face substantially higher risks of de-
velopmental problems and disorders than their peers born
at term.”” Developmental motor problems, which include
cerebral palsy (CP), developmental coordination disorder
(DCD), and other movement difficulties, are common con-
sequences of being born extremely preterm. The prevalence
of CP is around 10% among children born extremely pre-
term’ and movement difficulties are present in up to 50%
of children without CP.*”” While CP is clearly defined as a
motor disorder with established guidelines for health care
provision,®° there is less agreement about whether all chil-
dren with movement difficulties should be classified as hav-
ing a disorder. The low use of motor function-related health
care services by children born extremely preterm with move-
ment difficulties raises questions about whether this reflects
the absence of a health disorder or an unmet need."'

Impaired motor function can limit daily activities, school-
ing, and social relationships, but the consequences of CP and
non-CP-related movement difficulties on children's lives
and well-being are not well described.'* One approach to
quantifying this impact is to measure health-related quality
of life (HRQoL). HRQoL evaluates the level of interference
of health limitations in day-to-day functioning by consider-
ing the physical, emotional, and social dimensions of health
and well-being.">™® In a systematic review, Zwicker and
Harris"> concluded that preschool children born preterm
or with a very low birthweight (<1500g) tend to have lower
parent-reported HRQoL, whereas evidence in older children
is scarce. However, these studies did not explore the extent
to which lower HRQoL is associated with specific preterm
birth-related developmental comorbidities, including devel-
opmental motor problems. Among children with CP or DCD
in the general population, studies generally reported worse
physical, psychosocial, and social functioning compared with
typically developing peers.'>'®

The existing literature suggests that children's HRQoL
is likely to be impacted by movement difficulties associated
with being born extremely preterm, but these effects have not
been studied and may be heterogeneous. Our principal aim
was to measure the associations of CP and non-CP-related
movement difficulties with HRQoL among children born ex-
tremely preterm. We further sought to assess whether these
associations existed in the absence of other neurodevelop-
mental impairments (NDIs) and among children not receiv-
ing motor function-related health care services.

to —6.1], and—-26.1 [-31.0 to —21.2]). Quantile regression analyses showed similar de-
creases in HRQoL for all children with CP, whereas for children with non-CP-related
movement difficulties, reductions in HRQoL were more pronounced at lower centiles.

Interpretation: CP and non-CP-related movement difficulties were associated with
lower HRQoL, even for children with less severe difficulties. Heterogeneous asso-
ciations for non-CP-related movement difficulties raise questions for research about
mitigating and protective factors.

What this paper adds

« Children born extremely preterm with motor
function problems had lower health-related qual-
ity of life (HRQoL).

« Clinically significant lower HRQoL was observed
in children with less severe difficulties.

o Lower HRQoL was also found in children without
motor function-related health care use.

o Reductions in HRQoL were less marked in chil-
dren with higher reported HRQoL.

METHOD
Study design and participants

This study used data from the Screening to Improve Health
in Very Preterm Infants in Europe (SHIPS) population-
based, prospective cohort of children born very preterm
(<32 weeks gestational age) in 2011 to 2012 in 19 regions
in 11 European countries. As described in more detail
in the cohort profile,'” inclusions took place over a 12-
month period (except for regions in France where they
occurred over a 6-month period only), with all births
(including stillbirths and terminations of pregnancy) be-
tween 22 weeks + 0 days and 31 weeks + 6 days occurring in
all maternity units from the selected regions included in
the study. Data were collected from obstetric and neonatal
records during neonatal hospitalization as well as parental
questionnaires at 2 and 5years of age. At 5years of age,
clinical assessments of neurocognitive and motor func-
tioning were also carried out for the subgroup of children
born extremely preterm. Our study population was lim-
ited to this subgroup born extremely preterm, including
1021 children born extremely preterm (out of 1654 eligi-
ble children) followed at 5 years of age.

Ethics statement

All study regions obtained ethical approval according to na-
tional legislation. The study was also approved by the French
Advisory Committee on the Use of Health Data in Medical
Research and the French National Commission for Data
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Protection and Liberties. Parents gave their written informed
consent to participate in the study before any data collection.

Developmental motor difficulties

Movement difficulties were assessed and classified using
the Movement Assessment Battery for Children, Second
Edition (MABC-2),'® a validated test previously used in
high-risk populations such as children born extremely pre-
term.” It considers performance on eight motor tasks in
three domains: manual dexterity; aiming and catching; and
balance. All tasks are summed and converted to an age-
adjusted centile score and classified into: no movement
difficulties (>15th centile); at risk of movement difficulties
(6th—15th centile); and significant movement difficulties
(<5th centile). Because national norms do not exist in all
countries, we applied UK norms, which were originally de-
veloped for the test and are most commonly used to derive
centile scores for all children.'®"” The MABC-2 was admin-
istered by trained psychologists or physiotherapists in local
routine follow-up programmes where available (Belgium,
the Netherlands, Sweden), or in the SHIPS research teams
(other countries). Common data collection guidelines and
a core data collection form were developed to standardize
procedures and reporting.

Information on CP diagnosis was reported by parents in
the 5-year questionnaire, except in France where CP diagno-
sis was ascertained during a medical visit.

We classified developmental motor problems into four
groups. Children with CP were considered a distinct group
because CP is a well-defined neurodevelopmental disorder
with a specific aetiology;® children without CP were classi-
fied according to their MABC-2 centiles. The MABC-2 is not
designed to assess movement abilities in children with severe
NDIs who have difficulty accomplishing the tasks because of
their sensory or cognitive deficits."® We therefore excluded
children with an IQ <55 (<-3SD) or severe hearing or visual
impairment (Figure S1).

Health-related quality of life

The child's HRQoL was measured using the parent-reported
Pediatric Quality of Life Inventory (PedsQL) generic core
scales™ for the ages 5 to 7years. This instrument has demon-
strated reliability and validity in typically developing school
populations and in pediatric populations with acute or chronic
health conditions.*"* It consists of 23 items on a 5-point Likert
scale in fourdomains: physical (eight items); emotional (five
items); social (five items); and school functioning (five items).
Items were reverse-scored and linearly transformed to a 0 to
100 scale, with higher scores indicating a better HRQoL.*’
Three summary scores were computed: the physical health
summary score (eight items on physical functioning); the psy-
chosocial health summary score (15 items on emotional, social,
and school functioning); and the total score (23 items).

Covariates

The following covariates were considered as potential con-
founders: child age and sex, and family sociodemographic
characteristics, including maternal age and parity at the
child's birth, maternal country of birth, parental cohabiting
status, maternal educational level, and household unemploy-
ment status. For subgroup analyses, we used information on
other NDIs, including low full-scale IQ and parent-reported
hearing or visual impairments.

Analytical approach

We first described the characteristics of children included
in the study sample and those excluded because of missing
MABC-2 or PedsQL scores using means and SDs, as well as
frequencies and proportions for continuous and categorical
variables respectively. We compared the characteristics of
children according to motor category (no movement difficul-
ties, at risk of movement difficulties, significant movement
difficulties, and CP). Linear regression analyses were used to
measure associations between motor categories and HRQoL,
adjusting for child age, sex, and family sociodemographic
characteristics.

