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Abstract

Objective

The present study aimed to examine the association between paternal selective
serotonin reuptake inhibitors (SSRIs) use before conception and the risk of autism
spectrum disorder (ASD) in offspring.

Design

A population-based cohort study

Methods

Based on Danish national registers, we conducted a cohort study of 669,922 children
born from 1998 to 2008, with follow-up throughout 2013. The children whose fathers
used SSRIs during the last 3 months prior to conception were identified as the
exposed. Cox regression model was used to estimate the hazard ratio (HR) for ASD in
children.

Results

Compared with unexposed children, the exposed had a 1.43-fold higher risk of ASD
(HR=1.43, 95% confidence interval [CI]: 1.18-1.74) after adjusting for potential
confounders. When extending the exposure window to 1 year before conception, the
adjusted HR (aHR) of ASD in children of fathers who used SSRIs only from the last
year till the last 3 months prior to conception and who used SSRIs both before and
during the last 3 months prior to conception was 1.54 (95%CI: 1.21-1.94) and 1.32
(95%CI: 1.02-1.72), respectively. Whereas, the risk in children of fathers who used

SRRIs only during the last 3 months prior to conception decreased and became
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nonsignificant (aHR=1.17, 95%CI: 0.75-1.82).

Conclusions

©CoO~NOUTA,WNPE

Our findings suggested no substantial increase in the risk of ASD in the offspring

11 attributable to paternal SSRIs use before conception.

16 Strengths and limitations of this study

20 ® This is the very first study that investigates the link between paternal
22 antidepressants use and ASD risk in children.

A number of potential confounders, including sociodemographic factors as well
as parental psychiatric history, can be adjusted for based on the availability of
27 national health registry data.

29 ® Actual use of SSRIs by fathers during the time period of interest may not be
31 validated.

33 ® Those children who received the diagnosis of ASD from private psychiatrists or

35 remained undiagnosed at the end of the follow-up may not be identified as ASD
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Introduction

Depression is a common mental health problem that affects approximately 350
million people worldwide'. Selective serotonin reuptake inhibitors (SSRIs) are
commonly prescribed for the treatment of depression and other anxiety-related
disorders. However, an increasing body of evidence suggests that prenatal exposure to
SSRIs is associated with adverse obstetrical and neonatal outcomes **. In addition,
recent studies have indicated a possible link between prenatal SSRIs exposure and
neurobehavioral problems in children>°.

Autism spectrum disorder (ASD) is one of the major neurodevelopmental
disorders characterized by impairments in reciprocal social interaction,
communication, and repetitive or stereotypic behavior’. The estimated prevalence of
ASD has dramatically increased from less than 1 in 2,000 children in 1960s to
approximately 1 in 145 children today® . Both genetic and environmental risk factors
may contribute to ASD . Recently, maternal use of SSRIs during pregnancy has been
reported to be associated with an increased risk of ASD in children '

If maternal SSRIs exposure during pregnancy plays a role in fetal, even in child’s,
development, an extended effect of earlier exposure on gamete, particularly human
sperm, is biologically plausible. Therefore, the potential role of paternal SSRIs use in
ASD should also be taken into consideration. Studies in the Nordic countries show
that one-third of the fathers used prescription drugs during the last 6 months prior to

conception ', and approximately 1.4% of fathers were dispensed SSRIs during the

last 3 months prior to conception 13, 16, Although the information regarding the
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potential effects of SSRI use by fathers is limited, the hypothesis of an increased risk
of adverse pregnancy or neonatal outcome associated with paternal drug exposure is
not new. Evidence from experimental studies suggests that paternal exposure to a
broad range of xenobiotic agents may induce reproductive and developmental
abnormalities in the subsequent offspring, e.g., spontaneous abortions, congenital
malformations, growth retardation, neurobehavioral deficits, or carcinogenesis”'lg.
Epidemiologic studies have also shown that certain pharmacological agents used by
fathers before conception may increase the risk of spontaneous abortions, birth defects
or childhood cancers™?'. The potential mechanisms behind the male-mediated effects
include: 1) genetic or epigenetic changes with direct disturbances in spermatocytes; 2)
indirect effects by transmission of the xenobiotic agents to the female via the seminal
fluid'" '®. Several studies have indicated the adverse effects of paternal SSRIs use,
including impaired semen quality and abnormal sperm DNA fragmentation ** >,
which has been reported to be associated with diminished fertility, adverse pregnancy
outcomes, and an increased risk of childhood disease **.

Little is known on whether paternal SSRIs use before conception contributes to
the risk of ASD in offspring. We conducted a population-based cohort study to
examine the association between paternal SSRIs use during the last 3 months prior to

conception and risk of ASD in offspring, utilizing data from national Danish health

registries.

Methods
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Study Population

This study was based on several national registers in Denmark. Each Danish resident
is assigned a unique personal identification number (a 10-digit civil registration
system number used in all registries), which enables accurate linkage of national
registries at the individual level”. The Danish Medical Birth Registry (DMBR)
contains records of all deliveries in Denmark since 1973 and includes information
about gestational age at birth from 197826.Using the DMBR data, we identified a
cohort of all singletons born alive in Denmark during the period of January 1, 1998
through December 31, 2008 (n=687,580). We excluded children without linkage to
their father (n=16,955) or their mother (n=74), with missing parity (n=208), and with
missing or extreme values of gestational age (<23 weeks or >45 weeks, n=421). A
total of 669,922 children were included in the analysis.

Data on SSRIs use

Information on SSRIs use was drawn from the Danish National Prescription Registry
(DNPR)?. Since 1995, this registry has recorded all redeemed prescriptions in
Denmark with the following information: the civil registration number of the patient,
the dispensing date, the medication code (the WHO Anatomical Therapeutic Chemical
(ATC) classification system), the number of packages prescribed, and the number of
doses units in package. Selective serotonin reuptake inhibitors use was identified
based on ATC codes: fluoxetine (NO6ABO03), citalopram (NO6AB04), paroxetine
(NO6ABO0S5), sertraline (NO6AB06), fluvoxamine (NO6ABO0S), and escitalopram

(NO6ABI10). It is estimated that spermatogenesis takes approximately 74 dayszo,
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therefore we chose the last 3 months prior to conception as the exposure window to
cover the susceptible time period. A child was considered exposed if the dispensing
date fell within the specified exposure window or the number of days for which the
SSRIs medication was supplied overlapped any portion of the exposure window.
Children born to fathers who had no prescriptions for SSRIs and no supply overlap
during the entire exposure window were considered unexposed. The date of
conception was estimated by subtracting gestational age from the date of delivery.
Data on paternal SSRIs use during the last two years prior to the conception were
extracted for further analyses. We also retrieved the information about maternal SSRIs
use during the pregnancy.
Autism spectrum disorders
Autism spectrum disorders in children were identified by using the Danish Psychiatric
Central Research Register (DPCRR) and the Danish National Patient Register
(DNPR). The DPCRR contains diagnostic information on every admission from
psychiatric hospitals and psychiatric wards in general hospitals in Denmark since
1969, and includes data on all outpatient visits and emergency room contacts since
1995%%. The DNPR has collected data on all inpatients from all somatic hospitals in
Denmark since 1977 and outpatients from 1995%°. The combined data from the two
registries were used to identify all children diagnosed with ASD. During the study
period, the diagnosis of ASD was based on the International Classification of
Diseases, 10th version (ICD-10) codes of F84.0 (Childhood autism), F84.1 (Atypical

autism), F84.5 (Asperger syndrome), F84.8 (other pervasive developmental
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disorders) and F84.9 (unspecified pervasive developmental disorders). The quality of
the childhood autism diagnosis has been validated and the diagnoses could be
verified in 94% of the children with a record in the DPCRR’. Children were
followed up from birth till first diagnosis of ASD, death, emigration, or December 31,
2013, whichever came first.
Covariates
Using the Danish nationwide health registers, we retrieved data on characteristics that
may be associated with offspring ASD or paternal SSRIs use. For each child, we
obtained information on calendar year of birth, gender of the child, birth weight,
Apgar score at 5 minutes, gestational age, maternal parity, maternal age at child birth,
paternal age at child birth and maternal smoking status during pregnancy from the
DMBR. Parents’ psychiatric history prior to birth of the index child was obtained
from DPCRR by ICD-8 codes 290-315 from 1977 to 1993 and ICD-10 codes F00-F99
from 1994 onward. Furthermore, we identified parents diagnosed with affective
disorders before birth of child (specifically, ICD-8 codes 296.09, 296.19, 296.29,
296.39, 296.99, 298.09, 298.19, 300.49, and 301.19, and ICD-10 codes F30-F34 and
F38-F39) using the DPCRR.
Statistical Analysis
Cox proportional-hazards regression models were used to estimate the hazard ratios
(HRs) and 95% confidence intervals (ClIs) of ASD in children following exposure to

paternal SSRIs use before conception.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 8 of 27



Page 9 of 27

©CoO~NOUTA,WNPE

BMJ Open

We adjusted for variables as following: the calendar year of birth (1998-2000,
2001-2003, 2004-2006, 2007-2008), gender of the child (boy, girl), parity (1, 2, >3),
parental age at child birth (<25, 26-30, 31-35, and >35 years), maternal smoking
status during pregnancy (yes or no), maternal history of psychiatric disorders before
birth of child (yes or no), maternal antidepressants use during pregnancy (yes or no)
in model 1. We additionally adjusted for paternal history of psychiatric disorders
before birth of child (yes or no) in model 2. Models were also run with the exclusion
of those children with missing data for covariates.

To distinguish the direct effects of SSRIs use from the effects of the indication of
SSRIs use, we extended the exposure window to 1 year before conception. We then
re-categorized the exposed children into three subgroups: children of fathers who used
SSRIs 1) only from the last year till the last 3 months prior to conception (former
SSRIs users); 2) only during the last 3 months prior to conception (current SSRIs
users); 3) both before and during the last 3 months prior to conception (both former
and current SSRIs users). The reference group consisted of those children born to
fathers who never used SSRIs medication through the last year before conception.

The stratified analysis was performed to examine whether the association between
paternal SSRIs use and ASD in children differed by gender. We also restricted the
analyses to children whose mothers neither received antidepressant medication during
pregnancy nor had affective disorder before birth of child. To further distinguish the

effect of SSRIs medication from that of paternal affective disorders, we performed

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

BMJ Open Page 10 of 27

stratified analyses according to paternal history of affective disorder before birth of
the index child.

Besides, to control for unmeasured family-related confounding factors, we
re-conducted a sibling study by restricting to families with more than one child and
with at least one child with paternal SSRIs preconception exposure. Using the
stratified Cox proportional-hazards regression, we then compared exposed siblings to
unexposed siblings to estimate the association between paternal SSRIs use before
conception and ASD in children.

All analyses were performed using SAS version 9.1 (SAS Institute Inc, Cary,
North Carolina, USA).

Results

Among the 669,922 singletons included in the study, 6,870 (1.03%) children were
born to fathers who had redeemed a prescription for SSRIs during the last 3 months
prior to conception. During the study period, a total of 7,577 children were diagnosed
with ASD. The median age at diagnosis of ASD was 6.77 years (interquartile range:
4.84 t0 9.48 years). Characteristics of the study population are shown in Table 1.
Compared with the unexposed group, there were a higher proportion of exposed
children born in later calendar years. Fathers in exposed group were more likely to be
older at child birth and to have a history of psychiatric disorder (including affective
disorder) before birth of child. Mothers of exposed children were characterized as

having higher parity, being more likely to be older at child birth, to use

10
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antidepressants during pregnancy, and to have a history of psychiatric disorder before
birth of child.

Among 61,555 person-years of follow-up, we identified 104 cases of ASD in
children born to fathers who used SSRIs during the last 3 months prior to conception
(incidence rate: 169 per 100,000 person-years). This incidence rate corresponded to a
62% increased risk of ASD compared with the unexposed group (Table 2). The
adjusted HR (aHR) of ASD was 1.54 (95% CI: 1.27-1.88) after adjusting for potential
confounders in model 1. After paternal psychiatric history was further adjusted for in
model 2, the estimate was 1.43 (95%CI: 1.18-1.74). When extending the exposure
window to the last one year prior to conception, the aHR for ASD in children of
fathers who were former users only and who were both former and current users was
1.54 (95%CI: 1.21-1.94) and 1.32 (95%CI: 1.02-1.72), respectively. However, the
increased risk decreased and became nonsignificant among children of fathers who
were only current users (aHR=1.17, 95%CI: 0.75-1.82, model 2, table2).

The risk estimates of ASD were similar for both boys and girls, regardless of the
exposure (Table S1). When we restricted analyses to children whose mothers neither
used SSRIs during pregnancy nor had affective disorder before birth of child, the
results did not change essentially (Table S2).

When the analyses were stratified by paternal affective disorder before birth of the
index child, in children born to fathers with a history of affective disorder, there was
no association between paternal SSRIs use before conception and ASD in the
offspring (model 2: aHR=1.10, 95%CI: 0.61-1.98). For children whose father without

11
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affective disorder, the patterns of associations remained similar to those of the main
analyses (Table 3).

In the sibling analysis, we identified 5,479 families with more than one child and
with at least one child with paternal SSRIs use before conception (Table 4). The risk
of ASD in exposed children was similar when compared with their unexposed siblings
(aHR=1.04, 95%CI: 0.94-1.14).

Discussion

In this large population-based cohort study, we observed an increased crude risk of
ASD in the offspring following paternal use of SSRIs during the last 3 months prior to
conception. However, the risk attenuated after adjusting for a number of potential
confounders, especially fathers’ psychiatric conditions. When extending the exposure
window to one year before conception, the ASD risk persisted among children born to
former users but not current users. In addition, among children born to father with
affective disorder, no association was observed. Finally, we performed a sibling
analysis which allowed for better control of unmeasured familial confounding and no
difference in the ASD risk was found among exposed children and their unexposed
siblings. Taken as a whole, our results did not support that paternal SSRIs use before
conception could increase the risk of ASD in children.

Recently, concerns have been raised regarding the risk of ASD in the offspring
associated with prenatal exposure to SSRIs. Three previous human studies have
suggested that in utero exposure to antidepressants would increase the risk of ASD in

. 11-13
children

, although another two studies using the Danish registers have reported no
12
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significant association *'*%. Basic neuro-biologic studies have showed that prenatal
SSRIs administration may be part of a causal pathway to ASD by operating directly
on the developing brain****. Considering the detrimental effect of SSRIs on sperm **
2.3 paternal SSRIs use before conception may also cause adverse effects on
pregnancy outcomes. However, till now, only one study have suggested that SSRIs
administration to male rats could induce deterioration in fertility and fetal outcomes
(including weight gain, organ weights and feed consumption)3 6 To our knowledge,
our study is the first to investigate the link between paternal antidepressants use and
ASD risk in children. Considering the limited number of ASD cases and the
challenges posed by confounding, further studies are needed to corroborate the
findings.

In the present study, the increased risk of ASD observed in former users but not in
current users implied that indications for paternal SSRIs use may account for the
observed association between paternal SSRIs use and ASD in children, which was
supported by previous studies suggesting that parental depression and other
psychiatric disorders might be associated with the risk of autism in children®”?’.
When we further looked into those children without paternal affective disorder (the
main indication for SSRIs) before birth of child, similar patterns of association to the
main analyses were found. Thus, in addition to affective disorders, other indications
related to SSRIs use may also contribute to the observed association.

Our study has several methodological strengths. One strength was that the linkage

of several nationwide health registries in Denmark enabled us to conduct a large

13
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cohort study with virtually complete follow-up. The definition on exposure to SSRIs
was based on a national registry, which eliminated the risk of recall bias caused by
self-report. Another strength was that the information on ASD diagnosis was obtained
independently of exposure measurement, which could also mitigate the information
bias. Furthermore, the availability of health registry data enabled us to adjust for a
number of potential confounders including sociodemographic factors as well as
parental psychiatric history.

Limitations need to be considered when interpreting the results of our study.
Firstly, we were unable to validate actual use of SSRIs by fathers during the time
period of interest because we relied on medical records of dispensed prescriptions.
This may lead to misclassification of exposure status because some people may not
take the medication or may take it later. Nevertheless, the misclassification was most
likely non-differential, which could bias the association toward null. Besides, some
patients may receive SSRIs treatment during inpatient admissions which are not
included in the prescription registry. We expect this problem to be minor since those
inpatients usually have severe psychiatric disorders and are more likely to continue
treatment after discharge. Secondly, the 3-month cut-off point was set based on the
fact that spermatogenesis takes approximately 70-90 days in humans. Whereas it may
be possible that SSRIs drugs induce sperm damage at the very primitive stage.
However, the results did not change markedly after extending the putative exposure
period to the last 6 months prior to conception (data not shown). Thirdly, ASD in
children was ascertained through the DNPR and the DPCRR, which did not include

14
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those children who received the diagnosis of ASD from private psychiatrists or
remained undiagnosed at the end of the follow-up. However, the prevalence of ASD
in our cohort was 1.13%, which was similar to that reported in the United States
during the study period (1.14%) *. Hence the bias introduced by case identification
was expected to be minimal.

