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Abstract

Aim: Parental adverse childhood experiences (ACE) might affect the offspring health
through intergenerational inheritance. The aim of this study was to investigate how
paternal ACE associate with offspring sensitisation and allergic rhinitis (AR).
Methods: The study included 590 Finnish father-child dyads from the FinnBrain Birth
Cohort Study. Outcomes were offspring sensitisation against allergens and AR at age
5.5years. Paternal ACE up to 18years were assessed using the Trauma and Distress
Scale (TADS) with the lowest quarter as the reference group.

Results: Of the children, 317 (54%) were males. Sensitisation occurred in 162/533
(30%) and AR in 122/590 (21%). Paternal TADS (median 17 points; interquartile range
11-27) was inversely associated with the risk of sensitisation. Children whose fathers
scored the highest quarter had the lowest risk of sensitisation (adjusted odds ratio
0.42; 95% confidence interval 0.24-0.75), followed by those in the second highest
quarter (0.58; 0.34-0.99). The association between the highest quarter and reduced
risk of AR was similar.

Conclusion: Paternal ACE were associated with a low risk of offspring sensitisation
and AR, suggesting paternal childhood stress might influence immune responses in

their offspring.
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1 | INTRODUCTION

Allergic diseases, consisting of allergic asthma, atopic eczema and
allergic rhinitis, are characterised by coexisting sensitisation to al-
lergens, this is especially the case for allergic rhinitis.! Major risk fac-
tors for atopic diseases include maternal allergic diseases, maternal
tobacco smoke and low socioeconomic status.? Studies in recent
years have also shown that offspring exposed to maternal psycho-
logical distress during gestation, especially late gestation, have an
elevated risk for atopic diseases.®™® These data support the theory
that programming of the immune system starts already during foetal
development which may result in enhanced susceptibility to atopic
diseases.® There is also growing evidence for inheritance of pa-
rental adverse childhood experiences (ACE) contributing to health
outcomes of the oﬁ’spring.“"7 Both maternal and parental ACE have
been linked to an elevated risk of asthma among the offspring.8? We
found only one study’ that examined how paternal ACE, as a factor
independent of maternal ACE, affected offspring health outcomes.
That study did show a link between paternal ACE and an elevated
risk of autoimmune diseases among the offspring.” It is noteworthy

7912 and animal”*2 studies imply that the sex of the ACE-

that human
exposed parent may be a significant contributing factor, since the
impact on offspring health outcomes could be differently induced by
metabolic, behavioural and epigenetic factors expressed by mothers
and by fathers.

Human and animal studies have shown that there are different
factors that cause epigenetic changes which could affect the risk
of atopic diseases for the offspring.}* For example, exposure to to-
bacco smoke constitutes a transgenerational risk factor for asthma;
this means that exposures experienced by previous generations
increase the risk for the offspring across generations.'® Paternal
ACE have been associated with changes in DNA methylation in
the gametes, with small non-coding RNAs and with changes in the
chromatin architecture of paternal gametes, as summarised in the
review by Condon et al.” Interestingly, animal studies have demon-
strated changes in sperm cell epigenetics after exposure of the sub-
ject to psychological trauma in early life and also after puberty.**
Merrill et al. found changes in the methylation of the DNA in the
blood of offspring who had been exposed to paternal ACE.X¢ Among
humans, a more marked suppression of cortisol secretion was ob-
served among offspring of Holocaust survivors who experienced
post-traumatic stress than of the ones who were not exposed. This
phenomenon was linked to changes in DNA methylation of the off-
spring.’® These associations between paternal ACE and offspring
health outcomes have been put in relation to modified metabolism,
hypothalamic-pituitary-adrenal axis dysfunction and dysregulation
of stress of the offspring,7 Dysfunction of the hypothalamic-pitu-
itary-adrenal axis could lead to an imbalance in the amount of Type
1 T helper (Th1) cells and Type 2 T helper (Th2) cells and to a shift
favouring Th2 responses, predisposing to an increased risk of atopic

diseases.””

Key notes

e Parental adverse childhood experiences (ACE) have
been linked to health outcomes of the offspring, but
studies on offspring atopic diseases are scarce.

o Self-reported paternal ACE were associated with a low
risk of sensitisation and allergic rhinitis of the offspring
at age 5.5years.

e This indicates that paternal stress in one's own child-
hood may affect the immune responses of the offspring;
however, further research on the possible mechanisms

is warranted.

