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Abstract

Asthma during pregnancy is associated with a range of adverse perinatal outcomes. It is also linked to increased rates of
neurodevelopmental conditions in the offspring. We aimed to assess whether fractional exhaled nitric oxide (Fgyq)-based
asthma management during pregnancy improves child developmental and behavioural outcomes compared to usual care. The
Breathing for Life Trial was a randomised controlled trial that compared Fgyo-based asthma management during pregnancy
to usual care. Participants were invited to the developmental follow-up, the Breathing for Life Trial — Infant Development
study, which followed up infants at 6 weeks, 6 months and 12 months. The primary outcomes were measured in infants at
12 months using the Bayley-III: Cognitive, Language and Motor composite scores. Secondary outcomes included Bayley-III
social-emotional and adaptive behaviour scores, autism likelihood and sensory and temperament outcomes. The exposure
of interest was the randomised intervention group. Two hundred and twenty-two infants and their 217 participating mothers
were recruited to the follow-up; 107 mothers were in the intervention group and 113 were in the control group. There was
no evidence of an intervention effect for the primary outcomes: Bayley-III cognitive (mean = 108.9 control, 108.5 interven-
tion, p=0.93), language (mean=95.9 control, 95.6 intervention, p =0.87) and motor composite scores (mean =97.2 control,
97.9 intervention, p =0.25). Mean scores for secondary outcomes were also similar among infants born to control and Fryq
group mothers, with few results reaching p <0.05.

Conclusion: In this sample, Fpyo-guided asthma treatment during pregnancy did not improve infant developmental outcomes
in the first year of life.

Trial registration: ClinicalTrials.gov Identifier: ACTRN12613000202763.

What is Known:
o Maternal asthma during pregnancy has been associated with increased rates of neurodevelopmental conditions in offspring, including intel-
lectual disability and autism.

What is New:

o This is the first study to examine how managing asthma during pregnancy via a Fpyo-guided algorithm or usual care affects infant devel-
opmental and behavioural outcomes. While the results of the study showed no impact of the intervention, and therefore do not support the
integration of Fpno-based management of asthma in antenatal settings for optimal infant development, they do send a positive message about
the implications of active asthma management during pregnancy on infant developmental outcomes.
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SEIFA Socioeconomic Index For Areas

ISP Infant Sensory Profile

TSP Toddler Sensory Profile

CTS Carey Temperament Scales

EITQ Early Infancy Temperament Questionnaire
RITQ Revised Infant Temperament Questionnaire
TTS Toddler Temperament Scale

FYI First Year Inventory

SEABQ Bayley-III Socioemotional and Adaptive
Behaviour Questionnaire

GAC General Adaptive Composite

M Mean

SD Standard deviation

CI Confidence interval

OR Odds Ratio

BF Bayes factor

MCAR Data Missing Completely at Random

MDI Mental Developmental Index

PDI Psychomotor Developmental Index
NHMRC National Health and Medical Research Council

Introduction

Asthma is one of the most common chronic illnesses to affect
pregnant women [1, 2], affecting about 12—13% of pregnant
women in Australia [2, 3]. Maternal asthma is linked to vari-
ous perinatal complications [4—8] and adverse perinatal out-
comes [9-11]. However, active asthma management during
pregnancy has been shown to reduce some of these risks [9, 10,
12, 13], suggesting that managing asthma during pregnancy
could potentially modify its impact on pregnancy outcomes.

Maternal asthma during pregnancy has also been associ-
ated with increased rates of neurodevelopmental conditions
in offspring. Some studies suggest a link between mater-
nal asthma and an increased likelihood of autism [14] and
intellectual disability [15, 16] in children. Autistic children
whose mothers had immune conditions, including asthma,
have been found to experience more behavioural and emo-
tional challenges [17]. However, not all studies have found
such associations [e.g. 18-21], with some reporting no nega-
tive developmental outcomes when maternal asthma is well-
managed during pregnancy [22].

No studies have explored the specific effects of differ-
ent asthma medications or asthma management strategies
on cognitive and behavioural outcomes in children. Fiyq
(fractional exhaled nitric oxide)-based asthma manage-
ment is a suitable method of assessing airway inflam-
mation in asthmatic pregnant women [23] and has been
shown to significantly reduce exacerbations in asthmatic
pregnant women [24] and improve the respiratory health
of offspring [25, 26]. This highlights the need for more
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comprehensive research in this area, to identify children
who may be predisposed to poorer outcomes in later child-
hood. Early, targeted support can be provided when it can
have the most benefit to children and their families.