Conclusions

Our evidence does not support that paternal SSRIs use before conception increases the
risk of ASD in the offspring, but implicates that paternal underlying indications

related to SSRIs use, or other unmeasured confounding factors may play a role.
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Tablel. Baseline Characteristics of the study population

Characteristic

Paternal SSRIs use during

the last 3 months prior to

No paternal SSRIs use

during the last 3 months

conception prior to conception

(N=6,870) (N=663, 052)
Calendar Year of birth, No. (%)
1998-2000 1,021(14.9) 185,784(28.0)
2001-2003 1,526(22.2) 179,952(27.1)
2004-2006 2,305(33.5) 178,664(27.0)
2007-2008 2,018(29.4) 118,652(17.9)
Gender, No. (%)
Boy 3,549(51.7) 340,194(51.3)
Girl 3,321(48.3) 322,858(48.7)
Birth Weight (g), No. (%)
<2500 278(4.1) 22,315(3.4)
2500-3250 1,729(25.2) 154,494(23.3)
3250-4000 3,582(52.1) 348,853(52.6)
4000-8000 1,243(18.1) 132,343(19.9)
Unknown 38(0.5) 5,047(0.8)
Parity, No. (%)
1 2,693(39.2) 282,895(42.7)
2 2,433(35.4) 250,496(37.8)
>3 1,744(25.4) 129,661(19.5)
Preterm Birth, No. (%)
(<37 weeks)
No 6,489(94.4) 630,851(95.1)
Yes 381(5.6) 32,201(4.9)
Apgar score at 5 minutes, No. (%)
0-7 91(1.3) 8,224(1.2)
8-9 442(6.4) 39,941(6.0)
10 6,269(91.3) 607,634(91.7)
Unknown 68(1.0) 7,253(1.1)
Maternal age at child birth (years), No. (%)
<25 958(13.9) 99,273(15.0)
26-30 2,238(32.6) 244,419(36.9)
31-35 2,386(34.7) 225,610(34.0)
>35 1,288(18.8) 93,750(14.1)
Paternal age at child birth (years), No. (%)
<25 364(5.3) 47,490(7.2)
26-30 1,434(20.9) 180,612(27.2)
31-35 2,395(34.8) 242,702(36.6)
>35 2,677(39.0) 192,248(29.0)
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Tablel. Baseline Characteristics of the study population (continued)

Maternal smoking status”, No. (%)

©CoO~NOUTA,WNPE

No 4,326(63.0) 477,574(72.0)
Yes 1,334(19.4) 106,233(16.0)
Unknown 1,210(17.6) 79,245(12.0)
Maternal AD use during pregnancy, No. (%)

No 6,548(94.0) 653,496(98.6)
Yes 412(6.0) 9,556(1.4)
Maternal history of

Affective disorder, No. (%)

No 6,607(96.2) 654,234(98.7)
Yes 263(3.8) 8,818(1.3)
Paternal history of

Affective disorder, No. (%)

No 6,099 (88.8) 659,639(99.5)
Yes 771(11.2) 3,413(0.5)
Maternal history of

psychiatric disorder, No. (%)

No 6,175(89.9) 626,840(94.5)
Yes 695(10.1) 36,212(5.5)
Paternal history of

psychiatric disorder, No. (%)

No 5,092 (74.1) 630,9909(95.2)
Yes 1,178(25.9) 32,062(4.8)

Abbreviations: SSRI, selective serotonin reuptake inhibitor; N, number; AD, antidepressant drugs;

* Maternal smoking information was missing among those children born from 2007 to 2008.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

20



Page 21 of 27

©CoO~NOUTA,WNPE

BMJ Open

Table2. Association between paternal SSRIs use before conception and ASD in offspring

Paternal SSRIs use before Offspring  Follow-up Hazard Ratio (95% CI)
conception with ASD  no. of
o person-yr Crude Model 1* Model 2°
No use during the last 3 7,473 6,765,205 Ref Ref Ref
months prior to conception
Use during the last 3 months 104 61,555 1.62(1.33-1.96)  1.54(1.27-1.88) 1.43(1.18-1.74)
prior to conception
No use during the last 1 year 7,429 6,736,654 Ref Ref Ref
prior to conception
Use only from the last 1 year 71 39,422 1.71(1.35-2.16)  1.66(1.31-2.09) 1.54(1.21-1.94)
to the last 3 months prior to
conception
Use only during the last 3 20 14,738 1.29(0.83-2.00)  1.24(0.80-1.93) 1.17(0.75-1.82)
months prior to conception
Use both before and during 57 35,946 1.52(1.17-1.97)  1.43(1.10-1.86) 1.32(1.02-1.72)

the last 3 months prior to

conception

Abbreviations: AD, antidepressant drugs; SSRI, selective serotonin reuptake inhibitor; ASD, Autism

Spectrum Disorder; No., number; HR, Hazard Ratio

# Adjusted for calendar year of birth, sex, parity, mother age, father age, maternal smoking, mother

psychiatric history, maternal AD use during pregnancy

®Model 1 further adjusted for father psychiatric history

21
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Table3. Association between paternal SSRIs use before conception and ASD in offspring born to

fathers diagnosed with affective disorder or not

Page 22 of 27

Hazard Ratio (95% CI)

Crude

Model 1*

Model 2°

Paternal SSRIs use before  Offspring Follow-up

conception with ASD no. of
no. person-yr

Fathers with affective disorder

No use during the last 3 58 30,908

months prior to conception

Use during the last 3 months 14 6,625

prior to conception

No use during the last 1 year 53 28,033

prior to conception

Use only from the last 1 year 8 4,082

to the last 3 months prior to

conception

Use only during the last 3 2 1,164

months prior to conception

Use both before and during 9 4,254

the last 3 months prior to

conception

Fathers without affective disorder

No use during the last 3 7,415 6,752,899

months prior to conception

Use during the last 3 months 90 36,329

prior to conception

No use during the last 1 year 7,376 6,714,926

prior to conception

Use only from the last 1 year 63 37,973

to the last 3 months prior to

conception

Use only during the last 3 18 7,354

months prior to conception

Use both before and during 48 28,974

the last 3 months prior to

conception

Ref

1.17(0.65-2.09)

Ref

1.07(0.51-2.25)

0.91(0.22-3.75)

1.16(0.57-2.35)

Ref

1.57(1.27-1.93)

Ref

1.69(1.32-2.17)

1.26(0.79-2.00)

1.45(1.09-1.93)

Ref

1.10(0.61-1.98)

Ref

1.08(0.51-2.30)

0.89(0.21-3.75)

1.10(0.55-2.22)

Ref

1.52(1.23-1.87)

Ref

1.64(1.28-2.11)

1.23(0.77-1.95)

1.38(1.04-1.84)

Ref

1.10(0.61-1.98)

Ref

1.08(0.51-2.30)

0.89(0.21-3.75)

1.10(0.55-2.22)

Ref

1.45(1.18-1.79)

Ref

1.57(1.23-2.02)

1.19(0.75-1.88)

1.32(0.99-1.76)

Abbreviations: AD, antidepressant drugs; SSRI, selective serotonin reuptake inhibitor; ASD, Autism

Spectrum Disorder; No., number; HR, Hazard Ratio

* Adjusted for calendar year of birth, parity, mother age, father age, maternal smoking, mother

psychiatric history , maternal AD use during pregnancy

®Model 1 further adjusted for father psychiatric history
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Table4. Paternal SSRI use before pregnancy and ASD in exposed and unexposed siblings from
5,479 families

Paternal SSRIs use before Number of Offspring
conception offspring with ASD Hazard Ratio (95% CI)

no. no.

©CoO~NOUTA,WNPE

Crude Model 1*

12 No use during the last 3 2,792 45 Ref Ref
13 months prior to conception
Use during the last 3 months 2,687 23 1.08(1.01-1.16)  1.04(0.94-1.14)

16 prior to conception

Abbreviations: AD, antidepressant drugs; SSRI, selective serotonin reuptake inhibitor; ASD, Autism
21 Spectrum Disorder; No., number; HR, Hazard Ratio

22  Adjusted for sex, parity, mother age, father age, maternal smoking, maternal AD use during pregnancy

59 23
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TablesS1. Association between paternal SSRIs use before conception and ASD in offspring:

analyses stratified by gender

Page 24 of 27

Paternal SSRIs use before  Offspring Follow-up Hazard Ratio (95% CI)
conception with ASD no. of
o person-yr Crude Model 1* Model 2"
Boys
No use during the last 3 6,005 3,459,592 Ref Ref Ref
months prior to conception
Use during the last 3 months 84 31,642 1.61(1.30-2.00)  1.55(1.25-1.92) 1.44(1.16-1.79)
prior to conception
No use during the last 1 year 5,969 3,444,956 Ref Ref Ref

prior to conception

Use only from the last 1 year 58 20,031
to the last 3 months prior to

conception

Use only during the last 3 18 7,622
months prior to conception

Use both before and during 44 18,623
the last 3 months prior to

conception

Girls

No use during the last 3 1,468
months prior to conception

Use during the last 3 months 20

3,305,613

29,914
prior to conception

No use during the last 1 year 1,460 3,291,698
prior to conception

Use only from the last 1 year 13 19,390

to the last 3 months prior to

conception

Use only during the last 3 2 7,116
months prior to conception

Use both before and during 13

the last 3 months prior to

75,323

conception

1.74(1.34-2.25)

1.42(0.89-2.26)

1.4 (1.07-1.93)

Ref

1.63(1.05-2.53)

Ref

1.61(0.93-2.78)

0.67(0.17-2.69)

1.84(1.06-3.17)

1.69(1.30-2.19)

1.39(0.87-2.21)

1.36(1.01-1.84)

Ref

1.54(0.99-2.40)

Ref

1.53(0.88-2.64)

0.64(0.16-2.55)

1.74(1.01-3.01)

1.58(1.22-2.05)

1.31(0.83-2.09)

1.26(0.94-1.71)

Ref

1.41(0.90-2.20)

Ref

1.37(0.79-2.38)

0.59(0.15-2.36)

1.59(0.92-2.75)

Abbreviations: AD, antidepressant drugs; SSRI, selective serotonin reuptake inhibitor; ASD, Autism

Spectrum Disorder; No., number; HR, Hazard Ratio

* Adjusted for calendar year of birth, parity, mother age, father age, maternal smoking, mother

psychiatric history, maternal AD use during pregnancy

®Model 1 further adjusted for father psychiatric history
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TableS2. Association between paternal SSRIs use before conception and ASD in offspring born to

mother who neither received antidepressants medication during pregnancy nor had affective

disorders before birth of child

Paternal SSRIs use Offspring Follow-up Hazard Ratio (95% CI)
before conception with ASD  no. of Crude Model 1* Model 2"
no. person-yr
No use during the last 3 7,184 6,627,720  Ref Ref Ref
months prior to conception
Use during the last 3 91 57,081 1.55(1.26-1.91)  1.57(1.28-1.93) 1.45(1.18-1.79)
months prior to conception
No use during the last 1 7,144 6,600,852  Ref Ref Ref
year prior to conception
Use only from the last 1 64 37,032 1.67(1.30-2.13)  1.68(1.31-2.15) 1.56(1.22-1.99)
year to the last 3 months
prior to conception
Use only during the last 3 16 13,634 1.13(0.69-1.85)  1.15(0.71-1.89) 1.08(0.66-1.77)
months prior to conception
Use both before and during 51 33,283 1.50(1.13-1.97)  1.50(1.13-1.97) 1.38(1.05-1.82)

the last 3 months prior to

conception

Abbreviations: AD, antidepressant drugs; SSRI, selective serotonin reuptake inhibitor; ASD, Autism

Spectrum Disorder; No., number; HR, Hazard Ratio

* Adjusted for calendar year of birth, parity, mother age, father age, maternal smoking, mother

psychiatric history

®Model 1 further adjusted for father psychiatric history
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Item
No

Recommendation

Page No.

Title and abstract 1

(a) Indicate the study’s design with a commonly used term in the title or
the abstract

(b) Provide in the abstract an informative and balanced summary of what
was done and what was found

2-3

Introduction

Background/rationale 2

Explain the scientific background and rationale for the investigation being
reported

Objectives 3

State specific objectives, including any prespecified hypotheses

Methods

Study design 4

Present key elements of study design early in the paper

Setting

Describe the setting, locations, and relevant dates, including periods of
recruitment, exposure, follow-up, and data collection

Participants 6

(a) Cohort study—Give the eligibility criteria, and the sources and
methods of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and
methods of case ascertainment and control selection. Give the rationale for
the choice of cases and controls

Cross-sectional study—Give the eligibility criteria, and the sources and
methods of selection of participants

6-8

(b) Cohort study—For matched studies, give matching criteria and number
of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the
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Variables 7

Clearly define all outcomes, exposures, predictors, potential confounders,
and effect modifiers. Give diagnostic criteria, if applicable
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Data sources/ 8*

measurement

For each variable of interest, give sources of data and details of methods
of assessment (measurement). Describe comparability of assessment
methods if there is more than one group

Bias 9

Describe any efforts to address potential sources of bias
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Study size 10
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10

Quantitative 11
variables

Explain how quantitative variables were handled in the analyses. If
applicable, describe which groupings were chosen and why

Statistical methods 12

(a) Describe all statistical methods, including those used to control for
confounding

9-10

(b) Describe any methods used to examine subgroups and interactions

9

(c) Explain how missing data were addressed

9

(d) Cohort study—If applicable, explain how loss to follow-up was
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Case-control study—If applicable, explain how matching of cases and
controls was addressed

Cross-sectional study—If applicable, describe analytical methods taking
account of sampling strategy
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Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially 10
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage Not
applicable
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a meaningful time period relevant
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Discussion
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Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or 14-15
imprecision. Discuss both direction and magnitude of any potential bias
Interpretation 20  Give a cautious overall interpretation of results considering objectives, 12-13
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence
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Abstract

Objective

The present study aimed to examine the association between paternal selective
serotonin reuptake inhibitors (SSRIs) use before conception and the risk of autism
spectrum disorder (ASD) in offspring.

Design

A population-based cohort study

Methods

Based on Danish national registers, we conducted a cohort study of 669,922 children
born from 1998 to 2008, with follow-up throughout 2013. The children whose fathers
used SSRIs during the last 3 months prior to conception were identified as the
exposed. Cox regression model was used to estimate the hazard ratio (HR) for ASD in
children.

Results

Compared with unexposed children, the exposed had a 1.43-fold higher risk of ASD
(HR=1.43, 95% confidence interval [CI]: 1.18-1.74) after adjusting for potential
confounders. When extending the exposure window to 1 year before conception, the
adjusted HR (aHR) of ASD in children of fathers who used SSRIs only from the last
year till the last 3 months prior to conception and who used SSRIs both before and
during the last 3 months prior to conception was 1.54 (95%CI: 1.21-1.94) and 1.32
(95%CI: 1.02-1.72), respectively. Whereas, the risk in children of fathers who used

SRRIs only during the last 3 months prior to conception decreased and became
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nonsignificant (aHR=1.17, 95%CI: 0.75-1.82).

Conclusions

oNOYTULT D WN =

The increased risk of ASD in the offspring associated with paternal SSRIs use before

11 conception may be attributable to the underlying indications.

18 Strengths and limitations of this study

® This is the very first study that investigates the link between paternal
antidepressants use and ASD risk in children.

25 ® A number of potential confounders, including sociodemographic factors as well as
27 parental psychiatric history, can be adjusted for based on the availability of
29 national health registry data.

31 ® Actual use of SSRIs by fathers during the time period of interest may not be
validated.

Those children who received the diagnosis of ASD from private psychiatrists or
36 remained undiagnosed at the end of the follow-up may not be identified as ASD

38 case.

