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Abstract

Objectives: Genetics, environment, and their interactions (GXE) impact Autism Spectrum
Disorder (ASD) etiology. Smoking is a supsected ASD risk factor due to biological plausibility
and high prevalence.

Methods: Using two large epidemiological samples, we examined whether ASD was associated
with prenatal paternal smoking in a Discovery Sample (DS: N=10,245) and an independent
Replication Sample (RS: N=29,773). Paternal smoking was retrospectively assessed with
questionnaires. Likelihood of having ASD was estimated with the Autism Spectrum Screening
Questionnaire (ASSQ) at three levels: low (ASSQ<10), intermediate (ASSQ=10-14), and high
(ASSQ=15). Ordinal regression was used to examine the relationship between prenatal paternal
smoking and likelihood of having ASD, adjusting for confounders.

Correspondence to: Young-Shin Kim, UCSF S.T.A.R. (Service, Training, Advocacy & Research) Center for ASD and NDDs,
Psychiatric Genetic Epidemiology Program, UCSF Weill Institute for Neurosciences, Department of Psychiatry, University of
California, San Francisco, Langley Porter Psychiatric Institute, LP-377, 401 Parnassus Ave, Box 0984, San Francisco, CA
94143-0984, US, Tel: 415.502-2999, Fax; 415.476-7320, youngshin.kim@ucsf.edu; Mina Ha, Department of Preventive Medicine,
Dankook University College of Medicine, 119 Dandae-ro, Donnam-gu, Cheonan-ci, Chungnam-do, 31116, Republic of Korea, Tel: 82
41 550 3854, Fax; 82 41 550 6461, minaha@dku.edu.

Conflict of Interest
The authors have no conflicts of interest to report in relation to the research presented in this manuscript.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kim et al.

Page 2

Results: 36.5% of DS fathers and 63.3% of RS fathers smoked during the pregnancy period (PP).
7% of the RS smoker fathers smoked during the pre-conception period (PCP) but quit during PP.
DS prenatal paternal smoking significantly increased likelihood of having ASD in their offspring
(adjusted odds ratio [aOR]=1.27). This was confirmed in the RS with aOR 1.15 among smoking
PCP+PP fathers. 14.4% and 11.1% increased high likelihood of ASD was attributable to prenatal
paternal smoking in DS and RS, respectively.

Conclusion: Smoking prevention, especially in pregnancy planning, may decrease ASD risk in

offspring.

INTRODUCTION

Autism Spectrum Disorder (ASD), an early-onset neurodevelopmental disorder (NDD)

with prevalence 1.6-3.0% worldwide, is characterized by pervasive impairment in social
communication and the presence of restricted and repetitive behaviors/interests [Fombonne,
2009, Kim&Leventhal et al., 2011, Maenner&Rice et al., 2014, Zablotsky&Black

et al., 2015, Christensen, 2016]. Epidemiological and genomic analyses demonstrate
substantial etiologic contributions from additive genetic factors [Gaugler&KlIei et al., 2014,
Tick&Bolton et al., 2016], with the remainder likely explained by a combination of non-
additive genetic factors, environmental factors, and interactions, including gene-environment
interactions (GxE) [Gaugler&Klei et al., 2014].

The pre- and perinatal period appears to be a critical nexus of risk for the genesis of

ASD [Willsey&Sanders et al., 2013, Lyall&Schmidt et al., 2014]. Studies have reported
associations between ASD and maternal prenatal exposure to some medications, toxins, and
intrapartum rubella infection, suggesting that exposure to exogenous agents during critical
developmental periods contribute to ASD susceptibility [Chess, 1971, Stromland&Nordin
etal., 1994, Rodier&Ingram et al., 1996, Rodier&Ingram et al., 1997, Ingram&Peckham

et al., 2000, Moore&Turnpenny et al., 2000, Bescoby-Chambers&Forster et al., 2001,
Williams&King et al., 2001, Lee&Newschaffer et al., 2008, Williams&Helmer et al., 2008].

Prior studies examining relationships between perinatal risks and ASD have reported
inconsistent findings between increased ASD risks and prenatal maternal factors, including
complicated birth histories [Hultman&Sparen et al., 2002, Glasson&Bower et al., 2004,
Larsson&Eaton et al., 2005, Lee&Newschaffer et al., 2008, Schendel and Bhasin,

2008, Williams&Helmer et al., 2008, Bilder&Pinborough-Zimmerman et al., 2009,
Burstyn&Sithole et al., 2010, Hultman&Sandin et al., 2010, Mann&McDermott et al.,

2010, Cheslack-Postava&Liu et al., 2011, Dodds&Fell et al., 2011] as well as maternal
smoking and alcohol exposure [Eliasen&Tolstrup et al., 2010, Lee&Gardner et al., 2012,
Tran&Lehti et al., 2013, Singer&Aylsworth et al., 2017]. Inconsistent findings are likely

the result of methodological shortcomings, including small, clinical samples with phenotype
heterogeneity, and confounding by comorbidity, including intellectual disability [ID]. A
recent meta-analysis, examining over 60 perinatal and neonatal risk factors, suggested that
the following increased ASD risk: abnormal presentation, umbilical-cord complications,
fetal distress, birth injury or trauma, multiple birth, maternal hemorrhage, summer birth, low
birth weight, small for gestational age, congenital malformation, low 5-minute Apgar score,
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feeding difficulties, meconium aspiration, neonatal anemia, ABO or Rh incompatibility,

and hyperbilirubinemia [Gardener&Spiegelman et al., 2011]; another meta-analysis with 15
studies suggested no association between maternal smoking exposure and ASD [Rosen&L ee
etal., 2015].

In prior studies, the majority of perinatal risks were limited to maternal exposures. With
increased paternal age as an identified risk for ASD [Hultman&Sandin et al., 2011], paternal
perinatal exposures may increase ASD risk. ASD risk attributable to prenatal paternal
smoking is of particular interest due to: 1) Biological plausibility through cumulative
toxicity to the male germline [Linschooten&Verhofstad et al., 2013] and secondary exposure
to toxins [Clifford&Lang et al., 2012]; 2) High smoking prevalence (43% in Korea and
15.1% in US) [KOSIS, 2010, Jamal&King et al., 2016]; 3) Highest prevalence male
smoking, 20-39 years, overlaps with peak age for reproduction [Li&Lin et al., 2011];

4) Availablity of animal models [Nixon&Stanger et al., 2015, Esakky and Moley, 2016];

5) Relatively accurate retrospective recall of exposure [Krall&Valadian et al., 1989];

and, 6) Availability of interventions for smoking cessation yielding other health benefits
[Hopkins&Briss et al., 2001, Phs Guideline Update Panel and Staff, 2008].