Although our understanding of intergenerational inheritance
of paternal ACE and of epigenetic changes that impact the health
of offspring is gradually improving, little is known about how
these circumstances affect atopic diseases in the offspring.%%18
We aimed to investigate the associations between paternal ACE
and offspring sensitisation in a population-based birth cohort of
5.5-year-old patients with allergic rhinitis (AR). Sensitisation was
measured as elevated immunoglobulin E (IgE) antibody levels
against specified allergens. We hypothesised that paternal ACE is
harmful for the offspring and is associated with an elevated risk to
the offspring for sensitisation or AR. If this was the case, it might
be due to underlying epigenetic associations or gene-environ-
ment interactions. The result would be an altered risk of atopic
diseases to the offspring.

2 | PATIENTS AND METHODS
2.1 | Study subjects and study design

The FinnBrain Birth Cohort is a multidisciplinary, intergenerational,
population-based, prospective and observational pregnancy cohort
recruited for examination of the long-term effects of prenatal and
early-life exposures on child health outcomes.® The Finnish fami-
lies were recruited by study nurses between December 2011 and
April 2015 in connection with routine free-of-charge ultrasound
examinations offered to all pregnant women at pregnancy week
12. Recruitment took place in three maternity welfare clinics in the
Hospital District of Southwest Finland and the Aland Islands. The
present study included father-child dyads successfully followed-up
until the child was 5.5 years and where data for outcomes, exposure
to paternal ACE and selected covariates were available. The covari-
ates were parental level of education, maternal depressive symp-
toms during gestation and maternal and/or parental atopic disease,
which included allergic rhinitis and/or atopic eczema (Figure 1 and

Table 1). Father-child dyads without these data were excluded.
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FIGURE 1 Flow chart. EPDS, Edinburgh Postnatal Distress Scale; gwks, gestational weeks; TADS, Trauma and Distress Scale. *Maternal
EPDS at gwks 34, maternal atopic diseases; **Maternal EPDS at gwks 34, parental atopic diseases; ***Maternal EPDS at gwks 34, maternal
atopic diseases, parental educational level; ****Maternal EPDS at gwks 34, maternal atopic diseases, number of siblings; *****Maternal EPDS

at gwks 34, parental atopic diseases, number of siblings.

2.2 | Outcomes

The primary outcome was any objectively measured, laboratory-
verified sensitisation of the offspring at age 5.5years. This was
defined as positive findings of serum IgE antibodies (0/1) against
at least one common allergen measured with fluorescent enzyme
immunoassay using Phadiatop Combi (Phadia, Uppsala, Sweden).
The allergens that were included in the immunoassay were codfish,
cows' milk, eggs, peanuts, soybeans, wheat, cat, dog, horse, birch,
mugwort (Artemisia), timothy (Phleum pratense), Cladosporium her-
barium and Dermatophagoides pteronyssinus which were assessed
routinely by the Central Laboratory of the Turku University Hospital.
The cut-off level 0.35kU/L was considered moderate sensitisation
and 0.70kU/L significant sensitisation. The secondary outcome

was a clinical diagnosis of AR. The symptoms of AR, based on the
International Study of Asthma and Allergies in Childhood (ISAAC)
questionnaire, were reported by the parents and recorded after an
interview by the study paeditricians.’”?° We further divided the sen-
sitisation (cut-off 0.701U/L) into aeroallergens (cat, dog, horse, birch,
mugwort, timothy, Cladosporium herbarum and Dermatophagoides
pteronyssinus) and into food allergens (codfish, cows' milk, eggs, pea-
nuts, soybeans and wheat).

2.3 | Exposures

Paternal ACE were assessed using the TADS questionnaire (Trauma
And Distress Scale) at week 14 of the index pregnancy.?! The TADS
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no. (%)

