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Abstract
Introduction: Asthma is the most common chronic disease during pregnancy. Maternal 
asthma has been associated with a multitude of unwanted pregnancy outcomes, in 
some studies also with neurodevelopmental disorders. Here we investigated associa-
tions between maternal asthma and neurodevelopmental disorders.
Material and Methods: We studied a retrospective population-based cohort of 1 271 439 
mother–child pairs from singleton live births in Finland between the years 1996–2018. We 
used multiple high-cover registers for data collection. Adjusted unconditional Cox regres-
sion models were used to investigate associations between maternal asthma, asthma med-
ication used during pregnancy, and offspring's neurodevelopmental disorder diagnoses.
Results: We identified 106 163 mother–child pairs affected by maternal asthma. We 
found that maternal asthma was associated with offspring neurodevelopmental dis-
orders, but the differences in absolute prevalence between the control and exposure 
groups were small. Attention-deficit hyperactivity disorder (ADHD) was found in 
4114 (3.9%) offspring with maternal asthma and in 32 122 (3.0%) controls (adjusted 
hazard ratio (HR): 1.49; 95% CI 1.44–1.54); autism in 1617 (1.5%) offspring vs 13 701 
(1.3%) controls (HR: 1.33; 95% CI 1.26–1.40); motor-developmental disorder in 1569 
(1.5%) offspring vs 12 147 (1.1%) controls (HR: 1.37; 95% CI 1.30–1.45); language dis-
order in 3057 (2.9%) offspring vs 28 421 (2.7%) controls (HR: 1.13; 95% CI 1.08–1.17), 
learning disabilities in 849 (0.8%) offspring vs 6534 (0.6%) controls (HR: 1.51; 95% CI 
1.41–1.62); mixed developmental disorder in 1633 (1.5%) offspring vs 14 434 (1.3%) 
controls (HR 1.20; 95% CI, 1.14–1.26); and intellectual disability in 908 (0.9%) vs 9155 
(0.9%) controls (HR: 1.12; 95% CI 1.04–1.20). No substantial differences were found 
between allergic and non-allergic asthma phenotypes, and neither allergic tendency 
nor respiratory infection was associated with a similar likelihood of neurodevelopmen-
tal disorders.
Conclusions: Maternal asthma and allergic and non-allergic phenotypes showed weak 
associations with the offspring's neurodevelopmental disorders. The association is 
concerned especially with learning disabilities, ADHD, motor development, and autism.
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1  |  INTRODUC TION

Asthma is the most common chronic disease during pregnancy.1 
In Finland, the prevalence of physician-diagnosed asthma among 
the adult population is about 10%, but asthma mortality and 
hospitalization rates are low, and asthma treatment results are 
considered excellent.2,3

Asthma is related to an increase in airway hyperresponsiveness, 
with increased contractility of small airway bronchial muscles result-
ing from inflammation.4 Allergic asthma is associated with eosinophilic 
inflammation, high blood immunoglobulin E (IgE) antibody levels, and 
high T-helper cell type 2 (Th2HIGH) activity. In contrast, non-allergic 
asthma is related to neutrophilic inflammation with no relation to high 
IgE levels or high Th2 activity (Th2LOW). Both eosinophilic and neutro-
philic inflammation are present in mixed asthma.5 Asthma is treated 
with specific medications and, according to international and national 
recommendations, begins in a stepwise manner.6–9

Asthma is associated with increased risks for perinatal mortality, 
preterm birth, low birthweight, fetal growth restriction (SGA), and as-
phyxia, but why and by what mechanism remains unclear.10–18 Several 
mechanisms have been proposed relating to hypoxia, the effects of 
asthma medications, offsprings' DNA methylation changes, or similar-
ities in hyperreactivity of uterine and bronchial muscle function.19,20

Neurodevelopmental disorders are a group of lifelong conditions 
starting in early childhood (Figure S1).21 Their etiology includes ge-
netic, maternal, pregnancy-related, and environmental factors.21–23 
They are a continuum and sometimes do not cause disorder-like 
functional problems and are only person characteristics.21 In retro-
spective case–control and register-based studies, maternal asthma 
and other inflammatory diseases have been associated with a like-
lihood of offspring ADHD and autism, but a recent meta-analysis 
failed to confirm this association.24–27

In this study, we investigated whether maternal asthma, asthma 
medication, asthma phenotypes, or related inflammation is associ-
ated with neurodevelopmental disorders in offspring. The study in-
cluded 1 271 439 mother–child pairs.