Aim and hypotheses

In this study, we examined child developmental outcomes
in infants born to mothers whose asthma was managed
during pregnancy by a Fyo-guided algorithm (interven-
tion group) versus those receiving standard asthma care
(control group), as a substudy of the Breathing for Life
Trial [BLT; 27, 28]. A range of measures was used to
assess development, sensory function, temperament and
likelihood for autism at three timepoints in the first year
of the infant’s life: 6 weeks, 6 months and 12 months of
age. We hypothesised that the infants of pregnant women
in the intervention group would experience better devel-
opmental outcomes in their first year, compared to infants
of pregnant women in the control group.

Methods
Participants

Two hundred and twenty infants and their 217 participat-
ing mothers were recruited as part of the Breathing for
Life Trial — Infant Development (BLT-ID) study. The BLT-
ID study was a longitudinal follow-up of infants follow-
ing their mother’s participation in The Breathing for Life
Trial [27, 28], a randomised controlled trial (RCT) that
assessed the effect of Fyyo-guided asthma management
during pregnancy at the John Hunter Hospital site in New-
castle, Australia. Postpartum, BLT participants were given
the option of participating in the BLT-ID study during
their 6-week, 6-month or 12-month BLT infant follow-up
appointment. Participants could complete one, two or three
sessions of the BLT-ID protocol (Fig. 1).

All participants gave written informed consent for
participation. This research was conducted in accord-
ance with the National Health and Medical Research
Council (NHMRC)’s National Statement on Ethical
Conduct in Human Research [29]. Ethics approval was
obtained through the Hunter New England Local Health
District Research ethics committee (Reference number:
15/05/20/4.05; HREC/15/HNE/164), and The University
of Newcastle Human Ethics Committee (Reference num-
ber: H-2015-0307), while site-specific approval was also
sought (Reference number: SSA/15/HNE/196).
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Inclusion and exclusion criteria

For the parent trial BLT, participants were recruited from
antenatal appointments at a gestational age of 12-23 weeks
(supported by a dated ultrasound or clinical assessment).
Women were invited to participate if they were aged over
18 years, had an asthma diagnosis from a physician, had
asthma symptoms and received treatment for asthma in the
last 12-months and were able to perform spirometry and
Fgno assessments. Exclusion criteria included concomitant
chronic illness that may affect participation (such as heart
disease), other lung diseases and drug or alcohol depend-
ence. Further information on primary outcomes and meas-
ures of the BLT RCT have been published elsewhere [27].

Procedure

After confirming eligibility, BLT participants were randomly
allocated to either a control (asthma managed as usual) or
intervention (fractional exhaled nitric oxide; Fgyo-based
management) group. Neither participants nor researchers

were blinded to treatment group due to the differences
between the intervention (regular visits during pregnancy)
and usual care (one visit only). Women who were allocated
to the usual care group of the trial received an asthma assess-
ment and education on how to self-manage their asthma and
did not receive any trial-specified treatment adjustment. Any
changes to their treatment were managed by their general
practitioner only and not the researchers. Mothers randomly
allocated to receive the Fyo-based management interven-
tion had their asthma assessed every 3—6 weeks during preg-
nancy and their ICS dose adjusted every 2nd visit using the
Fgno algorithm, based on their exhaled nitric oxide measure
and symptoms. Regardless of intervention status, women
continued their usual antenatal appointments. There was no
placebo group.

The parent trial showed no significant difference between
the usual care control group and the Fgyo-based manage-
ment intervention group on perinatal outcomes. However,
in the intervention group compared to control, there was a
non-significant reduction in exacerbations requiring medical
intervention of 20% (OR 0.80, 95% CI 0.58, 1.10).

@ Springer



3202

European Journal of Pediatrics (2024) 183:3199-3210

Measures
Baseline pregnancy and birth measures

Baseline prenatal data, including maternal date of birth,
estimated date of birth, postcode and smoking status were
collected between 12- and 23-week gestation (Table 1).
Socioeconomic status was determined via the Socioeco-
nomic Index For Areas (SEIFA) approach, where residen-
tial postcode was used as an index of relative socioeco-
nomic status. Participants were assigned a quintile, with
lower quintiles (first, second) reflecting more socioeco-
nomic disadvantage. Infant sex and date of birth, gesta-
tional age at birth, preterm status and birthweight infor-
mation was collected from medical records.

