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Background
The research on the role of father in the foetal programming of
health and behaviour has received increasing attention.
However, the influences of paternal depressive symptoms and
couple relationship satisfaction during pregnancy – potentially
mediated via maternal well-being – on the offspring’s risk of
infections in early life is still seldom assessed.

Aims
The aim was to investigate if paternal psychological distress
during pregnancy is associated with elevated risk of recurrent
respiratory infections (RRIs) for offspring at 12months of age, and
whether maternal distress mediates the association between
paternal distress and offspring RRIs.

Method
The study population was drawn from the nested case–control
cohort of the FinnBrain Birth Cohort Study. Children with RRIs
(n = 50) were identified by maternal reports at the age of
12 months, whereas mothers did not report RRIs for the
comparison group (n = 716). Parental depressive symptoms
were measured with the Edinburgh Postnatal Depression Scale
and couple relationship satisfaction was measured with the
Revised Dyadic Adjustment Scale.

Results
The association between paternal depressive symptoms during
pregnancy and offspring RRIs was mediated by maternal pre-
natal depressive symptoms. Additionally, paternal poorer rela-
tionship satisfaction was associated with child RRIs
independently of maternal distress.

Conclusions
The results suggest different pathways through which paternal
distress during pregnancy may contribute to elevated risk of
offspring RRIs, and more research is needed to study their
underlying mechanisms. Paternal distress and couple relation-
ship satisfaction during pregnancy should be assessed and
screened as a contributor to offspring health.
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Background

Recurrent respiratory infections (RRIs) in children have a signifi-
cant impact on society. RRIs have associated costs, as children
need several antibiotic treatments and may undergo small surgical
procedures such as insertion of tympanostomy tubes.1,2 Because
of these infections, parents are absent from work and have lower
quality of life.3 Known risk factors for childhood RRIs are parental
smoking, prematurity, male gender, lower socioeconomic status of
the family, shorter duration of breastfeeding, greater number of sib-
lings and attendance at daycare.4–6 In addition, prenatal maternal
psychological distress has been established as a risk factor for off-
spring RRIs.7,8 Early-life stress, comprising diverse sources of
both prenatal and postnatal stressors including parental distress,
potentially has a programming effect – that is, the ability to
impose changes in individual physiology, metabolism and epigenet-
ics and subsequent health and disease risk.7,9

During pregnancy, the parental relationship is typically one of
the main sources of psychological support for both adults.
Therefore, the programming effects of maternal prenatal distress
may be explained not only by mothers’ individual well-being, but
also through distress experienced within the family. Still, few
studies in the field have taken into account the role of paternal dis-
tress on offspring health, including RRIs.10 The possible influence of
paternal distress on offspring health and development may be

transmitted through maternal well-being during pregnancy.11 In
previous literature, maternal well-being has been identified as a fun-
damental factor for child health and development.12–16 Recently,
some studies have reported associations between both parents’ psy-
chosocial distress and child poorer physical health outcomes,
including wheezing and RRIs,15,16 whereas others have reported
no direct association between paternal distress during pregnancy
and child physical health outcomes.16–18 This could point to a
complex and multifactorial pattern of paternal influences on child
health during pregnancy. One possibility stemming from research
focused on child socioemotional development is that the influence
of paternal psychosocial distress during pregnancy on child health
outcomes may be transmitted through maternal well-being, and
more specifically, through couple relationship satisfaction and con-
flict,19,20 which may then interfere with adaptation to parenting
postnatally, and thus child health outcomes.21 However, to our
knowledge, there are no studies that have examined the role of
paternal distress and its transmission through maternal prenatal
well-being in terms of child physical health outcomes, such as RRIs.

