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A B S T R A C T

Background: Maternal psychological distress during pregnancy is known to elevate the risk of offspring asthma, 
but the impact of the timing of the distress remains poorly understood.
Objectives: To assess the individual and combined effects of maternal prenatal and postnatal depressive and 
anxiety disorders, both separately and longitudinally, on offspring asthma and its phenotypes.
Methods: Healthcare register data on 310,701 children born 2001–2006 and their 232,240 mothers were 
collected. Maternal depressive disorder was defined by diagnoses F30, F31, F32–F34 and F38 and anxiety dis
order as F40–F42, F44–F45 and F48. Timing of disorder was defined as prenatal (from one year before until 
labor) and postnatal periods (from birth until three years postpartum). Child outcomes were overall asthma 
diagnosis J45–J46 at 7–12 years, further separated into allergic J45.0 and non-allergic J45.1 asthma phenotypes.
Results: Altogether, 19,000 (6.1%) children had asthma, 6517 (2.8%) mothers had depression, and 4189 (1.8%) 
had anxiety disorder. Child overall asthma was associated with maternal prenatal depression (adjusted odds ratio 
1.28; 95% confidence interval 1.08–1.53) and anxiety disorders (1.30; 1.07–1.57), and with postnatal anxiety 
disorders (1.33; 1.15–1.54). Both maternal postnatal depression (1.36; 1.06–1.74) and anxiety disorders (1.45; 
1.06–2.00) were associated with non-atopic asthma, and postnatal anxiety was associated with atopic asthma 
(1.34; 1.07–1.67). The comorbidity or longitudinality of maternal depressive and anxiety disorders didn't affect 
the associations.
Conclusion: Maternal depressive and anxiety disorders were associated with offspring asthma, varying by 
phenotype and timing. The postnatal effect was significant, suggesting independent associations and possibly 
distinct pathways in child respiratory morbidity.

1. Introduction

Childhood asthma is a globally common [1] disease that impairs a 
child's quality of life. [2] The evidence regarding the etiology of child
hood asthma remains inconclusive, possibly due to the heterogeneity of 
the disease itself. [3] At the turn of the century, leading theories of 
allergen exposure [4] as a significant etiological factor for asthma were 
challenged [5] and during recent decades, several other theories 
regarding its multifactorial etiology have come into the spotlight. 

Environmental factors, such as sensitization to house dust mites and 
aeroallergens, seem to play a major role in asthma development. [6,7] 
Asthma has hereditary features [8,9] particularly through the maternal 
lineage. [10,11] In addition, growing evidence shows that family so
cioeconomic status, [12] parental educational level, [13] and residential 
neighborhood [14] could contribute to the development of childhood 
asthma. Furthermore, intrauterine programming predisposing to asthma 
may be a result of various prenatal factors. [15]

Wright et al. paved the way for theories linking maternal prenatal 
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stress and mental health related development of childhood asthma. [16] 
Soon after, additional studies followed, highlighting an association be
tween caregiver's stress and child's wheezing and asthma. [15,16] 
Interestingly, in one of the first cohort studies on the subject, Cookson 
et al. demonstrated a notable association between maternal prenatal 
anxiety symptoms and offspring asthma, particularly the non-atopic 
asthma phenotype. [17] Since then, subsequent register-based studies 
have reported similar findings regarding maternal depression and child's 
non-atopic asthma [18] with meta-analyses further supporting the as
sociation. [19–21]

Recently, the focus of prenatal etiological studies on the develop
ment and morbidity of childhood asthma has shifted toward identifying 
the critical developmental window - whether the exposure of maternal 
depression or anxiety during pregnancy or in early infancy has more 
pronounced effect. [22] The timing of this exposure has been shown to 
have mixed impacts. Prolonged exposure of depressive or anxiety dis
orders or symptoms from pregnancy through early childhood may have 
a stronger impact than exposure limited to either period. [17,23] In our 
recent study, we found that maternal mental health disorders occurring 
from one year before up to three years after childbirth were associated 
with childhood asthma and more prominently with the non-atopic 
asthma phenotype. [24] Our study results rose further questions 
regarding how the most prevalent maternal mental health disorders in 
our previous study, depressive and anxiety disorders, affect different 
asthma phenotypes, an area that has not yet been sufficiently studied.