Postpartum measures
Demographic characteristics At 6 weeks postpartum, fur-

ther demographic data was collected via self-report including
maternal country of birth, parity, relationships status, current

Table 1 Measures used at pregnancy, birth and postpartum timepoints

breastfeeding (breastfed, formula fed or both), level of educa-
tion and current occupation status, partner’s level of education
and current occupation status, household gross annual income
and presence of a mental health condition. Demographic infor-
mation that could change over time (e.g. relationship status)
was collected again at 6 and 12-months postpartum.

Clinical characteristics Infants that were born before
37-weeks gestation were defined as being born prematurely.
Infants of parents that answered “yes” to infants being either
breastfed or both breastfed and formula fed were defined
as being breastfed. Mothers that answered “yes” to having
a mental health condition or reported taking medication
for the purpose of treating a mental health condition were
defined as having a mental health condition. Psychometric
properties and further details for the following development
measures are provided in the supplement.

Sensory processing Sensory processing was assessed via the
parent-report Sensory Profile 2 (SP2; [30]). Age-appropriate
versions were employed: Infant Sensory Profile 2 (ISP2) at

Pregnancy Birth Postpartum

Measure Baseline® 6-weeks 6-months 12-months
Demographic data

— Maternal DOB v

- EDB v

— Postcode (SEIFA) v

— Smoking status v
Demographic data

— Infant DOB v

— Infant sex v

— Gestational age at birth v

— Birthweight v
Demographic data

— Maternal country of birth v

— Primiparity v

— Relationship status® v v v

— Feeding status® v v v

— Highest level of education (maternal & partner)® v v v

— Current occupation status (maternal & partner)® v v v

— Annual income® v v v

— Mental health condition® v v v
Sensory processing (Sensory Profile 2) v (ISP-2) v (ISP-2) v (TSP-2)
Temperament (Carey Temperament Scales) v (EITQ) v (RITQ) v (TTS)
Autism signs (First Year Inventory 2.0) v
Development (Bayley Scales of Infant and Toddler Development, v (Bayley-1IT v (Full Bayley-IIT

3rd Edition) Screening Test) Test)
Social and emotional development (Bayley-1II SEABQ) v v

*Baseline refers to 12-23 weeks’ gestation

"Demographic information which may have changed (relationship status, current breastfeeding status, level of education, current occupation sta-
tus, annual income and presence of a mental health condition) was collected again at 6 and 12-months postpartum
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6 weeks and 6 months and Toddler Sensory Profile (TSP2)
at 12 months. Scores are produced for eight processing
domains: general, auditory, visual, touch, movement, oral,
behavioural (TSP2 only) and total score (ISP2 only). Higher
scores reflect more sensory behaviours observed. Addition-
ally, the TSP2 provides scores for four sensory quadrants:
seeking/seeker (sensory stimulation seeking), avoiding/
avoider (sensory stimulation avoidance), sensitivity/sensor
(sensory event awareness) and registration/bystander (sen-
sory event detection).

Temperament Temperament was assessed using age-appro-
priate parent-report questionnaires from the Carey Tempera-
ment Scales (CTS); Early Infancy Temperament Question-
naire (EITQ; [31]) at 6 weeks; Revised Infant Temperament
Questionnaire (RITQ; [32]) at 6 months; Toddler Tempera-
ment Scale (TTS; [33]) at 12 months. These measures yield
mean scores for nine temperament domains: activity (motor
activity; higher scores indicate more activity); rhythmic-
ity (bodily function predictability; higher scores imply less
predictability); approach (acceptance/withdrawal of novel
situations, objects or people; higher scores indicate more
withdrawal); adaptability (compliance with change; higher
scores indicate slower adaptation); intensity (energy of
responses; higher scores indicate more intense responses);
mood (positive and negative emotions; higher scores indicate
more negative mood); distractibility (attention diversion by
stimuli; higher scores suggest less distractibility for infants
under 12 months and more for those aged 12—24 months);
persistence (the time activities are pursued and continued
when distractions are present; higher scores indicate less
persistence) and threshold (stimulus intensity needed to
evoke a response; higher scores signify greater sensory
sensitivity); [34]. Higher scores indicate more challenging
temperament behaviours, while lower scores reflect a more
manageable temperament.

Autism likelihood An infant’s likelihood for autism was
measured with the parent-report First Year Inventory 2.0
(FYT; [35, 36]). The FY1 is a validated, general population-
screening tool to identify 12-month-old infants who show
characteristics of autism or related developmental condi-
tions. Scores are calculated for the social communication
and sensory regulation domains, and an overall total score.
Scores > 22.5 for social communication, > 14.75 for sensory
regulation and/or > 19.2 for the total score suggest infants
have an elevated likelihood for autism.