The adverse impact of perinatal paternal smoking on fetal and newborn health has been
reported (e.g., low birth weight, prematurity, heart defects, and childhood cancer) but
little is known about its impact on ASD risk [Ahluwalia&Grummer-Strawn et al., 1997,
Windham&Hopkins et al., 2000, Larsson&Weiss et al., 2009, Lee&Ward et al., 2009,
Newman&Momirova et al., 2010, Zhang&Lv et al., 2010, Duan&Yao et al., 2014, Kaur,
2014, Thacher&Gruzieva et al., 2014, lon&Wills et al., 2015, Luh Putu Rihayani Budi,
2015, Forest and Priest, 2016]. Four studies have examined paternal smoking effects
including second hand smoking on offspring ASD risk (Table 1). The small number of
subjects and lack of control for known confounders (e.g., maternal smoking and parental
age) make it difficult to arrive at conclusions.

We attempted to overcome these shortcomings by using an internal replication design, with
two large, community cohorts to: 1) Test the hypothesis that paternal prenatal smoking
increases likelihood for offspring with having ASD, in a “Discovery sample (DS);” and, 2)
Use a “Replication Sample (RS)” to confirm the initial findings while determining if the
timing of paternal smoking timing modifies the risk.

METHODS

Participants

DS and RS were two independent, epidemiologically-ascertained cohorts of school-aged
children. DS participants are from a Simons Foundation Autism Research Initiative (SFARI)
project; The RS subjects are from the Korean Environmental Risk and Children’s Health
Project.

The 15,981target subjects in the DS were drawn from the 7-13-year-old children
participating in the SFARI project in 13 cities representative of South Korea in 2009-2011
(Figure 1). Of 12,447 questionnaires distributed to children with up-to-date contact
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information, 10,503 parents agreed to participate in the survey (84.4% response). 10,245
questionnaires were used for the final analyses, after deleting those with missing data
(Autism Spectrum Screening Questionnaire [ASSQ] > 5 missing items [N=141], gender
[N=108], age [N=9]). RS subjects were ascertained between 2007 and 2008 from Cheonan
City, a mixed urban and rural area in the center of South Korea (population = ~629,000)
[Statistics Korea, 2015]. The target population was 49,570 children attending in 65
elementary schools. Of 42,746 questionnaires distributed, 30,552 were retrieved from the
parents via the school system (71.5% response). After excluding subjects with missing data
(ASSQ [N=510], gender and/or age [N=269]), 29,773 questionnaires were used in final
analyses. Missing values for parental smoking and maternal drinking were treated as “no
response” and included in the final analyses. Questionnaires were completed by principal
care-givers, (usually mothers) in both the DS and RS samples.

The Yale and Dankook University Institutional Review Boards approved the study; informed
consent was obtained from parents.

Measurement

Predictor: Parental Smoking—Parental smoking data were retrospectively collected,
using a questionnaire: “Did the father smoke during pregnancy with an index child
(response: Yes/N0)?” in the DS, and “Has father ever smoked (responses: never, ex-smoker,
current smoker)?” and “Did father smoke during pregnancy?” in the RS. The same questions
were asked about the mother. Using a method of an indicator variable for missingness

of categorical predictor [Gelman A, 2006], missing DS and RS data were coded as “no
response” and were included in the analyses.

Use of two items in the RS allowed refinement of timing for parental smoking into four
groups: “never smoker,” “smoking before (pre-conceptual period [PCP]) and throughout
the entire pregnancy period [PP],” “Smoked but quit during pregnancy (PCP only),” and
“smoking of unknown exposure timing” (supplementary Figure 1).

In the RS, three additional questions were asked about the amount and duration of smoking:
“How many cigarettes did father/mother smoke?” “When did father/mother start to smoke?”
“When did father/mother quit smoking?”

Outcome: Autism Spectrum Phenotyping—The ASSQ, a 27-item questionnaire

for ASD, measures social interaction, communication problems, RRB’s, and associated
features. Each item is rated from O to 2, (total score = 0-54). The ability of the ASSQ to
distinguish ASD from other diagnoses is well-established for European and Korean children
[Ehlers&Gillberg et al., 1999] [Mattila&Kielinen et al., 2007, Yim, 2012] and assessing
environmental effects on ASD [Lyall&Schmidt et al., 2014]. ASSQ scores in the upper 5t
percentile (=15) defined children as “screen positive;” this definition demonstrated optimal
agreement with best estimate diagnoses of ASD in Korean children [Kim&Leventhal et
al., 2011]. We categorized ASSQ scores into three groups for an ASD diagnosis: 1) “High
likelihood” score =15 (=5 percentile); 2) “Intermediate likelihood” score 10-14 (10t-6th
percentile); and 3) “Low likelihood” score <10 (<10t percentile).
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Potential Confounders—Based on a review of the literature, potential confounders
were selected to include parental age at pregnancy, maternal smoking and drinking
during pregnancy, and family history of psychiatric disorders [Durkin&Maenner et

al., 2008, Ornoy&Weinstein-Fudim et al., 2015, Modabbernia&Velthorst et al., 2017,
Singer&Aylsworth et al., 2017]. These potential confounders were included in our final
analyses.

Demographic Covariates—Childrens’ age, gender, and parental demographic
characteristics (education and marital status) were included in our final analyses.

Statistical analysis—The Pearson chi square test was used for comparing categorical
demographic variables between ASD likelihood groups. While the ASSQ’s skewed
distribution does not meet the assumption for linear regression, it met proportional odds
assumptions for ordinal logistic regression, which was used to examine the relationship
between paternal smoking and the incremental increase in likelihood of having ASD in
their offspring (“low,” “intermediate,” and “high” likelihood). Potential confounders and
demographic covariates were controlled in a multivariable model. In order to avoid use of
inaccurate assumptions for missing data imputations, we used “no response” as data points
for missing responses in predictor variables in multivariable regression.

In subsample from the RS (N=4,660: PCP only=439, PCP+PP=3,675, Unknown
timing=546) who completed additional items about the duration and number of cigarettes
smoked, one-way ANOVA was performed to determine whether the pack-years of smoking
by the time of pregnhancy (a proxy for smoking exposure dose) was associated with smoking
cessation during pregnancy.