Other forms of maternal psychological stress around pregnancy, such 
as negative life events, have shown similar associations with child's 
asthma as comparable to those of maternal depressive and anxiety 
symptoms. [17,25–28] Previous register-based studies examining the 
association between maternal depressive and anxiety disorders have 
often not included all the diagnoses given in the health system or 
assessed possible differences between asthma phenotypes. [23,29] In 
addition, earlier studies have primarily focused only on children not yet 
of school age [17,23,29,30] or relied mainly on questionnaire-based 
data or subjective parental reports of the disease, lacking studies 
including physician-given diagnoses. [17,21] Thus, due to the tendency 
of spontaneous remission of early childhood asthma, [31] a longer 
follow-up period was warranted in the present study.

To provide new insight into the effects of maternal depressive and 

anxiety disorders on child's respiratory morbidity, we utilized data from 
our large Finnish birth cohort and nationwide registers. Specifically, we 
aimed to examine the prenatal and postnatal timing, comorbidity and 
longitudinal patterns of these disorders. Our study aim was to investi
gate the associations between maternal prenatal and postnatal depres
sive and anxiety disorders with child's asthma and its phenotypes 
between ages 7 and 12. We hypothesized that maternal depressive and 
anxiety disorders would be associated with offspring asthma and 
particularly non-atopic asthma.

2. Methods

This is a register-based retrospective study of Finnish children born 
between January 1, 2001 and December 31, 2006 (N = 341,632) and 
their mothers (N = 232,240) (Fig. 1). Children with unknown gesta
tional age (N = 1248), severe syndromes (N = 11,746), premature birth 
before 37 gestational weeks (N = 17,338), or perinatal death (N = 599) 
were excluded. No exclusion criteria were applied to mothers. Data were 
collected until 31.12.2022. The study protocol adhered to the principles 
of the Declaration of Helsinki and was approved by the Finnish Institute 
for Health and Welfare (THL/5954/14.06.00/2022) and the Ethics 
Committee of Turku University Hospital (J44/19). As this was a retro
spective register-based study, informed consent from participants was 
not required, and they were not contacted. The legal basis for processing 
personal data is public interest and scientific research (EU General Data 
Protection Regulation 2016/679 (GDPR), Article(1)(e) and Article 9(2) 
(j); Data Protection Act, Sections 4 and 6).

2.1. Maternal depression and anxiety

Diagnosis codes for maternal depressive and anxiety disorders and 
asthma were collected from the Finnish Hospital Discharge Register. 
[32] The International Classification of Diseases (ICD) [33] is used in 
Finland; the 8th revision (ICD-8) from 1969, the 9th (ICD-9) from 1987 
and the 10th (ICD-10) from 1996 onward (Fig. 1E, Supplementary data).

Mothers were classified as having a depressive disorder during 
exposure period if they were diagnosed with F30, F31, F32–F34 or F38, 
and anxiety with F40–F42, F44–45 and F48. The prenatal period 
included diagnosis codes set one year before child birth up to birth to 

Fig. 1. A) Study flow chart and B) study timeline and setting.
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include pregnancy. However, this could extend to the postnatal period 
as given the typical trajectories of these disorders and the limitations of 
register data, we could not rule out the possibility of postnatal effects in 
this group although the diagnosis was no longer observed. The postnatal 
period included new diagnoses from birth up to three years of child age, 
clarifying the group as purely postnatal as possible.

2.2. Offspring asthma

The outcome of child's asthma overall was met if they had received 
asthma diagnosis between ages 7 and 12 years. The ICD-10 codes for 
asthma were J45.0 for atopic, J45.1 for non-atopic, J45.8 for mixed, 
J45.9 for other or unspecified asthma, and J46 for status asthmaticus. To 
avoid multiple classifications, children were categorized according to 
their latest asthma diagnosis. Children with J46.0 as their latest asthma 
diagnosis were reclassified by their most recent diagnosis of asthma 
phenotype J45.0 or J45.1, and if none were recorded, they were cate
gorized into the subgroup of J45.8 and J45.9. In addition, children 
diagnosed with J45 without a more specific phenotype were categorized 
as children with J46.0. In Finland, childhood asthma diagnosis is mainly 
set by pediatricians and is based on the national and international rec
ommendations of typical asthma symptoms and lung function tests 
indicating bronchial hyperresponsiveness. [34]

