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ABSTRACT

Aim: To investigate whether treatment with inhaled nitric oxide is associated with cognitive performance at age 5-6years in
preterm-born children.

Methods: We analysed preterm children from two large European cohort studies, the German Neonatal Network (GNN)
(N=3606) and the French EPIPAGE-2 cohort (N=2579) admitted to neonatal care and followed up at age 5-6years. Both co-
horts had recorded data on iNO treatment. General cognitive ability was tested with IQ tests. Classification and Regression trees
analysis was used to identify prenatal, perinatal and neonatal, clinical and social-environmental predictors of IQ.

Results: In both cohorts, treatment with inhaled nitric oxide was not associated with IQ at age 5-6years. Analysis identified
maternal educational level, gestational age at discharge from hospital, intraventricular haemorrhage and maternal country of
birth as important factors associated with IQ scores.

Conclusion: Treatment with inhaled nitric oxide was neither negatively nor positively associated with IQ at age 5-6years.
Neonatal and brain health, as well as socioeconomic factors are important for cognitive performance in early childhood.

Abbreviations: BPD, bronchopulmonary dysplasia; CART, classification and regression trees; EPIPAGE-2, Etude épidémiologique sur les Petits Ages Gestationnels-2;
FSH, follicle-stimulation hormone; GNN, German Neonatal Network; iNO, inhaled nitric oxide; IQ, intelligence quotient; IVH, intraventricular haemorrhage; LH,
luteinising hormone; NICU, neonatal intensive care units; WPPSI, Wechsler Preschool and Primary Scale of Intelligence.
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Summary

« This study examined the association of inhaled nitric
oxide (iNO) with cognitive function at 5-6years in
preterm children in two European birth cohorts.

o About 3%-4% of infants received iNO in the German
and French cohort respectively.

» While treatment with iNO was not associated with
cognitive function at 5-6years, neonatal health and
socioeconomic factors were important predictors.

1 | Introduction

Compared with term-born children, preterm infants (born
<37weeks of gestation) are at particular risk for respiratory
distress and pulmonary hypertension. A recent meta-analysis
showed that about 24% of preterm infants develop early pulmo-
nary hypertension [1]. Among extremely preterm-born children,
the rate of persistent pulmonary hypertension has been reported
within a large range from 3% to 55% [1, 2]. Being small for ges-
tational age, deficiency of amniotic fluid, clinical chorioamni-
onitis and premature rupture of membranes and incomplete
treatment with antenatal steroids have been associated with
early pulmonary hypertension [1, 2].

Nitric oxide (NO) is an important regulator of vascular tone
[3]. Treatment with inhaled NO (iNO) increases NO avail-
ability in the pulmonary system and is therefore used as a
routine therapy for pulmonary hypertension, in particular in
infants born at or near term [4]. The evidence for treatment
with iNO in preterm populations, however, is less clear. While
some studies have investigated iNO as early routine or rescue
therapy, evidence suggests limited efficacy of iNO treatment
in this population for preventing serious brain injury and ad-
verse neurodevelopmental outcomes, and survival without
bronchopulmonary disease [5]. iNO treatment for preterm
born infants is therefore currently discouraged or not outright
recommended [6].

Recent animal studies have shown that NO is implicated
in the regulation of postnatal activation of the hypotha-
lamic-pituitary-gonadal axis, also known as minipuberty
[7]. Minipuberty leads to increasing levels of luteinising hor-
mone (LH) and follicle-stimulation hormone (FSH) through
gonadotropin-releasing hormone neurons of the hypothala-
mus [8]. Importantly, this hormonal surge seems to be higher
and longer in preterm-born infants compared with term-born
individuals [9]. Based on previous work describing the bio-
logical mechanisms between iNO, minipuberty and cogni-
tive function [7-9], the overarching objective of the ongoing
European miniNO project (https://minino-project.com) is to
investigate whether prolonged treatment with iNO can regu-
late the surge of LH and FSH during minipuberty in preterm-
born infants, and thus positively affect brain development,
including cognitive function [7, 10].