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

Introduction

Depression is a common mental health problem that affects approximately 350
million people worldwide'. Selective serotonin reuptake inhibitors (SSRIs) are
commonly prescribed for the treatment of depression and other anxiety-related
disorders. However, an increasing body of evidence suggests that prenatal exposure to
SSRIs is associated with adverse obstetrical and neonatal outcomes™™. In addition,
recent studies have indicated a possible link between prenatal SSRIs exposure and

. . : 2, 610
neurobehavioral problems in children™

, which may be due to the biological
mechanisms (i.e. dysfunctional serotonin signaling)''. Whereas several studies have
suggested that the previously observed association between prenatal SSRIs exposure
and neurodevelopmental diseases might due to confounding by related
indications'*".

Autism spectrum disorder (ASD) is one of the major neurodevelopmental
disorders characterized by impairments in reciprocal social interaction,
communication, and repetitive or stereotypic behavior'®. The estimated prevalence of
ASD has dramatically increased from less than 1 in 2,000 children in 1960s to
approximately 1 in 145 children today”’ '8 Both genetic and environmental risk
factors may contribute to ASD ". Recently, maternal use of SSRIs during pregnancy
has been reported to be associated with an increased risk of ASD in children'® 2%

If maternal SSRIs exposure during pregnancy plays a role in fetal, even in child’s,

development, an extended effect of earlier exposure on gamete, particularly human

sperm, is biologically plausible. Therefore, the potential role of paternal SSRIs use in
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ASD should also be taken into consideration. Studies in the Nordic countries show
that one-third of the fathers used prescription drugs during the last 6 months prior to
conception ** | and approximately 1.4% of fathers were dispensed SSRIs during the
last 3 months prior to conception > *°. Although the information regarding the
potential effects of SSRI use by fathers is limited, the hypothesis of an increased risk
of adverse pregnancy or neonatal outcome associated with paternal drug exposure is
not new. Evidence from experimental studies suggests that paternal exposure to a
broad range of xenobiotic agents may induce reproductive and developmental
abnormalities in the subsequent offspring, e.g., spontaneous abortions, congenital
malformations, growth retardation, neurobehavioral deficits, or carcinogenesis27'29.
Epidemiologic studies have also shown that certain pharmacological agents used by
fathers before conception may increase the risk of spontaneous abortions, birth defects
or childhood cancers®™*'. The potential mechanisms behind the male-mediated effects
include: 1) genetic or epigenetic changes with direct disturbances in spermatocytes; 2)
indirect effects by transmission of the xenobiotic agents to the female via the seminal
fluid?” *®. Several studies have indicated the adverse effects of paternal SSRIs use,
including impaired semen quality and abnormal sperm DNA fragmentation 3233
which has been reported to be associated with diminished fertility, adverse pregnancy
outcomes, and an increased risk of childhood disease **.

Little is known on whether paternal SSRIs use before conception contributes to

the risk of ASD in offspring. We conducted a population-based cohort study to

examine the association between paternal SSRIs use during the last 3 months prior to
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conception and risk of ASD in offspring, utilizing data from national Danish health

registries.

Methods

Study Population

This study was based on several national registers in Denmark. Each Danish resident
is assigned a unique personal identification number (a 10-digit civil registration
system number used in all registries), which enables accurate linkage of national
registries at the individual level®>. The Danish Medical Birth Registry (DMBR)
contains records of all deliveries in Denmark since 1973 and includes information
about gestational age at birth from 1978° 6.Using the DMBR data, we identified a
cohort of all singletons born alive in Denmark during the period of January 1, 1998
through December 31, 2008 (n=687,580). We excluded children without linkage to
their father (n=16,955) or their mother (n=74), with missing parity (n=208), and with
missing or extreme values of gestational age (<23 weeks or >45 weeks, n=421). A
total of 669,922 children were included in the analysis.

Data on SSRIs use

Information on SSRIs use was drawn from the Danish National Prescription Registry
(DNPR)”. Since 1995, this registry has recorded all redeemed prescriptions in
Denmark with the following information: the civil registration number of the patient,
the dispensing date, the medication code (the WHO Anatomical Therapeutic Chemical

(ATC) classification system), the number of packages prescribed, and the number of
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doses units in package. Selective serotonin reuptake inhibitors use was identified
based on ATC codes: fluoxetine (NO6ABO3), citalopram (NO6AB04), paroxetine
(NO6ABO0S5), sertraline (NO6AB06), fluvoxamine (NO6ABOS), and escitalopram
(NO6ABI10). It is estimated that spermatogenesis takes approximately 74 days’,
therefore we chose the last 3 months prior to conception as the exposure window to
cover the susceptible time period. A child was considered exposed if the dispensing
date fell within the specified exposure window or the number of days for which the
SSRIs medication was supplied overlapped any portion of the exposure window.
Children born to fathers who had no prescriptions for SSRIs and no supply overlap
during the entire exposure window were considered unexposed. The date of
conception was estimated by subtracting gestational age from the date of delivery.
Data on paternal SSRIs use during the last two years prior to the conception were
extracted for further analyses. We also retrieved the information about maternal SSRIs
use during the pregnancy.
Autism spectrum disorders
Autism spectrum disorders in children were identified by using the Danish Psychiatric
Central Research Register (DPCRR) and the Danish National Patient Register
(DNPR). The DPCRR contains diagnostic information on every admission from
psychiatric hospitals and psychiatric wards in general hospitals in Denmark since
1969, and includes data on all outpatient visits and emergency room contacts since
1995°%. The DNPR has collected data on all inpatients from all somatic hospitals in

Denmark since 1977 and outpatients from 1995%°. The combined data from the two
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registries were used to identify all children diagnosed with ASD. During the study
period, the diagnosis of ASD was based on the International Classification of
Diseases, 10th version (ICD-10) codes of F84.0 (Childhood autism), F84.1 (Atypical
autism), F84.5 (Asperger syndrome), F84.8 (other pervasive developmental
disorders) and F84.9 (unspecified pervasive developmental disorders). The quality of
the childhood autism diagnosis has been validated and the diagnoses could be
verified in 94% of the children with a record in the DPCRR*. Children were
followed up from birth till first diagnosis of ASD, death, emigration, or December 31,
2013, whichever came first.
Covariates
Using the Danish nationwide health registers, we retrieved data on characteristics that
may be associated with offspring ASD or paternal SSRIs use. For each child, we
obtained information on calendar year of birth, gender of the child, birth weight,
Apgar score at 5 minutes, gestational age, maternal parity, maternal age at child birth,
paternal age at child birth and maternal smoking status during pregnancy from the
DMBR. Parents’ psychiatric history prior to birth of the index child was obtained
from DPCRR by ICD-8 codes 290-315 from 1977 to 1993 and ICD-10 codes F00-F99
from 1994 onward. Furthermore, we identified parents diagnosed with affective
disorders before birth of child (specifically, ICD-8 codes 296.09, 296.19, 296.29,
296.39, 296.99, 298.09, 298.19, 300.49, and 301.19, and ICD-10 codes F30-F34 and
F38-F39) using the DPCRR.

Statistical Analysis
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Cox proportional-hazards regression models were used to estimate the hazard ratios
(HRs) and 95% confidence intervals (CIs) of ASD in children following exposure to
paternal SSRIs use before conception.

We adjusted for variables as following: the calendar year of birth (1998-2000,
2001-2003, 2004-2006, 2007-2008), gender of the child (boy, girl), parity (1, 2, >3),
parental age at child birth (<25, 26-30, 31-35, and >35 years), maternal smoking
status during pregnancy (yes or no), maternal history of psychiatric disorders before
birth of child (yes or no), maternal antidepressants use during pregnancy (yes or no)
in model 1. We additionally adjusted for paternal history of psychiatric disorders
before birth of child (yes or no) in model 2. Models were also run with the exclusion
of those children with missing data for covariates.

To distinguish the direct effects of SSRIs use from the effects of the indication of
SSRIs use, we extended the exposure window to 1 year before conception. We then
re-categorized the exposed children into three subgroups: children of fathers who used
SSRIs 1) only from the last year till the last 3 months prior to conception (former
users); 2) only during the last 3 months prior to conception (current short-term users,
hereinafter referred to as ‘current users’); 3) both before and during the last 3 months
prior to conception (both former and current users). The reference group consisted of
those children born to fathers who never used SSRIs medication through the last year
before conception.

The stratified analysis was performed to examine whether the association between

paternal SSRIs use and ASD in children differed by gender. We also restricted the
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analyses to children whose mothers neither received antidepressant medication during
pregnancy nor had affective disorder before birth of child. To further distinguish the
effect of SSRIs medication from that of the main indication (i.e., affective disorders)
for SSRIs treatment, we performed stratified analyses according to paternal history of
affective disorder before birth of the index child. As for those children born to fathers
with affective disorders, the ASD risk we examined could be solely attributable to
paternal SSRIs use since both of the exposed children and the reference children were
with paternal affective disorders.

Besides, to control for unmeasured family-related confounding factors, we
re-conducted a sibling study by restricting to families with more than one child and
with at least one child with paternal SSRIs preconception exposure. Using the
stratified Cox proportional-hazards regression, we then compared exposed siblings to
unexposed siblings to estimate the association between paternal SSRIs use before
conception and ASD in children.

All analyses were performed using SAS version 9.1 (SAS Institute Inc, Cary,
North Carolina, USA).

Results

Among the 669,922 singletons included in the study, 6,870 (1.03%) children were
born to fathers who had redeemed a prescription for SSRIs during the last 3 months
prior to conception. During the study period, a total of 7,577 children were diagnosed
with ASD. The median age at diagnosis of ASD was 6.77 years (interquartile range:
4.84 to 9.48 years). Characteristics of the study population are shown in Table 1.

10
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Compared with the unexposed group, there were a higher proportion of exposed
children born in later calendar years. Fathers in exposed group were more likely to be
older at child birth and to have a history of psychiatric disorder (including affective
disorder) before birth of child. Mothers of exposed children were characterized as
having higher parity, being more likely to be older at child birth, to use
antidepressants during pregnancy, and to have a history of psychiatric disorder before
birth of child.

Among 61,555 person-years of follow-up, we identified 104 cases of ASD in
children born to fathers who used SSRIs during the last 3 months prior to conception
(incidence rate: 169 per 100,000 person-years). This incidence rate corresponded to a
62% increased risk of ASD compared with the unexposed group (Table 2). The
adjusted HR (aHR) of ASD was 1.54 (95% CI: 1.27-1.88) after adjusting for potential
confounders in model 1. After paternal psychiatric history was further adjusted for in
model 2, the estimate was 1.43 (95%CI: 1.18-1.74). When extending the exposure
window to the last one year prior to conception, after the full adjustment, the HR for
ASD in children of fathers who were former users only and who were both former
and current users was 1.54 (95%CI: 1.21-1.94) and 1.32 (95%CI: 1.02-1.72),
respectively. However, the increased risk decreased and became nonsignificant among
children of fathers who were only current users (aHR=1.17, 95%CI: 0.75-1.82, model
2, table2).

The risk estimates of ASD were similar for both boys and girls, regardless of the
exposure (Table S1). When we restricted analyses to children whose mothers neither
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used SSRIs during pregnancy nor had affective disorder before birth of child, the
results did not change essentially (Table S2).

When the analyses were stratified by paternal affective disorder before birth of the
index child, in children born to fathers with a history of affective disorder, there was
no association between paternal SSRIs use before conception and ASD in the
offspring (model 2: aHR=1.10, 95%CI: 0.61-1.98). For children whose father without
affective disorder, the patterns of associations remained similar to those of the main
analyses (Table 3).

In the sibling analysis, we identified 5,479 families with more than one child and
with at least one child with paternal SSRIs use before conception (Table 4). The risk
of ASD in exposed children was similar when compared with their unexposed siblings
(aHR=1.04, 95%CI: 0.94-1.14).

Discussion

In this large population-based cohort study, we observed an increased risk of ASD in
the offspring following paternal use of SSRIs during the last 3 months prior to
conception. However, the risk attenuated after adjusting for a number of potential
confounders, especially fathers’ psychiatric conditions. When extending the exposure
window to one year before conception, the ASD risk persisted among children born to
former users but not current users. In addition, among children born to father with
affective disorder, no association was observed. Finally, we performed a sibling
analysis which allowed for better control of unmeasured familial confounding and no
difference in the ASD risk was found among exposed children and their unexposed

12

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 13 of 29

oNOYTULT D WN =

BMJ Open

siblings. Taken as a whole, our results did not support that paternal SSRIs use before
conception could increase the risk of ASD in children.

Recently, concerns have been raised regarding the risk of ASD in the offspring
associated with prenatal exposure to SSRIs. Three previous human studies have
suggested that in utero exposure to antidepressants would increase the risk of ASD in
children®', although another two studies using the Danish registers have reported no
significant association 4142 Basic neuro-biologic studies have showed that prenatal
SSRIs administration may be part of a causal pathway to ASD by operating directly
on the developing brain***. Considering the detrimental effect of SSRIs on sperm **
3345 paternal SSRIs use before conception may also cause adverse effects on
pregnancy outcomes. However, till now, only one study have suggested that SSRIs
administration to male rats could induce deterioration in fertility and fetal outcomes
(including weight gain, organ weights and feed consumption)*. To our knowledge,
our study is the first to investigate the link between paternal antidepressants use and
ASD risk in children. Considering the limited number of ASD cases and the
challenges posed by confounding, further studies are needed to corroborate the
findings.

In the present study, the increased risk of ASD observed in former users but not in
current users implied that indications for paternal SSRIs use may account for the
observed association between paternal SSRIs use and ASD in children, which was
supported by previous studies suggesting that parental depression and other
4749

psychiatric disorders might be associated with the risk of autism in children
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children born to fathers without affective disorders, there was an increased risk
associated with paternal SSRIs use. Most fathers might receive SSRIs treatment from
their general practitioner and were therefore not registered with a diagnosis of
affective disorders in the hospital system. Therefore, it was possible that the increased
risk associated with prenatal SSRIs use was partly confounded by paternal affective
disorders diagnosed outside a hospital department for which we were not able to
adjust. In addition, other psychiatric diseases related to SSRIs use might also
contribute to the observed association.

Our study has several methodological strengths. One strength was that the linkage
of several nationwide health registries in Denmark enabled us to conduct a large
cohort study with virtually complete follow-up. The definition on exposure to SSRIs
was based on a national registry, which eliminated the risk of recall bias caused by
self-report. Another strength was that the information on ASD diagnosis was obtained
independently of exposure measurement, which could also mitigate the information
bias. Furthermore, the availability of health registry data enabled us to adjust for a
number of potential confounders including sociodemographic factors as well as
parental psychiatric history.