Additionally, the Attributional Risk Fraction (ARF) was computed to examine the
proportion of offspring at high likelihood of having ASD attributable to paternal smoking in
the study population.

All analyses were conducted using STATA (version 13.0).

Community Invovlement: There is no community involvement in this study.

Study Subjects

In the DS and RS males accounted for 51.5% and 49.2% of participants, respectively while
the mean ages were 9.61 (x1.69), and 9.19 (£1.74) years, respectively. In the DS, 6.9%
were at intermediate and 4.3% at high likelihood of having ASD. In the RS, 7.2% were at
intermediate and 5.3% at high likelihood of having ASD (Supplement Table 2).

Parental Smoking

Of the 35.0% of DS fathers who smoked during pregnancy, 88% had children at low
likelihood for ASD, 7% had children at intermediate likelihood, and 5% had children at high
likelihood for ASD (Supplement Table 2). Among RS fathers, 56.3% smoked before and
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during pregnancy (PCP+PP). Of these, 87% of their children were low likelihood for ASD,
8% of their children were at intermediate likelihood, and 5% had children at high ASD
likelihood. It was also noted that 7.0 % of RS fathers smoked only during the pre-conceptual
period (PCP only); for this group, 90% of offspring were at low likelihood of having

ASD while 6% of the children were at intermediate likelihood and 4% were at high ASD
likelihood.

53.1 % of RS fathers were current smokers, and 75.7% had a smoking history. In
comparison, prevalence of current smoking and smoking history in the general population of
Korean males are 43% and 69%, respectively. In the RS, age-specific prevalence of current
smokers was 62% and 80.4% had past smoking histories <29 years-old. In 30-39-year-old
males, the current smoking rate was 50.5% and 74.5% smoked in the past. For those over
40-years-old, 47.2 % were current smokers and 73.0% smoked in the past. Similar smoking
patterns have been reported for males in the general Korean population: For 20-29-year-olds,
53.5% currently smoke, 63% previously smoked; for 30-39-year-olds 54% currently smoke
and 73% previously smoke; and, for those over 40. 48% currently smoke and 75% smoke
previously [Corporation, 2010]. In the RS, when compared to fathers who smoked but
stopped smoking during pregnancy (PCP only), those who continued smoking during the
pregnancy period (PCP+PP) had significantly higher levels of exposure to smoking, as
measured in pack-years in the sub-group analysis (Supplementary Table 1). By the time of
conception, the average pack-years were 7.71+6.04 in the PCP+PP group, 6.65+6.02 in the
PCP group, and 5.03+5.17 in the unknown timing group (p=1.04e-22).

In DS, compared to 4.49% of non-smoking fathers, 7.08% of smoking fathers had family
psychiatric histories (p<.001). Similarily, more smoking fathers (0.59%) had paternal
psychiatric histories than non-smoking fathers (0.30%, p<.001) in DS (Table 2). In the RS,
5.24% of PCP+PP smokers, 4.77% of PCP-only smoker fathers, and 4.80% of non-smoking
fathers had family psychiatric histories (p=0.127). Additionally, 1.84% of PCP+PP smoker
fathers, 1.53% of PCP-only smoker fathers, and, 1.19% of non-smoking fathers had previous
psychiatric diagnoses histories in RS (p=0.011).

Frequencies of maternal smoking during pregnancy were low in both the DS and RS groups:
In the DS, 0.25% overall and in the RS 0.3% for PCP only and 0.2% for PP+P.

between Paternal Smoking and Offspring likelihood of having ASD

In the DS, paternal smoking during pregnancy was associated with a higher likelihood to
have offspring with ASD: crude Odds Ratio [OR]= 1.21 (95%CIl: 1.06-1.39). The significant
association held in the subsequent model adjusting other confounders and demographic
covariates, with adjusted OR [aOR]=1.27 (95% ClI, 1.10-1.47, p=0.001) (Table 3). This
finding was replicated in the RS: crude OR of offspring having higher likelihood for ASD
=1.26 (95% CI 1.16-1.38, p<0.001) and the aOR = 1.15 (95% CI 1.05-1.25, p=0.003) among
fathers who smoked during the PCP+PP. ARFs of paternal smoking during pregnancy for
likelihoods of having offspring with ASD in DS and RS were 14.4 and 11.1%, respectively
(supplement method 1).
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Analyses were repeated with two additional missing data methods (complete-case analyses
and chained multiple imputation analyses), and the results remained identical (supplement
method 2).

DISCUSSION

Male smoking is associated with many adverse health consequences, including adverse
reproductive outcomes. However, the impact of paternal smoking on the risk for having
offspring with ASD has not been systematically studied. Compared to earlier research
examining small numbers of children in case-control study designs [Zhang&Lv et al.,
2010, Duan&Yao et al., 2014, Luh Putu Rihayani Budi, 2015], our study included 40,000
community-ascertained children, using a two-step, internal replication design. Our results
demonstrate that prenatal paternal smoking is associated with a modestly increased risk
(OR=1.15, ClI 1.05-1.26, p=0.003) for having offspring at high likelihood for ASD. When
combined with the high prevalence of paternal smoking, modest increases in risk may
contribute meaningfully to increased ASD prevalence. Based on our findings, we estimate
that, in our Discovery Sample, 14.4% of children at high likelihood of having ASD are
attributable to prenatal paternal smoking; similarly, in the Replication Sample, 11.1 % of
high likelihood of having ASD is due to prenatal paternal smoking.

Initial associations between prenatal paternal smoking and offspring likelihood of having
ASD in the DS were confirmed in the RS. These findings have public health implications
because smoking is a common and modifiable risk factor.

The observed association between prenatal paternal smoking and offspring likelihood to
have ASD may shed light on potential biological mechanisms underlying the genesis of
ASD, if, indeed, the observed association reflects a causal effect, even though it has not been
established in the current study. While there are many possibilities, our findings suggest
possible three mechanisms: (1) Paternal smoking is a marker for unmeasured inherited
genetic risk for ASD; (2) de novo mutations generated by prenatal paternal smoking lead to
germline disruptions which contribute to development of ASD; and, (3) Direct toxic effects
via maternal exposure to secondhand smoke during pregnancy may underly ASD etiology.