We carried out subgroup analyses first by excluding chil-
dren with moderate NDIs (i.e. IQ between 55 and 69 [-2SD
to —3SD], implants or hearing aids, or difficulty seeing even
with glasses). Because multiple developmental impairments
are frequent after extremely preterm birth and the associ-
ation between these impairments is not clear, we aimed to
measure whether developmental motor problems have an
impact on HRQoL in the absence of these other difficulties.
For the group with CP, children with severe NDIs were also
excluded from these analyses that compared them with chil-
dren without CP, where severe NDI is an exclusion criterion.
In a second analysis, we additionally excluded children who
were not receiving motor function-related health care ser-
vices, defined as having at least one visit during the past year
with: (1) a physiotherapist, motor development or psycho-
motor therapist, or kinesiologist; (2) an occupational thera-
pist; or (3) an early intervention specialist.'"

A final analysis explored possible differential effects over
the HRQoL distribution using quantile regression mod-
els.”*** While linear regression analysis measures the gen-
eral relationship, on average, between developmental motor
problems and HRQoL, quantile regression seeks to deter-
mine whether this relationship differs at multiple points of
the outcome's distribution,* that is, whether this might be
stronger or weaker for children experiencing different levels
of HRQoL. This analysis was carried out on the population
of children without moderate NDIs. Lastly, to facilitate the
interpretation of differences in scores, given that HRQoL
measurements have no intrinsic clinical thresholds, we cal-
culated Cohen's § as a measure of effect size, and used thresh-
olds to interpret small (0.2), medium (0.5), and large (0.8)
effect sizes.”
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Loss to follow-up and missing data

We used inverse probability weighting (IPW) to take into ac-
count loss to follow-up.”® As described previously,” the char-
acteristics of responders and non-responders were compared
(TableS1) and used to estimate the probability of response
and create the weight (IPW) (Table S2). Missing data for co-
variates were imputed using multiple imputation by chained
equations for the weights (20 imputed data sets) and the final
models (20 imputed data sets).”’ Missing data were less than
2% for covariates in the final models.

We did notimpute data for children with missing MABC-2
or PedsQL scores because the ‘missing at random’ assump-
tions probably did not hold. However, for eligible children
with missing MABC-2 data, neurodevelopmental specialists
and an epidemiologist (RC, UA, SJ, and JZ) reviewed each
case. If a child was unable to complete a task or component
because of severe motor impairment, the lowest score on that
particular scale was assigned. If data were missing for a task
in the absence of other developmental problems, the average
of the other tasks was assigned. In Belgium, some children
had centile scores from the Movement Assessment Battery
for Children, First Edition that were used.”® In all other
cases, scores were left as missing.

Sensitivity analyses

Linear regression models were used for our main analysis,
in line with the HRQoL literature.?>** However, these scores
are not normally distributed because of right censoring due
to bounded data at the maximum (Figure S2). Ignoring this
ceiling effect might result in biased and inconsistent esti-
mates.”*” In addition, there is no clear criterion for how
large the sample size has to be before the central limit theo-
rem applies.”’ Censored regression models make it possible
to produce consistent estimates in this situation. Therefore,
we verified whether the use of alternative models (the Tobit
and censored least absolute deviation models) affected the
estimates.”’ ™ Because these censored regression models
gave very similar results to the linear regression models, and
the latter are commonly used in the literature, facilitating the
comparison with other studies, we decided to present the re-
sults from the linear regression models in the main analysis
and the results from the censored regression models as the
sensitivity analysis. Lastly, we reran the final models using
unweighted and complete case samples, and after excluding
children with severe NDIs in the CP group (n=15), as this
was an exclusion criterion for children without CP.

All analyses were carried out with Stata version 15.0
(StataCorp, College Station, TX, USA).

RESULTS

Of 1671 infants born extremely preterm and alive at dis-
charge, 1654 survived to 5years and 1021 (61.7%) were

followed (FigureS1). One hundred children had a CP di-
agnosis (unweighted prevalence=9.8%, weighted preva-
lence=11.1%). Among children without CP, 29 with severe
NDIs were excluded. After excluding missing MABC-2
and PedsQL measures, the final sample consisted of 810
children.

Children were assessed at mean 5years 7months (SD
5months) (Table 1); 42.0% were born at 27 weeks gestational
age, 51.6% were males, and 72.5% were singleton births.
Their mothers were aged 35years or older for 26.7%, 58.9%
were primiparous, 37.3% had at least a bachelor's degree,
and 18.6% were born outside Europe. Because loss to fol-
low-up was mainly related to social disadvantage (Table S1),
IPW affected the distribution of most sociodemographic
characteristics.

Younger maternal age and not breastfeeding were asso-
ciated with missing MABC-2 (n=116) and PedsQL scores
(n=63) (Tables S3 and S4). Missing PedsQL was also more
frequent among multiparous and non-European mothers.

The proportion of males increased with the severity of
movement difficulties and was highest among children
with CP (Table 2). Children without movement difficul-
ties and those at risk of movement difficulties had mothers
with similarly distributed educational levels, while those
with significant movement difficulties or CP were more
likely to have mothers with a lower education. A larger
proportion of household unemployment was observed for
all children with movement difficulties or CP than children
without movement difficulties. Among children with CP,
25.3% and 16.2% had severe and moderate NDIs respec-
tively. For analyses of movement difficulties, severe NDIs
were excluded, but moderate NDIs increased with the se-
verity of movement difficulties. In the analyses without
IPW, the results were similar, although the proportion of
children with significant movement difficulties or CP was
reduced while there was a higher proportion of children
without movement difficulties or at risk of movement dif-
ficulties (Table S5).