2.3. Confounders

Confounding factors included previously established risk factors for 
childhood asthma such as maternal lifetime history of asthma, smoking 
during pregnancy, prior births as the proxy for older siblings, maternal 
occupational status as the proxy for maternal socioeconomical status 
(SES), and the biological sex of the child. [24] Data on the gestational 
age and sex of the child, maternal smoking during pregnancy and 
occupational status were obtained from the Medical Birth Register 
(MBR). [35] Maternal lifetime asthma was defined as having ever 
received an asthma diagnosis code of J45, J45.0, J45.1, J45.8 or J45.9 
according to ICD-10, or 493.xx according to ICD-8 or ICD-9 during 
lifetime. Occupational status was originally retrieved from the MBR and 
subsequently classified into four classes using the International Standard 
Classification of Occupations. [36] Here, the group of upper white collar 
workers represented the highest occupational status and was used as the 
reference group. It was compared to lower white-collar workers, blue- 
collar workers and others (homemakers, students, pensioners), listed 
from second highest to the lowest group.

2.4. Statistics

Comparisons of background variables between asthmatic and non- 
asthmatic children, as well as between asthma phenotypes, were per
formed using t-tests for continuous variables and chi-square tests for 
categorical variables. The logistic regression analyses were used to study 
the associations between maternal depressive or anxiety disorders and 
offspring asthma overall. Regression analyses were repeated separately 
for the asthma phenotypes of atopic and non-atopic asthma and other 
asthma. All analyses were adjusted for maternal lifetime asthma history, 
smoking during pregnancy, prior births, maternal occupational status, 
and the biological sex of the child. Our previous study showed that 
maternal smoking, asthma history, lower occupational status and child's 
biological male sex were more prevalent in the asthmatic group, and 
thus these covariates were included in this study. [24]

First, to assess the effect of comorbidity between depression and 
anxiety, an interaction term for depression and anxiety was included in 
the analyses. These interaction terms were omitted from the final ana
lyses, as they were not statistically significant in any of the models 
indicating that comorbidity between depression and anxiety did not 
alter the individual effect of either type of maternal psychiatric 
morbidity. Second, to assess the effect of longitudinal exposure, an 

interaction term was included in the analyses to capture the presence of 
depressive or anxiety disorder across pre- and postnatal periods. These 
interaction terms were removed from the final analyses due to non- 
significance, indicating that the presence or absence of depression or 
anxiety in one period, prenatal or postnatal, did not affect the presence 
or absence of the same condition in the other period.

Finally, to assess the impact of timing of exposure of maternal 
depression and anxiety, the prenatal and postnatal periods were 
analyzed separately. The prenatal period was operationally defined as 
the time frame from one year prior to childbirth up to the time of de
livery; however, diagnostic coding from this period may have extended 
into the postnatal timeframe. The postnatal period included only di
agnoses occurring from birth until the child's third birthday. Thus, the 
postnatal period was considered purely postnatal, representing new- 
onset disorders not diagnosed during the prenatal period. This 
approach helped to minimize collinearity between prenatal and post
natal maternal psychiatric morbidity and enabled us to study the impact 
of de novo postnatal exposure. Two-sided p-values below 0.05 were 
considered statistically significant. The analyses were carried out using 
SAS for Windows version 9.4 (SAS Institute Inc., Cary, NC, USA).

3. Results

3.1. Characteristics

Totally 310,70 children and their 232,240 mothers were eligible for 
the study (Fig. 1). Of the mothers, 6517 (2.8%) were diagnosed with 
depressive disorders, of whom 2002 (0.86%) prenatally and 4515 
(1.94%) postnatally. Anxiety disorders were diagnosed in 4189 (1.8%), 
including 1680 (0.72%) prenatally and 2509 (1.1%) postnatally. 
Concomitant depressive and anxiety disorders were identified in 1607 
(0.69%) mothers. Mothers with either depressive or anxiety disorder, or 
both, were more often diagnosed with asthma than those without 
depression or anxiety (Tables E1–E3 in Supplementary data).