Cognitive, language, motor, socioemotional and adaptive
behaviour development At 6 months, infants completed
The Bayley-III Scales of Infant and Toddler Development
[37] screening test. The Bayley Screening test is designed
to quickly identify infants at risk of delays in cognitive,

language and motor development. Results are presented as
raw scores for each domain and categorised as follows: “At
risk” indicates potential delay, “Emerging” suggests age-
appropriate skills emerging, and “Competent” signifies age-
appropriate competence.

At 12 months, infants underwent the full Bayley-III devel-
opmental assessment, which includes cognitive, language
(receptive and expressive) and motor (fine and gross) sub-
scales. Performance is compared to a standardisation group,
with raw scores adjusted for gestational age. Receptive and
expressive language scores form a language composite,
while fine and gross motor scores create an overall motor
composite, both with a mean of 100 (+15). Higher scores
are reflective of better developmental ability.

The parent-report Bayley-III Socioemotional and Adap-
tive Behaviour Questionnaire (Bayley SEABQ) were used
at 6 and 12 months to gauge infants’ social and emotional
development and daily living skills at home and elsewhere
(adaptive behaviour). Scores cover seven skill areas for chil-
dren aged under one year and 10 skill areas for children aged
1-4 years, spanning communication, community use, func-
tional pre-academics, home living, health and safety, leisure,
self-care, self-direction, social and motor skills. Like the
Bayley-III assessment, performance aligns with a standardi-
sation group. Normative composite scores have a mean of
100 (£15); higher scores are reflective of better developmen-
tal ability. These contribute to a general adaptive composite
(GAC) score and scores for conceptual, social and practical
domains of adaptive behaviour.

Analysis
Primary outcomes

Three continuous primary outcomes were pre-specified and
were all measured in infants at 12 months using the Bayley-
III: cognitive composite score; language composite score
and motor composite score.

Secondary outcomes

The following measures were obtained from the Bayley-III
SEABQ at 6 months and 12 months: Social-Emotional Com-
posite score; General Adaptive Composite (GAC) score;
Adaptive Behaviour: Conceptual score; Adaptive Behaviour:
Social score; Adaptive Behaviour: Practical score.

From the Bayley-III Screening test, 10 secondary outcomes
were specified. The five continuous outcomes were Cognitive
score; Receptive language score; Expressive language score;
Fine motor score; and Gross motor score. The five categorical
outcomes were: Cognitive risk (at risk/emerging/competent);
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Receptive language risk (at risk/emerging/competent);
Expressive language risk (at risk/emerging/competent); Fine
motor risk (at risk/emerging/competent) and Gross motor risk
(at risk/emerging/competent).

At each timepoint, a measure of each of the following
nine temperament domains was obtained (9 X3 =27 out-
comes): Activity; Rhythmicity; Approach; Adaptability;
Intensity; Mood; Persistence; Distractibility; and Threshold.

Sensory processing outcomes at 6 weeks and 6 months
were measured across the following seven domains
(7x2=14 outcomes): General; Auditory; Visual; Touch;
Movement; Oral; and Total Processing (derived from the
seven domain scores). At 12-months, scores were measured
across the following seven domains: General; Auditory;
Visual; Touch; Movement; Oral; Behavioural and four quad-
rants: Sensation Seeking; Sensation Avoidance; Sensation
Sensitivity and Low Registration. The four quadrant scores
are derived from the domain scores.

Three continuous measures were assessed for likeli-
hood for autism: FYI social communication domain score;
FYI sensory regulatory score and FYI total score. Three
binary measures were also assessed, reflecting whether
infants had a high likelihood of autism based on the FYI
continuous scores: autism likelihood high (social com-
munication score > 22.5); autism likelihood high (sensory
regulation score > 14.75); autism likelihood high (FYT total
score>19.2).

Exposure and explanatory variables

The exposure of interest was participation in the intervention.
Potentially confounding variables included birthweight, gesta-
tional age, maternal smoking status, maternal socioeconomic
status (expressed as SEIFA quintile by postcode), infant sex,
preterm birth, breastfeeding and the presence of any men-
tal health condition in the mother (Fig. S2: Directed Acyclic
Graph. Supplemental data). Potential confounding of inter-
vention effect estimates was of interest due to self-selection
by mothers into this substudy, and the potential for selection
bias to influence covariate balance between groups.

Statistical analysis

Data were analysed on an intention to treat basis, by clas-
sifying infants into the intervention group their mother was
randomised to. Baseline participant characteristics were
summarised by intervention group using mean with standard
deviation (SD) for continuous variables and frequency with
percent for categorical variables.