Compared to children without movement difficulties,
those at risk of movement difficulties, and with signifi-
cant movement difficulties and CP had lower PedsQL total
scores (5 and 95% confidence intervals: —5.5 [-8.2 to —2.7],
-9.8 [-12.8 to —6.8], and—26.7 [-31.6 to —21.8] respec-
tively [Table 3]). Decreases were greater for physical than
psychosocial scores. Models adjusted on sociodemographic
characteristics provided similar results. After exclusion of
children with moderate NDIs (n=123), associations with the
PedsQL total score were slightly attenuated, particularly for
the group with CP. Finally, among children without moder-
ate NDIs, those not receiving motor function-related health
care services had higher PedsQL scores than those receiving
services. However, they still had lower PedsQL scores than
children without movement difficulties. Children with CP
were not included in this analysis because almost all received
motor function-related health care services. When these es-
timates were converted to Cohen's § (TableS6), they were
in the ranges of 0.31 to 0.41, 0.38 to 0.60, and 1.16 to 1.61
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TABLE 1 Characteristics of children included in the study with and TABLE 1 (Continued)
without IPW (n=810).
Without IPW With IPW
Without IPW With IPW - —
_— n=810 % n=810 %
n=810 % n=810 % .
Congenital anomaly 66 8.1 63 7.7
Child characteristics Severe neonatal 194 244 212 26.6
Age at assessment, 5years 7months - 5years - morbidity®
mean (SD) 7 months Bronchopulmonary 274 344 291 36.6
(4months) d b
ysplasia
Male sex 409 50.5 418 >1.6 Breastfeeding at 464 584 428 53.8
Sociodemographic characteristics discharge
Maternal age at child's birth, years Country (region)
<25 88 109 127 15.8 Belgium (Flanders) 51 6.3 59 7.3
25-34 473 58.7 464 57.5 Denmark (Eastern 42 5.2 48 6.0
>35 245 304 215 267 Region)
Parental cohabiting 118 146 124 15.3 Estonia (entire 34 42 2 27
status (single/ country)
other) France (Burgundy, 156 19.3 135 16.6
Maternal educational IlefdefFrance,.
level Northern Region)
Low education 137 7.1 147 18.4 Germany (Hesse, 59 73 107
ISCED 0-2 Saarland)
Intermediate 346 433 354 443 Italy (Emilia- 136 16.8 110 13.6
education Romagna, Lazio,
ISCED 3-5 Marche)
High education 316 395 298 373 Netherlands (Central 63 7.8 46 5.6
ISCED 6-8 Eastern)
Household 101 126 116 14.4 Poland _— 39 48 3l 3.8
unemployment (Wielkopolska)
status (at least Portugal (Lisbon, 96 11.9 83 10.2
one parent Northern Region)
unemployed) UK (East Midlands, 102 126 161 19.8
Primiparous (at 487 61.0 471 58.9 Northern
child's birth) England,
Maternal country of Yorkshire and the
birth Humber)
Native-born 639 792 599 743 Sweden (Greater 32 4030 37
Stockholm)
Other European 51 6.3 58 7.1
country Values are frequencies (rounded to a whole number), percentages (excluding
missing values and rounded to one decimal point), and mean (SD) for continuous
Non-European 117 14.5 150 18.6 variables, all with and without the use of IPW to correct for loss to follow-up.
Coliny Abbreviations: IPW, inverse probability weighting; ISCED, International Standard
Perinatal and Classification of Education.”
neonatal “Included intraventricular haemorrhage grade III and IV, cystic periventricular
characteristics leukomalacia, retinopathy of prematurity stage III or higher, and surgical
) necrotizing enterocolitis. *Defined as supplemental oxygen or ventilatory support
Gestational age, (or both) (continuous positive airway pressure or mechanical ventilation) at
completed weeks 36 weeks postmenstrual age.
<24 85 10.5 96 11.8 ® Defined as supplemental oxygen or ventilatory support (or both) (continuous
positive airway pressure or mechanical ventilation) at 36 weeks postmenstrual age.
25 152 18.8 143 17.7
26 239 29.5 231 28.5
27 334 412 340 42.0 for children at risk of movement difficulties, children with
Small for gestational significant movement difficulties, and children with CP
age respectively.
<3rd centile 123 152 112 13.8 In quantile analyses, the estimated decline in PedsQL
3rd-9th centile 70 86 6 8.3 scores for children at risk or with significant movement diffi-
_ culties in comparison to children without movement difficul-
>10th centile 617 76.2 631 77.9 . . . . . . ..
ties widened with decreasing quantiles, with non-significant
Multiple birth 234 289 223 27.5

decreases at the 90th centile but up to 15.4 points for the 10th
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TABLE 2 Sample characteristics according to motor category (n=810).*

Non-CP-related movement difficulties (0} 4

No movement At risk of movement Significant movement CP

difficulties difficulties difficulties

n=330" % n=165" % n=216" % n=99* %

Child characteristics

Age at assessment, mean (SD) 5years 8 months - 5years 8months - 5years 7months  _ 5years 7months -
(4 months) (5months) (4months) (5months)
Child sex
Male 136 41.1 87 52.7 131 60.5 65 65.5
Female 195 589 78 47.3 86 39.5 34 34.5
Neurodevelopmental
impairmentb
None 247 74.9 89 54.1 68 31.2 24 24.2
Mild 75 22.6 69 41.9 88 40.7 34 34.4
Moderate 8 2.5 7 4.0 61 28.2 16 16.2
Severe = - = - B - 25 25.3
Family sociodemographic characteristics
Maternal age at childbirth, years
<25 29 8.8 26 16.3 45 20.5 27 28.4
25-34 197 59.5 103 63.9 117 53.7 47 48.5
=235 105 31.6 32 19.8 56 25.8 22 23.0
Parental cohabiting status
Married/couple/cohabiting 281 850 135 81.7 186 86.6 84 84.4
Single/other 50 15.0 30 18.3 29 13.4 15 15.6
Maternal educational level
Low education ISCED 0-2 51 15.7 27 16.8 49 22.3 20 21.8
Intermediate education 141 434 69 42.4 99 45.5 44 48.2
ISCED 3-5
High education ISCED 6-8 134 409 67 40.9 70 32.1 28 30.0
Household unemployment status
Employed or other situation® 300 91.3 133 81.5 176 82.7 76 79.0
At least one parent 29 8.7 30 18.5 37 17.3 20 21.0
unemployed
Parity
Primiparous 179 55.0 110 67.7 139 64.7 43 44.4
Multiparous 146 450 52 32.3 76 35.3 54 55.6
Maternal country of birth
Native-born 243 73.9 131 80.0 156 71.8 71 71.4
European born 21 6.4 14 8.5 19 8.7 4 4.0
Non-European born 65 19.7 19 1L 42 165 24 24.7

*Values are weighted frequencies (rounded to a whole number), percentages (excluding missing values and rounded to one decimal point), and mean (SD) for continuous
variables, all using inverse probability weighting to correct for loss to follow-up. Unweighted results are presented in Table S5.

bIntegrated cognitive, hearing, and visual impairment. Mild impairment was defined as an IQ between 84 and 70 (-1SD to —2SD), difficulties hearing but not requiring
hearing aids or implants, or needing glasses but seeing well when wearing them. Moderate impairment was defined as an IQ between 69 and 55 (-2SD to —3SD), using hearing
aids or implants but hearing well when wearing them, or having difficulties seeing even when wearing glasses. Severe impairment was defined as an IQ <55 (<-3SD), deafness
or difficulties hearing even when using hearing aids or implants, or blindness or seeing light only.

“Other situations included student, parental leave, home parent, and other.

Abbreviations: CP, cerebral palsy; ISCED, International Standard Classification of Education.”

centile (Figurel). In contrast, children with CP had lower Analysis using censored regression models (i.e. Tobit
scores for all quantiles. Similar patterns were observed for =~ and censored least absolute deviation models) did not show
physical and psychosocial scores (Figures S3 and S4). appreciable differences with linear models (TableS7). For
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TABLE 3 Unadjusted and adjusted association of PedsQL scores with motor category (1 =810).