In total, 19,000 (6.1%) children were diagnosed with asthma overall 
between 7 and 12 years of age (Table 1). Phenotypes were distributed as 
follows: 3196 (16.8%) had non-atopic asthma (J45.1), 7794 (41.0%) 
had atopic asthma (J45.0), and the rest, 8010 (42.2%) children, had 
other asthma as their latest asthma diagnosis. Children who had been 
exposed to maternal depressive or anxiety disorder either pre- or 

Table 1 
Characteristics, all children, non-asthmatics and asthmatics. P-value between 
non-asthmatics vs. asthmatics.

All 
children 
(N =
310,701)

Non- 
asthmatics (N 
= 291,701/ 
93.9%)

Asthmatics 
(N = 19,000/ 
6.1%)

p- 
valuea

Maternal prenatal 
depression: from 
one year before 
until labor, N (%)

2020 
(0.65)

1843 (0.63) 177 (0.93) <0.001

Maternal prenatal 
anxiety: from one 
year before until 
labor, N (%)

1690 
(0.54)

1537 (0.53) 153 (0.81) <0.001

Maternal postnatal 
depression: from 
childbirth until 
three years of age, 
N (%)

5231 
(1.68)

4825 (1.65) 406 (2.14) <0.001

Maternal postnatal 
anxiety: from 
childbirth until 
three years of age, 
N (%)

2962 
(0.95)

2693 (0.93) 269 (1.42) <0.001

Presented as numbers (percentages); ap-value between non-asthmatics and 
asthmatics. Chi-Square -test. p-values <0.05 in bold.
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postnatally had more asthma compared to the non-exposed (Table 1). 
(See Table 2.)

3.2. Comorbidity and longitudinal exposure of maternal depressive and 
anxiety disorders

Interaction terms for the comorbidity of the maternal depressive and 
anxiety disorders were omitted from the final analyses, as they were not 
statistically significant (all p > 0.05; range 0.081–1.00) (Table E4 in 
Supplementary data). Similarly, the interaction terms for the longitu
dinal exposure of these disorders failed to reach statistical significance 
and were therefore excluded from the final analyses (p > 0.05; 
0.41–0.93) (Table E5 in Supplementary data).

3.3. Effect of prenatal and postnatal maternal depressive and anxiety 
disorders on childhood asthma

Pre- and postnatal periods were analyzed separately to assess the 
effect of timing of exposure of maternal depression and anxiety.

In the unadjusted analyses, maternal prenatal depression was asso
ciated with offspring asthma overall and other asthma. Maternal pre
natal anxiety was associated with similar degree to asthma overall, 
atopic asthma and other asthma. Maternal de novo postnatal depression 
was associated with all child asthma phenotypes and similarly, maternal 
de novo postnatal anxiety was associated with all asthma phenotypes 
(Table 3).

In the adjusted analyses, findings of maternal prenatal depression 
and anxiety remained rather similar. Maternal de novo postnatal 
depression disorders were associated with child's non-atopic asthma, 
whereas maternal de novo postnatal anxiety disorders were associated 
with child asthma overall, non-atopic asthma and atopic asthma in the 
adjusted analyses (Table 4).

4. Discussion

In this study, we found that both maternal depressive and anxiety 
disorders were associated with childhood asthma between 7 and 12. The 
novel finding was that the impact of exposure timing varied. Childhood 
asthma overall was associated with maternal depressive and anxiety 
disorders occurring prenatally, but with only anxiety disorders 

occurring in the postnatal period. Among the asthma phenotypes, non- 
atopic asthma was associated with maternal depressive and anxiety 

Table 2 
Characteristics of the population and offspring asthma between the age of 7–12.

Atopic 
asthma (N =
7794/ 
19,000, 
41.0%)

Non-atopic 
asthma (N =
3196/19,000, 
16.8%)

Other 
asthma (N =
8010/ 
19,000, 
42.2%)

p- 
valuea

Maternal prenatal 
depression: from 
one year before 
until labor, N (%)

60 (0.77) 26 (0.81) 91 (1.14) 0.8134

Maternal prenatal 
anxiety: from one 
year before until 
labor, N (%)

57 (0.73) 24 (0.75) 72 (0.90) 0.9131

Maternal postnatal 
depression: from 
childbirth until 
three years of age, 
N (%)

162 (2.08) 82 (2.57) 162 (2.02) 0.1154

Maternal postnatal 
anxiety: from 
childbirth until 
three years of age, 
N (%)

107 (1.37) 53 (1.66) 109 (1.36) 0.2565

Presented as numbers (percentages); ap-value between non-atopic asthma and 
atopic asthma, Chi-Square -test. p-values <0.05 in bold.