Given that preterm-born infants are treated with iNO in clinical
practice, the aim of the present study was to investigate whether
iNO treatment is associated with the cognitive performance of

preterm children aged 5-6years by utilising already existing
data. Data on treatment with iNO and cognitive performance,
assessed through IQ tests, were drawn from two large cohort
studies in Germany and France. Other social-environmental,
perinatal, treatment and neonatal factors that are implicated
in the treatment with iNO, cognitive performance and preterm
birth were available in both cohort studies.

2 | Methods
2.1 | Participants

2.1.1 | GNN

The German Neonatal Network (GNN) is a population-based
observational multicentre cohort study of preterm infants born
between 1 January 2009 and 31 December 2016 who were trans-
ferred to one of 68 neonatal intensive care units (NICUs) in
Germany. All infants were born with a birth weight <1500g and
a gestational age of 22-36weeks. Due to study design restric-
tions, about 30%-40% of infants initially enrolled in the study
were invited for follow-up at 5-6years. Details of the recruit-
ment have been described elsewhere [11]. However, of those
invited for follow-up, 55% were examined, with data on IQ avail-
able for 3606 children (see Figure 1).

Approval was given by the local ethics committee for research
in human subjects at the University of Liibeck (# 08-022) and by
the local ethics committees of all participating centres. Written
informed consent was obtained from the infants' parents or legal
guardians.

2.1.2 | EPIPAGE-2

The etude épidémiologique sur les petits ages gestationnels-2
(EPIPAGE-2) is a French prospective national population-
based cohort study. Children and their families were recruited
in 2011 with details described elsewhere [12]. All births at
22-34weeks of gestation were eligible for inclusion, and sur-
vivors were invited to participate in a neurodevelopmental
assessment at 5years. Data on IQ were available for 2579 chil-
dren (Figure 2).

The EPIPAGE-2 study was approved by the National Data
Protection Authority (CNILDR-2011-089, DR-2016-290),
the Consultative Committee on Treatment of Information
on Personal Health Data for Research Purposes (no. 16.626
and 16.263) and the Committee for Protection of People
Participating in Biomedical Research (no. 2011-A00159-32
and 2016-A00333-48). Children whose parents had agreed
to participate at birth were eligible for follow-up. Written in-
formed consent from both parents was required for the 5.5-
year assessment.

2.2 | Cognitive Outcome

General cognitive performance was assessed using the Wechsler
Preschool and Primary Scale of Intelligence (WPPSI) (GNN:
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Liveborn children with birth weight of <1500g and 22-36 completed weeks of
gestation included in GNN 2009-2016: N=22,694

Excluded infants* (n=6,463)
Died in neonatal intensive car unit (n=932)

v

Children born with birth weight of <1500g and 22-36 completed weeks of
gestation surviving to discharge: n=15,299

\ 4

Not included in follow up assessment ** n=11,693

v

Surviving children evaluated at 5-6 years with complete IQ test:
n=3,606

|

}

Unexposed to iNO
Survivors at age 5-6 years
with complete IQ test, n=3,489

Exposed to iNO
Survivors at age 5-6 years
with complete 1Q test, n=117

Note. * Infants that did not meet the inclusion criteria; ** Included a limited follow-up capacity
of about 25-30%. Families initially included in the study were invited for the 5-6-year follow-up
until the capacity limits were reached. Of those families invited, 55% were assessed, 36% were
uncontactable, 5% declined, 2% had died since discharge, and 1% withdrew from the study.

FIGURE1 | Flow diagram of the participant recruitment and selection process for the GNN 2009-2016 cohort study.

third version; EPIPAGE-2: fourth version). The WPPSI was ad-
ministered by trained study nurses in the GNN and by psychol-
ogists in the EPIPAGE-2 study.

2.3 | Potential Predictors and Risk Factors

2.3.1 | Variable of Interest

iNO treatment was defined as infants treated with iNO (=1) ver-
sus infants not treated with iNO (=0).