Study aims

We investigated whether the depressive symptoms and relationship
satisfaction experienced by the father during pregnancy are asso-
ciated with offspring RRIs by 12 months of age (measured as a
binary variable with either recurrent infections or no recurrent
infections). Primarily, we hypothesised that fathers’ depressive* Joint first authors.
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symptoms and couple relationship satisfaction during pregnancy
would be linked with offspring RRIs through maternal depressive
symptoms and/or relationship satisfaction during pregnancy.
First, to establish the dependency of paternal symptoms on mater-
nal well-being, we tested whether paternal symptoms were asso-
ciated with child RRIs independently of maternal prenatal and
postnatal distress symptoms. Next, we examined whether maternal
depressive symptoms and/or relationship satisfaction mediated the
association between paternal depressive symptoms and relationship
satisfaction, and the risk of offspring RRIs. The study is based on a
previous study in the same cohort that reported an association
between maternal distress and relationship satisfaction during preg-
nancy and offspring RRIs.8 Here, we extend this by examining the
role of paternal distress and its transmission to offspring risk for
RRIs in a subsample of this previous study.

Method

Participants

The FinnBrain Birth Cohort Study (www.finnbrain.fi) is a birth
study investigating the effects of prenatal and early-life stress expos-
ure on child health.22 The families were recruited by research nurses
when attending the free-of-charge ultrasounds at 12 gestational
weeks in three maternity welfare clinics in the Southwestern
Hospital District and Åland Islands in Finland during December
2011 to April 2015. The baseline cohort consisted of 3808 women,
their 3837 babies and 2623 fathers/partners. Mothers and fathers
were considered eligible to participate in the study if they had a veri-
fied pregnancy and sufficient knowledge of Finnish or Swedish (the
official languages of Finland) to fill in the study questionnaires.

The present study comprised families in which both the mother
and father had reported depressive symptoms at least twice during
pregnancy, as well as child RRIs at 12 months of age. No additional
criteria for inclusion or exclusion were used. This resulted in

N = 766 families (Fig. 1). Compared with the fathers who did not
respond to all questionnaires, the fathers with complete data were
older (t(2605) =−4.64, P < 0.001), had better economic satisfaction
(t(1584) =−2.58, P = 0.01) and had a higher educational level
(t χ2(2) = 33.92, P < 0.011). However, there were no significant dif-
ferences between the responders and non-responders regarding
depressive symptoms or relationship satisfaction during pregnancy
(P > 0.09).

Participating parents gave written informed consent for them-
selves and on behalf of the expected child. The authors assert that
all procedures contributing to this work comply with the ethical
standards of the relevant national and institutional committees on
human experimentation and with the Helsinki Declaration of
1975, as revised in 2008. All procedures involving human patients
were approved by the Ethics Committee of the Hospital District
of Southwest Finland (identifier: ETMK:57/180/2011).

Measures

See Fig. 1 for the timeline of data collection and attrition at
each time point. The research questionnaires were either
mailed to the participants or filled out online according to each par-
ticipating parent’s choice. The parents reported their depressive
symptoms at 14, 24 and 34 gestational weeks, and relationship sat-
isfaction at 34 gestational weeks. Additionally, both parents
reported depressive symptoms and couple relationship satisfaction
at 12 months postpartum. Finally, parents reported child RRIs at
12 months of age.

Children with RRIs were identified from maternal reports on
the question ‘Has your child had recurrent infections?’ (yes/no) at
the age of 12 months.8 In the study sample, RRIs by 12 months of
age were reported in 50 out of 766 infants (6.5%); 716 out of 766
(93.5%) infants had no RRIs during the follow-up, and formed
the comparison group. The dichotomic variable was used as the
main response variable in the analysis.

3808 mothers recruited gwks
12 with 2623 fathers.
Reports gwks 14: educational
level, EPDS questionnaire

1446 mothers with 766 fathers
responded to 12-month questionnaire.
50 families included in RRI group
based on the 12-month
questionnaire. Control group 716
families.
Reports: EPDS and RDAS
questionnaires

766 families responded to the
relevant study questions and are
included in the analyses

2784 mothers/1661 fathers responded to questionnaires
gwks 24. Reports: EPDS questionnaire

2609/1507 fathers responded to questionnaires gwks 34.
Reports: EPDS and RDAS questionnaires

At birth: length of gestation, child sex, number of
sibling

Duration of breastfeeding was retained from parental
reports at 3, 6 and 12 months postpartum; smoking
was reported at 3 months postpartum. Tympanostomy
insertions and use of antibiotic treatments were
reported by 12 months of child’s age

Fig. 1 Timeline of data collection. gwks, gestational weeks; EPDS, Edinburgh Postnatal Depression; RDAS, Revised Dyadic Adjustment Scale;
RRI, recurrent respiratory infections.
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Paternal and maternal depressive symptoms

Parental depressive symptoms were assessed with the Edinburgh
Postnatal Depression Scale (EPDS). The EPDS is a widely used, sen-
sitive measure of both postnatal and prenatal depressive symptoms,
with ten items each rated from 0 to 3 (higher scores indicate more
depressive symptoms).23,24 Parental EPDS score during pregnancy
was averaged based on the mean of three trimesters, whereas the
EPDS score when the child was 12 months old was used as a
single sum score. Continuous scores were used in the analyses.