Limitations need to be considered when interpreting the results of our study.
Firstly, we were unable to validate actual use of SSRIs by fathers during the time
period of interest because we relied on medical records of dispensed prescriptions.
This may lead to misclassification of exposure status because some people may not
take the medication or may take it later. Nevertheless, the misclassification was most
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likely non-differential, which could bias the association toward null. Besides, some
patients may receive SSRIs treatment during inpatient admissions which are not
included in the prescription registry. We expect this problem to be minor since those
inpatients usually have severe psychiatric disorders and are more likely to continue
treatment after discharge. Secondly, the 3-month cut-off point was set based on the
fact that spermatogenesis takes approximately 70-90 days in humans. Whereas it may
be possible that SSRIs drugs induce sperm damage at the very primitive stage.
However, the results did not change markedly after extending the putative exposure
period to the last 6 months prior to conception (data not shown). Thirdly, ASD in
children was ascertained through the DNPR and the DPCRR, which did not include
those children who received the diagnosis of ASD from private psychiatrists or
remained undiagnosed at the end of the follow-up. However, the prevalence of ASD
in our cohort was 1.13%, which was similar to that reported in the United States
during the study period (1.14%) *°. Hence the bias introduced by case identification
was expected to be minimal.
Conclusions

In the study, paternal SSRI use before conception was associated with an increased
risk of ASD in the offspring, especially in the former users who took SSRIs over the
longer term. However, null association were observed in exposed children with
paternal affective disorders, and similar ASD risk were observed among exposed and
unexposed siblings, which implicates that paternal underlying indications related to
SSRIs use or other unmeasured confounding factors may explain the increased risk.
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Tablel. Baseline Characteristics of the study population

Characteristic

Paternal SSRIs use during

the last 3 months prior to

No paternal SSRIs use

during the last 3 months

conception prior to conception

(N=6,870) (N=663, 052)
Calendar Year of birth, No. (%)
1998-2000 1,021(14.9) 185,784(28.0)
2001-2003 1,526(22.2) 179,952(27.1)
2004-2006 2,305(33.5) 178,664(27.0)
2007-2008 2,018(29.4) 118,652(17.9)
Gender, No. (%)
Boy 3,549(51.7) 340,194(51.3)
Girl 3,321(48.3) 322,858(48.7)
Birth Weight (g), No. (%)
<2500 278(4.1) 22,315(3.4)
2500-3250 1,729(25.2) 154,494(23.3)
3250-4000 3,582(52.1) 348,853(52.6)
4000-8000 1,243(18.1) 132,343(19.9)
Unknown 38(0.5) 5,047(0.8)
Parity, No. (%)
1 2,693(39.2) 282,895(42.7)
2 2,433(35.4) 250,496(37.8)
>3 1,744(25.4) 129,661(19.5)
Preterm Birth, No. (%)
(<37 weeks)
No 6,489(94.4) 630,851(95.1)
Yes 381(5.6) 32,201(4.9)
Apgar score at 5 minutes, No. (%)
0-7 91(1.3) 8,224(1.2)
8-9 442(6.4) 39,941(6.0)
10 6,269(91.3) 607,634(91.7)
Unknown 68(1.0) 7,253(1.1)
Maternal age at child birth (years), No. (%)
<25 958(13.9) 99,273(15.0)
26-30 2,238(32.6) 244,419(36.9)
31-35 2,386(34.7) 225,610(34.0)
>35 1,288(18.8) 93,750(14.1)
Paternal age at child birth (years), No. (%)
<25 364(5.3) 47,490(7.2)
26-30 1,434(20.9) 180,612(27.2)
31-35 2,395(34.8) 242,702(36.6)
>35 2,677(39.0) 192,248(29.0)
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Tablel. Baseline Characteristics of the study population (continued)

Maternal smoking status”, No. (%)

oNOYTULT D WN =

No 4,326(63.0) 477,574(72.0)
Yes 1,334(19.4) 106,233(16.0)
Unknown 1,210(17.6) 79,245(12.0)
Maternal AD use during pregnancy, No. (%)

No 6,548(94.0) 653,496(98.6)
Yes 412(6.0) 9,556(1.4)
Maternal history of

Affective disorder, No. (%)

No 6,607(96.2) 654,234(98.7)
Yes 263(3.8) 8,818(1.3)
Paternal history of

Affective disorder, No. (%)

No 6,099 (88.8) 659,639(99.5)
Yes 771(11.2) 3,413(0.5)
Maternal history of

psychiatric disorder, No. (%)

No 6,175(89.9) 626,840(94.5)
Yes 695(10.1) 36,212(5.5)
Paternal history of

psychiatric disorder, No. (%)

No 5,092 (74.1) 630,9909(95.2)
Yes 1,178(25.9) 32,062(4.8)

Abbreviations: SSRI, selective serotonin reuptake inhibitor; N, number; AD, antidepressant drugs;

* Maternal smoking information was missing among those children born from 2007 to 2008.
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Table2. Association between paternal SSRIs use before conception and ASD in offspring

Hazard Ratio (95% CI)

Crude

Model 1"

Model 2°

Paternal SSRIs use before Offspring  Follow-up
conception with ASD  no. of

no. person-yr
No use during the last 3 7,473 6,765,205
months prior to conception
Use during the last 3 months 104 61,555
prior to conception
No use during the last 1 year 7,429 6,736,654
prior to conception
Use only from the last 1 year 71 39,422
to the last 3 months prior to
conception
Use only during the last 3 20 14,738
months prior to conception
Use both before and during 57 35,946

the last 3 months prior to

conception

Ref

1.62(1.33-1.96)

Ref

1.71(1.35-2.16)

1.29(0.83-2.00)

1.52(1.17-1.97)

Ref

1.54(1.27-1.88)

Ref

1.66(1.31-2.09)

1.24 (0.80-1.93)

1.43(1.10-1.86)

Ref

1.43(1.18-1.74)

Ref

1.54(1.21-1.94)

1.17(0.75-1.82)

1.32(1.02-1.72)

Abbreviations: AD, antidepressant drugs; SSRI, selective serotonin reuptake inhibitor; ASD, Autism

Spectrum Disorder; No., number; HR, Hazard Ratio

# Adjusted for calendar year of birth, sex, parity, mother age, father age, maternal smoking, mother

psychiatric history, maternal AD use during pregnancy

®Model 1 further adjusted for father psychiatric history
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Table3. Association between paternal SSRIs use before conception and ASD in offspring born to

fathers diagnosed with affective disorder or not

Page 24 of 29

Paternal SSRIs use before  Offspring Follow-up Hazard Ratio (95% CI)
conception with ASD no. of
Crude Model 1° Model 2°
no. person-yr
Fathers with affective disorder
No use during the last 3 58 30,908 Ref Ref Ref

months prior to conception
Use during the last 3 months 14 6,625

prior to conception

No use during the last 1 year 53 28,033
prior to conception

Use only from the last 1 year 8 4,082
to the last 3 months prior to

conception

Use only during the last 3 2 1,164
months prior to conception

Use both before and during 9 4,254
the last 3 months prior to

conception

Fathers without affective disorder

No use during the last 3 7,415 6,752,899
months prior to conception

Use during the last 3 months 90 36,329
prior to conception

No use during the last 1 year 7,376 6,714,926
prior to conception

Use only from the last 1 year 63 37,973
to the last 3 months prior to

conception

Use only during the last 3 18 7,354
months prior to conception

Use both before and during 48 28,974

the last 3 months prior to

conception

1.17(0.65-2.09)

Ref

1.07(0.51-2.25)

0.91(0.22-3.75)

1.16(0.57-2.35)

Ref

1.57(1.27-1.93)

Ref

1.69(1.32-2.17)

1.26(0.79-2.00)

1.45(1.09-1.93)

1.10(0.61-1.98)

Ref

1.08(0.51-2.30)

0.89(0.21-3.75)

1.10(0.55-2.22)

Ref

1.52(1.23-1.87)

Ref

1.64(1.28-2.11)

1.23(0.77-1.95)

1.38(1.04-1.84)

1.10(0.61-1.98)

Ref

1.08(0.51-2.30)

0.89(0.21-3.75)

1.10(0.55-2.22)

Ref

1.45(1.18-1.79)

Ref

1.57(1.23-2.02)

1.19(0.75-1.88)

1.32(0.99-1.76)

Abbreviations: AD, antidepressant drugs; SSRI, selective serotonin reuptake inhibitor; ASD, Autism

Spectrum Disorder; No., number; HR, Hazard Ratio

* Adjusted for calendar year of birth, parity, mother age, father age, maternal smoking, mother

psychiatric history , maternal AD use during pregnancy

®Model 1 further adjusted for father psychiatric history
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Table4. Paternal SSRI use before pregnancy and ASD in exposed and unexposed siblings from
5,479 families

Paternal SSRIs use before Number of Offspring
conception offspring with ASD Hazard Ratio (95% CI)

9 no. no.

oNOYTULT D WN =

10 Crude Model 1*

No use during the last 3 2,792 45 Ref Ref
13 months prior to conception
14 Use during the last 3 months 2,687 23 1.08(1.01-1.16)  1.04(0.94-1.14)

15 prior to conception

19 Abbreviations: AD, antidepressant drugs; SSRI, selective serotonin reuptake inhibitor; ASD, Autism
20 Spectrum Disorder; No., number; HR, Hazard Ratio

 Adjusted for sex, parity, mother age, father age, maternal smoking, maternal AD use during pregnancy
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TablesS1. Association between paternal SSRIs use before conception and ASD in offspring:

analyses stratified by gender

Page 26 of 29

Paternal SSRIs use before ~ Offspring Follow-up Hazard Ratio (95% CI)
conception with ASD no. of
no. person-yr Crude Model 12 Model 2°
Boys
No use during the last 3 6,005 3,459,592 Ref Ref Ref
months prior to conception
Use during the last 3 months 84 31,642 1.61(1.30-2.00)  1.55(1.25-1.92) 1.44(1.16-1.79)
prior to conception
No use during the last 1 year 5,969 3,444,956 Ref Ref Ref
prior to conception
Use only from the last 1 year 58 20,031 1.74(1.34-2.25)  1.69(1.30-2.19) 1.58(1.22-2.05)
to the last 3 months prior to
conception
Use only during the last 3 18 7,622 1.42(0.89-2.26)  1.39(0.87-2.21) 1.31(0.83-2.09)
months prior to conception
Use both before and during 44 18,623 1.44 (1.07-1.93) 1.36(1.01-1.84) 1.26(0.94-1.71)
the last 3 months prior to
conception
Girls
No use during the last 3 1,468 3,305,613 Ref Ref Ref
months prior to conception
Use during the last 3 months 20 29,914 1.63(1.05-2.53)  1.54(0.99-2.40) 1.41(0.90-2.20)
prior to conception
No use during the last 1 year 1,460 3,291,698 Ref Ref Ref
prior to conception
Use only from the last 1 year 13 19,390 1.61(0.93-2.78)  1.53(0.88-2.64) 1.37(0.79-2.38)
to the last 3 months prior to
conception
Use only during the last 3 2 7,116 0.67(0.17-2.69)  0.64(0.16-2.55) 0.59(0.15-2.36)
months prior to conception
Use both before and during 13 75,323 1.84(1.06-3.17)  1.74(1.01-3.01) 1.59(0.92-2.75)

the last 3 months prior to
conception

Abbreviations: AD, antidepressant drugs; SSRI, selective serotonin reuptake inhibitor; ASD, Autism
Spectrum Disorder; No., number; HR, Hazard Ratio
2 Adjusted for calendar year of birth, parity, mother age, father age, maternal smoking, mother
psychiatric history, maternal AD use during pregnancy
®Model 1 further adjusted for father psychiatric history
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1

2

i TableS2. Association between paternal SSRIs use before conception and ASD in offspring born to
5 mother who neither received antidepressants medication during pregnancy nor had affective

6 disorders before birth of child

; Paternal SSRIs use Offspring  Follow-up Hazard Ratio (95% CI)

9 before conception with ASD  no. of Crude Model 12 Model 2°
10 no. person-yr

:; No use during the last 3 7,184 6,627,720 Ref Ref Ref

13 months prior to conception

14 Use during the last 3 91 57,081 1.55(1.26-1.91) 1.57(1.28-1.93) 1.45(1.18-1.79)
15 months prior to conception

16

17 _

18 No use during the last 1 7,144 6,600,852  Ref Ref Ref

19 year prior to conception

;‘1) Useonly fromthe last1 64 37,032 167(1.30-2.13)  1.68(1.31-2.15)  1.56(1.22-1.99)
22 year to the last 3 months

23 prior to conception

;‘5‘ Use only during the last 3~ 16 13,634 1.13(0.69-1.85)  1.15(0.71-1.89)  1.08(0.66-1.77)
2% months prior to conception

27 Use both before and during 51 33,283 1.50(1.13-1.97)  1.50(1.13-1.97) 1.38(1.05-1.82)
28 the last 3 months prior to

29 .

30 conception

31 Abbreviations: AD, antidepressant drugs; SSRI, selective serotonin reuptake inhibitor; ASD, Autism
32 Spectrum Disorder; No., number; HR, Hazard Ratio

2431 2 Adjusted for calendar year of birth, parity, mother age, father age, maternal smoking, mother

35 psychiatric history

36 ®Model 1 further adjusted for father psychiatric history
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Item
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Recommendation

Page No.

Title and abstract 1

(a) Indicate the study’s design with a commonly used term in the title or
the abstract

(b) Provide in the abstract an informative and balanced summary of what
was done and what was found

2-3

Introduction

Background/rationale 2

Explain the scientific background and rationale for the investigation being
reported

Objectives 3

State specific objectives, including any prespecified hypotheses

Methods

Study design 4

Present key elements of study design early in the paper

Setting

Describe the setting, locations, and relevant dates, including periods of
recruitment, exposure, follow-up, and data collection

Participants 6

(a) Cohort study—Give the eligibility criteria, and the sources and
methods of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and
methods of case ascertainment and control selection. Give the rationale for
the choice of cases and controls

Cross-sectional study—Give the eligibility criteria, and the sources and
methods of selection of participants

6-8

(b) Cohort study—For matched studies, give matching criteria and number
of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the

number of controls per case

Variables 7

Clearly define all outcomes, exposures, predictors, potential confounders,
and effect modifiers. Give diagnostic criteria, if applicable

6-8

Data sources/ 8*

measurement

For each variable of interest, give sources of data and details of methods
of assessment (measurement). Describe comparability of assessment
methods if there is more than one group

Bias 9

Describe any efforts to address potential sources of bias

9-10

Study size 10

Explain how the study size was arrived at

10

Quantitative 11
variables

Explain how quantitative variables were handled in the analyses. If
applicable, describe which groupings were chosen and why

Statistical methods 12

(a) Describe all statistical methods, including those used to control for
confounding

9-10

(b) Describe any methods used to examine subgroups and interactions

9

(c) Explain how missing data were addressed

9

(d) Cohort study—If applicable, explain how loss to follow-up was
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Case-control study—If applicable, explain how matching of cases and
controls was addressed
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account of sampling strategy
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eligible, examined for eligibility, confirmed eligible, included in the study,
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(b) Indicate number of participants with missing data for each variable of interest 20
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Outcome data 15*%  Cohort study—Report numbers of outcome events or summary measures over 10-11
time
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measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures
Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 11
and their precision (eg, 95% confidence interval). Make clear which confounders
were adjusted for and why they were included
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(c) If relevant, consider translating estimates of relative risk into absolute risk for ~ Not
a meaningful time period relevant
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Discussion
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imprecision. Discuss both direction and magnitude of any potential bias
Interpretation 20  Give a cautious overall interpretation of results considering objectives, 12-13
limitations, multiplicity of analyses, results from similar studies, and other
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Generalisability 21  Discuss the generalisability (external validity) of the study results 14
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 15

*@Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

applicable, for the original study on which the present article is based
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Abstract

Objective

The present study aimed to examine the association between paternal selective
serotonin reuptake inhibitors (SSRIs) use before conception and the risk of autism
spectrum disorder (ASD) in offspring.

Design

A population-based cohort study

Methods

Based on Danish national registers, we conducted a cohort study of 669,922 children
born from 1998 to 2008, with follow-up throughout 2013. The children whose fathers
used SSRIs during the last 3 months prior to conception were identified as the
exposed. Cox regression model was used to estimate the hazard ratio (HR) for ASD in
children.

Results

Compared with unexposed children, the exposed had a 1.43-fold higher risk of ASD
(HR=1.43, 95% confidence interval [CI]: 1.18-1.74) after adjusting for potential
confounders. When extending the exposure window to 1 year before conception, the
adjusted HR (aHR) of ASD in children of fathers who used SSRIs only from the last
year till the last 3 months prior to conception and who used SSRIs both before and
during the last 3 months prior to conception was 1.54 (95%CI: 1.21-1.94) and 1.32
(95%CI: 1.02-1.72), respectively. Whereas, the risk in children of fathers who used

SRRIs only during the last 3 months prior to conception decreased and became
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nonsignificant (aHR=1.17, 95%CI: 0.75-1.82).

Conclusions

oNOYTULT D WN =

The increased risk of ASD in the offspring associated with paternal SSRIs use before

11 conception may be attributable to the underlying indications.

18 Strengths and limitations of this study

® This is the very first study that investigates the link between paternal
antidepressants use and ASD risk in children.

25 ® A number of potential confounders, including sociodemographic factors as well as
27 parental psychiatric history, can be adjusted for based on the availability of
29 national health registry data.

31 ® Actual use of SSRIs by fathers during the time period of interest may not be
validated.

Those children who received the diagnosis of ASD from private psychiatrists or
36 remained undiagnosed at the end of the follow-up may not be identified as ASD

38 case.
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Introduction

Depression is a common mental health problem that affects approximately 350
million people worldwide'. Selective serotonin reuptake inhibitors (SSRIs) are
commonly prescribed for the treatment of depression and other anxiety-related
disorders. However, an increasing body of evidence suggests that prenatal exposure to
SSRIs is associated with adverse obstetrical and neonatal outcomes™™. In addition,
recent studies have indicated a possible link between prenatal SSRIs exposure and

. . : 2, 610
neurobehavioral problems in children™

, which may be due to the biological
mechanisms (i.e. dysfunctional serotonin signaling)''. Whereas several studies have
suggested that the previously observed association between prenatal SSRIs exposure
and neurodevelopmental diseases might due to confounding by related
indications'*".