The following known social-environmental, perinatal, treat-
ment and neonatal factors were considered:

2.3.2 | Social-Environmental

Maternal age at delivery (in years), maternal educational level
(postsecondary school or higher), foreign country of birth (yes/no).
2.3.3 | Perinatal

Pre-eclampsia (yes/no), premature rupture of membranes (yes/
no), antenatal steroids (yes/no), infant sex (male/female), admis-

sion temperature (in degrees Celsius), gestational age (in weeks),
birth weight (Fenton z-score).

2.3.4 | Treatment

Mechanical ventilation (in days), parenteral nutrition (in days),
postnatal steroids (yes/no), midazolam [13] (yes/no).

2.3.5 | Neonatal

Intraventricular haemorrhage (IVH; 0=None, 1=Grade 1 or 2;
2=Grade 3 or 4), bronchopulmonary dysplasia (BPD; defined
as supplemental oxygen or any respiratory support required at
36weeks postmenstrual age; yes/no), episodes of clinical sepsis
(0=no episode, 1=1 or 2 episodes, 2=2 or more episodes) and
retinopathy of prematurity (0=None, 1 =Grade 1 or 2, 2=Grade
3 or 4). Gestational age (in weeks) at discharge was considered
as a proxy for level of morbidity; preterm infants with severe or
more complications tend to be discharged at a more mature ges-
tational age compared with those who have an uncomplicated
clinical course [14].

2.4 | Statistical Analysis

The analyses were carried out using SPSS and R software.
Differences between infants treated and not treated with iNO
were tested with a Chi-square test for categorical variables
or t-test for continuous variables. To ensure representative-
ness, EPIPAGE-2 percentages and means were weighted to
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Liveborn children at 22-34 completed weeks of gestation included in EPIPAGE-2
cohort, N=5,170

—4 Died in delivery room, n=290 ‘
y

Liveborn preterm infants with gestational age between
24 and 31 weeks hospitalized in neonatal unit, n=4,880

_ﬂ Missing iNO exposure status, n=95 ‘

\4

Exposed with Inhaled Nitric Oxide (iNO) (n=318) or Unexposed (n=4,467),
n=4,785

v

Died in neonatal intensive care unit, n=401
Died between discharge and 5 years, n=26

v

Survivors at age 5 %, n=4,358: Exposed with Inhaled Nitric Oxide (iNO) (n=189) or
Unexposed (N=4,169), 23-34 weeks of gestation*

|

}

Unexposed to iNO
Survivors at age 5 %4
with complete WPPSI test, n=2,469

Exposed to iNO
Survivors at age 5 %
with complete WPPSI test, n=110

Note. *No survivors were born at 22 weeks and only one survivor was born at 23 weeks, who was

lost to follow-up at 5%.

FIGURE2 | Flow diagram of the participant recruitment and selection process for the EPIPAGE-2 cohort study.

account for the cohorts sampling design. Children born at
22-26 weeks' gestation were recruited over 8 months (i.e., equiv-
alent of 35weeks), those born at 27-31weeks' gestation over
6months (i.e., 26weeks) and those born moderately preterm,
at 32-34weeks' gestation, over 5weeks [15]. The corresponding
weights were 1 for children born at 24-26 weeks' gestation, 1.34
(35/26) for those born at 27-31 weeks' gestation and 7 (35/5) for
those born at 32-34 weeks' gestation.

To identify predictors of IQ we used a decision tree method,
that is, classification and regression trees (CART) analysis [16]
with R software, Version 4.2.1 and the rpart package [17]. All
potential predictors and risk factors (i.e., iNO treatment, mater-
nal age at delivery, educational level and country of birth, pre-
eclampsia, premature rupture of membranes, antenatal steroids,
infant sex, admission temperature, gestational age, birth weight,
mechanical ventilation, parenteral nutrition, postnatal steroids,
midazolam, IVH, BPD, episodes of clinical sepsis, retinopathy of
prematurity, gestational age at discharge) and IQ were included
in the CART analysis, allowing the algorithm to automatically
select and account for the complex interactions among all vari-
ables, including their potential confounding effects. The deci-
sion tree model was trained using the rpart function with an
ANOVA method. To ensure an interpretable and generalisable
model, a minimum of 30 observations in every node and a min-
imum of 15 observations in every terminal node (leaf) were set.
The rpart.control() function was applied to set stopping rules