TABLE 1 Cohort population characteristics and the attrition analysis.
Cohort Included Excluded
Exposures N=3837 N=590 N=3247 p?
Parental characteristics
Paternal age at birth, years, mean (SD) 32(5.4)n=2630 33(5.2) n=589 32 (5.5) n=2041 <0.010
Maternal age at birth, years, mean (SD) 31(4.7)n=3837 31(4.4)n=590 30 (4.8) n=3247 0.011
Maternal pre-pregnancy body-mass index, 23(21:27) n=3684 23(21:26) n=587 24 (21:27) n=3097 0.82
kg/m?, median (IQR)
Maternal smoking, no. (%)
Quit in early pregnancy 274/3690 (7.4) 25/87 (4.3) 249/3101 (6.3) <0.001
Through pregnancy 207/3690 (5.6) 13/587 (2.2) 194/3103 (6.3)
Paternal smoking, no. (%) 1095/3317 (33) 166/579 (29) 455/1338 (34) 0.022
Maternal atopic eczema and/or allergic 1299/3096 (42) 234/580 (40) 1065/2516 (42) 0.38
rhinitis, no. (%)
Paternal atopic eczema and/or allergic 694/2012 (35) 213/587 (36) 481/1425 (34) 0.28
rhinitis, no. (%)
Paternal level of education, no. (%)
Up to 12years 996/2911 (49) 262/533 (43) 766/1478 (52) 0.003
13-15years 593/2911 (30) 177/533 (33) 416/1478 (28)
Over 15years 422/2011 (21) 126/533 (24) 296/1478 (20)
Parental level of education, no. (%)
Up to 12years 1070/3163 (34) 262/589 (45) 734/1422 (52) 0.014
13-15years 1077/3163 (34) 191/589 (32) 402/1422 (28)
Over 15years 1016/3163 (32) 422/2011 (23) 289/1422 (20)
Maternal EPDS score (range 0-30), median 2.0(1.0:5.0)n=1491 3.0(1.0:7.0) n=536 4.0(2.0:7.0) n=2066 0.002
at gwks 34 (IQR)
Paternal EPDS score (range 0-30), median 4.0 (2.0:7.0) n=2602 2.0(1.0:5.0)n=454 2.0(1.0:5.0)n=1037 0.82
at gwks 34 (IQR)
Paternal TADS between 0 and 18years, 18 (11:27) n=1952 17 (11:27) n=590 18 (11:27) n=1362 0.45
median (IQR)
Paternal TADS between 0 and 6years, 10 (5.0:17)n=1944 10(5.0:17) n=588 10(5.0:17)n=1356 0.59
median (IQR)
Paternal TADS between 7 and 12years, 14 (8.0:22) n=1946 14 (8.0:22) n=589 15 (8.0:22) n=1357 0.48
median (IQR)
Paternal TADS between 13 and 18years, 17 (10:26) n=1946 17 (10:26) n=589 17 (10:26) n=1357 0.26
median (IQR)
Child characteristics
Gestational age, weeks, mean (SD) 40 (1.8) n=3758 38(1.7) n=590 40 (1.8)n=3172 0.054
Birth weight, g, mean (SD)/length, cm, 3500 (550) n=3696/50 3500 (550) n=587/51 3500 (550) n=3097/50 0.076/0.070
mean (SD) (2.5)n=3676 (2.4) n=587 (2.5)n=3097
Male sex, no. (%) 1964/3760 (52) 317/590 (54) 1647/3170 (52) 0.43
Number of older siblings, no. (%)
One 1216/3811 (32) 149/500 (30) 576/1754 (33) 0.10
Two or more 413/3811 (11) 47/500 (10) 203/1754 (12)
Older siblings with mother-reported atopic ~ 444/3096 (12) 80/580 (14) 364/2516 (15) 0.68
diseases, no. (%)
Physician-diagnosed allergic rhinitis ever, 122/940 (41) 77/590 (13) 45/350 (13) 0.93
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TABLE 1 (Continued)

Cohort
Exposures N=3837
Current allergic rhinitis during preceding 192/940 (20)
12months, n (%)
Allergic rhinitis®, n (%) 201/940 (22)

ACTA PEDIATRICA RYV NI

Included Excluded

N=590 N=3247 pa
117/590 (20) 75/350 (21) 0.56
122/590 (21) 79/350 (23) 0.49

Abbreviations: Cl, Confidence interval; EPDS, Edinburgh Postnatal Depression Scale; gwks, Gestational weeks; IQR, Interquartile range; OR, Odds

ratio; SD, Standard deviation; TADS, Trauma and Distress Scale.
Indicates the comparisons between included and excluded.

PDefined as physician-diagnosed allergic rhinitis ever and/or current allergic rhinitis symptoms during the preceding 12 months at offspring age

5.5years.
Bold indicating p values below 0.05.

ranges from O to 172 points and provides an assessment of the re-
spondent's trauma experiences at 0-18years of age. It includes 43
items divided into five core domains: neglect (physical and emo-
tional) and abuse (physical, emotional and sexual), each scores 0-4
points.?! In our study, two statements, used for recognition of exag-
gerated positive responses to validation, were excluded: ‘My family
was the greatest ever’ and ‘My childhood was perfect’. Thus, the
final total TADS-range was 0-164 points after exclusion of these
two statements.

The data for maternal pre-pregnancy body mass index, ma-
ternal smoking and delivery type were derived from the Finnish
Medical Birth Register, while other background information was
obtained from the parental questionnaires separately for mothers
and fathers when the mother was 14 weeks pregnant. The parents
were asked whether they had allergies, allergic rhinitis and/or ec-
zema, and parental atopic diseases were identified if the reply was
‘yes’.2022 Maternal prenatal depressive symptoms were assessed
using the Edinburgh Postnatal Depression Scale (EPDS, range 0-30
points) at 34weeks of pregnancy.?® The highest parental (either
mother or father) level of education was used as a proxy for family
socioeconomic status, since low socioeconomic status is a known
risk factor for atopic diseases.? The number of older siblings was
categorised into three classes: no siblings, one sibling and two or

more siblings.