PedsQL physical health  PedsQL psychosocial

summary score health summary score  PedsQL total score
B (95% CI)° B (95% CI) B (95% CI)
Adjusted on child age and sex No MD 330 REF  REF REF REF REF  REF
Atriskof MD 165 -56  (-9.3to-1.9) -55  (-82t0-27) -55 (-8.2t0-2.7)
Significant MD 216  -12.5 (-16.7t0-8.3) -82  (-1l.1to-52) -9.8  (-12.8t0—6.8)
cp 99 -359 (-43.6t0-28.) -212  (-25.8to -267 (-31.6to-21.8)
-16.7)
Adjusted on family sociodemographic No MD 330 REF  REF REF REF REF  REF
ebazirzabiies” Atriskof MD 165 -54 (-9.1to-16)  -49  (76t0-21) 50  (-77t0-2.3)
Significant MD 216  -11.9 (-16.1t0o-7.8)  —7.4 (-10.3t0 -4.5) -9.1  (-12.0to —6.1)
CP 99 -35.3 (-42.7t0-27.9) -20.6 (-25.2 to -26.1  (-31.0to -21.2)
-16.0)

Subgroup analysis after exclusion of children with moderate NDI (n=687)"
Adjusted on child age and sex and family No MD 325 REF  REF REF REF REF  REF

sociodemographic characteristics Atriskof MD 161  -6.0  (-9.8 to 2.2) _5.6 (-841t0-2.9) -57  (~8.5t0-3.0)

Significant MD 156  -11.5  (-16.1to -7.0) -6.0 (-9.1 to -2.8) -8.1 (-11.3 to —4.8)
CP 44 205 (-28.6t0-12.3) -13.9 (-191t0-8.7) -16.2 (-21.6to-10.8)

Subgroup analysis after exclusion of children with moderate NDI and stratified on receipt of motor-function related health care services (n=638)°

No (n=507) No MD 282 REF REF REF REF REF REF
At risk of MD 123 -5.1 (=9.4 to —0.8) —4.3 (-7.5to -1.2) —4.6 (=7.7 to -1.4)
Significant MD 102 -8.9 (-14.0 to -3.9) -3.1 (-6.6 to 0.4) =57 (-8.8to -1.7)

Yes (n=131) No MD 40 REF REF REF REF REF REF
Atrisk of MD 39 -10.1  (-18.0to -2.1) -6.1 (-12.7 t0 0.6) ~7.4 (-13.7 to -1.0)
Significant MD 53 -17.4 (-262t0-8.6) 7.7 (-151t0-0.2) -11.4 (~18.6to —4.3)

*Weighted frequencies (rounded to a whole number).

®PedsQL score reductions are expressed as ff and 95% CI using inverse probability weighting to correct for loss to follow-up.

“Maternal age and parity at child's birth, maternal country of birth, parental cohabiting status, maternal educational level, and household unemployment status.
9Integrated cognitive, hearing, and visual impairment. Moderate NDI was defined as an IQ between 69 and 55 (~2SD to —3SD), using hearing aids or implants but hearing
well when wearing them, or difficulties seeing even when wearing glasses. For the group with CP, children with severe NDI were excluded from these analyses to be
comparable to children without CP, where severe NDI is an exclusion criterion (i.e. IQ <55 [<-3SD], deafness or difficulties hearing even when using hearing aids or implants,
or blindness or seeing light only).

‘Receiving motor function-related health care services was defined as having at least one visit during the last 12 months to any of the following: (1) a physiotherapist, motor
development or psychomotor therapist, or kinesiologist; (2) an occupational therapist; or (3) an early intervention specialist.'!

Abbreviations: CI, confidence interval; CP, cerebral palsy; MD, movement difficulty; NDI, neurodevelopmental impairment; PedsQL, Pediatric Quality of Life Inventory;
REF, reference category.

instance, total score reductions for significant movement
difficulties were—9.1 (-12.0 to —6.1), —8.1 (-10.8 to —5.4),
and—9.2 (—13.6 to —6.2) for the linear, Tobit, and censored
least absolute deviation models respectively. One difference,
however, was a smaller reduction in physical score for the at-
risk category in the censored least absolute deviation model
compared to the linear and Tobit models. Linear regressions
using the unweighted and complete case samples, and ex-
cluding children with a severe NDI (n=15) in the group
with CP, yielded similar conclusions, although in the latter
analysis, scores were slightly higher for children with CP.

DISCUSSION
Summary of findings

Developmental motor problems were associated with
poorer HRQoL among children born extremely preterm

aged 5years, with the lowest level for children with CP, fol-
lowed by those with significant movement difficulties and
at risk of movement difficulties compared with children
without movement difficulties. Decreases were greater
for physical than psychosocial scores. Decreases were also
more pronounced at lower HRQoL centiles for children at
risk of movement difficulties or with significant movement
difficulties, whereas decreases were observed at all centiles
for children with CP. Differences persisted after exclusion
of children with moderate NDIs and those not receiving
any motor function-related health care services over the
past year.

Comparison with the published literature
The results from this European multi-regional cohort,

the largest with information on HRQoL and develop-
mental motor problems in children born extremely
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FIGURE 1 Adjusted associations of Pediatric Quality of Life Inventory (PedsQL) quantiles (total score) with motor category for children

without moderate neurodevelopmental impairment (NDI). PedsQL total score (REF) and reductions are expressed as f values and their 95%
confidence intervals (CIs) rounded to one decimal point, all using inverse probability weighting to correct for loss to follow-up and adjusted for
child age and sex and family sociodemographic characteristics, including maternal age and parity at child's birth, maternal country of birth,
parental cohabiting status, maternal educational level, and household unemployment status. Children with moderate NDI defined as having an IQ
between 69 and 55 (-2SD to —3SD), using hearing aids or implants but hearing well when wearing them, or having difficulties seeing even wearing
glasses were excluded. For the group with cerebral palsy (CP), children with severe NDI were excluded from these analyses to be comparable with
children without CP, where severe NDI is an exclusion criterion (i.e. IQ <55 [<-3SD], deafness or difficulties hearing even when wearing hearing
aids or implants, or blindness or seeing light only). As an illustrative example, for the quantile 50 (q50), the reference value (category: no movement
difficulties [MD]) was 85.4; we observed reductions in the PedsQL total score expressed as # (95% CI) of —4.8 (-7.3 to —2.2), —9.8 (-13.7 to —6.0),
and - 17.8 (-26.8 to —8.8) for the categories ‘at risk of movement difficulties’, ‘significant movement difficulties’, and ‘CP’ respectively, compared to

the REF category.

preterm,'>'>** are consistent with the literature on DCDs

where most studies reported worse physical, psychologi-
cal, and social functioning in children with DCDs than
their peers.'>* Specifically among children born very
preterm, 11-year-old children with DCDs (defined as an
MABC-2 score <5th centile) self-reported lower HRQoL
than children born very preterm without motor impair-
ments;*® children aged 6 to 10years with global develop-
mental disability and CP had reduced parent-reported
HRQoL.*” Studies that used the 15th or lower centile of
the MABC-2 as a cut-off score to indicate DCD suggested
that children in the ‘borderline’ range for motor function
experience significant reductions in HRQoL, in line with
our findings for the at-risk group.'> Among children with
CP, Makris et al.'® reported worse physical functioning
compared with typically developing peers, but the results
were less clear concerning psychosocial functioning, with
variations depending on the HRQoL instrument used,
whereas we observed decreases in all domains.