and to ensure the robustness of the prediction model. To refine
the model and to avoid overfitting the complexity parameter
was optimised. This parameter controls the pruning of the tree
by setting a threshold for the minimum improvement needed
for a split to be retained. The initial model was fitted with a de-
fault value of 0.01. Subsequently, a 10-fold cross-validation was
used to identify the parameter value that minimised the cross-
validated error. The optimal value was used to prune the tree,
ensuring that only meaningful splits were retained.

To describe the strength of the associations between all po-
tential predictors and risk factors (i.e., iNO treatment, ma-
ternal age at delivery, educational level and country of birth,
pre-eclampsia, premature rupture of membranes, antenatal
steroids, infant sex, admission temperature, gestational age,
birth weight, mechanical ventilation, parenteral nutrition,
postnatal steroids, midazolam, IVH, BPD, episodes of clini-
cal sepsis, retinopathy of prematurity, gestational age at dis-
charge) and IQ at 5-6years, a multivariable regression model
was employed (see Table S1).

3 | Results

Perinatal, neonatal and social-environmental characteristics of
both cohort studies are presented according to iNO treatment
in Table 1.
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31 | GNN

In the GNN cohort, 3.2% of children (n=117) received iNO.
Children who received iNO had similar social-environmental
and maternal characteristics compared with those not treated
with iNO. Mothers of children who received iNO less often ex-
perienced pre-eclampsia but more often premature rupture of
membranes. While the admission temperature and gestational
age of infants with iNO treatment were lower compared with
infants without iNO treatment, their birth weight was slightly
higher. Infants who received iNO more likely received other
treatments, such as mechanical ventilation, parenteral nutrition,
postnatal steroids and midazolam. Neonatally, children treated
with iNO more often had IVH and BPD and were discharged at
a higher gestational age than children not treated with iNO. At
5-6years, children who received iNO had a lower IQ score than
those without iNO treatment.

3.2 | EPIPAGE-2

Within the EPIPAGE-2 cohort, 2.0% (weighted percent, n=110)
infants received iNO. There was no difference in maternal and
social-environmental characteristics between children who re-
ceived iNO and those who did not. Children treated with iNO had
alower admission temperature and a lower gestational age at birth
compared with infants not treated with iNO. In addition, children
who received iNO were more likely to be treated with steroids and

Gestational age at discharge
1Q: 99
100%

Cormte D |

midazolam, and received mechanical ventilation and parenteral
nutrition for a longer period of time. Further, infants treated with
iNO were more likely to be discharged at a higher gestational age
and to experience IVH, BPD, retinopathy of prematurity and ep-
isodes of clinical sepsis. At 5-6years, children treated with iNO
had a lower IQ than children not treated with iNO.

4 | IsiNO Treatment Associated With IQ at Age
5-6Years?

41 | GNN

CART analysis (see Figure 3) showed that children with a ges-
tational age at discharge of > 42 weeks were more likely to have
amean IQ of 86 at 5-6years, compared with those discharged
atan earlier gestational age (< 42 weeks), who achieved a mean
IQ of 100. Among infants discharged at >42weeks of gesta-
tion (10% of all children), those with no or Grade 1 or 2 IVH
had a higher mean IQ compared with those who experienced a
severe IVH (Grade 3 or 4) (mean IQ of 88 and 68 respectively).
A large proportion of children was discharged with a gesta-
tional age below 42weeks (90%). About 7% of children who
were discharged at less than 42weeks gestational age, who
had a mother with a low educational level (i.e., below postsec-
ondary level) and who were born with a gestational age below
26 weeks had a mean IQ of 90, while 37% of children who were
born with a gestational age > 26 weeks achieved a mean 1Q of

<42 wks

Mother’s education:

Grade of IVH
radeo University, post-secondary or higher
1Q: 86
1Q: 100
109
L 0% 90%
|
Grade 3 or4 Grade 0, 10or2
Gestational age at
birth Grade of IVH
1Q: 68 1Q: 88 1Q: 103
1% 9% 24% 46%
Grade 30r4
| | q Gestational age at
. 1Q: 90
1Q: 90 1Q: 98 ., discharge
7% 37% 2% 1Q: 104
44%
1Q: 98 1Q: 105
7% 37%
FIGURE3 | Classification tree resulting from RPART analysis of early predictors and risk factors associated with IQ at the age of 5-6years based

on GNN 2009-2016 data. Note: Important early factors associated with IQ at age 5-6years were gestational age at discharge of less than 39 weeks,

maternal postsecondary school education and higher, no IVH (intraventricular haemorrhage) or IVH Grade 1 or 2. That is, those children that were

discharged from the NICU before 39 weeks of gestational age, whose mother achieved an educational level of postsecondary school and who had no

or a mild IVH were more likely to have an above average IQ score of 105 at age 5-6years.
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98. In contrast, 2% of children whose mother had a postsec-
ondary or higher educational level and who experienced a se-
vere IVH achieved a mean IQ of 90. But 7% of children with no
or a mild IVH and who were discharged with a gestational age
of >39weeks had a mean IQ of 90. A mean IQ score of 105 was
achieved by 37% of all children who had no or a mild IVH and
who were discharged before 39 weeks' gestation.

4.2 | EPIPAGE-2

Figure 4 describes the results from the CART analysis in the
EPIPAGE-2 cohort. About 45% of all children had a mother with
a low educational level (i.e., lower than postsecondary school).
These children had a mean IQ score of 92. Children who were
also discharged at >40weeks' gestation achieved a mean IQ of 86,
while those with a gestational age at discharge of <40weeks and
with a mother who was not born in France had a mean IQ of 89.
In contrast, children whose mother was born in France achieved
a higher mean IQ of 95 (28% of all children). Children who had a
mother with a high educational level (University, postsecondary
or higher) achieved a mean IQ of 100 at age 5-6years. But chil-
dren who were discharged at a later gestation age >42weeks only
had a mean IQ of 91. In contrast, children discharged earlier, at
less than 42weeks' gestation, and whose mother was not born in
France had a mean IQ of 95. However, if the child's mother was
born in France (about 42% of all children) the mean IQ was 103.

In both cohorts, the results from the CART analysis (with the
multivariate effect from the linear regression models, Table S1)

identified maternal educational level (GNN: estimate 5.5, 95%
CI: 4.5, 6.5; EPIPAGE-2: estimate 8.0, 95% CI: 6.8, 9.3), gesta-
tional age at discharge from hospital (GNN: estimate —0.5, 95%
CI: —0.7, —0.3; EPIPAGE-2: estimate —0.7, 95% CI: —1.0, —0.3),
IVH (GNN: estimate 11.6, 95% CI: 9.1, 14.1; EPIPAGE-2: esti-
mate 2.6, 95% CI: —1.5, 6.7) and maternal country of birth (GNN:
estimate 5.3, 95% CI: 4.0, 6.5; EPIPAGE-2: estimate 6.7, 95%
CI: 5.1, 8.3) as the most important predictors of IQ at 5-6years
over treatment with iNO (GNN: estimate 1.4, 95% CI: —1.5, 4.4;
EPIPAGE-2: estimate —3.0, 95% CI: —6.5, 0.6).

5 | Discussion

This study of preterm-born children in two European countries
found no evidence that iNO treatment is associated with IQ at
5-6years. Instead, maternal educational level, gestational age
at discharge from hospital, IVH and maternal country of birth
were identified as the most important factors associated with
higher IQ scores.