Intervention effects were estimated using two models for
each outcome. The first model adjusted only for the ran-
domisation stratification variable of maternal smoking; the
second additionally adjusted for potentially confounding
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variables of any breastfeeding at six weeks (yes/no), SEIFA
quintile, birthweight (continuous) and preterm birth (yes/
no). Since all sensitivity analyses produced similar effect
estimates to the minimally adjusted model, results from the
minimally adjusted model are reported here.

For continuous outcomes, the intervention effect was esti-
mated using linear regression. Results were expressed as the
least square mean difference between groups, presented as beta
coefficients with 95% confidence interval (CI) and p-values.

Categorical Bayley-III (developmental) outcomes were
converted to binary variables for analysis, combining “At
risk” with “Emerging”, and comparing this combined group
with “Competent”, based on low frequencies in the “At risk”
category. Intervention effects for these binary outcomes were
estimated using logistic regression, with results presented as
odds ratios (OR) with 95% CI and p-values.

Given the exploratory nature of the study, a significance
threshold of 0.05 was used for all outcomes. Given potential
type I error inflation by multiple testing, two Bayesian quanti-
ties were also estimated and reported for each outcome: (i)
Bayes factor (BF|;,), representing the Bayes factor in favour
of the null hypothesis (H,,) of no intervention effect; and (ii)
the posterior probability of H,,. Bayes factors were estimated
using the BIC approximation and interpretation described by
Wagenmakers [38], with BF|;; values of 1-3, 3-20 and 20-150
considered to provide weak, positive and strong evidence in
favour of H, respectively. The posterior probability of H, was

estimated as . ffg’; [38] and ranges from 0-1, with higher
01

values providing greater evidence for the null hypothesis.

Given low rates of missing data, all analyses were con-
ducted as complete case analyses, assuming data were miss-
ing completely at random (MCAR). Data management and
statistical analyses were performed using Stata V16, SAS
V9.4 and JASP 0.16.3.0.

Results
Sample characteristics

Two hundred twenty-two infants (112 male; N =145
6 weeks, N=116 6-month and N=122 12 months) and
their 217 mothers participated in the present study. Of the
217 mothers, 213 contributed data for a single infant and
3 mothers each contributed two infants from twin births.
Of the 220 infants, 107 were born to mothers randomised
to the Fgyq algorithm and 113 were born to mothers ran-
domised to the control group. Distributions for demo-
graphic and explanatory variables were similar across the
two groups at each timepoint (Table 2). Sample character-
istics by intervention group for key explanatory variables
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Table 2 Demographic data by intervention group
Outcome Control Fgno Total P Value
M (SD) M (SD) M (SD)
Birthweight (g) 3397.9 (538.8) 3311.7 (578.5) 3353.6 (559.9) 0.26
Gestational age (w) 38.9 (1.7) 38.8 (1.7) 38.9(1.7) 0.62
Control Fgno Total
N (%) N (%) N (%)
SEIFA quintile
1 10 (9) 13 (12) 23 (11) 0.30
2 20 (19) 16 (15) 36 (17)
3 43 (41) 57 (52) 100 (46)
4 32 (30) 24 (22) 56 (26)
5 11 0(0) 1)
Infant sex
Male 56 (52) 56 (50) 112 (51) 0.68
Female 51 (48) 57 (50) 108 (49)
Preterm
No 97 91) 100 (88) 197 (90) 0.60
Yes 10 (9) 13 (12) 23 (10)
Breastfed at 6-weeks
No 20 (26) 20 (26) 40 (26) 0.92
Yes 58 (74) 56 (74) 114 (74)
Breastfed at 6-months
No 21 (45) 16 (34) 37 (39) 0.29
Yes 26 (55) 31 (66) 57 (61)
Breastfed at 12-months
No 14 (50) 26 (49) 40 (49) 0.94
Yes 14 (50) 27 (51) 41 (51)

is presented in Supplementary data (6-month Bayley out-
comes: Table 1; 12-month Bayley outcomes: Table 2).

Intervention effect estimates for primary outcomes

For all three primary outcomes, mean scores were similar
among infants born to Control or Fgyq group mothers (control
vs Fpno: cognitive 108.9 vs 108.5, coefficient (95% CI): —0.5
(—4.9,3.9), p=0.83; language 95.9 vs 95.6, coefficient (95%
ChH=-0.2 (-4.1-3.6), p=0.90; motor 97.2 vs 97.9, coeffi-
cient (95% CI)=0.7 (—3.8-5.1), p=0.77; Table 3). All Bayes
factors were between 3 and 20 (range 10.55-10.91), providing
“positive” evidence for the null hypothesis of no intervention

Table 3 Effect estimates for Bayley-III at 12-months (primary outcomes)

effect for all outcomes. The posterior probability of H,, was
above 0.9 for all outcomes, providing further support for all
null hypotheses. Results were similar in sensitivity analy-
ses adjusting for additional potential confounding variables
(Table 3 — Supplementary data).