Interpretation

There were marked differences in HRQoL scores between
children with CP and those with non-CP-related movement
difficulties, although they were less striking once children
with moderate NDIs were excluded. We did not have infor-
mation on the type and severity of CP, which are needed to
further understand the results in the group with CP.*® The
fact that HRQoL scores followed a gradient reflecting the se-
verity of reduced motor function provides support for a direct
association; however, interpreting the scores is complex. In
particular, a key question concerns the threshold indicating a
clinically meaningful decrease.”*' Other studies on HRQoL
regarded differences of 5 to 10 points on a 100-point scale
as clinically significant.** Hilliard et al.*® established that the
amount of change that children and young people with dia-
betes and their parents perceive as meaningful in everyday
functioning or activities was between 4.5 and 6.5 points of the
PedsQL score.® This result is of the same order of magnitude
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as the difference between children with and without health
problems found in the initial PedsQL validation study and
corresponds to the effect found for children at risk of move-
ment difficulties and without NDIs in our study.”” Our ef-
fect sizes were also consistent with this interpretation using
Cohen's 6.

Another question relates to the validity of parent-reported
HRQoL with differences existing between self-reported and
parent-reported HRQoL.">** Compared to other quality of
life measures, the PedsQL instrument focuses on the child's
functional status," with better agreement between parents
and children on observable items than measures focusing on
feelings and lived experiences.”**® Given the young age of
the children and the high prevalence of NDIs in this study,
self-report was not appropriate® but future research should
assess whether parents' characteristics or beliefs contribute
to the variation in HRQoL and confirm these findings using
self-reported HRQoL.

Implications for clinical practice,
policy, and research

Whereas early interventions to prevent CP and non-CP-
related movement difficulties currently have unproved
effectiveness,”*® interventions to improve motor func-
tion in children with developmental motor problems are
effective.*”** These results showing the consequences of
developmental motor problems on the HRQoL of children
born extremely preterm at 5years of age therefore highlight
the importance of early screening and support. These find-
ings also reinforce calls for continued follow-up of children
born extremely preterm beyond 2years and for better di-
agnosis and health service provision for children at risk of
movement difficulties or with significant movement difficul-
ties,”” in particular for children without other developmental
problems who may be less likely to receive motor function-
related health care services."'

Analyses using quantile regression illustrated a heteroge-
neous association of movement difficulties with HRQoL and
suggested that there may be mitigating or protective factors
that preserve HRQoL for some children.*** Future studies
should focus on identifying protective individual, familial,
or broader environmental factors because these may lead to
more effective interventions and better identification of chil-
dren requiring more support.51 Using integrated measures
of day-to-day functioning, such as the PedsQL, for research
alongside more traditional neurodevelopmental measures
opens up new opportunities for discovery and responds to
families' concerns about the well-being of their child born
extremely preterm.52

Strengths and limitations

The main strengths of this study are its large population-
based sample of more than 800 children born extremely

preterm with standardized collection of data on motor func-
tion and HRQoL using validated instruments. Although test
and examiner reliabilities were not assessed across sites, the
MABC-2 has good-to-excellent interrater reliability and
test—retest reliability.> CP was based on a parental report of
a clinical diagnosis, which may lead to some misclassifica-
tion, although almost all children with CP will have received
a diagnosis by the age of 5years in cohorts with high health
service use”>>” such as ours.”® This is supported by a CP prev-
alence of 11%, which is in the range of recent cohort stud-
ies (9-12%).>°7® However, analysis of the effect of type and
severity of CP on HRQoL was not possible. We carried out
subgroup analyses excluding children with moderate NDIs to
assess the association between motor problems and HRQoL
in the absence of these impairments. However, children
born extremely preterm experience a range of developmen-
tal comorbidities that may affect their HRQoL. How other
health and developmental conditions interact with CP and
non-CP-related movement difficulties to affect HRQoL is an
important area for future research. Finally, there may have
been bias from loss to follow-up, although information was
available on factors affecting attrition, which were primarily
related to social disadvantage and IPW corrected for those
characteristics that were under-represented in the follow-up
sample.

Conclusion

In children born extremely preterm, developmental motor
problems were associated with lower HRQoL at 5years of
age, even among children with less severe difficulties. These
results illustrate the importance of follow-up and health ser-
vice provision for children born extremely preterm across the
full spectrum of motor problems to reduce their impact on
HRQoL.

ACKNOWLEDGMENTS

Funding was received from the European Union Seventh
Framework Programme (FP7/2007-2013) under grant agree-
ment no. 259882 and Horizon 2020 Research and Innovation
Program under grant agreement nos. 633724 and 733280.
Raquel Costa was supported by the FSE and FCT under a
postdoctoral grant no. SFRH/BPD/117597/2016. EPIUnit
(UIDB/04750/2020) and ITR (LA/P/0064/2020) are financed
by the Fundagéo para a Ciéncia e a Tecnologia.

Additional funding is acknowledged from the following
regions: France (French Institute of Public Health Research
and Institute of Public Health and their partners the French
Health Ministry, the National Institute of Health and Medical
Research, the National Institute of Cancer, and the National
Solidarity Fund for Autonomy, and grant no. ANR-11-
EQPX-0038 from the National Research Agency through the
French Equipex Program of Investments in the Future and
the PremUp Foundation); UK (funding from The Neonatal
Survey from Neonatal Networks for the East Midlands and
Yorkshire and Humber regions).

85UB017 SUOLLLIOD BAIFER1D) 3]l dde au Aq paueAob a8 S3o1e WO ‘88N JO S3NJ oy AXe1q1T 8UIIUO AB]1/M UO (SUOIPUOD-PL-SWULS}W0D A8 1M ARG [BUUO//StIY) SUORIPUOD PUe SWwie L 83 88S *[£202/90/60] U0 A%iqiaulluo A8|IM ‘'Spe|RyIeN SUeIyo0D AQ Ze9ST UOWP/TTTT OT/I0P/WO0 A3 1M Areq 1 Bul|uo//SdNY Wi} papeojumoq ‘0 ‘628691T



10|

AUBERT ET AL.

The data sets analysed during the current study are not
publicly available due to health data protection but are avail-
able from the corresponding author upon reasonable request.
The funder/sponsor did not participate in the work.