The findings of this study are largely in accordance with pre-
vious studies that were predominately based on RCTs [5].
These studies investigated the effect of iNO on short-term (up
to 2 years) mortality and morbidity, including BPD, IVH [5, 18]
but also on long-term (age 5 and 7years) neurodevelopmental
and behavioural outcomes [19, 20]. None of these aforemen-
tioned studies were able to provide evidence for an associa-
tion of iNO treatment with any of these short- and long-term
outcomes. However, a more recent observational study that

Mother‘s education:

University, post-secondary or higher

1Q: 97
100%

[

Gestational age at
discharge

1Q: 92
45%

< <dowks >

1Q: 86 Mother‘s country of birth
9% 1Q: 94
36%
1Q: 89 1Q: 95
8% 28%
FIGURE4 |

Gestational age at
discharge

1Q: 100
55%

|

1Q: 91 Mother‘s country of birth
5% 1Q: 101
50%
1Q: 95 1Q: 103
8% 42%

Classification tree resulting from RPART analysis of early predictors and risk factors associated with IQ at the age of 5-6years based

on EPIPAGE-2 data. Note: Important early factors associated with IQ at age 5-6years were maternal education of at least postsecondary school level,

a gestational age at discharge of less than 42 weeks and France as the mother's country of birth. That is, children whose mother had a high education-

al level, who were discharged from the NICU before 42weeks of gestational age and whose mother was born in France were more likely to have an

above average IQ score of 103 at age 5-6years.
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included data from 11 countries [21], reported increased in-
hospital mortality for children treated with iNO compared
with controls, but similarly to previous studies found no ev-
idence for an association between iNO treatment and neuro-
developmental outcomes at age 5years. Notably, the study by
Siljehav and colleagues [21] used propensity score matching in
order to balance baseline characteristics between participants
who received iNO treatment and matched controls who did
not receive iNO treatment. Although good covariate balance
is provided by propensity score matching, CART analysis has
the advantage of accounting for nonlinearity or highly skewed
covariates [16], as well as for interactions and correlations be-
tween covariates [22].

In clinical practice, very ill preterm-born infants are treated
with iNO as an early routine or rescue therapy for respiratory
problems, following persistent pulmonary hypertension [23].
Preterm-born babies with pulmonary hypertension have a
higher risk of further neonatal complications independent of
iNO treatment [2], and lower cognitive scores are therefore ex-
pected. While iNO may balance or reduce the hormonal ampli-
tude during minipuberty in preterm infants, the current study
suggests that iNO treatment did not affect general cognitive per-
formance, that is, intelligence at age 5-6 years—at least not over
and above other peri- and neonatal factors, such as maternal ed-
ucation, gestational age at discharge and IVH.

Notably and largely consistent with previous work [24], our
study shows that maternal educational level, gestational age
at discharge from hospital/NICU, the presence of IVH and
maternal country of birth are important factors for the cogni-
tive function of preterm born children. Maternal educational
level reflects socioeconomic status and has been found to be
an important factor associated with IQ in general and preterm
populations [24, 25]. In addition, in the EPIPAGE-2 cohort, ma-
ternal birth in a foreign country was associated with IQ at age
5-6years. The mothers of about 15% of preterm-born infants
were not born in France. In the GNN, a similar rate of mothers
(17%) were not born in Germany. However, the mother's country
of birth was not associated with IQ in the GNN cohort study,
and health and antenatal care systems seem to be similar in both
countries [26]. A previous study found that women born outside
continental France had a higher risk of experiencing a perina-
tal death despite adjustments for age, parity and socioeconomic
factors [27]. The authors speculate that the excess risk attributed
to birthplace outside of France may be a residual variation in
socioeconomic status [28], or may be explained by medical prob-
lems during pregnancy and delivery, and cultural practices [29].
Indeed, in the EPIPAGE-2 cohort, most women born outside of
France were from an African country (about 10%) while about
2% of mothers were born in other European countries [28]. In
contrast, most GNN mothers born outside of Germany were
born in another European country (approx. 9%), while 5% came
from a Middle Eastern country, 1% from Asia and 3% from an
African country.