Table 3 
Risk of asthma at 7 to 12 years of age; unadjusted analyses.

Asthma 
overall (OR, 
95% CI)

Atopic 
asthma (OR, 
95% CI)

Non-atopic 
asthma (OR, 
95% CI)

Other 
asthma (OR, 
95% CI)

Maternal 
prenatal 
depression: 
from one 
year before 
until labor

1.48 
(1.27–1.73)

1.19 
(0.92–1.54)

1.26 
(0.85–1.85)

1.79 
(1.45–2.21)

Maternal 
prenatal 
anxiety: from 
one year 
before until 
labor

1.53 
(1.30–1.81)

1.36 
(1.04–1.77)

1.39 
(0.93–2.08)

1.69 
(1.33–2.14)

Maternal 
postnatal 
depression: 
from 
childbirth 
until three 
years of age

1.30 
(1.17–1.44)

1.25 
(1.07–1.46)

1.55 
(1.24–1.93)

1.21 
(1.04–1.42)

Maternal 
postnatal 
anxiety: from 
childbirth 
until three 
years of age

1.54 
(1.36–1.75)

1.46 
(1.21–1.78)

1.77 
(1.34–2.32)

1.45 
(1.20–1.76)

OR, odds ratio; CI, confidence interval. Unadjusted results. All bold text under p 
< 0.05, tested with Wald Chi-Square.

Table 4 
Risk of asthma at 7 to 12 years of age; adjusted analyses.

Asthma 
overall (aOR, 
95% CI)

Atopic 
asthma 
(aOR, 95% 
CI)

Non-atopic 
asthma (aOR, 
95% CI)

Other 
asthma 
(aOR, 95% 
CI)

Maternal 
prenatal 
depression: 
from one 
year before 
until labor

1.28 
(1.08–1.53)

1.08 
(0.81–1.43)

0.88 
(0.55–1.42)

1.59 
(1.26–2.01)

Maternal 
prenatal 
anxiety: 
from one 
year before 
until labor

1.30 
(1.07–1.57)

1.14 
(0.84–1.55)

1.33 
(0.85–2.07)

1.37 
(1.05–1.79)

Maternal 
postnatal 
depression: 
from 
childbirth 
until three 
years of age

1.08 
(0.96–1.22)

1.03 
(0.85–1.23)

1.36 
(1.06–1.74)

1.01 
(0.84–1.21)

Maternal 
postnatal 
anxiety: 
from 
childbirth 
until three 
years of age

1.33 
(1.15–1.54)

1.34 
(1.07–1.67)

1.45 
(1.06–2.00)

1.22 
(0.98–1.53)

aOR, adjusted odds ratio; CI, confidence interval. All results were adjusted for 
maternal smoking during pregnancy, maternal asthma history, maternal occu
pational status by using the upper white-collar worker group as the reference 
group for other groups, maternal parity and child sex. p < 0.05 in bold text, 
tested with Wald Chi-Square.
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disorders postnatally, but atopic asthma only with anxiety disorders. 
Other types of asthma were associated with both of the studied mental 
disorders in the prenatal period.

The novelties of our study are several. The effects of maternal 
depressive and anxiety disorders on childhood asthma at this age and 
accounting for different asthma phenotypes have not previously been 
examined to this extent. The independent impact of clearly defined de 
novo postnatal exposure for both disorders, especially on non-atopic 
asthma, raises important questions regarding disorder- and timing- 
specific pathophysiological mechanisms, and highlights the need for 
further research. Our findings complement the results of our previous 
study [24] and emphasize that both the type and timing of the maternal 
mental disorder are important in the context of childhood asthma.