2.4 | Statistical analyses

The risk of sensitisation and AR was assessed using binary logistic
regression, first unadjusted and then adjusted. The TADS was used
as a four-class categorical variable divided into quarters based on
the quartiles with the lowest quarter as the reference. The analyses
were adjusted for known risk factors: parental atopic diseases, pa-
rental level of education, maternal depressive symptoms at 34 weeks
of pregnancy and number of older siblings (models one to five).*>
The models were formed to test possible residual confounding and
consisted of different combinations of significant covariables. The
genetic inheritance of atopic diseases was tested by adjusting for
parental atopic diseases: only maternal atopic diseases in models
one, three and four and parental (both maternal and paternal) atopic

diseases in model two. Model three was also adjusted for parental
level of education and model four for the number of older siblings.
Model five was adjusted for all covariates mentioned. Separate sup-
plementary analyses were run to examine sensitisation to aeroal-
lergens and food allergens. Additionally, a combined variable was
formed which included sensitisation to aeroallergens (cut-off over
0.70kU/L) and AR. To test for residual confounding factors, models
six to eight were expanded to include all covariates from model five
plus the maternal TADS score (model six), area of living (rural/city;
model seven) and population density (more than or less than 100
people/250mx250m grid; model eight). A p value<0.05 was re-
garded as significant. Analyses were performed using the IBM SPSS
29.0 software (IBM Corp, New York, USA).

2.5 | Ethics

The study conforms to the Declaration of Helsinki and was approved
by the Ethics Committee of the Hospital District of Southwest
Finland (ETMK: 57/180/2011). The study started only after written
informed consent had been obtained from the guardians.

3 | RESULTS
3.1 | Study population and characteristics

Originally, the FinnBrain Birth Cohort comprised of 3808 mothers,
2623 fathers and 3837 children. At offspring age 5.5 years, the study
paediatricians carried out the ISAAC-based interview of 940 parents
regarding the atopic outcomes of the offspring. Of these 838 chil-
dren, blood tests for allergic sensitisation were drawn (Figure 1).
Data for the outcomes concerning sensitisation, exposures and co-
variates were available of 479 dyads for model one, 477 for models
two and three, 433 for model four and 430 for model five (Figure 1).
For the outcome of AR, the data was available from 527 dyads for
model one, 525 for model two and three, 476 for model four and 473
for model five. The prevalence of moderate sensitisation of the off-
spring was 206/533 (38%) and of significant sensitisation 162/533
(30%) and AR 122/590 (21%) (Tables 1 and 2).
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The median paternal TADS value was 17 points and the interquar-
tile range (IQR) was 11-27 for all included dyads. The correspond-
ing values for dyads with significant sensitisation of the offspring
were 15 and 9.0-23 and for dyads with offspring with AR 16 and
10-23 (Tables 1 and 2). Maternal atopic diseases were more common
among the children with sensitisation and AR than without, whereas
paternal atopic diseases were more common only among the chil-
dren with AR (Table 2). The correlation between paternal ACE and
paternal level of education and between parental ACE and parental
level of education was mild (beta coefficient -0.144; p<0.001 and
-0.114; <0.001, respectively).

3.2 | Risk of sensitisation at age 5.5 years

Unadjusted analyses showed that the two highest scoring quarters
of paternal TADS were dose-dependently associated with a reduced
risk of offspring sensitisation; the risk was lowest among the children
whose fathers scored the highest quarter and the risk was second
lowest among the children whose fathers scored the second highest
quarter (Table 3). Paternal or parental level of education, number of
siblings or paternal smoking was not associated with offspring sen-
sitisation (Table 3).

Adjusted analyses of models one and two showed that the
two highest scoring quarters were dose-dependently associated
with a reduced risk of offspring sensitisation (Table 3). Analyses
of models three, four and five showed that the highest quarter of
paternal TADS was associated with a reduced risk of significant
sensitisation.

The separate analyses of sensitisation to aeroallergens and
food allergens showed that the two highest quartiles of TADS
were negatively associated with sensitisation of the offspring
to food allergens, while the highest quartile of paternal TADS
was negatively associated with sensitisation of the offspring to
aeroallergens (Table S1). When testing for residual confounding,
the highest quartile of paternal TADS was associated with a re-
duced risk for sensitisation of the offspring in models six to eight
(Table S2).