SHIPS research group: Belgium (] Lebeer, I Sarrechia,
P Van Reempts, E Bruneel, E Cloet, A Oostra, E Ortibus);
Denmark (K Boerch, P Pedersen); Estonia (L Toome, H
Varendi, M Minnamaa); France (PY Ancel, A Burguet,
PH Jarreau, V Pierrat, A Nuytten); Germany (RF Maier, M
Zemlin, B Misselwitz, L Wohlers); Italy (M Cuttini, I Croci, V
Carnielli, G Ancora, G Faldella, F Ferrari); the Netherlands (A
van Heijst, C Koopman-Esseboom); Poland (] Gadzinowski,
] Mazela, A Montgomery, T Pikuta); Portugal (H Barros,
R Costa, C Rodrigues); Sweden (U Aden); UK (ES Draper,
A Fenton, SJ Johnson); European Foundation for the Care
of Newborn Infants (S Mader, N Thiele, JM Pfeil); Health
Economics Team (S Petrou, SW Kim, L Andronis); Inserm
Coordination (J Zeitlin, AM Aubert, C Bonnet, R El Rafei,
AV Seppénen).

DATA AVAILABILITY STATEMENT

The dataset analysed during the current study are not pub-
licly available due to health data protection but are available
from the corresponding author on reasonable request.

ORCID

Adrien M. Aubert © https://orcid.org/0000-0002-5738-1997
Raquel Costa © https://orcid.org/0000-0003-1614-540X
Samantha Johnson © https://orcid.org/0000-0001-8963-7881

Véronique Pierrat
Marina Cuttini

https://orcid.org/0000-0001-7435-5144
https://orcid.org/0000-0002-3284-6874
Mairi Mdnnamaa ‘© https://orcid.org/0000-0001-5234-6474
Iemke Sarrechia (® https://orcid.org/0000-0002-4525-5811
Jo Lebeer (2 https://orcid.org/0000-0001-5929-7783
Arno F. Van Heijst (2 https://orcid.org/0000-0003-2276-0177
Mariane Sentenac (© https://orcid.org/0000-0002-2156-154X
Jennifer Zeitlin (2 https://orcid.org/0000-0002-9568-2969

REFERENCES

1. Stoll B], Hansen NI, Bell EF, Walsh MC, Carlo WA, Shankaran S,
et al. Trends in Care Practices, Morbidity, and Mortality of Extremely
Preterm Neonates, 1993-2012. JAMA. 2015 Sep 8;314(10):1039-51.

2. Saigal S, Doyle LW. An overview of mortality and sequelae of
preterm birth from infancy to adulthood. Lancet Lond Engl. 2008 Jan
19;371(9608):261-9.

3. Himpens E, Van den Broeck C, Oostra A, Calders P, Vanhaesebrouck
P. Prevalence, type, distribution, and severity of cerebral palsy in rela-
tion to gestational age: a meta-analytic review. Dev Med Child Neurol.
2008 May;50(5):334-40.

4. Williams J, Lee KJ, Anderson PJ. Prevalence of motor-skill impairment
in preterm children who do not develop cerebral palsy: a systematic
review. Dev Med Child Neurol. 2010;52(3):232-7.

5. de Kieviet JF, Piek JP, Aarnoudse-Moens CS, Oosterlaan J. Motor
development in very preterm and very low-birth-weight chil-
dren from birth to adolescence: a meta-analysis. JAMA. 2009 Nov
25;302(20):2235-42.

6. Edwards J, Berube M, Erlandson K, Haug S, Johnstone H, Meagher M,
et al. Developmental coordination disorder in school-aged children
born very preterm and/or at very low birth weight: a systematic review.
] Dev Behav Pediatr JDBP. 2011 Nov;32(9):678-87.

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

Aubert AM, Costa R, Adén U, Cuttini M, Mannamaa M, Pierrat V,
et al. Movement Difficulties at Age Five Among Extremely Preterm
Infants. Pediatrics. 2022 May 26;¢2021054920.

Rosenbaum P, Paneth N, Leviton A, Goldstein M, Bax M, Damiano D,
et al. A report: the definition and classification of cerebral palsy April
2006. Dev Med Child Neurol Suppl. 2007 Feb;109:8-14.

Agency for Clinical Innovation. Management Of Cerebral Palsy In
Children: A Guide For Allied Health Professionals [Internet]. 2018
[cited 2022 Jun 27] p. 148. Available from: https://www1.health.nsw.
gov.au/pds/ActivePDSDocuments/GL2018_006.pdf

National Institute for Health and Care Excellence. Cerebral palsy in
under 25s: assessment and management [Internet]. NICE; 2017 [cited
2022 Jun 27] p. 48. Available from: https://www.nice.org.uk/guidance/
NG62

Costa R, Aubert AM, Seppdnen AV, Adén U, Sarrechia L, Zemlin M,
et al. Motor-related health care for 5-year-old children born extremely
preterm with movement impairments. Dev Med Child Neurol. 2022
Mar 17;

Zwicker ]G, Harris SR, Klassen AF. Quality of life domains affected in
children with developmental coordination disorder: a systematic re-
view. Child Care Health Dev. 2013 Jul;39(4):562-80.

Eiser C. Use of quality of life measures in clinical trials. Ambul Pediatr
Off ] Ambul Pediatr Assoc. 2004 Aug;4(4 Suppl):395-9.

Mottram R, Holt J. “Is gestational age a factor in determining the
health-related quality of life of children and young people born
preterm?” A critical review of the literature. ] Neonatal Nurs. 2010 Apr
1;16(2):80-90.

. Zwicker JG, Harris SR. Quality of life of formerly preterm and very low

birth weight infants from preschool age to adulthood: a systematic re-
view. Pediatrics. 2008 Feb;121(2):e366-376.

Makris T, Dorstyn D, Crettenden A. Quality of life in children and ad-
olescents with cerebral palsy: a systematic review with meta-analysis.
Disabil Rehabil. 2021 Feb;43(3):299-308.

Zeitlin J, Maier RF, Cuttini M, Aden U, Boerch K, Gadzinowski J, et al.
Cohort Profile: Effective Perinatal Intensive Care in Europe (EPICE)
very preterm birth cohort. Int J Epidemiol. 2020 Apr 1;49(2):372-86.
Henderson SE, Sugden DA, Barnett AL. Movement Assessment Battery
for Children-2 (2nd ed.). Psychological corporation. London, United
Kingdom; 2007.

Costa R, Johnson S, Cuttini M, Pierrat V, Sarrechia I, Barros H, et al.
The impact of choice of norms on classification of motor impair-
ment for children born very preterm. Early Hum Dev. 2020 May
7;105056.

Varni JW, Seid M, Kurtin PS. PedsQL 4.0: reliability and valid-
ity of the Pediatric Quality of Life Inventory version 4.0 generic
core scales in healthy and patient populations. Med Care. 2001
Aug;39(8):800-12.

Varni JW, Burwinkle TM, Seid M, Skarr D. The PedsQL 4.0 as a pe-
diatric population health measure: feasibility, reliability, and validity.
Ambul Pediatr Off ] Ambul Pediatr Assoc. 2003 Dec;3(6):329-41.
Varni JW, Burwinkle TM, Berrin SJ, Sherman SA, Artavia K, Malcarne
VL, et al. The PedsQL in pediatric cerebral palsy: reliability, validity,
and sensitivity of the Generic Core Scales and Cerebral Palsy Module.
Dev Med Child Neurol. 2006 Jun;48(6):442-9.