To examine the first mechanism, family and paternal psychiatric histories (as a marker

for genetic risks for ASD) [Robinson&Samocha et al., 2014] were compared, based on
paternal smoking status in both the DS and RS (supplementary Table 1). Family and paternal
histories of psychiatric disorders were more common for DS smoker fathers: 7.08% of
smoking fathers vs. 4.49% of non-smoking fathers had family psychiatric histories (p<.001),
and 0.59% of smoking fathers vs. 0.30% of non-smoking fathers had paternal psychiatric
histories (p<.001). In the RS, there were no differences in family psychiatric histories
(5.24% of fathers who smoked in PCP+PP; 4.77% for PCP only smokers; and 4.80% for
non-smoking fathers, p=0.127). However, there were differences noted in the the fathers’
personal histories of psychiatric disorder: 1.84% of PCP+PP smoker fathers; 1.53% of
PCP-only smoker fathers; and, 1.19% of non-smoking fathers (p=0.011). To adjust for
unmeasured inherited genetic risk for ASD in smoking fathers, family psychiatric history
that included both maternal and paternal psychiatric histories was included in our final
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model. Family history was a significant factor for having a child at high likelihood of
having ASD. (For DS: aORs=1.52 [95% CI 1.20-1.93, p=0.001]; For RS aOR=1.68 [95%
Cl 1.47-1.92, p<.001]). Prenatal paternal smoking remained as a risk factor, independent of
parental psychiatric histories.

Paternal exposure to chemical substances is known to affect spermatogenesis [Fabia

and Thuy, 1974] in humans and increase mutations in sperm in the mouse epididymis
[Nixon&Stanger et al., 2015], due to the genesis of de novo mutations in the sperm. Tobacco
contains more than 7,000 chemicals, many of which have been identified as systemic
mutagens in human [DeMarini, 2004]. Cigarette smoking affects the genomic components
of sperm and contributes to developmental defects in offspring [Esakky and Moley, 2016]. In
rodent studies, cigarette smoking increases the variability in copy number at a hypermutable
genetic locus, potentially through inducing mutations in sperm DNA which are passed on to
offspring; these permanent, irreversible changes in the genetic composition of the offspring
persist in subsequent generations [Yauk&Berndt et al., 2007]. From human studies, male
smokers frequently demonstrate several anomalies in spermatogenesis, including increased
levels of oxidative DNA damage [Fraga&Motchnik et al., 1996, Shen&Chia et al., 1997],
sperm DNA strand breaks [Potts&Newbury et al., 1999], DNA adducts [Horak&Polanska

et al., 2003], chromosomal abnormalities [Robbins&Vine et al., 1997, Rubes&L owe et al.,
1998] and decreased viability and fertility [Kunzle&Mueller et al., 2003].

For smoking-induced de novo mutations to occur in the sperm and increase risk for
offspring with ASD, it appears most likely that paternal smoking exposure occurs prior

to conception; from the present study this includes the PCP only and/or the PCP+PP
groups. In the RS, this prediction was partially supported by evidence for increased risks

of having offspring at high likelihood of having ASD in the PCP+PP group. The PCP

only group did not have significant associations (p=0.537); indeed, there seemed to be a
mild protective effect (aOR=0.95 with 95% CI 0.81-1.12), albeit statistically not significant;
this unexpected finding in the PCP only group may be an artifact due to relatively small
sample size (7% of the RS sample). Dose response in smoking exposure is also a possible
explanation for increasing ASD likelihood. At the time of conception, smoking fathers
who continue to smoke during pregnancy (PCP+PP) had higher exposure to smoking

(7.71 pack-years), compared to 6.65 pack-years for the smoking fathers who stopped
smoking during pregnancy (PCP only) (Supplementary Table 2, p<.001). This suggests that
PCP+PP exposure is a marker not only for exposure timing, but also for the exposure dose.
Ultimately, sequencing DNA from nuclear families will be necessary to demonstrate the
presence of de novo mechanisms in ASD risk.

Alternatively, significant findings in the PCP+PP, but not in PCP only, may indicate that
the direct toxic effect via maternal exposure to second-hand smoke during pregnancy
might play a role in increasing offspring ASD risk. While the research findings are
inconclusive [Rosen&L ee et al., 2015], there is evidence to suggest a role for maternal
smoking during pregnancy and the development of other NDDs such as Attention Deficit
Hyperactivity Disorder, conduct/antisocial disorders, alcohol abuse, depressive disorder,
anxiety, aggression, and cognitive impairment in their offspring [Wakschlag&Lahey et al.,
1997, Perera&Tang et al., 2007, Carter&Paterson et al., 2008, Cornelius and Day, 2009,
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Hsieh&Jeng et al., 2010]. Future studies designed to examine the independent impact of
timing (pre-conception, pregnancy and postnatal periods) and dose of maternal and paternal,
direct and second-hand smoke exposures can help further understand the role of smoking,
and possibly other toxins, in the underlying mechanisms for offspring ASD risk.

Our study has several strengths. First, our two-step, internal replication provides greater
confidence in the observed associations between prenatal paternal smoking and having
offspring at high likelihood of having ASD. Second, study subjects were drawn from
epidemiologically-ascertained, representative samples with greater than 70% response
rates. Third, study subjects were assessed using a dimensional instrument, ASSQ, with
three incremental likelihood categories. Such methods are likely to reduce phenotype
heterogeneity [Abrahams and Geschwind, 2008, Losh&Sullivan et al., 2008] and sampling
bias including missed ASD cases [Berkson, 2014]. The observed association between
prenatal paternal smoking and having offspring at high likelihood for ASD persisted even
after the adjusting for potential confounders, such as maternal smoking and drinking, and a
family history of psychiatric disorders (a proxy for genetic risk for ASD).