Similar to SES, neonatal brain injury, including IVH, has been
linked to poor cognitive and neurodevelopmental outcomes [25].
Interestingly, gestational age at discharge was an important pre-
dictor of IQ in both cohorts. While this association has not been
reported previously, gestational age at discharge reflects the

lengths of stay in hospital. Length of hospitalisation has been
associated with poorer outcomes for preterm children, including
cognitive performance [30]. In addition, lengths of stay in hos-
pital can be interpreted as a measure of brain and overall health
[30], severity of the clinical and neonatal course, speed of recov-
ery and resilience of the infant. In contrast to gestational age at
discharge, gestational age at birth was less important for a higher
IQ score in preterm children. In the GNN, being discharged be-
fore 42weeks of gestation, having a mother with a lower level
of education, and being born before 26 weeks of gestation was
associated with a lower mean IQ score. In the EPIPAGE-2, ges-
tational age at birth was not identified as a factor associated with
IQ. Thus, it may be that the degree of prematurity is accounted
for by other health and morbidity measures, such as IVH and
gestational age at discharge.

Does that mean that iNO does not influence minipuberty? This
is a question the current study cannot answer directly as data
on hormone levels during the time of minipuberty were not
available. However, this does not negate a balancing of hor-
mone levels through the treatment with iNO, which as a result
affects cognitive performance. iNO is typically administered
only during the initial 48h after birth, which may be insuffi-
cient to significantly affect minipuberty, a process that develops
over several weeks and peaks at around 1-3 months of age [8].
Additionally, infants receiving iNO, whether as routine care or
rescue therapy, may have been too critically ill for the treatment
to effectively modulate the hormonal surges associated with
minipuberty. Furthermore, any potential effects of iNO on cog-
nitive outcomes seem to be overshadowed by other more signif-
icant predictors identified in the study.

The strengths of this study are its prospective longitudinal de-
sign, large sample size, and the use of a range of prenatal, peri-
natal and neonatal, clinical and social-environmental factors, as
well as the use of the same widely employed and reliable mea-
sure of general cognitive ability in both cohort studies. Given
that the current study evaluates associations between iNO and
other perinatal factors and IQ separately in both cohort studies,
bias due to the use of different versions of the WPPSI is negligi-
ble. Importantly, the current study provides a uniquely built-in
replication with the same data in two longitudinal cohort stud-
ies from different countries. There are also limitations. Of all
infants and families in the GNN study invited for follow-up, only
55% were examined and administered an IQ test at 5-6years. In
EPIPAGE-2, the follow-up rate, including an IQ assessment at
age 5-6years, was higher, with about 60%. Further, iNO treat-
ment is predominantly given to very sick infants who are more
likely to die before discharge in both cohorts. Moreover, it is pos-
sible that other unmeasured factors could have influenced the
here investigated associations, for example, genetic information,
paternal education, parenting behaviour and home environment
[31-33] or implementation of care and intervention [34]. Another
limitation is the lack of detailed information on clinical indi-
cation, timing, dosage and duration of iNO treatment in both
cohort studies included here. For instance, Chachlaki and col-
leagues [7] proposed that prolonged iNO treatment could have
a beneficial effect on preterm children’s brain development and
cognitive performance. In this vein, Feng and colleagues [35]
suggest that the effect of iNO depends on the age of the infant,
birth weight and duration and dose of iNO treatment.
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Overall, the factors that play a role in the association between
preterm birth, minipuberty, treatment with iNO and later cogni-
tive outcomes may be too complex [36], particularly in the group
of very sick preterm children, making it difficult to quantify the
effect of iNO treatment on cognitive performance. It is therefore
important to investigate and test the associations between iNO
treatment, minipuberty and long-term cognitive outcomes in a
study that offers information and data on all these factors and
outcomes. The European miniNO project (https://minino-proje
ct.com) is currently carrying out investigations across different
studies and cohorts [7] in order to test the hypothesis that iNO
treatment can regulate minipuberty in preterm born infants
and thus positively affect sensory and cognitive function [7, 10].

Our results show that treatment with iNO is neither negatively
nor positively associated with IQ at 5-6years. However, the
findings confirm previous work and emphasise the importance
of neonatal and brain health, as well as socioeconomic factors
for IQ in early childhood.
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