Our results regarding the categorization of atopic and non-atopic 
asthma are in line with previous studies on maternal depression and 
anxiety that have also addressed asthma phenotypes. Cookson and col
leagues (2009) noted that maternal prenatal anxiety symptoms 
continuing postnatally were associated with childhood non-atopic 
asthma. [17] However, no difference between maternal depression 
and anxiety symptoms were observed. Also, Ramratnam et al. (2021) 
showed that moderate-wheeze, low-atopy -phenotype in children was 
associated with maternal stress and depression during the first three 
years of life. [37] Brew and colleagues also reported that asthma was 
more prevalent among children exposed to cumulative maternal psy
chological distress from pre-conception through early childhood, which 
aligns with the results of our prenatally and postnatally exposed groups. 
[23] In their study, in contrast to our findings, prenatally occurring 
maternal depressive and anxiety disorders had the same effect if also 
occurring postnatally. This implicates that, in our study population, 
from the perspective of childhood asthma risk, if a child was exposed to 
maternal depression or anxiety one year before birth, the effect did not 
change if or if not the same exposure continued postnatally.

Maternal depressive and anxiety disorders each represent a distinct 
risk for childhood asthma, depending on the disorder type and the 
timing of the exposure. In contrast to previous studies finding no sig
nificant difference between depressive and anxiety disorders, [17,23] 
we observed differential associations. Specifically, when a child was first 
exposed to maternal depressive or anxiety disorders during the first 
three years of life, the risk was more prevalent and prone to non-atopic 
asthma phenotype. This finding highlights the possibility of different 
pathways in these associations.

In our study, atopic asthma, which generally considered to be more 
Th2-driven, lymphocyte- and eosinophil rich, and has been shown to be 
affected by maternal stress in previous literature, [3,38,39] was asso
ciated only with the postnatal maternal anxiety exposure. Non-atopic 
asthma, which is more Th1-mediated (or Th2-low), and characterized 
by neutrophil and macrophage involvement, [3,40] was significantly 
associated with both maternal depression and anxiety disorders occur
ring postnatally. Although both asthma phenotypes share similarities in 
their clinical presentation and at the cellular level, research on non- 
atopic asthma remains limited, and the pathophysiology of this sub
type is not yet well characterized. [3,40–42]

There are few hypotheses for maternal psychological stress as a po
tential factor in the development childhood asthma. One proposed 
mechanism is that maternal depression and anxiety disorders during 
pregnancy and in early childhood may alter the function of 
hypothalamus-pituitary-adrenal (HPA) -axis, leading to dysregulated 
glucocorticoid secretion patterns that predispose offspring to asthma. 
[43] During the prenatal period, elevated stress hormone levels due to 
maternal depressive or anxiety disorders can interfere with placental 
regulation, allowing these hormones to cross the placenta and disrupt 
the fetal HPA-axis development and glucocorticoid balance, which may 
contribute to increased susceptibility to asthma in offspring. [44,45] 
These glucocorticoids may also modulate the immune system to be less 
sensitive to type 2 inflammatory responses, resulting in diminished 
allergic sensitization in the offspring. [46] Conversely, some studies 

have reported a more proallergic cytokine profile present in pregnant 
women experiencing depressive and anxiety symptoms, which could 
similarly affect the child's respiratory health. [47]

The first three years of life are also a critical period in child's biologic 
development. During this time, maternal psychological distress (e.g. 
depression or anxiety) can affect the relationship between the child and 
the caregiver, which is shown to lead to long-term alterations in cortisol 
levels and stress reactivity in the children, [48] thus possibly elevating 
the child's risk of developing asthma later in life. Maternal smoking 
during pregnancy, prior births, SES and the biological sex of the child 
had similar associations with the childhood asthma as already shown in 
our first study, therefore, they were not examined in further detail in this 
study. [24]

Regarding maternal depressive and anxiety disorders and their co- 
occurrence, these conditions have historically been classified as 
distinct disorders. [49] However, they frequently co-occur, and the 
perceptions of the diseases have evolved across the diagnostic manuals 
of DSM (III to IV) and ICD (9 to 10) during recent decades, and the 
evidence of some overlapping in symptoms, similar biological compo
nents and responses to treatment is observed in the disorders. [50,51] 
Despite these similarities, there are still notable differences between the 
disorders, such as recognizable neural signatures and genetic profiles for 
the disorders. [52,53] In our study, the statistically nonsignificant 
interaction between the two disorders supports the interpretation that 
they are separate disorders. Given the fact that in our study, diagnoses of 
the maternal mental health disorders were made in secondary health
care by physicians, we consider the diagnostic assessments to be accu
rate and differential diagnoses appropriately conducted. Other 
psychiatric co-morbidities, such as schizophrenia or delusional disor
ders, were not assessed in detail, as the majority of the maternal mental 
health diagnoses in our data were depressive or anxiety disorders. [24] 
Nevertheless, more severe mental health disorders have also been 
associated with childhood asthma, as reported by Heuckendorff et al. 
[34]