Couple relationship satisfaction

Relationship satisfaction was assessed with the Revised Dyadic
Adjustment Scale (RDAS), a 14-item version of the DAS24 (a
short form of the Derriford Appearance Scale DAS59), measuring
couple/partner adjustment in three domains.25 The items are
rated on a scale from 1 to 6. Factor 1, termed ‘consensus’, consists
of the items ‘career decisions’ and ‘religious matters’ (1, always
agree; 2, almost always agree; 3, occasionally agree; 4, frequently dis-
agree; 5, almost always disagree; 6, always disagree). Factor 2,
termed ‘satisfaction’, consists of the items ‘How often do you
discuss or have you considered divorce, separation or terminating
your relationship?’ and ‘How often do you and your partner
quarrel?’ (1, all of the time; 2, most of the time; 3, more often
than not; 4, occasionally; 5, rarely; 6, never). Factor 3, termed ‘cohe-
sion’, consists of the items ‘work together on a project’ and ‘calmly
discuss something’ (1, never; 2, less than once a month; 3, once or
twice a month; 4, once or twice a week; 5, once a day; 6, more
often). The total scores range from 14 to 84, with higher scores
representing lower levels of relationship satisfaction. Continuous
sum scores of the RDAS scale at 34 gestational weeks and at 12
months postpartum were used in the present study.

Potential covariates and background factors

The following factors were included in the study as potential covari-
ates. Paternal and maternal depressive symptoms and couple rela-
tionship satisfaction at 12 months, measured by EPDS and RDAS
scales, were treated as potential covariates to rule out the possibility
that the identified associations during pregnancy are explained by
postnatal factors at the time of the RRI assessment. Educational
level was based on parental report collected at gestational week
14, with responses categorised into low (secondary education or
lower), medium (polytechnics/applied university degree) and high
(university degree). Smoking status at offspring age of 3 months
was measured based on dichotomic assessment (yes/no).
Information about the number of siblings, length of gestation and
child gender was obtained from the national birth register (www.
thl.fi) after the delivery. The duration of breastfeeding (months)
was measured as a cumulative exposure to breastfeeding, which
was based on maternal reports at 3, 6 and 12 months postpartum,
with the responses describing either full-time or part-time breast-
feeding each month. Days on each part-time breastfeeding month
were weighted as 0.5, and full-time month were weighted as 1,
resulting in one cumulative score of ‘days of breastfeeding’.

Additionally, tympanostomy insertions and use of antibiotic
treatments were included in the study as factors describing the
study sample. Similar to RRIs, they were based on maternal
reports by child age of 12 months.

Statistical analyses

The analyses were performed with IBM SPSS 26.0 software for
Windows. First, bivariate associations between paternal andmaternal
depressive symptoms, relationship satisfaction and child RRIs (pres-
ence ofRRIs versus noRRIs, see the description above)were examined

using independent sample t-tests. The associations between the poten-
tial covariates (length of gestation, child gender, number of siblings,
breastfeeding until 12 months of age, parental education and child
exposure to smoking) and RRIs were analysed using independent
sample t-tests and χ²-tests. The missing data in the covariates
(0%–4% in other covariates and 14.4% in the exposure to smoking
variable), in the RDAS responses at 34 gestational weeks
(1.7%–6.3%) and in theRDASandEPDSresponses at 12monthspost-
partum(3.5% inmothers and 26.5% in fathers)weremultiple imputed
usingMCMC imputation procedure in SPSS, utilising ten imputation
data-sets and 50 iterations. The pooled values across each analysis are
reported; however, the analyses were also conducted with non-
imputed data, with highly similar results as the imputed data.