Secondary outcomes
Bayley-lll outcomes at 12 months
For all five secondary outcomes measured at 12 months,

mean scores were similar among infants born to Control
or Fgno group mothers (control vs Fpyg: Social-Emotional

Outcome Control mean (SD) Fgno mean (SD) Coefficient (95% P Value Bayes Factor Posterior
CDFgno - Control probability
of H,
Cognitive Composite 108.9 (11.1) 108.5 (12.8) -0.5(-4.9,3.9) 0.83 10.81 0.92
Language Composite 959 (11.7) 95.6 (10.0) -0.2(-4.1,3.6) 0.90 10.91 0.92
Motor Composite 97.2 (12.8) 97.9 (12.1) 0.7(-3.8,5.1) 0.77 10.55 0.91
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Table 4 Effect estimates for Bayley-III at 12-months (secondary outcomes)

Outcome Control mean (SD) Fgyo mean (SD) Coefficient (95% P Value Bayes Factor Posterior
CDFgyo - Con- probability
trol of H,
Social-Emotional Composite 99.1 (19.9) 104.7 (17.3) 5.7 (-2.8,14.2) 0.19 3.75 0.79
General Adaptive Composite (GAC) 105.9 (13.9) 104.6 (11.0) -1.0 (-7.1, 5.0) 0.74 7.44 0.88
Adaptive Behaviour: Conceptual 107.1 (13.6) 105.7 (11.8) -1.2(-7.2,4.7) 0.68 7.48 0.88
Adaptive Behaviour: Social 110.4 (15.7) 111.8 (10.0) 1.6 (-4.3,7.5) 0.60 7.31 0.88
Adaptive Behaviour: Practical 99.0 (12.7) 96.5 (10.9) -2.6(-8.4,3.2) 0.38 5.52 0.85

Composite 99.1 vs 104.7, coefficient (95% CI)=5.7
(—2.8-14.2), p=0.19; General Adaptive Composite
105.9 vs 104.6, coefficient (95% CI)= —1.0 (—7.1-5.0),
p=0.74; Adaptive Behaviour: Conceptual 107.1 vs 105.7,
coefficient (95% CI)= —1.2 (- 7.2-4.7), p=0.68; Adap-
tive Behaviour: Social 110.4 vs 111.8, coefficient (95%
CI)=1.6 (—4.3-7.5), p=0.60; Adaptive Behaviour: Prac-
tical 99.0 vs 96.5, coefficient (95% CI)= —2.6 (—8.4-3.2),
p=0.38; Table 4). All Bayes Factors were between 3 and
20 (range 3.75-7.48), providing “positive” evidence for
the null hypothesis of no intervention effect for all out-
comes. The posterior probability of H, was above 0.79 for
all outcomes, providing further support for all null hypoth-
eses. Results were similar in sensitivity analyses (Table 4
— Supplementary data).

Bayley-lll outcomes at 6 months

Most continuous outcomes showed negligible differences
between groups (Table 5). Infants of Fgyo mothers scored
higher on the General Adaptive Composite (GAC) than
infants of Control mothers (113.2 vs 108.8, p=0.05). Bayes
factors were between 1 and 3 for three outcomes whose
p-values were in the range 0.05-0.1 (General Adaptive

Table 5 Effect estimates for Bayley-III at 6-months (continuous)

Composite, Adaptive Behaviour: Conceptual and Adap-
tive Behaviour: Social), providing “weak” evidence for
the null hypothesis of no intervention effect. Bayes Factors
were between 3 and 20 for all other outcomes, providing
“positive” evidence for the null hypothesis of no interven-
tion effect. The posterior probability of H, ranged from 0.55
to 0.91 across outcomes, providing further support for all
null hypotheses. Results were similar in sensitivity analy-
ses (Table 5 — Supplementary data) and for analyses of the
categorical outcomes (Tables 6 & 7 — Supplementary data).

Effect estimates for temperament and sensory outcomes
and autism likelihood

All temperament outcomes across all 3 timepoints showed
negligible differences between groups (Table 8 — Supple-
mentary data). Results were similar in sensitivity analyses
adjusting for additional potential confounding variables
(Table 9 — Supplementary data), except for the Mood domain
at 6 months, with a higher mean Mood score (indicating
more negative mood) in infants of mothers randomised to
Fpno (2.8 vs 2.6, p=0.03).