2  |  MATERIAL AND METHODS

2.1  |  Cohort selection

We conducted a nationwide, multi-register-based study including all 
Finnish singleton mother–child pairs between the January 1, 1996 
and December 31, 2018. We excluded stillbirths, offspring with 
triploids of chromosomes 13, 18, 21, and Fragile X from the study 
population (Figure 1). Maternal asthma has not been associated with 
offspring's chromosomal anomalies which are known to result in 

neurodevelopmental disorders. There was no age limit for the moth-
ers. The follow-up of the offspring ended on the 31st of December 
2018.

To access all needed information for the mothers and offspring, 
we combined information from four high-cover national registers 
(Figure 1): the Medical Birth Register (MBR), the Drug Reimbursement 
Register (DRR), the Care Register for Health Care (CRC), and the 
Register of Congenital Malformations. In Finland, reliable register data 
linkage is possible through permanent personal identity coding.

The Medical Birth Register holds information on all live births 
and stillbirths (≥22 weeks of pregnancy or birthweight ≥500 g). The 
DRR contains individual data on medication purchases and data on 
entitlement for discounted medication for several diseases including 
asthma. The CRC includes inpatient care since 1969, hospital out-
patient care since 1998, and primary care since 2011. International 
Statistical Classification of Diseases and Related Health Problems 
10th Revision (ICD-10) has been in use since 1996.

2.2  |  Exposure and outcomes

The CRC provided mothers' diagnoses, including asthma, asthma 
type, and related diseases (Figure  1). Diagnoses of asthma, atopy, 
and allergies covered the period from 5 years before the pregnancy 
until the end of the pregnancy while diagnoses of lower respiratory 
infections included only those during the pregnancy. Diagnoses end 
up in the CRC when set by a physician during clinical visits. In prin-
ciple, a person with asthma is bound to visit a doctor at least every 
2 years to renew asthma medication prescriptions. Allergic status 
evaluation is a recommended step in asthma diagnosis to determine 
the type of asthma. A confirmed diagnosis of asthma in the DRR 
requires that the diagnosis is based on documented reversibility of 
small airway obstruction in pulmonary function testing (PFT), to-
gether with a controlled 6-month period of regular medication pur-
chases (Figure 1, Tables S1–S3).6,7,16 In this study, purchased asthma 
medications were identifiable through the DRR. The use of asthma 
medications during pregnancy was defined as asthma medication 
purchases during the period of 3 months prior to pregnancy until the 
end of pregnancy. We used the 3-month period prior to pregnancy 

K E Y W O R D S
anti-asthmatic agents, asthma, attention-deficit disorder with hyperactivity, autism spectrum 
disorder, neurodevelopmental disorders, pregnancy

Key message

Data from a large Finnish nationwide 1 271 439 mother–
child pair cohort with 106 163 mothers with asthma 
suggest that maternal asthma is associated with offspring's 
neurodevelopmental disorders.
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as pharmacies in Finland are entitled to supply medications for up to 
3 months at one time.