This study has several strengths. First, our data utilize high-quality 
Finnish registers. Second, the dataset is large and comprehensive, 
covering all Finnish children born between 2001 and 2006 and their 
mothers. Third, the extensive sample size enabled us to integrate mul
tiple registers in order to create multifactorial analyses. For example, the 
information of the occupational status was used as the proxy for the 
family socioeconomic status and was combined with health care data. 
Also, we were able to access primary health care diagnoses from year 
2011 onward, which completed the asthma diagnosis data for children 
born in 2004–2006 and further supports the generalizability of our 
study. In addition to its breadth, the data are excessive also in terms of 
longitudinality, as it covers all of the register data of the children and 
their mothers from their inception to year 2022 (Fig. 1E, Supplementary 
data).

We also acknowledge the limitations. Maternal mental health di
agnoses were primarily derived from secondary healthcare, which most 
likely resulted in an underestimation of the prevalence of maternal 
depression and anxiety disorders during the study period. The combined 
prevalence of these disorders in our study is 4.6% is lower than the re
ported 18–25% in prior studies. [54,55] Furthermore, diagnoses from 
the private sector were not available, which may have contributed to the 
lower observed prevalence. On the other hand, due to the register-based 
nature of the study, the identified cases of depressive and anxiety dis
orders clearly represent clinically significant disorders as the diagnoses 
were set in secondary health care. Comparable epidemiological studies 
have lacked physician-given diagnoses, [54,55] so it is plausible that the 
true prevalence of the maternal depressive and anxiety disorders in the 
pre- and postnatal periods lies between the estimates observed in our 
study and those reported in earlier studies. In children, the inaccuracy of 
asthma diagnoses may be due to possible differences in patient record 
systems that complicated the data extraction and human error when 
physicians set the diagnosis codes. The nonspecific asthma diagnosis of 
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J45 was recorded in 1375 children and represented 7,2% of all asth
matics, and may have included more specific asthma phenotypes that we 
were unable to account for. We speculate that this may have over
estimated the significance of the group of “other asthma”, thus possibly 
hiding a more marked association of other asthma phenotypes. In our 
study design, the children who were prenatally exposed to maternal 
depressive or anxiety disorders were not categorically excluded from the 
prenatal group if the mother was also diagnosed postnatally. Thus, the 
exposure of maternal prenatal disorders may have included children 
who were exposed to maternal pre- and postnatal disorders longitudi
nally. Noteworthy is that this approach reflects a clinically realistic 
scenario, as maternal perinatal mental health disorders tend to persist 
for several years. [56] We also recognize that some mothers diagnosed 
with postnatal mental health disorders may have experienced symptoms 
already during the prenatal period that did not yet meet diagnostic 
thresholds. Likewise, the control group may have included mothers 
whose depressive and anxiety disorders were mild, undiagnosed or un
treated and therefore unrecorded. Because the data were diagnosis- 
based and pharmacy records were unavailable, we were unable to 
identify mothers or children without proper diagnosis but still having 
used or currently using medication for depressive or anxiety disorder or 
asthma. Paternal data were also unavailable for the present study.

In conclusion, this study provides new and detailed insights into the 
role of prenatal and postnatal periods in relation to the development of 
child's respiratory health. We demonstrate that the effects of maternal 
depressive and anxiety disorders on childhood asthma are independent 
of one another and with respect to timing and comorbidity. Our findings 
further support the association of prenatal depressive and anxiety dis
orders and childhood asthma. The novel finding was that de novo post
natal maternal depressive and anxiety disorders appeared to be more 
specifically associated with non-atopic asthma in children. These results 
emphasize the importance of clinical guidelines at family planning and 
health clinics that address maternal mental health prior and during 
pregnancy and in early childhood, considering their potential impact on 
the child's future respiratory health.
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Health of Finland, Helsinki (Päivi Rautava, Marika Leppänen), State 
Funding for University Level Research of Health (Päivi Rautava), the 
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