3.3 | Risk of allergic rhinitis at age 5.5years

Unadjusted analyses did not show statistical significance between
paternal TADS and AR. Adjusted analyses of models one, two, four
and five showed, on the other hand, an association between the
highest scoring quarter of paternal TADS and a reduced risk of AR
(Table 3). When testing for residual confounding, the highest quar-
tile of paternal TADS was associated with a reduced risk for AR of
the offspring in models six to eight (Table S2). The supplementary
analyses of the association between the combined variable AR plus
sensitisation to aeroallergens showed that the highest quartile of
paternal TADS was inversely associated only with the group of aer-
oallergen sensitisations (Table S3).

4 | DISCUSSION

Little is known about the effects of paternal ACE on offspring atopic
diseases. Studies on this large birth cohort show that paternal ACE
were associated with a lowered risk of offspring sensitisation and al-
lergic rhinitis when the child was 5.5years of age. There was a dose
response: the risk was lowest for the offspring whose fathers scored
the highest quarter in the Trauma and Distress Scale (TADS). This
suggests that paternal ACE might induce alterations in the immune
system of the offspring and reduce the risk of atopic diseases.

To our knowledge, this is the first study on paternal ACE and off-
spring atopic traits. The study showed a lowered risk of laboratory-
verified sensitisation and AR in the offspring of fathers who in their
childhood had experienced neglect and/or abuse. This finding was
contradictory our hypothesis. Studies in the novel field of paternal
ACE and offspring health outcomes and, especially, atopic diseases
are limited. A publication by Brew et al. reported an elevated risk
of offspring inflammatory diseases in children whose fathers had
experienced bereavement of a parent in their childhood.” These
autoimmune diseases included insulin-dependent diabetes melli-
tus, coeliac disease and autoimmune thyroid disease.” Autoimmune
diseases constitute a heterogenous group with significant variation
in aberrant immune responses. Several of these diseases express
predominantly a shift towards Th1-driven immune responses, while
Th2-responses are especially associated with allergic diseases.’
Interestingly, also Brew et al. reported a tendency for a lowered risk
of atopic diseases and asthma among the offspring to fathers who
had been exposed to ACE, but they did not highlight this finding.9

We showed that particularly paternal ACE was associated with
a lowered risk of offspring sensitisation to food, aeroallergens and
AR. In small children, AR does not always coexist with elevated
serum IgE antibody levels and AR without elevated serum IgE lev-
els is, in fact, common.?4%° Therefore, we chose not to define AR
based solely on elevated serum IgE antibody levels against aeroal-
lergens. As we tested the association between paternal ACE and the
combination of AR with sensitisation exclusively to aeroallergens,
statistical power declined, but the clinically intriguing perspective
remained. Parental atopic diseases are a known risk factor for off-
spring atopic diseases.?® This could also be seen in our study, as ma-
ternal atopic diseases were a risk factor for offspring sensitisation
and AR, while paternal atopic diseases were only associated with AR
in the offspring.

Only a few previous studies have considered the possibility that
maternal and paternal ACE may exert different effects on offspring
atopy. Studies on exclusively paternal ACE are scarce.” Parental ACE
exposure has mostly been examined either as one entity of mater-
nal and paternal ACE combined or parental sex has been used as
a confounder or the studies have only reported the effects of ma-
ternal ACE.®®'27 Some studies have reported an elevated risk of
asthma and allergy symptoms in the offspring when mothers were
exposed to ACE or when parental sex was used as a confounder.®?
Interestingly, animal and human studies have suggested that ma-
ternal and paternal ACE could induce different epigenetic effects,
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BUOS 1L ACTA PEDIATRICA RYVNI

TABLE 3 Risk of sensitisation and allergic rhinitis.

Sensitisation, cut-off 0.35kU/L

(n=533) Sensitisation, cut-off 0.70kU/L (n=533)  Allergic rhinitis (n=590)
Exposures OR 95% ClI p? OR 95% Cl p? OR 95% Cl p?
Unadjusted analyses
Maternal atopic 1.8 1.3-2.6 <0.001 1.5 1.0-2.2 0.031 2.0 1.3-2.0 <0.001
diseases
Paternal atopic 11 0.79-1.6 0.49 1.2 0.81-1.8 0.34 2.1 1.4-3.1 <0.001
diseases

Maternal smoking during pregnancy

Quit in early 0.54 0.21-1.4 0.21 0.80 0.31-21 0.64 0.51 0.15-1.7 0.28
pregnancy
Through 0.77 0.22-2.6 0.67 0.75 0.20-2.8 0.75 11 0.30-4.1 0.87
pregnancy
Paternal smoking  0.67 0.45-1.0 0.049 0.66 0.43-1.0 0.054 0.94 0.60-1.5 0.80
Older children 1.2 0.73-2.0 0.45 1.3 0.74-2.2 0.28 1.4 0.78-2.3 0.29

with mother-
reported atopic
diseases

Male vs. female 11 0.74-1.5 0.76 1.3 0.90-1.9 0.16 1.3 0.84-10.9 0.27
sex

Paternal level of education

Up to 12years 1.0 0.64-1.6 0.98 0.88 0.55-1.4 0.88 0.94 0.56-1.6 0.80
13-15years 0.88 0.55-1.4 0.60 0.79 0.48-1.3 0.34 0.98 0.57-1.7 0.93
Over 15years ref ref ref