We included mothers to the maternal asthma group if they had 
an asthma diagnosis in the CRC or DRR registers, or if they had 
asthma medication purchases during pregnancy. We defined the 
control mother–child group as a mother with no diagnosis of asthma, 
no lower respiratory tract infections during pregnancy, no allergic 
rhinitis, no atopic dermatitis, or those not currently using any asthma 
medication (Figure 1, Tables S1–S3). We analyzed the asthma med-
ications taken by therapeutic groups and by groups representing 
standard clinical asthma-care entities (Figure 1, Tables S1–S3), that 
is, mothers using: only short-acting β2 sympathomimetics; only in-
haled corticosteroid; only short-acting β2 sympathomimetics and in-
haled corticosteroids; and monotherapy of the combination product 
of budesonide and formoterol.7,9,28

To evaluate allergic inflammation, the definition of allergic ten-
dency was a combination of an ICD-10 diagnosis of allergic spectrum 
diseases: allergic asthma (J45.0), allergic rhinitis (J30.1-J30.9), and 
atopic dermatitis (L20). Lower respiratory tract infection diagnosis 

was acquired from the CRC (J10-22). To study the effects of aller-
gic or neutrophilic inflammation, we created two additional groups: 
mothers without asthma but with allergic tendency; and mothers 
without asthma but with respiratory infections during pregnancy.

To evaluate a possible role of placental dysfunction, we per-
formed an analysis linking offsprings' neurodevelopmental disorder 
with maternal smoking and other maternal risk factors for placen-
tal abruption. Placental risk factors were divided into structural risk 
factors, including endometriosis, and leiomyomas (D25, N80) from 
the MBR; chronic hypertension (I10, O10, 011, or MBR code for 
hypertension before pregnancy), and the effect of smoking during 
pregnancy on the main outcomes. In this analysis, we further stud-
ied the effect of maternal thrombotic tendency, adjusting for the 
thrombose prophylaxis use, as registered since 2004 in the MBR. 
The use of thrombosis prophylaxis is based on updating international 
guidelines.29

In the analysis of offspring's neurodevelopmental disorders, we 
included ADHD (ICD-10 code F90), autism- (F84), learning disabilities 
(F81), motor-developmental disorder (F82), language-developmental 

F I G U R E  1  Participant flow of the population-based sample. It is possible to set asthma diagnosis (J45) without subcategory (J45.0-9). 
The numbers in all asthma groups do not balance out, because a mother with asthma can belong to multiple asthma groups. DRR, Drug 
Reimbursement Register; MBR, Medical Birth Register; CRC, Care Register for Health Care.
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disorder (F80), mixed developmental disorder (F83), and intellectual 
disability (F70-79). These diagnostic entities constitute a standard-
ized set of features of different neurodevelopment.21

The CRC has high validity for neurodevelopmental screening 
and diagnosis,30,31 where the diagnostic criteria meet international 
standards. The offspring are followed up during monthly visits in 
infanthood and later yearly visits in preventive primary care, in the 
high-cover child welfare clinics, or in school health care by a nurse 
or a family doctor. If problems emerge, further evaluation by spe-
cialists and multidisciplinary teams is advised. The diagnoses were 
collected during this process. (Figure S1).32,33 Neurodevelopmental 
features are considered to be present at birth, but functional dis-
ability becomes evident as the child grows and develops.21 The 
diagnoses affecting speech and movement are typically made be-
fore or during preschool, and those affecting writing or nonverbal 
learning are usually during the school years.34,35 Those with milder 
functional disability tend to be diagnosed later. For instance, ADHD 
or autism can be diagnosed as late as adulthood. The diagnoses 
are made only if the functional disability is at the stage of a disor-
der.32–34 The functional disability related to a diagnosis may enti-
tle the patient to specific therapies, medication, or social support. 
However, the support from the community that commences prior to 
any diagnosis, may sometimes be sufficient and a child might thrive 
and require no diagnosis.

2.3  |  Statistical analyses

We analyzed the risk associated with asthma as the primary analysis. 
Adjusted hazard ratios (HR) and 95% confidence intervals (CIs) were 
calculated with unconditional Cox regression analysis. The use of HR 
was chosen based on statistician consultation as the follow-up was 
incomplete within the given timeframe. The study setup also met the 
proportional hazard assumption.