Autism spectrum disorder (ASD) is one of the major neurodevelopmental
disorders characterized by impairments in reciprocal social interaction,
communication, and repetitive or stereotypic behavior'®. The estimated prevalence of
ASD has dramatically increased from less than 1 in 2,000 children in 1960s to
approximately 1 in 145 children today”’ '8 Both genetic and environmental risk
factors may contribute to ASD ". Recently, maternal use of SSRIs during pregnancy
has been reported to be associated with an increased risk of ASD in children'® 2%,

If maternal SSRIs exposure during pregnancy plays a role in fetal, even in child’s,

development, an extended effect of earlier exposure on gamete, particularly human

sperm, is biologically plausible. Therefore, the potential role of paternal SSRIs use in
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ASD should also be taken into consideration. Studies in the Nordic countries show
that one-third of the fathers used prescription drugs during the last 6 months prior to
conception *° , and approximately 1.4% of fathers were dispensed SSRIs during the
last 3 months prior to conception ** *’. Although the information regarding the
potential effects of SSRI use by fathers is limited, the hypothesis of an increased risk
of adverse pregnancy or neonatal outcome associated with paternal drug exposure is
not new. Several human studies have indicated the adverse effects of paternal SSRIs
use, including impaired semen quality and abnormal sperm DNA fragmentation,
which has been reported to be associated with diminished fertility, adverse pregnancy
outcomes (like pregnancy loss), and an increased risk of childhood disease®™.

Little is known on whether paternal SSRIs use before conception contributes to
the risk of ASD in offspring. We conducted a population-based cohort study to
examine the association between paternal SSRIs use during the last 3 months prior to
conception and risk of ASD in offspring, utilizing data from national Danish health
registries.

Methods

Study Population

This study was based on several national registers in Denmark. Each Danish resident
is assigned a unique personal identification number (a 10-digit civil registration
system number used in all registries), which enables accurate linkage of national

registries at the individual level’’. The Danish Medical Birth Registry (DMBR)

contains records of all deliveries in Denmark since 1973 and includes information
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about gestational age at birth from 1978° 2.Using the DMBR data, we identified a
cohort of all singletons born alive in Denmark during the period of January 1, 1998
through December 31, 2008 (n=687,580). We excluded children without linkage to
their father (n=16,955) or their mother (n=74), with missing parity (n=208), and with
missing or extreme values of gestational age (<23 weeks or >45 weeks, n=421). A
total of 669,922 children were included in the analysis.

Data on SSRIs use

Information on SSRIs use was drawn from the Danish National Prescription Registry
(DNPR)™. Since 1995, this registry has recorded all redeemed prescriptions in
Denmark with the following information: the civil registration number of the patient,
the dispensing date, the medication code (the WHO Anatomical Therapeutic Chemical
(ATC) classification system), the number of packages prescribed, and the number of
doses units in package. Selective serotonin reuptake inhibitors use was identified
based on ATC codes: fluoxetine (NO6AB03), citalopram (NO6AB04), paroxetine
(NO6ABO0S5), sertraline (NO6AB06), fluvoxamine (NO6ABO0S), and escitalopram
(NO6ABI10). It is estimated that spermatogenesis takes approximately 74 days34,
therefore we chose the last 3 months prior to conception as the exposure window to
cover the susceptible time period. A child was considered exposed if the dispensing
date fell within the specified exposure window or the number of days for which the
SSRIs medication was supplied overlapped any portion of the exposure window.
Children born to fathers who had no prescriptions for SSRIs and no supply overlap

during the entire exposure window were considered unexposed. The date of

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 6 of 29



Page 7 of 29

oNOYTULT D WN =

BMJ Open

conception was estimated by subtracting gestational age from the date of delivery.

Data on paternal SSRIs use during the last two years prior to the conception were

extracted for further analyses. We also retrieved the information about maternal SSRIs

use during the pregnancy.

Autism spectrum disorders

Autism spectrum disorders in children were identified by using the Danish Psychiatric
Central Research Register (DPCRR) and the Danish National Patient Register
(DNPR). The DPCRR contains diagnostic information on every admission from
psychiatric hospitals and psychiatric wards in general hospitals in Denmark since
1969, and includes data on all outpatient visits and emergency room contacts since
1995°°. The DNPR has collected data on all inpatients from all somatic hospitals in
Denmark since 1977 and outpatients from 1995°°. The combined data from the two
registries were used to identify all children diagnosed with ASD. During the study
period, the diagnosis of ASD was based on the International Classification of
Diseases, 10th version (ICD-10) codes of F84.0 (Childhood autism), F84.1 (Atypical
autism), F84.5 (Asperger syndrome), F84.8 (other pervasive developmental
disorders) and F84.9 (unspecified pervasive developmental disorders). The quality of
the childhood autism diagnosis has been validated and the diagnoses could be
verified in 94% of the children with a record in the DPCRR?’. Children were
followed up from birth till first diagnosis of ASD, death, emigration, or December 31,
2013, whichever came first.

Covariates
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Using the Danish nationwide health registers, we retrieved data on characteristics that
may be associated with offspring ASD or paternal SSRIs use. For each child, we
obtained information on calendar year of birth, gender of the child, birth weight,
Apgar score at 5 minutes, gestational age, maternal parity, maternal age at child birth,
paternal age at child birth and maternal smoking status during pregnancy from the
DMBR. Parents’ psychiatric history prior to birth of the index child was obtained
from DPCRR by ICD-8 codes 290-315 from 1977 to 1993 and ICD-10 codes F00-F99
from 1994 onward. Furthermore, we identified parents diagnosed with affective
disorders before birth of child (specifically, ICD-8 codes 296.09, 296.19, 296.29,
296.39, 296.99, 298.09, 298.19, 300.49, and 301.19, and ICD-10 codes F30-F34 and
F38-F39) using the DPCRR.

Statistical Analysis

Cox proportional-hazards regression models (using child’s calendar age in years as
the underlying timescale) were used to estimate the hazard ratios (HRs) and 95%
confidence intervals (Cls) of ASD in children following exposure to paternal SSRIs
use before conception. Observations were censored if the child died or emigrated
before the end of follow-up.

We adjusted for variables as following: the calendar year of birth (1998-2000,
2001-2003, 2004-2006, 2007-2008), gender of the child (boy, girl), parity (1, 2, >3),
parental age at child birth (<25, 26-30, 31-35, and >35 years), maternal smoking
status during pregnancy (yes or no), maternal history of psychiatric disorders before

birth of child (yes or no), maternal antidepressants use during pregnancy (yes or no)
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in model 1. We additionally adjusted for paternal history of psychiatric disorders
before birth of child (yes or no) in model 2. Models were also run with the exclusion
of those children with missing data for covariates. The proportional hazard
assumption was evaluated for all variables included in the adjusted model by
comparing estimated log-minus-log survival curves.

To distinguish the direct effects of SSRIs use from the effects of the indication of
SSRIs use, we extended the exposure window to 1 year before conception. We then
re-categorized the exposed children into three subgroups: children of fathers who used
SSRIs 1) only from the last year till the last 3 months prior to conception (former
users); 2) only during the last 3 months prior to conception (current short-term users,
hereinafter referred to as ‘current users’); 3) both before and during the last 3 months
prior to conception (both former and current users). The reference group consisted of
those children born to fathers who never used SSRIs medication through the last year
before conception.

The stratified analysis was performed to examine whether the association between
paternal SSRIs use and ASD in children differed by gender. We also restricted the
analyses to children whose mothers neither received antidepressant medication during
pregnancy nor had affective disorder before birth of child. To further distinguish the
effect of SSRIs medication from that of the main indication (i.e., affective disorders)
for SSRIs treatment, we performed stratified analyses according to paternal history of
affective disorder before birth of the index child. As for those children born to fathers

with affective disorders, the ASD risk we examined could be solely attributable to
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paternal SSRIs use since both of the exposed children and the reference children were
with paternal affective disorders.

To control for unmeasured family-related confounding factors (such as genetic
liability for neuropsychiatric conditions and early postnatal environmental influences),
we conducted sibling-matched analyses by only including the families with
exposure-discordant siblings, in which there was at least one child with paternal
SSRIs preconception exposure and one child without exposure. Using the stratified
Cox proportional-hazards regression with a separate stratum for each family, we
estimated the association between paternal SSRIs use before conception and ASD in
matched sets of exposure-discordant siblings. In the stratified Cox regression model,
we also adjusted for those covariates that varied among siblings with the same father
(including parental age at conception, maternal parity, smoking, and maternal AD use
during pregnancy).

All analyses were performed using SAS version 9.1 (SAS Institute Inc, Cary,
North Carolina, USA).

Results

Among the 669,922 singletons included in the study, 6,870 (1.03%) children were
born to fathers who had redeemed a prescription for SSRIs during the last 3 months
prior to conception. During the study period, a total of 7,577 children were diagnosed
with ASD. The median age at diagnosis of ASD was 6.77 years (interquartile range:
4.84 to 9.48 years). Characteristics of the study population are shown in Table 1.
Compared with the unexposed group, there were a higher proportion of exposed

10

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 10 of 29



Page 11 of 29

oNOYTULT D WN =

BMJ Open

children born in later calendar years. Fathers in exposed group were more likely to be
older at child birth and to have a history of psychiatric disorder (including affective
disorder) before birth of child. Mothers of exposed children were characterized as
having higher parity, being more likely to be older at child birth, to use
antidepressants during pregnancy, and to have a history of psychiatric disorder before
birth of child.

Among 61,555 person-years of follow-up, we identified 104 cases of ASD in
children born to fathers who used SSRIs during the last 3 months prior to conception
(incidence rate: 169 per 100,000 person-years). This incidence rate corresponded to a
62% increased risk of ASD compared with the unexposed group (Table 2). The
adjusted HR (aHR) of ASD was 1.54 (95% CI: 1.27-1.88) after adjusting for potential
confounders in model 1. After paternal psychiatric history was further adjusted for in
model 2, the estimate was 1.43 (95%CI: 1.18-1.74). When extending the exposure
window to the last one year prior to conception, after the full adjustment, the HR for
ASD in children of fathers who were former users only and who were both former
and current users was 1.54 (95%CI: 1.21-1.94) and 1.32 (95%CI: 1.02-1.72),
respectively. However, the increased risk decreased and became nonsignificant among
children of fathers who were only current users (aHR=1.17, 95%CI: 0.75-1.82, model
2, table2).

The risk estimates of ASD were similar for both boys and girls, regardless of the

exposure (Table S1). When we restricted analyses to children whose mothers neither
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used SSRIs during pregnancy nor had affective disorder before birth of child, the
results did not change essentially (Table S2).

When the analyses were stratified by paternal affective disorder before birth of the
index child, in children born to fathers with a history of affective disorder, there was
no association between paternal SSRIs use before conception and ASD in the
offspring (model 2: aHR=1.10, 95%CI: 0.61-1.98). For children whose father without
affective disorder, the patterns of associations remained similar to those of the main
analyses (Table 3).

In the sibling analysis, we identified 5,479 families with more than one child and
with at least one child with paternal SSRIs use before conception (Table 4). The risk
of ASD in exposed children was decreased when compared with their unexposed
siblings (aHR=0.74, 95%CI:0.34-1.59), although with wider confidence interval.
Discussion
In this large population-based cohort study, we observed an increased risk of ASD in
the offspring following paternal use of SSRIs during the last 3 months prior to
conception. However, the risk attenuated after adjusting for a number of potential
confounders, especially fathers’ psychiatric conditions. When extending the exposure
window to one year before conception, the ASD risk persisted among children born to
former users but not current users. In addition, among children born to father with
affective disorder, no association was observed. Finally, we performed a sibling
analysis which allowed for better control of unmeasured familial confounding and the
decreased ASD risk was found among exposed children rather than their unexposed

12
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siblings. Taken as a whole, our results did not support that paternal SSRIs use before
conception could increase the risk of ASD in children.

Recently, concerns have been raised regarding the risk of ASD in the offspring
associated with prenatal exposure to SSRIs. Four previous human studies have
suggested that in utero exposure to antidepressants would increase the risk of ASD in
children®'**, although another two studies using the Danish registers have reported no
significant association 3839 Basic neuro-biologic studies have showed that prenatal
SSRIs administration may be part of a causal pathway to ASD by operating directly
on the developing brain***'. Considering the detrimental effect of SSRIs on sperm **
2942 paternal SSRIs use before conception may also cause adverse effects on
pregnancy outcomes. However, till now, only one study have suggested that SSRIs
administration to male rats could induce deterioration in fertility and fetal outcomes
(including weight gain, organ weights and feed consumption)®. To our knowledge,
our study is the first to investigate the link between paternal antidepressants use
before conception and ASD risk in children. Considering the limited number of ASD
cases and the challenges posed by confounding, further studies are needed to
corroborate the findings.

In the present study, the increased risk of ASD observed in former users but not in
current users implied that indications for paternal SSRIs use may account for the
observed association between paternal SSRIs use and ASD in children, which was
supported by previous studies suggesting that parental depression and other
44-46

psychiatric disorders might be associated with the risk of autism in children
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Therefore, similar to those studies which focused on the effect of maternal
antidepressants use during pregnancy, confounding by indication poses the main
challenge in our study. We adopted several analytic strategies to account for such
confounding by indication: (1) regression adjustment for paternal psychiatric
disorders; (2) negative controls (i.e., former-users analyses); (3) stratified analyses
according to paternal history of affective disorders; and (4) sibling analyses. The
results of these analyses suggested that paternal psychiatric illness rather than SSRIs
exposure might be associated with ASD liability. It was worth noting that, in children
born to fathers without affective disorders, there was a significantly increased risk
associated with paternal SSRIs use. Most fathers might receive SSRIs treatment from
their general practitioner and were therefore not registered with a diagnosis of
affective disorders in the hospital system. Therefore, it was possible that the increased
risk associated with prenatal SSRIs use was partly confounded by paternal affective
disorders diagnosed outside a hospital department for which we were not able to
adjust. In addition, other psychiatric diseases related to SSRIs use might also
contribute to the observed association.

Our study has several methodological strengths. One strength was that the linkage
of several nationwide health registries in Denmark enabled us to conduct a large
cohort study with virtually complete follow-up. The definition on exposure to SSRIs
was based on a national registry, which eliminated the risk of recall bias caused by
self-report. Another strength was that the information on ASD diagnosis was obtained
independently of exposure measurement, which could also mitigate the information
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bias. Furthermore, the availability of health registry data enabled us to adjust for a
number of potential confounders including sociodemographic factors as well as
parental psychiatric history. Besides, we have taken the potential effect of maternal
antidepressants use during pregnancy as well as maternal mental disease into
consideration. To remove the confounding factors attributing to mothers, we adjusted
the maternal SSRIs use in regression model, and also restricted the analyses to
children whose mothers neither received antidepressant medication during pregnancy
nor had affective disorders before child birth.

Limitations need to be considered when interpreting the results of our study. Firstly,
we were unable to validate actual use of SSRIs by fathers during the time period of
interest because we relied on medical records of dispensed prescriptions. This may
lead to misclassification of exposure status because some people may not take the
medication or may take it later. Nevertheless, the misclassification was most likely
non-differential, which could bias the association toward null. Besides, some patients
may receive SSRIs treatment during inpatient admissions which are not included in
the prescription registry. We expect this problem to be minor since those inpatients
usually have severe psychiatric disorders and are more likely to continue treatment
after discharge. Secondly, the 3-month cut-off point was set based on the fact that
spermatogenesis takes approximately 70-90 days in humans. Whereas it may be
possible that SSRIs drugs induce sperm damage at the very primitive stage. However,
the results did not change markedly after extending the putative exposure period to
the last 6 months prior to conception (data not shown). Thirdly, ASD in children was
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ascertained through the DNPR and the DPCRR, which did not include those children
who received the diagnosis of ASD from private psychiatrists or remained
undiagnosed at the end of the follow-up. However, the prevalence of ASD in our
cohort was 1.13%, which was similar to that reported in the United States during the
study period (1.14%) *’. Hence the bias introduced by case identification was
expected to be minimal. Fourthly, the age of ASD diagnosis which was used as time
event in Cox regression models might be affected by external and extraneous factors.
If these factors are differentially distributed in exposed and unexposed group, the
actual associations may be biased. We have adjusted for some factors which may
influence age of diagnosis to reduce the bias to some extent. However, we could not
rule out the confounding effects of unmeasured factors, which is a limitation of the
study.
Conclusions

In the study, paternal SSRI use before conception was associated with an increased
risk of ASD in the offspring, especially in the former users who took SSRIs over the
longer term. However, null association were observed in exposed children with
paternal affective disorders, and similar ASD risk were observed among exposed and
unexposed siblings, which implicates that paternal underlying indications related to

SSRIs use or other unmeasured confounding factors may explain the increased risk.
Footnotes

This cohort study was approved by the Danish Data Protection Agency (Document No.