Associations between the potential covariates and RRIs

Only the covariates statistically significantly (P < 0.05) associated
with RRIs were included in the following models. The preliminary
analyses with covariates (see Table 1) indicated that only paternal
education (χ²[2 DF (degrees of freedom)] = 9.20, P = 0.011; lower
education was associated with higher risk of RRI) and the number
of siblings (χ²[5 DF] = 37.97, P < 0.001; infants with RRIs had

Table 1 The sample characteristics (N = 766)

Recurrent
respiratory

infections group
(n = 50)

Comparison
group (n = 716)

P-valueaMean (s.d.) Mean (s.d.)

Paternal age, years 33.2 (5.3) 32.7 (5.2) 0.520
Maternal age, years 31.9 (4.9) 30.9 (4.2) 0.104
Length of gestation,

weeks
39.4 (1.48) 39.8 (1.6) 0.094

Cumulative exposure
to breastfeeding,
days

180.8 (78.0) 182.6 (78.5) 0.819

N (%)
Paternal education 0.011

Low 29 (58%) 269 (37%)
Middle 7 (14%) 203 (28%)
High 12 (24%) 213 (30%)

Maternal education 0.473
Low 14 (28%) 173 (24%)
Middle 14 (28%) 201 (28%)
High 17 (34%) 320 (44%)

Child gender (male) 28 (56%) 378 (53%) 0.660
Child exposure to

parental smoking at
3 months

13 (26%) 144 (20%) 0.099

Number of siblings <0.001
0 13 (26%) 416 (58%)
1 21 (42%) 200 (28%)
2 10 (20%) 80 (11%)
≥3 6 (12%) 19 (3%)

Tympanostomy tube
insertions

11 (22%) 7 (1%) <0.001

Antibiotic treatment <0.001
0 7 (14%) 519 (73%)
1–4 25 (50%) 192 (27%)
5–10 18 (36%) 5 (1%)

Infections by 12
months of age

<0.001

0 2 (4%) 403 (56%)
1–4 22 (44%) 272 (38%)
5–10 23 (46%) 40 (6%)
>10 3 (3%) 1 (0.1%)

P-values are calculated based on the imputed data-set, with highly similar findings in the
non-imputed data-set.
a. Group comparisons.
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more siblings than those with no RRIs) were associated with RRIs.
Thus, these variables were included as covariates in the main
models. Additionally, both paternal (t =−2.09, P = 0.021) and
maternal (t =−2.66, P = 0.008) relationship satisfaction at 12
months postpartum were associated with child RRIs. By contrast,
paternal depressive symptoms (t =−0.63, P = 0.534) and maternal
depressive symptoms (t =−1.70, P = 0.089) at 12 months post-
partum were not significantly associated with child RRIs.
Postpartum symptoms were controlled for as described below.

Final models

A logistic regression analysis for paternal EPDS score and paternal
RDAS score predicting child RRIs in four steps was conducted in the
following manner: covariates listed above, with the exception of
postpartum symptoms; model 1/2a, paternal EPDS/RDAS score
during pregnancy; model 1/2b, maternal EPDS/RDAS score
during pregnancy; and, if a pattern suggesting mediation was
detected in model 1/2b, we then performed model 1/2c, including
maternal EPDS/RDAS score at child age of 12 months (to rule
out the possibility that all associations are explained by parental
postnatal distress).

If no pattern suggesting mediation was found when conducting
model 1/2b, then model 1/2c (controlling for postpartum effects)
was not performed.

Mediation analysis

If there was an indication of a hypothesised mediation pattern in the
logistic regression analysis (i.e. if the maternal symptoms during
pregnancy were a significant predictor of child RRIs along with
paternal symptoms), a mediation analysis was conducted with the
Process MACRO v3.1. in SPSS.26 This analysis was run in
the sample with no multiple imputation of covariates because of
the software characteristics (N = 732, N = 48 and 6.6% with RRIs).
In the mediation model, the indirect effect of the predictor (paternal
symptoms) on RRIs through the mediator (maternal symptoms)
was inspected. A two-sided P < 0.05 was regarded as significant.