We used parity, maternal age, year of child's birth, and socio-
economic status during pregnancy as confounding factors. We 
adjusted the risk by birth year as the prevalence of neurodevelop-
mental disorders increased during the study period, most likely due 
to the more sensitive and more extensive diagnostics.36,37 Maternal 
age was selected due to the increase in pregnancy complications 
among older mothers. Parity was included since prior pregnancies 
and siblings may influence pregnancy outcome and offspring's de-
velopment.38 We did not adjust for risk factors possibly on a causal 
pathway from asthma to neurodevelopmental disorders. All statisti-
cal analyses used SAS version 9.4 (SAS Institute Inc).

The individuals lacking data on parity were excluded from the 
analysis. This included 0.1% of children (Table 1). European Union leg-
islation (General Data Protection Regulation) does not allow the reg-
istration of race or ethnicity. This study was approved by the Helsinki 
University Hospital ethical committee (Reference: HUS/1828/2019) 
and Finnish Social and Health Data Permit Authority Findata. As the 
women were not contacted, patient consent was not required ac-
cording to Finnish legislation.

2.4  |  Sensitivity analyses

As a sensitivity analysis, we analyzed asthma in the ways we 
gathered the information, asthma with or without medication, 
asthma phenotypes, and asthma medication groups. We further 
repeated the analysis for asthma groups: first, selecting only the first 
liveborn child in the cohort for every mother; second, including only 
term births at 37 gestational weeks or later; third, we performed 
an analysis adjusting for maternal psychiatric diagnosis (ICD-10 
code F00-F99); fourth was an analysis without adjustment for birth 
year; and fifth we also performed these analyses for boys and girls 
separately. We studied the effects of placenta previa as a negative 
control that would unlikely be associated with neurodevelopment.

3  |  RESULTS

3.1  |  Main findings

The study cohort included 1 271 439 singleton live births (Figure 1, 
Table 1). Of these, 106 163 mothers had asthma, and 88 626 mothers 
were using asthma medication (Figure 1, Table 1).

Maternal asthma was associated with an increased likelihood 
of offspring ADHD (HR: 1.49; 95% CI 1.44–1.54), autism (HR: 1.33; 
95% CI 1.26–1.40), motor-developmental disorder (HR: 1.37; 95% 
CI 1.30–1.45), and learning disability (HR: 1.51; 95% CI 1.41–1.62). 
Somewhat increased likelihoods were also evident for language-
development disorder (HR: 1.13; 95% CI 1.08–1.17), mixed devel-
opmental disorder (HR: 1.20; 95% CI 1.14–1.26), and intellectual 
disability (HR: 1.12; 95% CI 1.04–1.20) (Figures 2 and 3, Tables S4–
S6). Similar risk profiles were noted in relation to both maternal aller-
gic and non-allergic asthma (Figure 2).

Atopic and allergic tendencies without maternal asthma 
showed barely any association with neurodevelopmental disorders. 
Maternal lower respiratory tract infections without asthma showed 
some increase in the likelihood of offspring's ADHD and motor-
developmental disorder (Figure 2). There were no differences by sex 
in the analysis (Table S6).

In the subgroup of 2840 mothers using combined formoterol and 
budesonide as a monotherapy, the offspring presented with only an 
increased likelihood of ADHD but no other neurodevelopmental dis-
orders (Figure 3).

When searching for possible linking mechanisms between mater-
nal asthma and neurodevelopmental disorders, placental abruption 
risk factors and smoking were associated with an increased likeli-
hood of ADHD, motor-developmental, language-developmental 
disorder, and intellectual disability (Figure  S2, Table  S8). These 
neurodevelopmental disorders were also noted in association with 
thrombotic tendencies. Maternal psychiatric diseases showed an in-
creased likelihood of all neurodevelopmental disorders, but adjust-
ment had no effect on asthma-related associations.

The analyses gave similar results for the main exposure groups 
when taking only the first-born child of the mother into account 
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TA B L E  1  Number and proportion of offspring diagnosed with neurodevelopmental disorders along with additional demographics by 
exposure groups.