Limitations of our study include the retrospective collection of prenatal paternal smoking
data, ASD outcome measurement by questionnaire only, missing data from nonresponders
and the potential impact of unmeasured genetic risks. Esepcially, missing rate of maternal
smoking are high since mothers, main primary caregiver, reluctant to reply to the smoking
status of themselves. In this sense, maternal smoking was higher odds ratio for having a
children with a likelihood of having ASD than paternal smoking. Prenatal exposure data
for parental smoking were collected by questionnaire, retrospectively, and the majority of
questionnaires were completed by mothers. While the reliability and validity of the short-
term and long-term recall of perinatal events, as well as recall of spouse smoking status
are well-accepted in epidemiologic research [ Yawn&Suman et al., 1998, Buka&Goldstein
et al., 2004, Sou&Chen et al., 2006, Mejia&Braun et al., 2017], there is still potential for
misclassification of paternal smoking. Such misclassification is likely to be random in a
cohort study design, which might have attenuated observed associations [Hennekens CH,
1987]. ASD phenotypes were measured with a 27-item screening questionnaire, not by
direct clinical examination. While our prior Korean prevalence study demonstrated that the
ASSQ is an excellent screening instrument with good positive predictive values for the best
estimate diagnoses of ASD [Kim & Fombonne et al., 2014], in our samples, the diagnoses
of the children at high and intermediate likelihood of having ASD were not clinically
validated. Therefore, children without ASD could have been included in the high and/or
intermediate ASD likelihood groups; this might diminish the magnitude of the observed
associations. While participation rates in both the DS and the RS are >70% at every stage,
we do not have data on non-participants. It is possible that unknown characteristics in the
non-respondents could have affected the observed relationships between prenatal paternal
smoking and having increased offspring ASD likelihood. Finally, we attempted to account
for genetic risk by controlling for family psychiatric histories. While psychiatric history is
correlated with polygenetic risks of NDDs, including ASD [Robinson&St Pourcain et al.,
2016], we cannot rule out the potential impact of unmeasured genetic risks on the observed
associations.
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CONCLUSIONS

Using two independent, large community samples of children and their families, our

study demonstrates that prenatal paternal smoking increases risk for having a child at

high likelihood for ASD. While independent replication is warranted, our findings add
further support for the importance of education and intervention to reduce smoking. This
is especially crucial for individuals planning to have children as the elimination of paternal
smoking can reduce the risk of having a child at high likelihood for ASD by as much as
11-14%.
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15,981 Target population in 13 cities in Korea

|

12,447 distribute survey questionnaire

|

10,503 response ASSQ (84.4%)

Exclusion
141 > 5 missing items of ASSQ
117 Missing age, gender

10,245 included final analysis (82.3%)

Figure 1.

Replication Sample

49 570 Target population in Cheonan city

|

42,746 distribute survey questionnaire

|

30,552 response ASSQ (71.5%)
Exclusion

510 > 5 missing items of ASSQ
269 Missing age, gender

29,773 included final analysis (69.7%)

Sample Ascertainment in Discovery and Replication Samples
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Figure 2. Prenatal Paternal Smoking in Discovery and Replication Samples (%)
Abbreviations: PCP only, Pre-Conception Period only; PCP+PP, PCP + Pregnancy Period

Autism. Author manuscript; available in PMC 2021 October 01.



Page 18

Kim et al.

eIxAydse jo A101s1y ‘Aoueubaid 1e abe jeutaed Joy Uwum:.—c,qb

8o1punel
219N8s ‘IXAydse yuig Yosu ay1 punole piod [ealjiquin ‘Uealesad ‘AIaAljsp ainjewsald ‘saueiquisw [e19) 40 aimdnl ainyewssd ‘AoueuBaid BuLinp JaAa) YIIM UONI8JUI ‘UOILIOCe Pausiealy) ‘ewaps ‘suolyedljdwod
AoueuBald ‘ssausnoAlau pue A1dIXuUe ‘ssalls [ejusw ‘Japaosip dLreIyaAsd Jo A1oisiy Ajiwey ‘Jaioereyd s, Jaylow pue Jayies ‘abie s, Jayiow pue Jayie) ‘|aAs] UOIRINPS S, J3UI0W pue Iayie) 1oy umzm:._u«w

Jeak yuiqg ‘1apuab ‘Asanijap 1e abe Jeussred Joy vmum:_c,qn

500¢ U1 dn MoJ10} PUE 000Z Ut JUBWISSaSSE [eptul,

103u02/3589 (69-5T)C€ (zs€1) 92 (0ee) 29/ (099) ze/8e dL-AI-INSa Aoueubaid €T0Z  eIsauopu| ST0Z 'Ipng
p Burinp Bupjows Jayre
lonuoo/sed  (€972-20'T) 85T  (29'€-T50) L0°€ (¥6'S) 692/LT  (0'T2) 922/09 (areas Bunes pousd  €T0Z~TT0Z eulyo 102 ‘ueng
wsnne pooyp|iyd) SHYYD  [ereursad uo Bupjows anissed
1013U02/358d (966 -0€'T) ES'€  UONRWION| ON (ze9)e8/9  (6'8T) LL/8T (areas Bunes Koueubad 1002 eulyd 010z ‘Bueyz
q wisnne pooyp|iyd) SHVD Burinp Bujows pueypuodss
103U02/8580 VN (0z€-€6'0)€ELT (82'T) 9¥8€/05 (02 6v/T Aoueubaid  G002/0007  UspamMs  600C ‘UOSsIeT
Aois1y sisoubelq Burnp Burjows s, Jayre
(%) asv
(10 %s6) (1D %S6) 4O (%) puoo ur  ulBujows
ubsep Apnis d0 pesnipy posnipeun  Bupows Josppo josppo Jewssasse o1soubeld Buiows jo uomuyea  poredawil  Anunod s0uB BPRY

sysi wisine Buudsyo pue Buiows Jeusared jereuald usamiag diysuoliejal ayl paulwexa yey) saipms Joud Jo Arewwnsg

‘TalqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Autism. Author manuscript; available in PMC 2021 October 01.



Page 19

Kim et al.