Parental level of education

Up to 12years 0.93 0.59-1.5 0.77 0.72 0.44-1.2 0.20 0.74 0.42-1.3 0.29
Between 13 0.85 0.57-1.3 0.41 0.68 0.45-1.0 0.074 0.91 0.58-1.4 0.68
and 15years
Over 15years ref ref ref
Maternal EPDS 0.99 0.95-1.0 0.73 0.97 0.92-1.0 0.20 1.0 0.99-1.1 0.11
score at gwks 34
Paternal EPDS 1.0 0.96-10.1 0.52 10.0 0.95-1.1 0.72 1.0 0.93-1.1 0.87
score at gwks 34
Paternal TADS 0.99 0.97-1.0 0.069 0.98 0.968-0.998 0.023 0.99 0.97-1.0 0.081
between 0 and
18years of
life per point

(range 0-164
continuous)

Paternal TADS between 0 and 18years of life, quartiles

<11 points ref ref ref

11-17 points 0.75 0.46-1.2 0.25 0.67 0.41-1.1 0.69 11 0.65-1.9 0.71
18-27 points 0.83 0.51-1.3 0.83 0.57 0.35-0.95 0.031 0.76 0.44-1.3 0.32
>27 points 0.64 0.39-1.0 0.068 0.53 0.32-0.88 0.015 0.60 0.34-1.1 0.084

Number of older siblings

None 1.2 0.74-2.0 0.44 1.2 0.71-2.0 0.51 0.98 0.60-1.6 0.95
One 11 0.64-1.8 0.80 11 0.62-1.9 0.79 0.71 0.30-1.7 0.43
Two or more ref ref ref

Adjusted analyses
Model one

Paternal TADS between 0 and 18years of life, quartiles

(Continues)
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TABLE 3 (Continued)

Exposures

<11 points
11-17 points
18-27
points

>27 points

Maternal EPDS
score at gwks
34

Maternal
atopic diseases

Model two

<11 points
11-17 points
18-27
points

>27 points

Maternal EPDS
score at gwks
34

Maternal
atopic diseases

Paternal atopic
diseases

Model three

<11 points
11-17 points
18-27
points

>27 points

Maternal EPDS
score at gwks
34

Maternal
atopic diseases

Parental level of education

Up to
12years

Between 13
and 15years

Over
15years

Model four

<11 points

PUOSI ET AL.
Sensitisation, cut-off 0.35kU/L
(n=533) Sensitisation, cut-off 0.70kU/L (n=533)  Allergic rhinitis (n=590)
OR 95% ClI p? OR 95% Cl p? OR 95% Cl p?
ref ref ref
0.62 0.37-1.0 0.074 0.61 0.36-1.1 0.078 0.91 0.51-1.6 0.74
0.83 0.50-1.4 0.48 0.58 0.34-0.99 0.045 0.70 0.39-1.3 0.24
0.49 0.29-0.84 0.009 0.42 0.24-0.75 0.003 0.55 0.30-1.0 0.053
1.0 0.95-1.0 0.094 0.98 0.93-1.0 0.44 1.1 1.0-1.1 0.048
2.0 1.3-2.9 <0.001 1.5 1.0-2.3 0.049 1.8 1.2-2.7 0.008
Paternal TADS between 0 and 18years of life, quartiles
ref ref ref
0.59 0.35-1.0 0.055 0.59 0.34-1.0 0.058 0.93 0.52-1.7 0.81
0.82 0.49-14 0.44 0.57 0.33-0.98 0.040 0.69 0.38-1.3 0.23
0.48 0.28-0.82 0.007 0.41 0.23-0.73 0.002 0.52 0.28-0.97 0.040
1.0 0.95-1.1 1.0 0.98 0.93-1.0 0.52 1.1 1.0-1.1 0.018
2.0 1.3-2.9 <0.001 1.5 1.0-2.3 0.048 1.9 1.2-2.9 0.004
1.1 0.75-1.7 0.60 1.2 0.82-1.9 0.31 2.2 1.4-3.5 <0.001
Paternal TADS between 0 and 18years of life, quartiles
ref ref ref
0.64 0.38-1.1 0.096 0.63 0.37-1.1 0.10 0.95 0.53-1.7 0.86
0.87 0.52-1.5 0.60 0.61 0.36-1.1 0.079 0.75 0.42-1.4 0.75
0.51 0.30-0.88 0.015 0.45 0.25-0.80 0.006 0.60 0.32-1.1 0.099
1.0 0.95-1.0 0.87 0.98 0.92-1.0 0.36 1.1 1.0-1.1 0.054
2.0 1.3-2.9 <0.001 1.5 1.0-2.3 0.041 1.8 1.2-2.8 0.007
0.089 0.52-1.5 0.65 00.77 0.44-1.3 0.36 0.77 0.42-1.4 0.41
0.82 0.54-1.3 0.36 0.68 0.43-1.1 0.092 0.94 0.58-1.5 0.80
ref ref ref
Paternal TADS between 0 and 18years of life, quartiles
ref ref ref
0.68 0.40-1.2 0.16 0.68 0.40-1.2 0.17 1.0 0.54-1.8 1.0