Entire cohort Mothers with asthma Control subjects

Number of participants 1 271 439 106 163 1 074 456

Mothers

Age at delivery, mean (SD) 29.6 (5.4) 30.1 (5.2) 29.6 (5.4)

Parity

0 403 987 (31.8) 32 402 (30.5) 342 498 (31.9)

1 380 109 (29.9) 30 291 (28.5) 323 353 (30.1)

2 231 350 (18.2) 19 647 (18.5) 195 061 (18.2)

3 or more 254 931 (20.1) 23 749 (22.4) 212 619 (19.8)

Missing 1062 (0.1) 74 (0.1) 925 (0.1)

Diabetes 4705 (0.4) 450 (0.4) 3898 (0.4)

Epilepsy 6682 (0.5) 559 (0.5) 5705 (0.5)

Hypertension 39 125 (3.1) 3901 (3.7) 32 140 (3.0)

Smoking during pregnancy

Yes 186 144 (14.6) 18 380 (17.3) 152 958 (14.2)

No 1 049 543 (82.6) 84 805 (79.9) 891 183 (82.9)

Unknown 35 752 (2.8) 2978 (2.8) 30 315 (2.8)

Socioeconomic status

Upper white-collar 196 627 (15.5) 15 650 (14.7) 168 420 (15.7)

Lower white-collar 432 305 (34.0) 37 148 (35.0) 362 686 (33.8)

Blue collar 172 538 (13.6) 12 592 (11.9) 147 887 (13.8)

Other or unknown 469 969 (37.0) 40 773 (38.4) 395 463 (36.8)

Structural placental abruption risk factors 1150 (0.1) 129 (0.1) 939 (0.1)

Maternal psychiatric disease 2959 (0.2) 488 (0.5) 2183 (0.2)

Thrombo-prophylaxis
(2004 onwards)

9743 (1.2) 1489 (1.9) 7398 (1.1)

Offspring

Pregnancy duration

Preterm (<37 weeks) 55 511 (4.4) 5570 (5.3) 44 660 (4.2)

Full term (37 weeks or more) 1 212 067 (95.3) 100 337 (94.5) 1 025 417 (95.4)

Missing 3861 (0.3) 256 (0.2) 3379 (0.3)

Growth retardation54 37 917 (3.0) 3669 (3.5) 31 529 (2.9)

Apgar score at 1 min

0–3 16 578 (1.3) 1584 (1.5) 13 715 (1.3)

4–6 47 298 (3.7) 4471 (4.2) 39 260 (3.7)

7–10 1 204 067 (94.7) 99 849 (94.1) 1 018 479 (94.8)

Missing 3496 (0.3) 259 (0.2) 3002 (0.3)

Neurodevelopmental disorders

ADHD 39 400 (3.1) 4114 (3.9) 32 122 (3.0)

Autism 16 595 (1.3) 1617 (1.5) 13 701 (1.3)

Motor development disorder 14 870 (1.2) 1569 (1.5) 12 147 (1.1)

Learning disabilities 8009 (0.6) 849 (0.8) 6534 (0.6)

Language-developmental disorder 33 945 (2.7) 3057 (2.9) 28 421 (2.7)

Mixed developmental disorder 17 374 (1.4) 1633 (1.5) 14 434 (1.3)

Intellectual disability 10 755 (0.9) 908 (0.9) 9155 (0.9)

Note: Values are in numbers (percentage) unless otherwise stated.
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F I G U R E  2  Associations between maternal asthma, atopy, lower respiratory tract infections during pregnancy, and neurodevelopmental 
disorders in offsrping compared to control subjects adjusted for maternal age, parity, year of birth, and socioeconomic status. Number (n) in 
the group (percentage). In the allergic tendency and lower respiratory infection group, we excluded mothers with asthma. HR, hazard ratio; 
CI, confidence interval.
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(Table S7) and the first-born children born at 37 weeks of gestation 
or later. The negative control, placenta previa, showed no significant 
influence on any of the parameters (Table S9).