Koenker R. Quantile regression. Cambridge University Press; 2005.
Petscher Y, Logan JAR. Quantile regression in the study of develop-
mental sciences. Child Dev. 2014 Jun;85(3):861-81.

Cohen J. Statistical power analysis for the behavioral sciences
[Internet]. Vol. Second Edition. New York University: Lawrence
Erlbaum Associates; 1988. Available from: http://www.utstat.toron
to.edu/~brunner/oldclass/378f16/readings/CohenPower.pdf

Seaman SR, White IR. Review of inverse probability weighting for deal-
ing with missing data. Stat Methods Med Res. 2013 Jun;22(3):278-95.
Seaman SR, White IR, Copas AJ, Li L. Combining Multiple Imputation
and Inverse-Probability Weighting. Biometrics. 2012;68(1):129-37.
Henderson SE, Sugden DA. Movement Assessment Battery for Children.
Psychological corporation. London, United Kingdom; 1992.

85UB017 SUOLLLIOD BAIFER1D) 3]l dde au Aq paueAob a8 S3o1e WO ‘88N JO S3NJ oy AXe1q1T 8UIIUO AB]1/M UO (SUOIPUOD-PL-SWULS}W0D A8 1M ARG [BUUO//StIY) SUORIPUOD PUe SWwie L 83 88S *[£202/90/60] U0 A%iqiaulluo A8|IM ‘'Spe|RyIeN SUeIyo0D AQ Ze9ST UOWP/TTTT OT/I0P/WO0 A3 1M Areq 1 Bul|uo//SdNY Wi} papeojumoq ‘0 ‘628691T


https://orcid.org/0000-0002-5738-1997
https://orcid.org/0000-0002-5738-1997
https://orcid.org/0000-0003-1614-540X
https://orcid.org/0000-0003-1614-540X
https://orcid.org/0000-0001-8963-7881
https://orcid.org/0000-0001-8963-7881
https://orcid.org/0000-0001-7435-5144
https://orcid.org/0000-0001-7435-5144
https://orcid.org/0000-0002-3284-6874
https://orcid.org/0000-0002-3284-6874
https://orcid.org/0000-0001-5234-6474
https://orcid.org/0000-0001-5234-6474
https://orcid.org/0000-0002-4525-5811
https://orcid.org/0000-0002-4525-5811
https://orcid.org/0000-0001-5929-7783
https://orcid.org/0000-0001-5929-7783
https://orcid.org/0000-0003-2276-0177
https://orcid.org/0000-0003-2276-0177
https://orcid.org/0000-0002-2156-154X
https://orcid.org/0000-0002-2156-154X
https://orcid.org/0000-0002-9568-2969
https://orcid.org/0000-0002-9568-2969
https://www1.health.nsw.gov.au/pds/ActivePDSDocuments/GL2018_006.pdf
https://www1.health.nsw.gov.au/pds/ActivePDSDocuments/GL2018_006.pdf
https://www.nice.org.uk/guidance/NG62
https://www.nice.org.uk/guidance/NG62
http://www.utstat.toronto.edu/%7Ebrunner/oldclass/378f16/readings/CohenPower.pdf
http://www.utstat.toronto.edu/%7Ebrunner/oldclass/378f16/readings/CohenPower.pdf

DEVELOPMENTAL MOTOR PROBLEMS AND HEALTH-RELATED QUALITY OF LIFE IN 5-YEAR-

OLD CHILDREN BORN EXTREMELY PRETERM: A EUROPEAN COHORT STUDY

11

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Ferreira PL, Ferreira LN, Pereira LN. How consistent are health util-
ity values? Qual Life Res Int ] Qual Life Asp Treat Care Rehabil. 2008
Sep;17(7):1031-42.

Wong ELY, Cheung AWL, Wong AYK, Xu RH, Ramos-Goiii JM,
Rivero-Arias O. Normative Profile of Health-Related Quality of Life for
Hong Kong General Population Using Preference-Based Instrument
EQ-5D-5L. Value Health ] Int Soc Pharmacoeconomics Outcomes Res.
2019 Aug;22(8):916-24.

Wells CS, Hintze JM. Dealing with assumptions underlying statistical
tests. Psychol Sch. 2007;44(5):495-502.

Wilhelm MO. Practical Considerations for Choosing Between Tobit
and SCLS or CLAD Estimators for Censored Regression Models
with an Application to Charitable Giving*. Oxf Bull Econ Stat.
2008;70(4):559-82.

Austin PC, Escobar M, Kopec JA. The use of the Tobit model for ana-
lyzing measures of health status. Qual Life Res Int ] Qual Life Asp Treat
Care Rehabil. 2000;9(8):901-10.

Vieira MEB, Linhares MBM. Quality of life of individuals born preterm:
a systematic review of assessment approaches. Qual Life Res Int ] Qual
Life Asp Treat Care Rehabil. 2016 Sep;25(9):2123-39.

Karras HC, Morin DN, Gill K, Izadi-Najafabadi S, Zwicker JG. Health-
related quality of life of children with Developmental Coordination
Disorder. Res Dev Disabil. 2019 Jan;84:85-95.

Uusitalo K, Haataja L, Nyman A, Ripatti L, Huhtala M, Rautava P,
et al. Preterm children's developmental coordination disorder, cogni-
tion and quality of life: a prospective cohort study. BMJ Paediatr Open.
2020;4(1):e000633.

Berbis J, Einaudi MA, Simeoni MC, Brévaut-Malaty V, Auquier P,
d'Ercole C, et al. Quality of life of early school-age French children
born preterm: a cohort study. Eur ] Obstet Gynecol Reprod Biol. 2012
May;162(1):38-44,

Arnaud C, White-Koning M, Michelsen SI, Parkes J, Parkinson K,
Thyen U, et al. Parent-reported quality of life of children with cerebral
palsy in Europe. Pediatrics. 2008 Jan;121(1):54-64.

Hilliard ME, Lawrence JM, Modi AC, Anderson A, Crume T, Dolan
LM, et al. Identification of minimal clinically important difference
scores of the PedsQL in children, adolescents, and young adults with
type 1 and type 2 diabetes. Diabetes Care. 2013 Jul;36(7):1891-7.
Osoba D, Rodrigues G, Myles ], Zee B, Pater J. Interpreting the signif-
icance of changes in health-related quality-of-life scores. J Clin Oncol
Off ] Am Soc Clin Oncol. 1998 Jan;16(1):139-44.

Crosby RD, Kolotkin RL, Williams GR. Defining clinically mean-
ingful change in health-related quality of life. ] Clin Epidemiol. 2003
May;56(5):395-407.