11-17 points
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TABLE 3 (Continued)

Sensitisation, cut-off 0.35kU/L

ACTA PEDIATRICA RYVAE S

(n=533) Sensitisation, cut-off 0.70kU/L (n=533)  Allergic rhinitis (n=590)
Exposures OR 95% ClI p? OR 95% Cl p? OR 95% Cl p?
18-27 0.88 0.50-1.5 0.65 0.57 0.31-1.0 0.060 0.76 0.040-1.4 0.40
points
>27 points 0.48 0.26-0.88 0.018 0.38 0.20-0.074 0.004 0.44 0.21-0.89 0.022
Maternal EPDS  0.99 0.94-1.0 0.74 0.98 0.92-1.0 0.50 1.1 1.0-1.1 0.070
score at gwks
34
Maternal 2.1 1.4-3.2 <0.001 1.7 1.1-2.7 0.013 1.8 1.1-2.9 0.012
atopic diseases
Number of older siblings
None 2.0 0.90-4.5 0.087 1.8 0.77-4.4 0.17 14 0.54-3.5 0.50
One 1.5 0.64-3.5 0.35 1.5 0.59-3.7 0.40 0.56 0.56-3.9 0.42
Two or more ref ref ref
Model five
Paternal TADS between 0 and 18years of life, quartiles
<11 points ref ref ref
11-17 points  0.66 0.038-1.2 0.15 0.65 0.36-1.1 0.13 11 0.58-2.0 0.80
18-27 0.96 0.55-1.7 0.88 0.65 0.36-1.2 0.15 0.83 0.43-1.6 0.57
points
>27 points 0.47 0.26-0.86 0.014 0.39 0.20-0.74 0.004 0.46 0.22-0.96 0.038
Maternal EPDS  0.99 0.94-1.0 0.72 0.98 0.92-1.0 0.41 1.1 1.0-1.1 0.034
score at gwks
34
Paternal atopic 1.2 0.81-1.9 0.34 14 0.87-2.1 0.18 2.2 1.4-3.6 0.001
diseases
Maternal 2.2 1.5-34 <0.001 1.8 1.2-2.8 0.009 2.0 1.2-3.3 0.004
atopic diseases
Parental level of education
Up to 0.83 0.47-1.5 0.51 0.72 0.39-1.3 0.72 0.69 0.34-14 0.30
12years
Between 13 0.83 0.53-1.3 0.43 0.71 0.44-1.1 0.71 0.99 0.59-1.7 0.96
and 15years
Over ref ref ref
15years
Number of older siblings
None 1.9 0.84-4.2 0.12 1.7 0.70-4.1 0.24 1.2 0.48-3.2 0.65
One 14 0.61-3.4 0.40 14 0.56-3.6 0.45 1.5 0.56-4.1 0.41
Two or more  ref ref ref

Abbreviations: Cl, Confidence interval; EPDS, Edinburgh Postnatal Depression Scale; gwks, Gestational weeks; IQR, Interquartile range; OR, Odds

ratio; TADS, Trauma and Distress Scale.

behavioural outcomes and health outcomes in the offspring, and
this highlights the significance of separating the effect of parental
sex /911

Therefore, the pathways explaining the link between paternal
ACE and lowered risk of offspring atopic traits might involve pa-
rental sex differences depending upon whether it has been the
mother or the father who has been exposed to ACE. This gains sup-
port from studies showing that the function of the hypothalamic-
pituitary-adrenal axis and the status of glucocorticoid receptors

were dissimilarly altered among the offspring of Holocaust sur-
vivors, depending on the sex of the parent who survived the
Holocaust and developed the post-traumatic stress disorder.!%!!
Interestingly, paternal exposure to the post-traumatic stress dis-
order decreased the sensitivity of the dexamethasone suppression
test of the offspring, increased the 24-h cortisol excretion'®!?
and induced methylation of the 1F promoter gene of the gluco-
corticoid receptor which affects glucocorticoid metabolism.!°