4  |  DISCUSSION

This large, population-based, retrospective cohort study shows that 
maternal asthma holds clear but weak associations with a variety of 
offspring's neurodevelopmental disorders, including ADHD, autism, 

motor-developmental disorder, and learning disabilities. Some increase 
was also evident for the likelihood of language-developmental disor-
der, mixed developmental disorder, and intellectual disability. These 
increased likelihoods were related to both allergic and non-allergic 
asthma. An atopic and allergic tendency without asthma was not as-
sociated with similar likelihoods; neither were lower respiratory tract 
infections without asthma. The associations with asthma are thus 
unlikely to be related to allergic inflammation or any other types of 
inflammation cascade. Of the maternal asthma medications, only for-
moterol and budesonide as combination monotherapy seemed to have 

F I G U R E  3  Associations between maternal asthma medication and neurodevelopmental disorders in offspring compared to control 
subjects adjusted for maternal age, parity, year of birth, and socioeconomic status. Number (n) in the group (percentage). Mothers in the 
formoterol-budesonide group used no other inhaled corticosteroids, β2 inhaled sympathomimetics, or their other related combination 
products. HR, hazard ratio CI, confidence interval.
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no association with the likelihood of offspring's neurodevelopmental 
disorders seen with asthma. Only the likelihood of ADHD remained.

An attractive first-line theory would include relationships be-
tween asthma, allergic inflammation, and their resultant effects 
on pregnancy outcome, however, our study results do not support 
this assumption. We observed no significant difference between al-
lergic and non-allergic asthma. Furthermore, an atopic and allergic 
tendency without asthma (ICD-10 codes J30.1-J30.9, L20, but no 
asthma by any definition) showed no link to an increased likelihood 
of offspring's neurodevelopmental disorders. Similarly, we observed 
no increased likelihood of neurodevelopmental disorders associated 
with maternal lower respiratory tract infections. Thus, neither eo-
sinophilic nor short-term neutrophilic inflammatory exposure of a 
mother seems to alter the offspring's neurodevelopment.

Asthma medication purchases by mothers, implying a likely use 
of asthma medication, showed no different association with the off-
spring's neurodevelopmental disorders than maternal asthma by itself. 
However, combined treatment with formoterol and budesonide as a 
monotherapy was the exception. The offspring of mothers taking this 
combination lacked an increased likelihood of neurodevelopmental 
disorders, except for ADHD. This smaller likelihood was not observ-
able for all the combination medications, including mothers using 
budesonide and formoterol with an additional short-lasting bronchodi-
lator. The reason for the difference is not obvious. It is possible that the 
mothers using formoterol and budesonide combination as monother-
apy (the Smart treatment protocol) had higher compliance with asthma 
therapy than with other types of asthma management.39,40 Because 
the inhaled corticosteroid by itself did not change the likelihood asso-
ciated with asthma, and given the tocolytic effect of formoterol, it is 
also possible that formoterol was the effective remedy (Figures S3 and 
S4).41–43 Formoterol is rarely used by itself without a combined inhaled 
steroid for asthma.6–9 The regular use of this combination product in 
a monotherapy makes the formoterol exposure both long-lasting and 
stable. We present a theory that this effect is mediated by the direct 
action of formoterol on the uterus (Figures S3 and S4).19

Maternal asthma is associated with risk for a wide variety of 
pregnancy complications: pre-eclampsia, gestational diabetes, pla-
cental abruption, placenta previa, preterm birth, breech presenta-
tion, hemorrhage, pulmonary embolism, and maternal intensive care 
unit admission.44 Conversely, asthma shows an inverse correlation 
with spontaneous labor and vaginal delivery.45 Placental insuffi-
ciency due to an ischemic placenta has an inherent risk profile similar 
to that of maternal asthma and causes an increased risk for pre-
eclampsia, placental abruption, perinatal mortality, preterm birth, 
and neurodevelopmental disorders.46–49 Similar findings also exist 
for thrombophilia and maternal hypertension.29,50,51 Interestingly in 
the current study, placental abruption risk factors, thrombosis risk, 
and asthma each had a similar risk profile related to the offspring's 
neurodevelopmental outcomes (Figure S2).