2013-41-2569).
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Tablel. Baseline Characteristics of the study population

Characteristic

Paternal SSRIs use during

the last 3 months prior to

No paternal SSRIs use

during the last 3 months

conception prior to conception

(N=6,870) (N=663, 052)
Calendar Year of birth, No. (%)
1998-2000 1,021(14.9) 185,784(28.0)
2001-2003 1,526(22.2) 179,952(27.1)
2004-2006 2,305(33.5) 178,664(27.0)
2007-2008 2,018(29.4) 118,652(17.9)
Gender, No. (%)
Boy 3,549(51.7) 340,194(51.3)
Girl 3,321(48.3) 322,858(48.7)
Birth Weight (g), No. (%)
<2500 278(4.1) 22,315(3.4)
2500-3250 1,729(25.2) 154,494(23.3)
3250-4000 3,582(52.1) 348,853(52.6)
4000-8000 1,243(18.1) 132,343(19.9)
Unknown 38(0.5) 5,047(0.8)
Parity, No. (%)
1 2,693(39.2) 282,895(42.7)
2 2,433(35.4) 250,496(37.8)
>3 1,744(25.4) 129,661(19.5)
Preterm Birth, No. (%)
(<37 weeks)
No 6,489(94.4) 630,851(95.1)
Yes 381(5.6) 32,201(4.9)
Apgar score at 5 minutes, No. (%)
0-7 91(1.3) 8,224(1.2)
8-9 442(6.4) 39,941(6.0)
10 6,269(91.3) 607,634(91.7)
Unknown 68(1.0) 7,253(1.1)
Maternal age at child birth (years), No. (%)
<25 958(13.9) 99,273(15.0)
26-30 2,238(32.6) 244,419(36.9)
31-35 2,386(34.7) 225,610(34.0)
>35 1,288(18.8) 93,750(14.1)
Paternal age at child birth (years), No. (%)
<25 364(5.3) 47,490(7.2)
26-30 1,434(20.9) 180,612(27.2)
31-35 2,395(34.8) 242,702(36.6)
>35 2,677(39.0) 192,248(29.0)
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Tablel. Baseline Characteristics of the study population (continued)

Maternal smoking status”, No. (%)
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No 4,326(63.0) 477,574(72.0)
Yes 1,334(19.4) 106,233(16.0)
Unknown 1,210(17.6) 79,245(12.0)
Maternal AD use during pregnancy, No. (%)

No 6,548(94.0) 653,496(98.6)
Yes 412(6.0) 9,556(1.4)
Maternal history of

Affective disorder, No. (%)

No 6,607(96.2) 654,234(98.7)
Yes 263(3.8) 8,818(1.3)
Paternal history of

Affective disorder, No. (%)

No 6,099 (88.8) 659,639(99.5)
Yes 771(11.2) 3,413(0.5)
Maternal history of

psychiatric disorder, No. (%)

No 6,175(89.9) 626,840(94.5)
Yes 695(10.1) 36,212(5.5)
Paternal history of

psychiatric disorder, No. (%)

No 5,092 (74.1) 630,9909(95.2)
Yes 1,178(25.9) 32,062(4.8)

Abbreviations: SSRI, selective serotonin reuptake inhibitor; N, number; AD, antidepressant drugs;

* Maternal smoking information was missing among those children born from 2007 to 2008.
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Table2. Association between paternal SSRIs use before conception and ASD in offspring

Paternal SSRIs use before Offspring  Follow-up Hazard Ratio (95% CI)
conception with ASD  no. of
Crude Model 1° Model 2"
no. person-yr
No use during the last 3 7,473 6,765,205 Ref Ref Ref
months prior to conception
Use during the last 3 months 104 61,555 1.62(1.33-1.96)  1.54(1.27-1.88) 1.43(1.18-1.74)

prior to conception

Sub-analysis:

Paternal SSRIs use during the last 1 year before conception

No use during the last 1 year 7,429 6,736,654
prior to conception

Use only from the last 1 year 71 39,422

to the last 3 months prior to

conception

Use only during the last 3 20 14,738
months prior to conception

Use both before and during 57 35,946

the last 3 months prior to

conception

Ref

1.71(1.35-2.16)

1.29(0.83-2.00)

1.52(1.17-1.97)

Ref

1.66(1.31-2.09)

1.24 (0.80-1.93)

1.43(1.10-1.86)

Ref

1.54(1.21-1.94)

1.17(0.75-1.82)

1.32(1.02-1.72)

Abbreviations: AD, antidepressant drugs; SSRI, selective serotonin reuptake inhibitor; ASD, Autism

Spectrum Disorder; No., number; HR, Hazard Ratio

 Adjusted for calendar year of birth, sex, parity, mother age, father age, maternal smoking, mother

psychiatric history, maternal AD use during pregnancy

®Model 1 further adjusted for father psychiatric history
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Table3. Association between paternal SSRIs use before conception and ASD in offspring born to

fathers diagnosed with affective disorder or not

Page 24 of 29

Paternal SSRIs use before

conception

Offspring
with ASD

no.

Follow-up
no. of

person-yr

Hazard Ratio (95% CI)

Crude

Model 1*

Model 2"

No use during the last 3
months prior to conception
Use during the last 3 months

prior to conception

58

14

30,908

6,625

Ref

1.17(0.65-2.09)

Ref

1.10(0.61-1.98)

Ref

1.10(0.61-1.98)

Sub-analysis:

Paternal SSRIs use during the last 1 year before conception

No use during the last 1 year
prior to conception

Use only from the last 1 year
to the last 3 months prior to
conception

Use only during the last 3
months prior to conception
Use both before and during
the last 3 months prior to

conception

53

8

2

9

28,033

4,082

1,164

4,254

Ref

1.07(0.51-2.25)

0.91(0.22-3.75)

1.16(0.57-2.35)

Ref

1.08(0.51-2.30)

0.89(0.21-3.75)

1.10(0.55-2.22)

Ref

1.08(0.51-2.30)

0.89(0.21-3.75)

1.10(0.55-2.22)

No use during the last 3
months prior to conception
Use during the last 3 months

prior to conception

7,415

90

6,752,899

36,329

Ref

1.57(1.27-1.93)

Ref

1.52(1.23-1.87)

Ref

1.45(1.18-1.79)

Sub-analysis:

Paternal SSRIs use during the last 1 year before conception

No use during the last 1 year
prior to conception

Use only from the last 1 year
to the last 3 months prior to
conception

Use only during the last 3
months prior to conception
Use both before and during
the last 3 months prior to

conception

7,376

63

18

48

6,714,926

37,973

7,354

28,974

Ref

1.69(1.32-2.17)

1.26(0.79-2.00)

1.45(1.09-1.93)

Ref

1.64(1.28-2.11)

1.23(0.77-1.95)

1.38(1.04-1.84)

Ref

1.57(1.23-2.02)

1.19(0.75-1.88)

1.32(0.99-1.76)

Abbreviations: AD, antidepressant drugs; SSRI, selective serotonin reuptake inhibitor; ASD, Autism

Spectrum Disorder; No., number; HR, Hazard Ratio

* Adjusted for calendar year of birth, parity, mother age, father age, maternal smoking, mother

psychiatric history , maternal AD use during pregnancy
®Model 1 further adjusted for father psychiatric history
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Table4. Paternal SSRI use before pregnancy and ASD in exposed and unexposed siblings from
5,479 families

Paternal SSRIs use before Number of Offspring
conception offspring with ASD Hazard Ratio (95% CI)

9 no. no.

oNOYTULT D WN =

10 Crude Model 1*

No use during the last 3 2,792 45 Ref Ref
13 months prior to conception
14 Use during the last 3 months 2,687 23 0.53(0.31-0.91)  0.74(0.34-1.59)

15 prior to conception

19 Abbreviations: AD, antidepressant drugs; SSRI, selective serotonin reuptake inhibitor; ASD, Autism
20 Spectrum Disorder; No., number; HR, Hazard Ratio

 Adjusted for sex, parity, mother age, father age, maternal smoking, maternal AD use during pregnancy
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1
2
i TablesS1. Association between paternal SSRIs use before conception and ASD in offspring:
5 analyses stratified by gender
6 Paternal SSRIs use before  Offspring Follow-up Hazard Ratio (95% ClI)
7 conception with ASD no. of . .
g no. person-yr Crude Model 1 Model 2
o
11 No use during the last 3 6,005 3,459,592 Ref Ref Ref
:; months prior to conception
14 Use during the last 3 months 84 31,642 1.61(1.30-2.00)  1.55(1.25-1.92) 1.44(1.16-1.79)
15 prior to conception
1? Sub-analysis:
18 Paternal SSRIs use during the last 1 year before conception
19 No use during the last 1 year 5,969 3,444,956 Ref Ref Ref
;? prior to conception
22 Use only from the last 1 year 58 20,031 1.74(1.34-2.25)  1.69(1.30-2.19) 1.58(1.22-2.05)
23 to the last 3 months prior to
;g conception
26 Use only during the last 3 18 7,622 1.42(0.89-2.26)  1.39(0.87-2.21) 1.31(0.83-2.09)
27 months prior to conception
28 Use both before and during 44 18,623 1.44 (1.07-1.93)  1.36(1.01-1.84) 1.26(0.94-1.71)

30 the last 3 months prior to
31 conception

Zem

gi No use during the last 3 1,468 3,305,613
35 months prior to conception
36 Use during the last 3 months 20 29,914

37

rior to conception
38 p p

Ref

1.63(1.05-2.53)

Ref

1.54(0.99-2.40)

Ref

1.41(0.90-2.20)

39 Sub-analysis:
40 Paternal SSRIs use during the last 1 year before conception

2; No use during the last 1 year 1,460 3,291,698
43 Prior to conception

44 Use only from the last 1 year 13
45 {0 the last 3 months prior to

:g conception

48 Use only during the last 3 2
49 months prior to conception

2(1) Use both before and during 13
52 the last 3 months prior to

53 conception

19,390

7,116

75,323

Ref

1.61(0.93-2.78)

0.67(0.17-2.69)

1.84(1.06-3.17)

Ref

1.53(0.88-2.64)

0.64(0.16-2.55)

1.74(1.01-3.01)

Ref

1.37(0.79-2.38)

0.59(0.15-2.36)

1.59(0.92-2.75)

gg Abbreviations: AD, antidepressant drugs; SSRI, selective serotonin reuptake inhibitor; ASD, Autism
56 Spectrum Disorder; No., number; HR, Hazard Ratio

57 # Adjusted for calendar year of birth, parity, mother age, father age, maternal smoking, mother

gg psychiatric history, maternal AD use during pregnancy

60 ®Model 1 further adjusted for father psychiatric history
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TableS2. Association between paternal SSRIs use before conception and ASD in offspring born to
mother who neither received antidepressants medication during pregnancy nor had affective

disorders before birth of child

Paternal SSRIs use before Offspring  Follow-up Hazard Ratio (95% CI)
conception with ASD  no. of Crude Model 17 Model 2°
no. person-yr
No use during the last 3 months prior 7,184 6,627,720  Ref Ref Ref
to conception
Use during the last 3 months priorto 91 57,081 1.55(1.26-1.91) 1.57(1.28-1.93) 1.45(1.18-1.79)
conception
Sub-analysis:

Paternal SSRIs use during the last 1 year before conception

No use during the last 1 year prior to
conception

Use only from the last 1 year to the 64
last 3 months prior to conception

Use only during the last 3 months 16
prior to conception

Use both before and during the last3 51
months prior to conception

7,144

6,600,852

37,032

13,634

33,283

Ref

1.67(1.30-2.13)

1.13(0.69-1.85)

1.50(1.13-1.97)

Ref

1.68(1.31-2.15)

1.15(0.71-1.89)

1.50(1.13-1.97)

Ref

1.56(1.22-1.99)

1.08(0.66-1.77)

1.38(1.05-1.82)

Abbreviations: AD, antidepressant drugs; SSRI, selective serotonin reuptake inhibitor; ASD, Autism
Spectrum Disorder; No., number; HR, Hazard Ratio
# Adjusted for calendar year of birth, parity, mother age, father age, maternal smoking, mother

psychiatric history

®Model 1 further adjusted for father psychiatric history
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Item
No
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Page No.

Title and abstract 1

(a) Indicate the study’s design with a commonly used term in the title or
the abstract

(b) Provide in the abstract an informative and balanced summary of what
was done and what was found

2-3

Introduction

Background/rationale 2

Explain the scientific background and rationale for the investigation being
reported

Objectives 3

State specific objectives, including any prespecified hypotheses

Methods

Study design 4

Present key elements of study design early in the paper

Setting

Describe the setting, locations, and relevant dates, including periods of
recruitment, exposure, follow-up, and data collection

Participants 6

(a) Cohort study—Give the eligibility criteria, and the sources and
methods of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and
methods of case ascertainment and control selection. Give the rationale for
the choice of cases and controls

Cross-sectional study—Give the eligibility criteria, and the sources and
methods of selection of participants

6-8

(b) Cohort study—For matched studies, give matching criteria and number
of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the

number of controls per case

Variables 7

Clearly define all outcomes, exposures, predictors, potential confounders,
and effect modifiers. Give diagnostic criteria, if applicable

6-8

Data sources/ 8*

measurement

For each variable of interest, give sources of data and details of methods
of assessment (measurement). Describe comparability of assessment
methods if there is more than one group

Bias 9

Describe any efforts to address potential sources of bias

Study size 10

Explain how the study size was arrived at

Quantitative 11
variables

Explain how quantitative variables were handled in the analyses. If
applicable, describe which groupings were chosen and why

Statistical methods 12

(a) Describe all statistical methods, including those used to control for
confounding

(b) Describe any methods used to examine subgroups and interactions

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was
addressed

Case-control study—If applicable, explain how matching of cases and
controls was addressed

Cross-sectional study—TIf applicable, describe analytical methods taking
account of sampling strategy

Not
applicable

(e) Describe any sensitivity analyses
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Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially 10
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage Not
applicable
(c) Consider use of a flow diagram
Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) 10
data and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest 22
(¢) Cohort study—Summarise follow-up time (eg, average and total amount) 11
Outcome data 15*%  Cohort study—Report numbers of outcome events or summary measures over 10-11
time
Case-control study—Report numbers in each exposure category, or summary
measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures
Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 11
and their precision (eg, 95% confidence interval). Make clear which confounders
were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized 21
(c) If relevant, consider translating estimates of relative risk into absolute risk for ~ Not
a meaningful time period relevant
Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and 11-12
sensitivity analyses
Discussion
Key results 18  Summarise key results with reference to study objectives 12
Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or 15-16
imprecision. Discuss both direction and magnitude of any potential bias
Interpretation 20  Give a cautious overall interpretation of results considering objectives, 13-14
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence
Generalisability 21  Discuss the generalisability (external validity) of the study results 14-15
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 17

*@Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

applicable, for the original study on which the present article is based

unexposed groups in cohort and cross-sectional studies.
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Abstract

Objective

The present study aimed to examine the association between paternal selective
serotonin reuptake inhibitors (SSRIs) use before conception and the risk of autism
spectrum disorder (ASD) in offspring.

Design

A population-based cohort study

Methods

We conducted a cohort study of 669,922 children born from 1998 to 2008, with
follow-up throughout 2013. Based on Danish national registers, we linked information
on paternal use of SSRIs, ASD diagnosed in children, and a range of potential
confounders. The children whose fathers used SSRIs during the last 3 months prior to
conception were identified as the exposed. Cox regression model was used to estimate
the hazard ratio (HR) for ASD in children.

Results

Compared with unexposed children, the exposed had a 1.62-fold higher risk of ASD
(95% confidence interval [CI]: 1.33-1.96) and the risk attenuated after adjusting for
potential confounders, especially fathers’ psychiatric conditions (HR=1.43, 95% CI:
1.18-1.74). When extending the exposure window to 1 year before conception, the
increased risk persisted in children of fathers using SSRIs only from the last year till
the last 3 months prior to conception ( HR=1.54, 95%CI: 1.21-1.94) but not in

children of fathers using SSRIs only during the last 3 months prior to conception
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(HR=1.17, 95%CI: 0.75-1.82). We also performed stratified analyses according to

paternal history of affective disorders and observed no increased ASD risk among

oNOYTULT D WN =

children whose father had affective disorders. Besides, the sibling analysis showed
11 that the ASD risk did not increase among exposed children compared with their
unexposed siblings.

16 Conclusions

18 The mildly increased risk of ASD in the offspring associated with paternal SSRIs use
21 before conception may be attributable to paternal underlying psychiatric indications

23 related to SSRIs use or other unmeasured confounding factors.