These findings were opposite to what maternal exposure to the
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post-traumatic stress disorder caused in the offspring.%! Several
animal studies and a few human studies have similarly reported
sex-specific alterations of glucocorticoid metabolism and vari-
ous epigenetic factors, as described in a review by Condon et al.”
Maternal prenatal psychological distress symptoms have been
linked to atopic diseases in the offspring and our results suggest
that paternal ACE influences atopy in the offspring independently
of maternal prenatal psychological distress symptoms.®?27

This observational study can report associations but cannot
establish causality. Intergenerational pathways could be medi-
ated by epigenetic changes in paternal germ cells or by interac-
tions between genes and the environment. Animal studies have
shown that transgenerational epigenetic changes occur in the
paternal germline after exposure to stressful situations postna-
taIIy.7'28 The epigenetic changes are then passed on to the off-
spring, and as mentioned above, result in functional changes in the
hypothalamic-pituitary-adrenal axis and stress responses in the
offspring.?® This mechanism could lead to blunted Th2 immune
responses evidenced as lowered levels of IgE antibodies and AR,
as was also evidenced by our study. Obviously, the mechanisms
of the somewhat surprising associations, not reported previously,
need to be addressed in further studies. At this stage, they are
hypothetical.

4.1 | Strengths and limitations

Our study had several strengths. The study included data on the
level of individuals of around 500 father-child dyads in the large
FinnBrain Birth Cohort Study.?° Outcomes were assessed val-
idly - we used laboratory-verified sensitisation assessment, i.e.,
IgE antibody levels, and the clinical diagnosis of AR was based on
the validated ISAAC questionnaire used by study paediatricians
to diagnose or exclude AR when the child was 5.5years of age.19
AR in small children is a heterogenous condition and there is a po-
tential for diagnostic errors, even when diagnosed by a physician
or paediatrician or when the evaluation is based on a validated
questionnaire. However, the prevalence of sensitisation (30%)
and AR (21%) in our study was consistent with previous studies
and this supports the supposition that our results are reliable and
generalisable.?’

Previous studies have used varying definitions of parental ACE,
ranging from parental bereavement to major negative life events,
such as divorce.®? This lack of stringency could lead to heterogenous
findings and to limited comparability between studies. We included
both bereavement of the father's own parent during childhood and
paternal ACE based on the TADS questionnaire to study different as-
pects of adverse childhood experiences. The number of fathers who
had experienced parental bereavement was low in our population.
A recent study by Karlsson et al. utilised the TADS questionnaire,?*
and found a positive association between cumulative paternal ACE
and newborn brain white matter maturation, in terms of aberrantly

high fractional anisotropy values in certain parts of the brain of

newborn offsprings.2® The TADS is clinically useful and reliable for
evaluation of childhood traumatisation. The median TADS score in
our study was in line with previous work on the psychometric prop-
erties of the TADS.?!

Drop-out is inevitable in birth cohort studies, and only a pro-
portion of the original study population was included in this study.
In the included families the parental level of education was higher,
psychiatric issues less frequent and the mothers older compared
to the ones excluded due to missing data. However, as attrition
analysis showed, the differences were not substantial. Despite
the variation caused by drop-outs, the fact that the study data
originated from a population-based cohort assures generalisabil-
ity of the data from the study population. Any recall bias related
to reporting paternal ACE with the TADS questionnaire is a com-
mon challenge in observational studies. Although we adjusted for
multiple factors in several models, some residual confounding may
have persisted. Some currently unknown mediators related, for
example, to paternal lifestyle, could affect the epigenome of gam-
etes and so influence the immune function of the offspring. Some
covariates that affect allergic outcomes are probably not associ-
ated with paternal ACE but are still considerable risk factors and
should therefore be included as covariates, such as maternal atopic
diseases. The parental level of education was used as a proxy for
the socioeconomic status of the family, since a low level of educa-
tion is a known risk factor for atopic diseases.? Interestingly, the
association between paternal TADS scores and the reduced risk
of offspring sensitisation and AR persisted after adjustment for
the parental level of education and other confounders, suggesting
that paternal ACE is an independent factor affecting the develop-
ment of atopic diseases in offspring.

5 | CONCLUSION

Paternal ACE were associated with a reduced risk of offspring sen-
sitisation and AR. This might indicate that father-experienced child-
hood neglect and/or abuse affects the susceptibility of the offspring
to atopic diseases through alterations in the immune balance be-
tween type 1 helper cells and type 2 helper cells. Although obser-
vational studies, similar to the present one, cannot prove causality,
the mechanisms of the recently discovered and somewhat surprising
associations need to be addressed in further studies.
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