Results were similar for sensory outcomes across all
three timepoints, with only the domain of oral process-
ing at 6 months reaching significance with higher mean

Outcome Control mean (SD) Fpgyo mean (SD) Coefficient (95% P Value Bayes Factor Posterior
CDFgyo - Con- probability
trol of H,
Cognitive 10.7 (2.5) 10.9 (2.4) 0.2 (-0.7, 1.1) 0.63 9.58 0.91
Receptive language 7.8 (1.8) 7.9 (1.7) 0.0 (-0.6,0.7) 0.90 10.64 0.91
Expressive language 6.8 (2.3) 6.5 (1.7) -0.2 (-1.0,0.5) 0.53 8.81 0.90
Fine motor 9.0 (1.5) 8.8 (1.7) -0.3 (-0.8, 0.3) 0.39 7.41 0.88
Gross motor 9.0 (1.9) 89(2.2) -0.1 (-0.8, 0.7) 0.85 10.49 0.91
Social-Emotional Composite 105.0 (12.7) 104.8 (17.9) 0.0 (-6.6, 6.6) 0.99 9.27 0.90
General Adaptive Composite (GAC) 108.8 (13.7) 113.2 (9.6) 5.3(0.1, 10.6) 0.05 1.25 0.55
Adaptive Behaviour: Conceptual 106.3 (14.3) 110.2 (11.9) 4.9 (-0.8, 10.7) 0.09 2.19 0.69
Adaptive Behaviour: Social 111.7 (10.9) 114.8 (8.2) 4.0(-0.2,8.2) 0.06 1.62 0.62
Adaptive Behaviour: Practical 105.4 (12.4) 107.3 (9.7) 2.2(-2.7,7.2) 0.38 6.01 0.86
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oral processing score (indicating more sensory behaviours
observed) in infants of mothers randomised to the Con-
trol group (6.0 vs 5.6, p=0.04; Table 10 — Supplementary
data). Results were similar in sensitivity analyses adjusting
for additional potential confounding variables (Table 11 -
Supplementary data).

Continuous (Table 12 — Supplementary data) and binary
(Table 13 — Supplementary data) outcomes of autism likeli-
hood across all domains showed no differences between groups.

Discussion

This study aimed to compare the developmental, tempera-
ment, sensory functioning and autism likelihood in infants
from mothers who had their asthma managed by a Fgyo-
guided treatment algorithm to those who had their asthma
managed with usual best care during pregnancy. We found
no evidence of differences in development, temperament,
sensory functioning and autism likelihood between infants
of mothers in the two groups. This is not surprising given
that there was also no evidence of any difference in a com-
posite adverse perinatal outcome at birth between infants of
mothers in the Fyq vs the control group [27].

The Breathing for Life Trial [27, 28] is the first ran-
domised controlled trial (RCT) to test the effect of an inter-
vention for asthma management on perinatal outcomes. The
present study, the Breathing for Life — Infant Development
(BLT-ID) study is the first to compare behavioural develop-
ment in infants of the above mothers. The conclusions of
the primary trial were that Fgyo-guided asthma intervention
during pregnancy did not improve perinatal outcomes. Spe-
cifically, Fyo -based asthma management used here meas-
ured and targeted immune activation by using an exhaled
biomarker of Interleukin-13 mediated airway inflammation
(exhaled nitric oxide) to assess the degree of T2 immune
activation. Adjustments were made to the participant’s
inhaled corticosteroid therapy to reduce Fpyq levels. Our
findings that infants of mothers with asthma managed by a
Fpno algorithm do not differ significantly in temperament,
sensory functioning, autism likelihood and developmen-
tal outcomes in the first year of life compared to infants
of mothers with usual care. However, in the parent trial
there was a non-significant, 20% reduction in exacerbations
requiring medical intervention in the Fgyg group (OR 0.80,
95% CI 0.58, 1.10). It is possible that if this reduction was
greater, it may have resulted in a difference in child neurode-
velopmental outcomes. It is also important to consider that
the embryonic period (~ gestational weeks 3-8) is a critical
period for central nervous system development and neuro-
genesis (formation of neurons [39]). The effect of timing of
environmental exposures on neurogenesis is less clear. It is
therefore possible, that given the intervention was delivered

in the second half of pregnancy, that it was not delivered
during a critical window of neurodevelopment in pregnancy.