Strengths and limitations of this study

34 ® This is the very first study that investigates the association between paternal
36 antidepressants use and ASD risk in children.

A number of potential confounders, including sociodemographic factors as well as
39 parental psychiatric history, can be adjusted for based on the availability of
41 national health registry data.

43 ® Actual use of SSRIs by fathers during the time period of interest may not be
45 validated.

47 ® Those children who received the diagnosis of ASD from private psychiatrists or
remained undiagnosed at the end of the follow-up may not be identified as ASD

50 case.

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open

Introduction

Depression is a common mental health problem that affects approximately 350
million people worldwide'. Selective serotonin reuptake inhibitors (SSRIs) are
commonly prescribed for the treatment of depression and other anxiety-related
disorders. However, an increasing body of evidence suggests that prenatal exposure to
SSRIs is associated with adverse obstetrical and neonatal outcomes™™. In addition,
recent studies have indicated a possible link between prenatal SSRIs exposure and

. . : 2, 610
neurobehavioral problems in children™

, which may be due to the biological
mechanisms (i.e. dysfunctional serotonin signaling)''. Whereas several studies have
suggested that the previously observed association between prenatal SSRIs exposure
and neurodevelopmental diseases might due to confounding by related
indications'*".

Autism spectrum disorder (ASD) is one of the major neurodevelopmental
disorders characterized by impairments in reciprocal social interaction,
communication, and repetitive or stereotypic behavior'®. The estimated prevalence of
ASD has dramatically increased from less than 1 in 2,000 children in 1960s to
approximately 1 in 145 children today”’ '8 Both genetic and environmental risk
factors may contribute to ASD ". Recently, maternal use of SSRIs during pregnancy
has been reported to be associated with an increased risk of ASD in children'® 2%,

If maternal SSRIs exposure during pregnancy plays a role in fetal, even in child’s,

development, an extended effect of earlier exposure on gamete, particularly human

sperm, is biologically plausible. Therefore, the potential role of paternal SSRIs use in
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ASD should also be taken into consideration. Studies in the Nordic countries show
that one-third of the fathers used prescription drugs during the last 6 months prior to
conception *° , and approximately 1.4% of fathers were dispensed SSRIs during the
last 3 months prior to conception ** *’. Although the information regarding the
potential effects of SSRI use by fathers is limited, the hypothesis of an increased risk
of adverse pregnancy or neonatal outcome associated with paternal drug exposure is
not new. Several human studies have indicated the adverse effects of paternal SSRIs
use, including impaired semen quality and abnormal sperm DNA fragmentation,
which has been reported to be associated with diminished fertility, adverse pregnancy
outcomes (like pregnancy loss), and an increased risk of childhood disease®™.

Little is known on whether paternal SSRIs use before conception contributes to
the risk of ASD in offspring. We conducted a population-based cohort study to
examine the association between paternal SSRIs use during the last 3 months prior to
conception and risk of ASD in offspring, utilizing data from national Danish health
registries.

Methods

Study Population

This study was based on several national registers in Denmark. Each Danish resident
is assigned a unique personal identification number (a 10-digit civil registration
system number used in all registries), which enables accurate linkage of national

registries at the individual level’’. The Danish Medical Birth Registry (DMBR)

contains records of all deliveries in Denmark since 1973 and includes information
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about gestational age at birth from 1978° 2.Using the DMBR data, we identified a
cohort of all singletons born alive in Denmark during the period of January 1, 1998
through December 31, 2008 (n=687,580). We excluded children without linkage to
their father (n=16,955) or their mother (n=74), with missing parity (n=208), and with
missing or extreme values of gestational age (<23 weeks or >45 weeks, n=421). A
total of 669,922 children were included in the analysis.

Data on SSRIs use

Information on SSRIs use was drawn from the Danish National Prescription Registry
(DNPR)™. Since 1995, this registry has recorded all redeemed prescriptions in
Denmark with the following information: the civil registration number of the patient,
the dispensing date, the medication code (the WHO Anatomical Therapeutic Chemical
(ATC) classification system), the number of packages prescribed, and the number of
doses units in package. Selective serotonin reuptake inhibitors use was identified
based on ATC codes: fluoxetine (NO6AB03), citalopram (NO6AB04), paroxetine
(NO6ABO0S5), sertraline (NO6AB06), fluvoxamine (NO6ABO0S), and escitalopram
(NO6ABI10). It is estimated that spermatogenesis takes approximately 74 days34,
therefore we chose the last 3 months prior to conception as the exposure window to
cover the susceptible time period. A child was considered exposed if the dispensing
date fell within the specified exposure window or the number of days for which the
SSRIs medication was supplied overlapped any portion of the exposure window.
Children born to fathers who had no prescriptions for SSRIs and no supply overlap

during the entire exposure window were considered unexposed. The date of

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 6 of 29



Page 7 of 29

oNOYTULT D WN =

BMJ Open

conception was estimated by subtracting gestational age from the date of delivery.

Data on paternal SSRIs use during the last two years prior to the conception were

extracted for further analyses. We also retrieved the information about maternal SSRIs

use during the pregnancy.

Autism spectrum disorders

Autism spectrum disorders in children were identified by using the Danish Psychiatric
Central Research Register (DPCRR) and the Danish National Patient Register
(DNPR). The DPCRR contains diagnostic information on every admission from
psychiatric hospitals and psychiatric wards in general hospitals in Denmark since
1969, and includes data on all outpatient visits and emergency room contacts since
1995°°. The DNPR has collected data on all inpatients from all somatic hospitals in
Denmark since 1977 and outpatients from 1995°°. The combined data from the two
registries were used to identify all children diagnosed with ASD. During the study
period, the diagnosis of ASD was based on the International Classification of
Diseases, 10th version (ICD-10) codes of F84.0 (Childhood autism), F84.1 (Atypical
autism), F84.5 (Asperger syndrome), F84.8 (other pervasive developmental
disorders) and F84.9 (unspecified pervasive developmental disorders). The quality of
the childhood autism diagnosis has been validated and the diagnoses could be
verified in 94% of the children with a record in the DPCRR?’. Children were
followed up from birth till first diagnosis of ASD, death, emigration, or December 31,
2013, whichever came first.

Covariates
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Using the Danish nationwide health registers, we retrieved data on characteristics that
may be associated with offspring ASD or paternal SSRIs use. For each child, we
obtained information on calendar year of birth, gender of the child, birth weight,
Apgar score at 5 minutes, gestational age, maternal parity, maternal age at child birth,
paternal age at child birth and maternal smoking status during pregnancy from the
DMBR. Parents’ psychiatric history prior to birth of the index child was obtained
from DPCRR by ICD-8 codes 290-315 from 1977 to 1993 and ICD-10 codes F00-F99
from 1994 onward. Furthermore, we identified parents diagnosed with affective
disorders before birth of child (specifically, ICD-8 codes 296.09, 296.19, 296.29,
296.39, 296.99, 298.09, 298.19, 300.49, and 301.19, and ICD-10 codes F30-F34 and
F38-F39) using the DPCRR.

Statistical Analysis

Cox proportional-hazards regression models (using child’s calendar age in years as
the underlying timescale) were used to estimate the hazard ratios (HRs) and 95%
confidence intervals (Cls) of ASD in children following exposure to paternal SSRIs
use before conception. Observations were censored if the child died or emigrated
before the end of follow-up.

We adjusted for variables as following: the calendar year of birth (1998-2000,
2001-2003, 2004-2006, 2007-2008), gender of the child (boy, girl), parity (1, 2, >3),
parental age at child birth (<25, 26-30, 31-35, and >35 years), maternal smoking
status during pregnancy (yes or no), maternal history of psychiatric disorders before

birth of child (yes or no), maternal antidepressants use during pregnancy (yes or no)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 8 of 29



Page 9 of 29

oNOYTULT D WN =

BMJ Open

in model 1. We additionally adjusted for paternal history of psychiatric disorders
before birth of child (yes or no) in model 2. Models were also run with the exclusion
of those children with missing data for covariates. The proportional hazard
assumption was evaluated for all variables included in the adjusted model by
comparing estimated log-minus-log survival curves.

To distinguish the direct effects of SSRIs use from the effects of the indication of
SSRIs use, we extended the exposure window to 1 year before conception. We then
re-categorized the exposed children into three subgroups: children of fathers who used
SSRIs 1) only from the last year till the last 3 months prior to conception (former
users); 2) only during the last 3 months prior to conception (current short-term users,
hereinafter referred to as ‘current users’); 3) both before and during the last 3 months
prior to conception (both former and current users). The reference group consisted of
those children born to fathers who never used SSRIs medication through the last year
before conception.

The stratified analysis was performed to examine whether the association between
paternal SSRIs use and ASD in children differed by gender. We also restricted the
analyses to children whose mothers neither received antidepressant medication during
pregnancy nor had affective disorder before birth of child. To further distinguish the
effect of SSRIs medication from that of the main indication (i.e., affective disorders)
for SSRIs treatment, we performed stratified analyses according to paternal history of
affective disorder before birth of the index child. As for those children born to fathers

with affective disorders, the ASD risk we examined could be solely attributable to
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paternal SSRIs use since both of the exposed children and the reference children were
with paternal affective disorders.

To control for unmeasured family-related confounding factors (such as genetic
liability for neuropsychiatric conditions and early postnatal environmental influences),
we conducted sibling-matched analyses by only including the families with
exposure-discordant siblings, in which there was at least one child with paternal
SSRIs preconception exposure and one child without exposure. Using the stratified
Cox proportional-hazards regression with a separate stratum for each family, we
estimated the association between paternal SSRIs use before conception and ASD in
matched sets of exposure-discordant siblings. In the stratified Cox regression model,
we also adjusted for those covariates that varied among siblings with the same father
(including parental age at conception, maternal parity, smoking, and maternal AD use
during pregnancy).

All analyses were performed using SAS version 9.1 (SAS Institute Inc, Cary,
North Carolina, USA).

Results

Among the 669,922 singletons included in the study, 6,870 (1.03%) children were
born to fathers who had redeemed a prescription for SSRIs during the last 3 months
prior to conception. During the study period, a total of 7,577 children were diagnosed
with ASD. The median age at diagnosis of ASD was 6.77 years (interquartile range:
4.84 to 9.48 years). Characteristics of the study population are shown in Table 1.
Compared with the unexposed group, there were a higher proportion of exposed
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children born in later calendar years. Fathers in exposed group were more likely to be
older at child birth and to have a history of psychiatric disorder (including affective
disorder) before birth of child. Mothers of exposed children were characterized as
having higher parity, being more likely to be older at child birth, to use
antidepressants during pregnancy, and to have a history of psychiatric disorder before
birth of child.

Among 61,555 person-years of follow-up, we identified 104 cases of ASD in
children born to fathers who used SSRIs during the last 3 months prior to conception
(incidence rate: 169 per 100,000 person-years). This incidence rate corresponded to a
62% increased risk of ASD compared with the unexposed group (Table 2). The
adjusted HR (aHR) of ASD was 1.54 (95% CI: 1.27-1.88) after adjusting for potential
confounders in model 1. After paternal psychiatric history was further adjusted for in
model 2, the estimate was 1.43 (95%CI: 1.18-1.74). When extending the exposure
window to the last one year prior to conception, after the full adjustment, the HR for
ASD in children of fathers who were former users only and who were both former
and current users was 1.54 (95%CI: 1.21-1.94) and 1.32 (95%CI: 1.02-1.72),
respectively. However, the increased risk decreased and became nonsignificant among
children of fathers who were only current users (aHR=1.17, 95%CI: 0.75-1.82, model
2, table2).

The risk estimates of ASD were similar for both boys and girls, regardless of the

exposure (Table S1). When we restricted analyses to children whose mothers neither
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used SSRIs during pregnancy nor had affective disorder before birth of child, the
results did not change essentially (Table S2).

When the analyses were stratified by paternal affective disorder before birth of the
index child, in children born to fathers with a history of affective disorder, there was
no association between paternal SSRIs use before conception and ASD in the
offspring (model 2: aHR=1.10, 95%CI: 0.61-1.98). For children whose father without
affective disorder, the patterns of associations remained similar to those of the main
analyses (Table 3).

In the sibling analysis, we identified 5,479 families with more than one child and
with at least one child with paternal SSRIs use before conception (Table 4). The risk
of ASD in exposed children was decreased when compared with their unexposed
siblings (aHR=0.74, 95%CI:0.34-1.59), although with wider confidence interval.
Discussion
In this large population-based cohort study, we observed an increased risk of ASD in
the offspring following paternal use of SSRIs during the last 3 months prior to
conception. However, the risk attenuated after adjusting for a number of potential
confounders, especially fathers’ psychiatric conditions. When extending the exposure
window to one year before conception, the ASD risk persisted among children born to
former users but not current users. In addition, among children born to father with
affective disorder, no association was observed. Finally, we performed a sibling
analysis which allowed for better control of unmeasured familial confounding and the
decreased ASD risk was found among exposed children rather than their unexposed

12
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siblings. Taken as a whole, our results did not support that paternal SSRIs use before
conception could increase the risk of ASD in children.

Recently, concerns have been raised regarding the risk of ASD in the offspring
associated with prenatal exposure to SSRIs. Four previous human studies have
suggested that in utero exposure to antidepressants would increase the risk of ASD in
children®'**, although another two studies using the Danish registers have reported no
significant association 3839 Basic neuro-biologic studies have showed that prenatal
SSRIs administration may be part of a causal pathway to ASD by operating directly
on the developing brain***'. Considering the detrimental effect of SSRIs on sperm **
2942 paternal SSRIs use before conception may also cause adverse effects on
pregnancy outcomes. However, till now, only one study have suggested that SSRIs
administration to male rats could induce deterioration in fertility and fetal outcomes
(including weight gain, organ weights and feed consumption)®. To our knowledge,
our study is the first to investigate the link between paternal antidepressants use
before conception and ASD risk in children. Considering the limited number of ASD
cases and the challenges posed by confounding, further studies are needed to
corroborate the findings.

In the present study, the increased risk of ASD observed in former users but not in
current users implied that indications for paternal SSRIs use may account for the
observed association between paternal SSRIs use and ASD in children, which was
supported by previous studies suggesting that parental depression and other
44-46

psychiatric disorders might be associated with the risk of autism in children
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Therefore, similar to those studies which focused on the effect of maternal
antidepressants use during pregnancy, confounding by indication poses the main
challenge in our study. We adopted several analytic strategies to account for such
confounding by indication: (1) regression adjustment for paternal psychiatric
disorders; (2) negative controls (i.e., former-users analyses); (3) stratified analyses
according to paternal history of affective disorders; and (4) sibling analyses. The
results of these analyses suggested that paternal psychiatric illness rather than SSRIs
exposure might be associated with ASD liability. It was worth noting that, in children
born to fathers without affective disorders, there was a significantly increased risk
associated with paternal SSRIs use. Most fathers might receive SSRIs treatment from
their general practitioner and were therefore not registered with a diagnosis of
affective disorders in the hospital system. Therefore, it was possible that the increased
risk associated with prenatal SSRIs use was partly confounded by paternal affective
disorders diagnosed outside a hospital department for which we were not able to
adjust. In addition, other psychiatric diseases related to SSRIs use might also
contribute to the observed association.

Our study has several methodological strengths. One strength was that the linkage
of several nationwide health registries in Denmark enabled us to conduct a large
cohort study with virtually complete follow-up. The definition on exposure to SSRIs
was based on a national registry, which eliminated the risk of recall bias caused by
self-report. Another strength was that the information on ASD diagnosis was obtained
independently of exposure measurement, which could also mitigate the information
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bias. Furthermore, the availability of health registry data enabled us to adjust for a
number of potential confounders including sociodemographic factors as well as
parental psychiatric history. Besides, we have taken the potential effect of maternal
antidepressants use during pregnancy as well as maternal mental disease into
consideration. To remove the confounding factors attributing to mothers, we adjusted
the maternal SSRIs use in regression model, and also restricted the analyses to
children whose mothers neither received antidepressant medication during pregnancy
nor had affective disorders before child birth.