Fayers P, Machin D. Quality of Life: The assessment, analysis and inter-
pretation of patient-reported outcomes [Internet]. John Wiley & Sons;
2007 [cited 2022 Apr 28]. Available from: https://abdn.pure.elsevier.
com/en/publications/quality-of-life-the-assessment-analysis-and-inter
pretation-of-pat

Upton P, Lawford ], Eiser C. Parent-child agreement across child health-
related quality of life instruments: a review of the literature. Qual Life
Res Int ] Qual Life Asp Treat Care Rehabil. 2008 Aug;17(6):895-913.
Waters E, Davis E, Ronen GM, Rosenbaum P, Livingston M, Saigal S.
Quality of life instruments for children and adolescents with neurodis-
abilities: how to choose the appropriate instrument. Dev Med Child
Neurol. 2009 Aug;51(8):660-9.

Spittle AJ, Orton J, Anderson PJ, Boyd R, Doyle LW. Early develop-
mental intervention programmes provided post hospital discharge to
prevent motor and cognitive impairment in preterm infants. Cochrane
Database Syst Rev. 2015 Nov 24;(11):CD005495.

Hadders-Algra M, Boxum AG, Hielkema T, Hamer EG. Effect of early
intervention in infants at very high risk of cerebral palsy: a systematic
review. Dev Med Child Neurol. 2017 Mar;59(3):246-58.
Smits-Engelsman B, Blank R, van der Kaay AC, Mosterd-van der
Meijs R, Vlugt-van den Brand E, Polatajko HJ, et al. Efficacy of
interventions to improve motor performance in children with
developmental coordination disorder: a combined system-
atic review and meta-analysis. Dev Med Child Neurol. 2013
Mar;55(3):229-37.

48. Novak I, McIntyre S, Morgan C, Campbell L, Dark L, Morton N,
et al. A systematic review of interventions for children with ce-
rebral palsy: state of the evidence. Dev Med Child Neurol. 2013
Oct;55(10):885-910.

49. Novak I, Honan I. Effectiveness of paediatric occupational therapy for
children with disabilities: A systematic review. Aust Occup Ther J. 2019
Jun;66(3):258-73.

50. European Foundation for the Care of Newborn Infants. European
Standards of Care for Newborn Health. [Internet]. 2018 [cited 2022
May 30]. Available from: https://www.efcni.org/wp-content/uploa
ds/2018/11/2018_11_16_ESCNH_Report_final.pdf

51. Pereira S, Bastos F, Santos C, Maia J, Tani G, Robinson LE, et al.
Variation and Predictors of Gross Motor Coordination Development
in Azorean Children: A Quantile Regression Approach. Int J Environ
Res Public Health. 2022 Apr 29;19(9):5417.

52. Roberts G. Quality of life after extremely preterm birth. Arch Dis Child.
2019 Apr;104(4):311-2.

53. Blank R, Barnett AL, Cairney J, Green D, Kirby A, Polatajko H, et al.
International clinical practice reccommendations on the definition, di-
agnosis, assessment, intervention, and psychosocial aspects of de-
velopmental coordination disorder. Dev Med Child Neurol. 2019
Mar;61(3):242-85.

54. MclIntyre S, Morgan C, Walker K, Novak I. Cerebral palsy--don't delay.
Dev Disabil Res Rev. 2011;17(2):114-29.

55. Gorter JW, Ketelaar M, Rosenbaum P, Helders PJM, Palisano R. Use
of the GMFCS in infants with CP: the need for reclassification
at age 2years or older. Dev Med Child Neurol. 2009 Jan;51(1):
46-52.

56. Seppanen AV, Draper ES, Petrou S, Barros H, Aubert AM, Andronis
L, et al. High Healthcare Use at Age 5Years in a European
Cohort of Children Born Very Preterm. J Pediatr. 2022 Apr;243:
69-77.€9.

57. Hafstrom M, Killén K, Serenius F, Mar§il K, Rehn E, Drake H,
et al. Cerebral Palsy in Extremely Preterm Infants. Pediatrics. 2018
Jan;141(1):e20171433.

58. Pierrat V, Marchand-Martin L, Marret S, Arnaud C, Benhammou V,
Cambonie G, et al. Neurodevelopmental outcomes at age 5 among
children born preterm: EPIPAGE-2 cohort study. BMJ. 2021 Apr
28;373:n741.

59. UNESCO Institute for Statistics. International standard classification
of education: ISCED 2011 [Internet]. Montreal, Quebec: UNESCO
Institute for Statistics; 2012. Available from: http://uis.unesco.org/
sites/default/files/documents/international-standard-classification-of-
education-isced-2011-en.pdf

SUPPORTING INFORMATION

The following additional material may be found online:
Figure S1. Flow chart of the sample selection from the
EPICE-SHIPS cohort (children born at <28 weeks gestational
age).
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Figure S3. Adjusted associations of PedsQL quantiles
(physical score) with motor category for children without
moderate NDI.

Figure S4. Adjusted associations of PedsQL quantiles
(psychosocial score) with motor category for children
without moderate NDL

Table S1. Characteristics of children followed and lost to
follow-up at 5years of age (without IPW).

Table S2. List of the variables used to estimate the probability
of response and create the weights (IPW).

Table S3. Characteristics of children without CP included
in the study with and without a MABC-2 score (without
IPW)
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Table S4. Characteristics of children included in the study and
comparison with children without a PedsQL score (without IPW).
Table S5. Sample characteristics by motor category
(unweighted results).

Table S6. Unadjusted associations of PedsQL scores with
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as Cohen's § effect size (standardized mean difference).
Table S7. Adjusted association of PedsQL scores with motor
category.

How to cite this article: Aubert AM, Costa R,
Johnson S, Adén U, Pierrat V, Cuttini M, et al. The
SHIPS research group. Developmental motor
problems and health-related quality of life in 5-year-
old children born extremely preterm: A European
cohort study. Dev Med Child Neurol. 2023;00:1-12.
https://doi.org/10.1111/dmcn.15632

85U8017 SUOWIWIOD BAEa.D 3|t jdde au Ag peussnob ale saole VO ‘88N Jo sejni 1oy Ariq1T8UlUO AB]1/ UO (SUOIIPUOD-PUe-SLLBY/WOD"AB| 1M Ale1q | |Bu [UO//:SANy) SUONIpUOD pue swie 1 8y} 89S *[£202/90/60] UO A%iqiauljuo /8|1 ‘Spue|ieyieN aueIyo0D AQ ZE9ST UDWP/TTTT OT/I0p/W0d A8 | Afelq i jeuljuo//Sdiy wolj pepeojumod ‘0 ‘67.8697T


https://doi.org/10.1111/dmcn.15632

	Developmental motor problems and health-­related quality of life in 5-­year-­old children born extremely preterm: A European cohort study
	Abstract
	METHOD
	Study design and participants
	Ethics statement
	Developmental motor difficulties
	Health-­related quality of life
	Covariates
	Analytical approach
	Loss to follow-­up and missing data
	Sensitivity analyses

	RESULTS
	DISCUSSION
	Summary of findings
	Comparison with the published literature
	Interpretation
	Implications for clinical practice, policy, and research
	Strengths and limitations
	Conclusion

	ACKNOWLEDGMENTS
	DATA AVAILABILITY STATEMENT

	REFERENCES