Results

Sample characteristics and the association between the
covariates and RRIs

Sample characteristics including sociodemographic and other back-
ground factors are presented in Table 1. Paternal education was asso-
ciated with RRIs, with a greater number of children in the RRI group
having a father with low education than the children in the

comparison group. Maternal education was not related with RRIs
within the sample. Further, greater number of siblings was associated
with RRIs. Finally, up to 36% of children with RRIs had five or more
antibiotic treatments before 12 months of age compared with 1% of
children in the comparison group (P < 0.001). There was also a sig-
nificant difference between the groups in the insertion of tympanic
tubes (P < 0.001). Paternal ormaternal age, length of gestation, cumu-
lative exposure to breastfeeding, child gender and exposure to paren-
tal smoking were not significantly associated with RRIs. At 12months
postpartum, paternal depressive symptoms were not associated with
RRIs, but lower relationship satisfaction was associated with a higher
risk of RRIs.Maternal depressive symptoms and relationship satisfac-
tion during pregnancy were also associated with child RRIs (see
Table 2), a result that was reported in our earlier study with a
larger sample of mother–child dyads.

Bivariate associations between paternal and maternal
psychological distress during pregnancy and child RRIs

This study builds on our earlier report on the associations between
maternal prenatal distress and child RRIs.8 In this study with a
smaller sample, the associations between both paternal and mater-
nal distress and RRIs are displayed in Table 2. Paternal prenatal
depressive symptoms and lower relationship satisfaction during
pregnancy were associated with an elevated risk of RRIs (Table 2).

Furthermore, paternal and maternal depressive symptoms were
modestly to moderately interrelated (EPDS score of r = 0.21 during
pregnancy and r = 0.20 at 12 months postpartum; Ps < 0.001).
Relationship satisfaction among parents was moderately to highly
correlated (r = 0.55 at 34 gestational weeks and r = 0.60 at 12
months postpartum; Ps < 0.001).

Logistic regression models for paternal depressive
symptoms, relationship satisfaction and child RRIs at 12
months postpartum

The logistic regression models are displayed in Table 3. Paternal
depressive symptoms were associated with an elevated risk of
child RRIs (model 1a); however, this association diminished when
the maternal depressive symptoms during pregnancy were con-
trolled for, suggesting a mediation pattern through maternal symp-
toms (model 1b). The association between maternal depressive
symptoms and child RRIs remained significant after controlling
for 12-month postpartum maternal depressive symptoms (model
1c), and similar results were obtained when 12-month postpartum
maternal relationship satisfaction was controlled for (Table 3).

Lower paternal relationship satisfaction during pregnancy was
similarly associated with higher risk of child RRIs (model 2a).

Table 2 The associations between paternal and maternal symptoms during pregnancy and 12 months postpartum, and child recurrent respiratory
infections

Mean (pooled)

RRIs Comparison group t-value, P-value

n = 50 n = 716

Paternal
EPDS score throughout pregnancy 4.33 3.32 −2.29, 0.022
RDAS score at 24 gestational weeks 33.80 30.32 −3.73, <0.001
EPDS score at 12 months postpartum 4.34 3.95 −0.63, 0.530
RDAS score at 12 months postpartum 35.40 32.57 −2.39, 0.021

Maternal
EPDS score throughout pregnancy 6.53 4.48 −4.24, <0.001
RDAS score at 34 gestational weeks 32.56 29.79 −3.16, 0.002
EPDS score at 12 months postpartum 5.85 4.82 −1.70, 0.089
RDAS score at 12 months postpartum 34.71 32.08 −2.66, 0.008

RRIs, recurrent respiratory infections; EPDS, Edinburgh Postnatal Depression Scale; RDAS, Revised Dyadic Adjustment Scale.
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However, this association remained even after controlling for
maternal relationship satisfaction during pregnancy, which was
not associated with child RRIs (model 2b), suggesting that poorer
paternal relationship satisfaction is linked with child RRIs inde-
pendently of maternal symptoms.

Do maternal depressive symptoms and relationship
satisfaction mediate the association between paternal
distress and child RRIs?