(61ea)tTe  (09°2v)LLvT  (PL6Y)TYES  (€G°TS)080T (6T°15)0gSE  (LT°6V)6E9VT (926)6T9  (2872r)9eST  (€9'8€)S06T  (LG'6€)¥SO0F 7€-0€
(60zT)oTT  (S57/2)868  (8L92)o6vy  (ET'BT)TOV (¥6'6T)GLET  (62¥2)TEZL (zazz)9ose  (Lzr€)ieeT  (TTOV)EBBT  (LT1°9€)90.€ 6¢-02
s TTO)T GAV Lo0)TT 0 (1001 (Q0'0)LT s CTON o)t o1z (6£°0)01 0z>
wex CLOYTE  (4T1)5sTe (26E)I8TE  (h6'E)T8ZE (68e)T928  (26E)TT'ZE wex BBENIETE  (4op)eTTE  (251)2908  (97H)T60E (as)A ‘ues
JA ‘foueuba.ud 1e mmmm e
(68'62)2L2 (52'8)952 (90%)089 (0T'%)98 (zsv)zte (6£°9)9091 (LyyT)8ve (66°€)EYT (89°€)z81T (65°9)€LS umouxun
pamopIm
(T2°52)vET (8¥'9)T02 (zev)veL (L9°1)5¢ (19°€)617C (s8')evyT (e6°2)9€T (£2°9)202 (66°9)96¢ (vz'9)6€9  [010AIp/UOIIRIRdES
uolelqgeyod
(1968)19¢  (ST'8L)S2ve  (09'78)98THT  (0G°G8)26.T (S078)96.6  (617'28)09SHe (6ev2)G2T  (€5°98)¥0TE  (€2'98)882F  (09+8).998 /paLeN
wex LDV (@T 122 (€0'1)8.11T (2°8)e8T (egees  (Lz ootz e TTENSS (129)gET (09°€)8.T (25°€)99e paLLewUN
snyels abell few [eiue fed
SOIIS1U910e JeyD Sius red
(69°2)0L (€z0)L (rT0)eT 0 (ot0)tT (Le0)TTT (sz'6T)0EE (02°0)2 (15°0)52 (e5°€)29e umouxun
(92:17)9T (z50)9T (£5°0)96 (ve'1)9z (£80)09 (zL0)v1e (T 1oz (TeT)Lv (62 T)¥9 (8z1)1ET yunoy <
(8L'6)68 (17" 2)0g2 (0T'D)16TT (6t°2)15T (05'8)985 (26'2)esze (1e9)z6  (sTTD)TOv  (8e0T)ETS  (28'6)900T payL
(1s8e)1se  (8v'Tv)282T  (LLTY)W00L  (68°€7)026 (9g°T¥)2s8z (0L T)¥IveT (0z€e)69S  (96'TY)S0ST  (F2'TY)6E0Z  (ST'OV)ETTH puodss
wrx OZTOIVEE  (Je09)eOpT  (cv0S)vSv8  (8E'L)E66 (crsv)ieee  (S9°6V)T8LYT e COTVIEOL  (9g'st)s29T  (8S'9V)E0ET  (22'S)EEdw 18114
Japlo yiig
(LovT)8eT (€0€)v6 (90°2)9ve (L9°1)5¢ (09°2)6L1T (€9:2)z8L (52'62)0TS (eg9)L22 (18:2)98e  (96°0T)€TTT umouxun
(88°08)9e.  (65°T6)v8z  (VL'26)0SSST  (80'76)ZL6T (¥8'26)20v9  (1£'26)20S.2 (28'59)62TT  (15'88)2.T€  (S0°'88)eser  (25¥8)6598 ON
e 809Y  (geg)or  (0z9eis  (sees (swste  (00'5)68YT e BEVSL (oTS)esT  (sTHS0z  (esn)ear s9A
Alinyews id
6029y (99°67)TYST  (L0°09)s6€8  (F€'TS)9L0T (60'6v)s8ee  (S6'61)TL8YT (8929)c06  (0£28)9.8T  (zv0S)e6ve (9 1S)LL2G (%)N 'xasae N
(ormeee  (8LT)8E6 (erm8re  (6LT)TT6 (rL7T)9T'6 (rL1T)6T'6 (91196  (Y9'T)0E'6 (991)e86  (69'T)T96 A'(as)uesw ‘sby
SolIs1e1oR FeyD U IP(IYD
aﬁmw___/w Amamwc:v Awwwmwww \%mm_ww (9689=t)  (eLL62=N) vize M_,u (ese=u)  (ww6y=u)  (SVZOT=N)
p 2 q e BYows BN el p Bupjows  Bupjows oN el SolIs| e eyD

a|dures uoieol|dey

a|dwres Apnosiq

Author Manuscript

Author Manuscript

snie1s Bunjows Jeualed Aqg $193lgns Jo sansualoreyd Xsiy pue alydeibowaq

‘¢ slqeL

Author Manuscript

Author Manuscript

Autism. Author manuscript; available in PMC 2021 October 01.



Page 20

Kim et al.

XY o111e1yofsd e4

(8ro)es  (L9p)apT (rze)ess (L)oot (ogt)1ee  (80°9)ETST wex @UDZCL (g0 ))p52 (6vv)zzz  (v8'5)865 SOA

4S!P OLITRIYIASd Jo XUy
(oze)6e  (eg9mers  (vemdesee  (T9°6TTTY (T6'8TV0ET  (LO'9T)V8LY (6£'€6)009T  (2€22)96G¢  (T0'TS)eeSe  (LG5°G9)8TL9 asuodal ON
(ov've)ser  (9T'12)80c  (98'G)0zLeT  (TL'2l)yesT (96°'€2)001S  (SO°v2)Lv0CT (68'9)10T  (29%2)588  (S5'Sv)eSer  (T9'1€)8ECE ON
wx LBTVBTL  (1e7Tz8e (LoOD6BLT  (89°)19T (erlzer  (88°6)evbe wx OLOET (9520001 (rwedost (2872682 soA

foueuba id Bujuiip oy

(8e'sz)TE (zT'9)o6T (zv'2)ooy (ev'o)tg (e€'26T9T (6v'€)6E0T (z8'82)V6Y (86'2).20T (28'5)062 (02'8)168 umouyun
(92'12)86T  (5£'8€)06TT  (8G'6€)2€99  (00'TS)690T (L26v)zeve  (L02v)9eseT (9z6e)eL9  (eviv)toLr  (Le6v)Tvve  (00°L¥)ST8Y 423
(08'Lv)5ev  (v€'€5)GG0T  (98'35)99e6  (60°Sv)SY6 (Le'9v)86TE  (6€72S)66SST (e90e)ses  (99'L¥)90LT  (€T2v)egoz  (TT'Zh)vIEY 4
oGO (617089 (Tese  (BrDIE (esTS0T (5020609 @R GoeL 9Roer (0zR)seE 21>

JA ‘pMa| uo1TRINPS O N

(e9ev)L6€ (tLe)stT (65'1)292 (S02)ey (81'2)0ST (9z'€)2L6 (9v'62)505 (8v'2)e8 (90'5)0se (rz'8)rv8 umouxun
(t6'22)vSc  (52€9)899T  (2z'S8)09z6  (Ty'G9)TLET (te99)eLsy  (¢529)9zTLT (osov)s6L  (¥8'56)€00c  (19°69).v6C  (0T'9S)LVLS 423
(e6's2)9eC  (60'OWIVYCT  (86°0V)TL89  (96°0€)6V9 (80°0€)¥L02  (6T°LE)VLOTT (¥9'zz)ege  (90'6€)TOVT  (T0°€€)CeIT  (6E€°€E)TIVE 4
r (€GTEC (sv2)aL (tz2)ose (15T)ee (vr'1)66 (20'2)109 s OV TIVE (292)r6 ()Tt (Lz2)eee ZT>