Our results are in accordance with earlier research related to mater-
nal asthma and pregnancy outcomes which reported associations with 
offspring neurodevelopmental disorders.24–26 In the future, an inter-
vention study or study at birth would possibly provide more information 

as to whether the medications or mother's asthma treatment balance is 
beneficial for the neurodevelopmental health of offspring.

Because maternal asthma has been associated with several 
adverse perinatal outcomes, we made no adjustment for perinatal 
factors.,12,16,52 which we considered to be potentially on causal path-
way for impaired neurodevelopment. Maternal psychiatric diseases 
failed to impact the results.

Family socioeconomic status served as an adjusted cofactor. It 
may correlate with both neurodevelopmental disorders and smok-
ing. Because smoking correlates with socioeconomic status, it was 
not a primary choice as a covariate. The adjustment for smoking had 
no significant effect on the results (Figure S2). Smoking, like socio-
economic status, seems to serve as a risk factor for adverse neuro-
development by itself (Figure S2, Table S4).

Since the number and proportion of children diagnosed with neu-
rodevelopmental disorders has grown globally, we made an adjust-
ment for birth year.36,37 Our analysis without birth year showed the 
likelihood of neurodevelopmental disorders to be greater than without 
adjustment. This disparity may be explained by the parallel increase in 
the prevalence of asthma and neurodevelopmental disorder diagnoses. 
Our analyses of the first-born child of any mother of our cohort, and 
children born at 37 weeks or later did not alter these results (Table S7). 
In conclusion, our sensitivity analyses support our main results.

The strengths of our study include, first, that it was based on a 
population of over a million mother–child pairs, enabling sensitiv-
ity analysis and subgrouping. Second, the cohort from the Finnish 
national registers comprised all live-born children with complete 
follow-up over the study period, ensuring minimal recall and selec-
tion biases. Third, the validity of the diagnosis was high, recorded 
by physicians in the Care Register for Health Care and the Medical 
Birth Register, and especially in the drug reimbursement documents 
requiring objective test results for drug reimbursement.

This study might have several limitations, including, first, the fact 
that we were unable to adjust for any heritable family diseases in-
creasing the likelihood of neurodevelopmental disorders. Second, the 
follow-up of these children was incomplete, because some neurodevel-
opmental disorders may be diagnosed as late as in adulthood. Third, we 
had no documentation of the severity of maternal asthma symptoms 
and the treatment balance by PFTs or asthma severity questionnaires. 
Because Finland's level of asthma control is considered high,16,53 it 
is unlikely that the associations with neurodevelopmental disorders 
and maternal asthma would be secondary to dyspnea- or ventilation-
related factors. Fourth, although we assume that each asthma diagno-
sis was confirmed highly reliably, some inaccuracy may be evident for 
asthma phenotyping via ICD-10 codes (J45.0, J45.1, J45.8, and J45.9). 
Findings involving phenotyping should therefore be interpreted with 
caution. Our findings are, however, supported by their comparison 
to allergic tendency and respiratory infection, each analyzed alone 
without asthma. Fifth, we do not know why 16% of the mothers with 
asthma diagnoses failed to use asthma medication during pregnancy.

We performed multiple comparisons, thus some results may be 
coincidental, even though we had complete data on all children born 
during the study period in Finland. The study was hypothesis-driven. 
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The results are similar in different sub- and sensitivity groups, for 
example, when defining atopic inflammation or asthma in different 
ways. The main analysis results stayed significant after Bonferroni 
correction and the p-values in the main analysis were <0.001.

5  |  CONCLUSION

Maternal asthma was associated with the likelihood of a wide 
variety of offspring neurodevelopmental disorders in this large 
population-based mother–child cohort study. The specific type 
of inflammation associated with the mothers' asthma seemed, 
however, to make no difference in the associations with the 
offspring's neurodevelopment. Maternal atopic or allergic tendency 
or any respiratory tract infection showed no similar associations. 
The associations with maternal asthma are therefore unlikely to be 
related to general maternal inflammation processes.
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