The mediation model is reported in Fig. 2. After controlling for the
same covariates as in the main models, maternal depressive symp-
toms during pregnancy indirectly mediated the association between
paternal depressive symptoms during pregnancy and child RRIs
(B = 0.0263, s.e. = 0.013, 95% bootstrapped CI 0.003–0.055).

Discussion

Our study showed that paternal depressive symptoms and lower
couple relationship satisfaction in pregnancy are associated with a
higher risk of child RRIs. Our primary hypothesis was partially sup-
ported asmaternal prenatal depressive symptoms indirectlymediated
the association between paternal prenatal depressive symptoms and
child RRIs. Nevertheless, we also found a direct association
between lower paternal couple relationship satisfaction and a
higher risk of child RRIs, and this seems to be independent of mater-
nal prenatal couple relationship satisfaction. To our knowledge, this is
one of the first studies investigating the role of paternal psychological

distress in offspring RRI risk, and its mediation through maternal
well-being during pregnancy. Our study indicates differential path-
ways through which paternal psychological distress may be linked
with offspring health outcomes in the first years of life.

Our findings regarding the association between paternal pre-
natal psychological distress and offspring RRIs suggest a link with
foetal programming and its potential effects on the development
of the child’s immune system. The hypothalamic-pituitary-
adrenal (HPA) axis and the immune system work in close inter-
action.27 Alterations in the HPA axis induced by maternal distress
and the related biological signals in the intrauterine environment
are well documented, although the exact mechanisms are yet to
be confirmed.28,29 An increasing body of research has reported on
the link between maternal distress during pregnancy and offspring
immunity and proneness to infections.9,10 However, along with few
prior reports, the current study highlights the role of fathers as an
additional contributor to this cascade, as paternal depressive symp-
toms are related to child infections through maternal well-
being.30,31 Thus, the results strengthen the need to screen pater-
nal/partner mental health during pregnancy along with maternal
well-being, and highlight the possibility of preventing child
adverse health outcomes by supporting not only maternal, but
also paternal and whole family, psychosocial well-being during
pregnancy.

In turn, we detected an unexpected direct association between
paternal couple relationship satisfaction and child RRIs at 12
months of age. This association was independent of maternal rela-
tionship satisfaction, which we considered to be the primary

Table 3 The logistic regression model for predicting child recurrent respiratory infections at 12 months of age

B-value P-value Odds ratio 95% CI

Model 1a
Paternal EPDS score 0.086 0.045 1.090 1.002–1.186

Model 1b
Paternal EPDS score 0.059 0.191 1.061 0.971–1.159
Maternal EPDS score 0.116 0.004 1.123 1.039–1.214

Model 1c
Paternal EPDS score 0.058 0.199 1.060 0.970–1.158
Maternal EPDS score 0.125 0.014 1.133 1.026–1.252
Postpartum control: maternal EPDS score at 12 months −0.014 0.767 0.986 0.987–1.083

Model 2a
Paternal RDAS score at 34 gestational weeks 0.062 0.004 1.06 1.020–1.110

Model 2b
Paternal RDAS score at 34 gestational weeks 0.058 0.021 1.060 1.009–1.113
Maternal RDAS score at 34 gestational weeks 0.008 0.743 1.008 0.960–1.058

Model 2c
Paternal RDAS score at 34 gestational weeks 0.053 0.041 1.054 1.002–1.109
Maternal RDAS score at 34 gestational weeks –0.008 0.792 0.992 0.932–1.055
Postpartum control: paternal RDAS score at 12 months 0.026 0.396 1.027 0.966–1.091

Model a: paternal EPDS score, paternal education and number of siblings; model b: model 1 plus maternal EPDS score; model c: model 2 plus postpartum control (either maternal or paternal
respective symptoms at 12 months postpartum). In addition, the models were also run across each predictor (paternal EPDS model controlled for maternal RDAS and paternal RDAS model
controlled for maternal EPDS). EPDS, Edinburg Postnatal Depression Scale; RDAS, Revised Dyadic Adjustment Scale.