Limitations need to be considered when interpreting the results of our study. Firstly,
we were unable to validate actual use of SSRIs by fathers during the time period of
interest because we relied on medical records of dispensed prescriptions. This may
lead to misclassification of exposure status because some people may not take the
medication or may take it later. Nevertheless, the misclassification was most likely
non-differential, which could bias the association toward null. Besides, some patients
may receive SSRIs treatment during inpatient admissions which are not included in
the prescription registry. We expect this problem to be minor since those inpatients
usually have severe psychiatric disorders and are more likely to continue treatment
after discharge. Secondly, the 3-month cut-off point was set based on the fact that
spermatogenesis takes approximately 70-90 days in humans. Whereas it may be
possible that SSRIs drugs induce sperm damage at the very primitive stage. However,
the results did not change markedly after extending the putative exposure period to
the last 6 months prior to conception (data not shown). Thirdly, ASD in children was
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ascertained through the DNPR and the DPCRR, which did not include those children
who received the diagnosis of ASD from private psychiatrists or remained
undiagnosed at the end of the follow-up. However, the prevalence of ASD in our
cohort was 1.13%, which was similar to that reported in the United States during the
study period (1.14%) *’. Hence the bias introduced by case identification was
expected to be minimal. Fourthly, the age of ASD diagnosis which was used as time
event in Cox regression models might be affected by external and extraneous factors.
If these factors are differentially distributed in exposed and unexposed group, the
actual associations may be biased. We have adjusted for some factors which may
influence age of diagnosis to reduce the bias to some extent. However, we could not
rule out the confounding effects of unmeasured factors, which is a limitation of the
study.
Conclusions

In the study, paternal SSRI use before conception was associated with an increased
risk of ASD in the offspring, especially in the former users who took SSRIs over the
longer term. However, null association were observed in exposed children with
paternal affective disorders, and similar ASD risk were observed among exposed and
unexposed siblings, which implicates that paternal underlying indications related to

SSRIs use or other unmeasured confounding factors may explain the increased risk.
Footnotes

This cohort study was approved by the Danish Data Protection Agency (Document No.

2013-41-2569).
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Tablel. Baseline Characteristics of the study population

Characteristic

Paternal SSRIs use during

the last 3 months prior to

No paternal SSRIs use

during the last 3 months

conception prior to conception

(N=6,870) (N=663, 052)
Calendar Year of birth, No. (%)
1998-2000 1,021(14.9) 185,784(28.0)
2001-2003 1,526(22.2) 179,952(27.1)
2004-2006 2,305(33.5) 178,664(27.0)
2007-2008 2,018(29.4) 118,652(17.9)
Gender, No. (%)
Boy 3,549(51.7) 340,194(51.3)
Girl 3,321(48.3) 322,858(48.7)
Birth Weight (g), No. (%)
<2500 278(4.1) 22,315(3.4)
2500-3250 1,729(25.2) 154,494(23.3)
3250-4000 3,582(52.1) 348,853(52.6)
4000-8000 1,243(18.1) 132,343(19.9)
Unknown 38(0.5) 5,047(0.8)
Parity, No. (%)
1 2,693(39.2) 282,895(42.7)
2 2,433(35.4) 250,496(37.8)
>3 1,744(25.4) 129,661(19.5)
Preterm Birth, No. (%)
(<37 weeks)
No 6,489(94.4) 630,851(95.1)
Yes 381(5.6) 32,201(4.9)
Apgar score at 5 minutes, No. (%)
0-7 91(1.3) 8,224(1.2)
8-9 442(6.4) 39,941(6.0)
10 6,269(91.3) 607,634(91.7)
Unknown 68(1.0) 7,253(1.1)
Maternal age at child birth (years), No. (%)
<25 958(13.9) 99,273(15.0)
26-30 2,238(32.6) 244,419(36.9)
31-35 2,386(34.7) 225,610(34.0)
>35 1,288(18.8) 93,750(14.1)
Paternal age at child birth (years), No. (%)
<25 364(5.3) 47,490(7.2)
26-30 1,434(20.9) 180,612(27.2)
31-35 2,395(34.8) 242,702(36.6)
>35 2,677(39.0) 192,248(29.0)
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Tablel. Baseline Characteristics of the study population (continued)

Maternal smoking status”, No. (%)

oNOYTULT D WN =

No 4,326(63.0) 477,574(72.0)
Yes 1,334(19.4) 106,233(16.0)
Unknown 1,210(17.6) 79,245(12.0)
Maternal AD use during pregnancy, No. (%)

No 6,548(94.0) 653,496(98.6)
Yes 412(6.0) 9,556(1.4)
Maternal history of

Affective disorder, No. (%)

No 6,607(96.2) 654,234(98.7)
Yes 263(3.8) 8,818(1.3)
Paternal history of

Affective disorder, No. (%)

No 6,099 (88.8) 659,639(99.5)
Yes 771(11.2) 3,413(0.5)
Maternal history of

psychiatric disorder, No. (%)

No 6,175(89.9) 626,840(94.5)
Yes 695(10.1) 36,212(5.5)
Paternal history of

psychiatric disorder, No. (%)

No 5,092 (74.1) 630,9909(95.2)
Yes 1,178(25.9) 32,062(4.8)

Abbreviations: SSRI, selective serotonin reuptake inhibitor; N, number; AD, antidepressant drugs;

* Maternal smoking information was missing among those children born from 2007 to 2008.
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Table2. Association between paternal SSRIs use before conception and ASD in offspring

Paternal SSRIs use before Offspring  Follow-up Hazard Ratio (95% CI)
conception with ASD  no. of
Crude Model 1° Model 2"
no. person-yr
No use during the last 3 7,473 6,765,205 Ref Ref Ref
months prior to conception
Use during the last 3 months 104 61,555 1.62(1.33-1.96)  1.54(1.27-1.88) 1.43(1.18-1.74)

prior to conception

Sub-analysis:

Paternal SSRIs use during the last 1 year before conception

No use during the last 1 year 7,429 6,736,654
prior to conception

Use only from the last 1 year 71 39,422

to the last 3 months prior to

conception

Use only during the last 3 20 14,738
months prior to conception

Use both before and during 57 35,946

the last 3 months prior to

conception

Ref

1.71(1.35-2.16)

1.29(0.83-2.00)

1.52(1.17-1.97)

Ref

1.66(1.31-2.09)

1.24 (0.80-1.93)

1.43(1.10-1.86)

Ref

1.54(1.21-1.94)

1.17(0.75-1.82)

1.32(1.02-1.72)

Abbreviations: AD, antidepressant drugs; SSRI, selective serotonin reuptake inhibitor; ASD, Autism

Spectrum Disorder; No., number; HR, Hazard Ratio

 Adjusted for calendar year of birth, sex, parity, mother age, father age, maternal smoking, mother

psychiatric history, maternal AD use during pregnancy

®Model 1 further adjusted for father psychiatric history
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Table3. Association between paternal SSRIs use before conception and ASD in offspring born to

fathers diagnosed with affective disorder or not

Page 24 of 29

Paternal SSRIs use before

conception

Offspring
with ASD

no.

Follow-up
no. of

person-yr

Hazard Ratio (95% CI)

Crude

Model 1*

Model 2"

No use during the last 3
months prior to conception
Use during the last 3 months

prior to conception

58

14

30,908

6,625

Ref

1.17(0.65-2.09)

Ref

1.10(0.61-1.98)

Ref

1.10(0.61-1.98)

Sub-analysis:

Paternal SSRIs use during the last 1 year before conception

No use during the last 1 year
prior to conception

Use only from the last 1 year
to the last 3 months prior to
conception

Use only during the last 3
months prior to conception
Use both before and during
the last 3 months prior to

conception

53

8

2

9

28,033

4,082

1,164

4,254

Ref

1.07(0.51-2.25)

0.91(0.22-3.75)

1.16(0.57-2.35)

Ref

1.08(0.51-2.30)

0.89(0.21-3.75)

1.10(0.55-2.22)

Ref

1.08(0.51-2.30)

0.89(0.21-3.75)

1.10(0.55-2.22)

No use during the last 3
months prior to conception
Use during the last 3 months

prior to conception

7,415

90

6,752,899

36,329

Ref

1.57(1.27-1.93)

Ref

1.52(1.23-1.87)

Ref

1.45(1.18-1.79)

Sub-analysis:

Paternal SSRIs use during the last 1 year before conception

No use during the last 1 year
prior to conception

Use only from the last 1 year
to the last 3 months prior to
conception

Use only during the last 3
months prior to conception
Use both before and during
the last 3 months prior to

conception

7,376

63

18

48

6,714,926

37,973

7,354

28,974

Ref

1.69(1.32-2.17)

1.26(0.79-2.00)

1.45(1.09-1.93)

Ref

1.64(1.28-2.11)

1.23(0.77-1.95)

1.38(1.04-1.84)

Ref

1.57(1.23-2.02)

1.19(0.75-1.88)

1.32(0.99-1.76)

Abbreviations: AD, antidepressant drugs; SSRI, selective serotonin reuptake inhibitor; ASD, Autism

Spectrum Disorder; No., number; HR, Hazard Ratio

* Adjusted for calendar year of birth, parity, mother age, father age, maternal smoking, mother

psychiatric history , maternal AD use during pregnancy
®Model 1 further adjusted for father psychiatric history
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Table4. Paternal SSRI use before pregnancy and ASD in exposed and unexposed siblings from
5,479 families

Paternal SSRIs use before Number of Offspring
conception offspring with ASD Hazard Ratio (95% CI)

9 no. no.

oNOYTULT D WN =

10 Crude Model 1*

No use during the last 3 2,792 45 Ref Ref
13 months prior to conception
14 Use during the last 3 months 2,687 23 0.53(0.31-0.91)  0.74(0.34-1.59)

15 prior to conception

19 Abbreviations: AD, antidepressant drugs; SSRI, selective serotonin reuptake inhibitor; ASD, Autism
20 Spectrum Disorder; No., number; HR, Hazard Ratio

 Adjusted for sex, parity, mother age, father age, maternal smoking, maternal AD use during pregnancy
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1
2
i TablesS1. Association between paternal SSRIs use before conception and ASD in offspring:
5 analyses stratified by gender
6 Paternal SSRIs use before  Offspring Follow-up Hazard Ratio (95% ClI)
7 conception with ASD no. of . .
g no. person-yr Crude Model 1 Model 2
o
11 No use during the last 3 6,005 3,459,592 Ref Ref Ref
:; months prior to conception
14 Use during the last 3 months 84 31,642 1.61(1.30-2.00)  1.55(1.25-1.92) 1.44(1.16-1.79)
15 prior to conception
1? Sub-analysis:
18 Paternal SSRIs use during the last 1 year before conception
19 No use during the last 1 year 5,969 3,444,956 Ref Ref Ref
;? prior to conception
22 Use only from the last 1 year 58 20,031 1.74(1.34-2.25)  1.69(1.30-2.19) 1.58(1.22-2.05)
23 to the last 3 months prior to
;g conception
26 Use only during the last 3 18 7,622 1.42(0.89-2.26)  1.39(0.87-2.21) 1.31(0.83-2.09)
27 months prior to conception
28 Use both before and during 44 18,623 1.44 (1.07-1.93)  1.36(1.01-1.84) 1.26(0.94-1.71)

30 the last 3 months prior to
31 conception

Zem

gi No use during the last 3 1,468 3,305,613
35 months prior to conception
36 Use during the last 3 months 20 29,914

37

rior to conception
38 p p

Ref

1.63(1.05-2.53)

Ref

1.54(0.99-2.40)

Ref

1.41(0.90-2.20)

39 Sub-analysis:
40 Paternal SSRIs use during the last 1 year before conception

2; No use during the last 1 year 1,460 3,291,698
43 Prior to conception

44 Use only from the last 1 year 13
45 {0 the last 3 months prior to

:g conception

48 Use only during the last 3 2
49 months prior to conception

2(1) Use both before and during 13
52 the last 3 months prior to

53 conception

19,390

7,116

75,323

Ref

1.61(0.93-2.78)

0.67(0.17-2.69)

1.84(1.06-3.17)

Ref

1.53(0.88-2.64)

0.64(0.16-2.55)

1.74(1.01-3.01)

Ref

1.37(0.79-2.38)

0.59(0.15-2.36)

1.59(0.92-2.75)

gg Abbreviations: AD, antidepressant drugs; SSRI, selective serotonin reuptake inhibitor; ASD, Autism
56 Spectrum Disorder; No., number; HR, Hazard Ratio

57 # Adjusted for calendar year of birth, parity, mother age, father age, maternal smoking, mother

gg psychiatric history, maternal AD use during pregnancy

60 ®Model 1 further adjusted for father psychiatric history
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TableS2. Association between paternal SSRIs use before conception and ASD in offspring born to
mother who neither received antidepressants medication during pregnancy nor had affective

disorders before birth of child

Paternal SSRIs use before Offspring  Follow-up Hazard Ratio (95% CI)
conception with ASD  no. of Crude Model 17 Model 2°
no. person-yr
No use during the last 3 months prior 7,184 6,627,720  Ref Ref Ref
to conception
Use during the last 3 months priorto 91 57,081 1.55(1.26-1.91) 1.57(1.28-1.93) 1.45(1.18-1.79)
conception
Sub-analysis:

Paternal SSRIs use during the last 1 year before conception

No use during the last 1 year prior to
conception

Use only from the last 1 year to the 64
last 3 months prior to conception

Use only during the last 3 months 16
prior to conception

Use both before and during the last3 51
months prior to conception

7,144

6,600,852

37,032

13,634

33,283

Ref

1.67(1.30-2.13)

1.13(0.69-1.85)

1.50(1.13-1.97)

Ref

1.68(1.31-2.15)

1.15(0.71-1.89)

1.50(1.13-1.97)

Ref

1.56(1.22-1.99)

1.08(0.66-1.77)

1.38(1.05-1.82)

Abbreviations: AD, antidepressant drugs; SSRI, selective serotonin reuptake inhibitor; ASD, Autism
Spectrum Disorder; No., number; HR, Hazard Ratio
# Adjusted for calendar year of birth, parity, mother age, father age, maternal smoking, mother

psychiatric history

®Model 1 further adjusted for father psychiatric history
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No

Recommendation

Page No.

Title and abstract 1

(a) Indicate the study’s design with a commonly used term in the title or
the abstract

(b) Provide in the abstract an informative and balanced summary of what
was done and what was found

2-3

Introduction

Background/rationale 2

Explain the scientific background and rationale for the investigation being
reported

Objectives 3

State specific objectives, including any prespecified hypotheses

Methods

Study design 4

Present key elements of study design early in the paper

Setting

Describe the setting, locations, and relevant dates, including periods of
recruitment, exposure, follow-up, and data collection

Participants 6

(a) Cohort study—Give the eligibility criteria, and the sources and
methods of selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and
methods of case ascertainment and control selection. Give the rationale for
the choice of cases and controls

Cross-sectional study—Give the eligibility criteria, and the sources and
methods of selection of participants

6-8

(b) Cohort study—For matched studies, give matching criteria and number
of exposed and unexposed
Case-control study—For matched studies, give matching criteria and the

number of controls per case

Variables 7

Clearly define all outcomes, exposures, predictors, potential confounders,
and effect modifiers. Give diagnostic criteria, if applicable

6-8

Data sources/ 8*

measurement

For each variable of interest, give sources of data and details of methods
of assessment (measurement). Describe comparability of assessment
methods if there is more than one group

Bias 9

Describe any efforts to address potential sources of bias

Study size 10

Explain how the study size was arrived at

Quantitative 11
variables

Explain how quantitative variables were handled in the analyses. If
applicable, describe which groupings were chosen and why

Statistical methods 12

(a) Describe all statistical methods, including those used to control for
confounding

(b) Describe any methods used to examine subgroups and interactions

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was
addressed

Case-control study—If applicable, explain how matching of cases and
controls was addressed

Cross-sectional study—TIf applicable, describe analytical methods taking
account of sampling strategy

Not
applicable

(e) Describe any sensitivity analyses
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Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially 10
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage Not
applicable
(c) Consider use of a flow diagram
Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) 10
data and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest 22
(¢) Cohort study—Summarise follow-up time (eg, average and total amount) 11
Outcome data 15*%  Cohort study—Report numbers of outcome events or summary measures over 10-11
time
Case-control study—Report numbers in each exposure category, or summary
measures of exposure
Cross-sectional study—Report numbers of outcome events or summary measures
Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates 11
and their precision (eg, 95% confidence interval). Make clear which confounders
were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized 21
(c) If relevant, consider translating estimates of relative risk into absolute risk for ~ Not
a meaningful time period relevant
Other analyses 17  Report other analyses done—eg analyses of subgroups and interactions, and 11-12
sensitivity analyses
Discussion
Key results 18  Summarise key results with reference to study objectives 12
Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or 15-16
imprecision. Discuss both direction and magnitude of any potential bias
Interpretation 20  Give a cautious overall interpretation of results considering objectives, 13-14
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence
Generalisability 21  Discuss the generalisability (external validity) of the study results 14-15
Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 17

*@Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

applicable, for the original study on which the present article is based

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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