These findings are consistent with those of other pro-
spective studies, which provide evidence that well-managed
asthma during pregnancy is not associated with atypical
developmental outcomes in children in the first few years of
life [22] and are consistent with the conclusions of a recent
systematic review on the subject [40]. A direct comparison
between this study and Schatz [22] is not possible as they used
different versions of the Bayley Scales (Bayley-I vs Bayley-
IIT) which produce different outcome measures (mental devel-
opmental index, MDI & psychomotor developmental index,
PDI vs cognitive, language and motor composite scores). Our
results are consistent with a recent cross-sectional study using
these data [41], that found no significant differences in sen-
sory and temperament outcomes between children of moth-
ers with and without asthma. Maternal asthma severity and
control during pregnancy also did not affect these outcomes.
However, this study compared children of mothers with and
without asthma and was not an intervention study.

Importantly, we cannot comment on whether infants of
mothers with untreated asthma are at an increased likelihood
of autism, intellectual disability or other behavioural differ-
ences as that was not within the scope of the current study.
Although there was a trend for less autism likelihood in the
Feno group, the difference between the groups was not signifi-
cant, likely due to the small numbers. It is important to note
that this measure does not have perfect predictive power for
later autism diagnoses, and it is possible that developmental
effects do not manifest until the child is older. Studies which
have assessed the longitudinal effects of asthma on child
outcomes [22, 42] have not followed up infants beyond age
2 years, which leaves an important avenue for future research.
The authors are currently following up this cohort on a range
of developmental measures at ages 3—6. While they found no
developmental differences between the intervention groups,
Schatz [22] assessed 379 intervention and 376 control infants.
As we assessed 107 intervention and 113 control infants, it is
also possible that our sample was underpowered.

It is also worth noting that there was no placebo;
instead, women were randomised into either the inter-
vention or ‘treatment as usual’ control group. Women
randomised to the control group may not have experi-
enced typical “treatment-as-usual” asthma, given that
they received self-management education and at least one
prenatal asthma assessment. Meta-analyses have revealed
that studies which report active management of asthma
during pregnancy find no risk of adverse perinatal out-
comes, such as preterm birth and neonatal hospitalisation,
whereas statistically significant increased risks are found
in studies which do not report active asthma management
[9, 10]. This was found to be true for child developmental
outcomes as well [22]. Further, asthma education during
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pregnancy has been shown to reduce perceptions of the
teratogenic effects of medications used to treat asthma,
and results in visible improvements in a woman’s inhaler
technique and reduction in symptoms [43, 44]. Therefore,
the control group having received an asthma assessment
and self-management education during pregnancy may
have changed their “as-usual” behaviour as compared to
pregnant women with asthma not enrolled in the RCT.

The null findings between intervention and control
groups may also be the result of trial participation. While
the strengths of this study were the inclusion of participants
who differed on socioeconomic status, age, ethnic back-
ground, asthma severity and level of education, as well as a
proportion of women who smoked and were above a healthy
weight, we have reported previously on a clear ascertain-
ment bias in this study [45]. Given that we were able to
access prenatal mental health data from hospital records,
we compared the prenatal mental health of participants
and non-participants of the postnatal follow-up and found
that a significantly greater percentage of non-participants
(31%) scored in the medium and high-risk categories of the
depression measure than participants. This bias is likely to
have persisted into the sample used in the present study, as
we likely sampled infants of mothers with high adaptive
functioning skills and help-seeking behaviours that may not
be representative of the general population. It is possible
that infants lost to follow-up may have mothers with more
psychological distress or poorer asthma control and more
severe asthma, who were not able or willing to participate
in the study requirements. Alternatively, these infants could
have had higher support needs or more behaviours of con-
cern, which resulted in their mothers declining participation
or withdrawing from the study. Alternatively, more partici-
pants were followed up at 12 months in the intervention
group than the control, suggesting more engagement with
the study. It is also possible that there is a competing effect,
whereby the more intensive monitoring in this group may
have contributed to higher psychological stress, potentially
counteracting any beneficial effect of the intervention on
developmental outcomes.

Conclusion

While this study does not support the integration of Fyyo-
based management of asthma in antenatal settings for opti-
mal infant development, it does send a positive message
about the implications of asthma management during preg-
nancy on infant developmental outcomes, temperament,
sensory processing and autism signs in the first year of life.
While the findings of our study indicate that these aspects
of development do not appear to be impacted, questions

@ Springer

remain as to the long-term outcomes of these infants, and
whether interventions should be implemented during the
first postnatal year, where deficits are not yet apparent, to
hopefully improve future outcomes.
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