JA ‘pAa| uo1TRINPa B

(0z'ze)ede (85°9)eLT (vzo)sLe (6T°2)9v (96'2)v02 (99'€)160T (S0'62)867 (9z'2)18 (ee'9)etTe (T2'8)268 umouxun
(ev'T)ET (czm)8E (e0T)zLT (som)ze (6€'1)96 (sTT)TYE (85°0)0T (290)ve (e5°0)92 (65°0)09 ov<
(t6')2L (6T°9)26T (cz'9)evoT (9T'8)TLT (z8'2)6€S (LL'9).T02 (ST°E)YS (se'5)z6T (6T'7)L02 (ev'v)esy 6€-5¢
(egco)soc  (18°08)9s6  (8L2€)l6vS  (G9'8€)0T8 (€9'2€)565¢  (08'€€)€900T (z8T2)vLe  (8T92)6€6  (TZ'22)860T  (€5°€2)TTVE v€-0€
(09se)vee  (88'se)velT  (Lv'16)i€96  (98'6V)SKOT (60°09)vsve  (6EVS)VETIT (orsyvs.  (s9€9)egze  (85v9)e6TE  (T0°TIOSZI 62-0¢
wexEEOE  (zr0)0T (9z 0wy (oT'0)Z @To8 (€20)L9 €07 (g8 (9TD0T  (SLT)ELT 0z>

oex OVDESOT  (zge)ooz  (09')90'6C  (95°€)LL'6T (89€)zr6z  (1L°€)LT6C wex BSEBIBT  (1z9)zz8z  (TevBsLz  (T120)96'LT (as)A ‘uee

1A ‘foueubs id e mmﬁ~~ O

(oT'19)597 (rL€)9TT (¥5'1)65¢C (LL1)Le (T6'2)102 (z9€)8Lo0T (S0'0€)sTS (18'1)59 (vL'9)v8e (ev'8)v98 umouxun
(6z'v)6E (e6°€)eeT (09°€)¥09 (€5'9)9TT (8e'v)20e (L6°€)e8TT (86'T)¥E (tge)9zt (eL'2)seT (88'2)56¢ or<
(cze)v8  (oLm)ees  (Leem)egoe  (vOze)eoy (9s'12)L87T  (68'8T)S29S (256)v91  (TT¥1)90Ss  (9v'er)or9  (S5er)9seT 6€-G€

e Gores) Goors) (oo (9689=U)  (€LL62=N) WLTs) Gesesw)  @ver=u)  (svaor=N)
p 2 q e Yows MmN relol p Bujows  Buows oN reiol SolIS1 e reyd

a|dwes uolreoijdey

a|dwres Apnoxsiq

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2021 October 01.

in

available

)

Autism. Author manuscript



Page 21

Kim et al.

A-INSA Aq JapJosip oLneIydAsdoinau Jayio pue ‘JapIosip pale|al ewne.) ‘sispiosip aAliufoooinsu
‘19pJ0SIP SAIIDIPPER pUR 3sn aouelsgns ‘Iaplosip Alaixue ‘Japiosip Jejodiq ‘Iapiosip anissaidap ‘eluaiydoziyas ‘aaN yum sburjgis pue Jayiow ‘Iayes papnjoul ‘4aplosip oLleiydAsd Jo Aloisiy >__Em“_m

sdnoJb Buiwi umouun Bujows pue ‘Buisows ‘Buiyows ou usamiaq aenbs-1ya ‘7100°0>d
¥

18UI0IA ‘O
u 4

1ayre .cn_m

asuodsal ou ‘YN
Y

Burwin umousjun Burjows »v_Du

pouiad Aoueubald + dOd ‘dd+ddd

q

Ajuo poliad uondaosuo)-aid ‘Ajuo n_on_m

¥

10°0>d
£
G0'0>d
*
(96°€9)16Y  (v0'68)€922  (69°26)eVSST  (L1'S6)TO0Z (¥9°26)e€L9  (L¥'26)TESLZ JanaN
(e2ev)86€ (e8'6)50€ (6£9)2L0T (z8€)os (ST2)8rT (€2'9)e002 N
(zemer (vL0)ez (6£0)59 (¥1°0)e (oT°0)TT (820)¥TT N (rev6)LT9T (89 TLTLSZ  (29'8MvOve  (¥€+9)2659 asuodsal ON
(ec0)E (se0)TT (0£°0)05 (zs0)1T (¥0°0)€ (92°0)82  Ajuo dod (ev9)ee  (66'22)v00T  (LT'TS)0eSz  (07'S€)L29€ ON
s (99°0)9 (€00)T (€z0)8e S00)T 100 ©@TO)Y  dd+dOd sex ETOY (€g0)eT (0z'0)0T (520)92 SoA
Aoeubs 14 Buiows o\
L (PSTIVT (85 T)6Y (v8'T)80€E (€sT)Ze (6T )28 (€9T)s8Y e (LTTIOZ (650)TZ (0£'0)sT (55'0)95 SoA
e Gores) Goors) (oo (9689=U)  (€LL62=N) WLTs) Gesesw)  @ver=u)  (svaor=N)
p 2 q e Yows MmN relol p Bujows  Buows oN reiol SolIS1 e reyd

a|dures uoieol|dey

a|dwres Apnoxsiq

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Autism. Author manuscript; available in PMC 2021 October 01.



Page 22

Kim et al.