B = 0.256, P < 0.01

B = 0.075,
P = 0.104

Maternal EPDS 
during pregnancy

Paternal EPDS
during pregnancy

Child RRIs

B = 0.103, P < 0.05

Fig. 2 The mediation of paternal depressive symptoms and child RRIs through maternal depressive symptoms. EPDS, Edinburgh Postnatal
Depression Scale; RRIs, recurrent respiratory infections.
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transmission route for prenatal psychosocial stressors, including the
well-being of the father. It is possible that there are other mother-
related transmission routes that were not examined in the current
study, such as maternal HPA axis functioning, other aspects of
maternal psychosocial distress (such as social support) and lifestyle
factors (such as diet).32,33 However, recent research has also sug-
gested that fathers may have an independent role in transmitting
the risk for disease, and that this route may be preconceptional,
transmitted through paternal germline effects.34 Furthermore,
fathers who experience lower relationship satisfaction are more
likely to have experienced other risk factors, such as childhood mal-
treatment, and these exposures may be related to epigenetic changes
in paternal germline and, consequently, could lead to biological
alterations in the offspring, including functioning of stress regula-
tion and the immune system.32,35,36 Key mechanisms for how a
father’s environmental exposure is passed on to the next generation
are non-genetic alterations within sperm, such as small non-coding
ribonucleic acids, DNA damage, DNA methylation and histone
modifications.34

For example, childhood maltreatment may precede conflicts
and poorer relationship satisfaction in adulthood relationships
both in women and men,37,38 and thus explain why relationship sat-
isfaction in the current study was independently associated with
child RRIs even when maternal well-being and couple satisfaction
was accounted for. However, these explanations remain preliminary
and require further investigation into whether such mechanisms
can be detected in terms of child RRIs and other physical health
outcomes.

One relevant factor when putting these findings into context are
other psychosocial distress-related processes that can be contribu-
tors for child RRIs – factors we attempted to control for in our ana-
lyses. Both in our study and in previous literature, parental lower
relationship satisfaction during pregnancy and postpartum were
found to be associated with a higher risk of child RRIs.39 As dis-
cussed above, the parental relationship is a source of psychological
support for both adults. Distress and dissatisfaction within the
family may also increase the frequency of asking for medical
support even in the case of usual respiratory infections that would
not otherwise need medical intervention. This, in turn, may lead
to unnecessary antibiotic treatments, which have consequences
for child microbiota and future proneness to infections. This
explanation emphasises provision of psychosocial support for the
family and the couple’s relationship from pregnancy onward, as
one effective way to prevent child respiratory infections, especially
if targeted to the prenatal and early postnatal period. In this
study, we focused primarily on the mediating effects of maternal
psychological distress between paternal well-being and child RRIs.
However, although beyond the scope of the present study, interest-
ing research questions also include the possible effects of family
dynamics on RRI risk, for instance, whether paternal stress moder-
ates the association between maternal distress and child RRIs, and
whether there are important timing effects concerning such dynam-
ics. Furthermore, more intense research designs (for instance, eco-
nomic momentary assessments of parental distress) would be
needed to determine timing effects concerning the role of the pre-
natal and postnatal period and which trimester of pregnancy
proves most powerful in driving the detected associations.

The main strengths of this study include a prospective study
design that allowed for longitudinal measurements during pre-
and postnatal periods, with extensive measurements of psychosocial
stress with validated questionnaires. Second, both maternal and
paternal self-reports were used to study associations with offspring
RRIs in parallel. The main limitation is the use of self-reports in the
assessment of RRIs. Parents with higher psychological distress may
also report a higher number of infections than parents with lower

distress because child physical illness is perceived as more demand-
ing. However, our RRI group clearly differed from the control group
regarding the number of infections and antibiotic treatments, which
strengthens the reliability of our outcome measure and thus the
findings of our study in general. Another limitation is that within
the scope of this study, we were not able to examine the timing
effect of prenatal maternal stress. The timing of prenatal maternal
stress may affect foetal programming for the development of both
the lungs and the immune system.

In conclusion, in the context of foetal programming and its
effects on child health, paternal exposures should be acknowledged
and adequately screened in paediatric clinical settings. The results
also indicate different pathways through which fathers’ distress
during pregnancy may contribute to elevated risk of offspring
RRIs. Paternal well-being during pregnancy may be transmitted
to offspring through maternal well-being, but there may also be
novel mechanisms independent of maternal transmission. Future
research should investigate these mechanisms and biological media-
tors in more detail.
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