60v°0 (T'T-56'0)70°T G600 (T0'T-28°0)v6°0 6TL°0 (9T'1-18'0)26°0 6€8'0 (6T'1-,8'0)20'T vE-0€
G210 (16'2-880)T9T %000 (BT ¥-CET)SEC 9000 (rL2-6TT)08T  T000> (0C'€-TSTI0ZC 0z>
VN [eoualayai] T VN [souaiayai] T VN [eouaiayai] T VN [eoualayai] T 62-02

1A *foueubaid 1e mmmh on
626°0 (0£'1-62°0)66'0  T00'0> (L6'T-2V'T)L9'T 6100 (T6'2-0T'T)6LT  T000> (¥8'2-26'T)EEC umouNun
08T°0 (ev'1-€6'0)9T'T  T000> (8LT-62°T)TIST 2000 (622-92T)88T  T000> (LLC-87'T)E0C ov<
9€T’0 (€0'1-08'0)16°0 vv70'0  (00'T-18'0)06°0 692°0 (¥€'1-08°0)70°T 6290 (0£'1-G8'0)50'T 6€-5¢
L0T°0 (z0'1-¥8'0)€6'0  T00'0> (16'0-2L°0)€8°0 2520 (0£'T-€6'0)TT'T 6.6'0 (9T'1-98'0)00'T vE-0€
6570 (F9v-050)¢ST  Sv0'0 (€1'8-20'T)88'C Y€S0 (98'7-08'0)520  GETO (22¥-¢8°0)98'T 0z>
VN [eoualayai] T VN [aouaiayai] T VN [eouaiayai] T WvN [eoualayai] T 62-02

A ‘foueubo id 1e abe e4

S1UB Jed JO SOIISIIBYoe ey
100°0> (e5T-€€T)EY'T  T000> (2GT-C€ Tyt 100°0> (58T-ev'T)€9T  T000> (08°T-O'T)6ST e
[souasayai] T VN [pouaiayal] T VN [souatayai] T VN [souasayai] T afewsa4

xS

100°0> (L0'7-€0T)SOT  T00'0> (80 T-€0°'T)SO'T ¥82°0 (c01-€6'0)86'0 €00 (80°T-00'T)VO'T aby

UBPIIYD JO SOIIsI IR FeyD

Sareleno)d

66T°0 (80'7-89'0)98'0  T000> (96°T-€€T)T9T  @suodsal oN
1590 (8T'1-06'0)€0'T 2000 (6€7T-L0T)2CT Burwn N

1050 (TT'1-18'0)56'0 Ge9'0  (ET'1-28'0)96°0 Ajuo dod 0250 (0£'1-28'0)L0°T 1000 (9ST-TT'TTIET asuodsal ON
€000 (S2T-0T)STT  T000> (8ET-9T'T)9CT dd+ddd 1000 (Ly7-0TT)2T G000 (BET-90T)TCT SN
VN [souasayai] T VN [soualayal] T JETEIN VN [souatayai] T VN [souasayai] T OoN

Aoueubs id mc_v_oEwu e

sJopipad ure

onpnd (D% 0% onpnd (15 gge)d0 onpnd (P %BUOR onpid (15 gge)d0
gn v paxsnipeun adel Ipv paxsn(peun

(€2262=N) a|dwes uoiyes|doy

(S20T=N) 8|dwes ALnosig

‘asy bBuiaey Jo pooyijaxil Buridsyo pue ainsodxa Buiyjows [eusaled [ereuald usamiaq diysuoliejal ay) aulluexa o} %_mzmcm uolssalbal ans1bo| [eulpio

Author Manuscript

‘€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Autism. Author manuscript; available in PMC 2021 October 01.



Page 23

Kim et al.

VN [souaiayai] T WvN [souaiayai] T JEVEIN VN [eoualaai] T VN [souaiayai] T ON
Aoueuba id Bujows o |\
1000 (£6'0-62'0)€8°0 6v0'0 (00'T-28'0)06'0 8w} ansodx3y 0L€0 (L1'1-59'0)28°0 ¥920 (90'T-18'0)€6°0 asuodsal oN
100°0> (z/T-0r'T)SS' T T00'0>  (V6'T-8STISL'T €16°0 (8v'1-02°0)20°T 1880 (L9'T-28'0)LT'T SOA
VN [souaiayal] T WvN [souaiayai] T VN [souasayai] T VN [souaisyal] T ON
AoueubBaid 1e Buulip o
100°0> (e6'T-8¥'T)69'T  T00'0> (22'2-2LT)S6'T 1000 (¥6'T-02'T)ES'T 2000 (I8 TVTTIVY'T SOA
VN [souaiayal] T WvN [souaiayai] T VN [souasayai] T VN [souaiayal] T ON
o fHOBIH oLITRIYDASH Ajiure
7780 (€€'T-62°0)€0T  TO0'0> (98'T-GE'T)8S'T ¥80°0 (S5'2-¥6'0)S6T  T000> (6E€2-¥9T)86'T umouxun
9100 (86'0-28'0)68°0  1000> (920-59'0)0L°0 8.0 (ST'T-€8'0)86°0 9000 (S6'0-2L°0)28°0 [AS
2000 (eLT-eTTIOV'T  T00'0> (2T'€-812)19°C 0100 (9v'z-€TT)L9T  1000> (9v'€-T8'T)0SC 21>
VN [souaiayai] T WwN [souaiayai] T VN [eoualayai] T VN [souaiayai] T 2T
JA ‘Pra| uo1reonpa O\
65L°0 (8€'1-62°0)S0°T 8200 (S¥'1-20T)2e'T 0S¥'0 (L£'T-67°0)280  T00'0> (LT2-9¥'T)8LT umouxun
100°0> (58'0-12°0)82°0  T00'0> (02°0-T9'0)59°0 2900 (00'T-22°0)58'0  TO0'0>  (28'0-99'0)9.°0 [45S
100°0> (6TTvvT)LLT  T000> (VEEVETIBLT 6800 (702-96'0)6€T  T000> (STE-CTLTILET 2>
VN [souaiayai] T WvN [souaiayai] T VN [souauayai] T VN [souaiayai] T T
JA ‘pMe| uoITRONPS B
2€9°0 (e2'T-88°0)70°T 7000 (8FT-TTT)8CT 120 (Lr'1-68°0)2TT  T000> (8T'Z-LET)ZLT umouun
100'0> (€8'T-8€'T)6S'T  T00'0> (89'2-80'2)9€°C 100°0> (F€'2-€STI06'T  TO0'0> (9T'E-€T'2)6SC  PamopIm/adIoAlp/uoiiesedas
1ST°0 (92'T-26'0)0T'T 2100 (PETY0TI8TT G620 (59'1-98'0)6T'T €sT0  (PL'1-26°0)92°T paLuewun
VN [souaiayal] T VN [souaiayal] T VN [souasayai] T VN [souaiayal] T uoneIqeyoo/paLiIeiN
sniels abellfew [eiue fed
SIUB Jed JO SalISI IR reYD
1000> (rzz-seTvLT  1000> (0L2-T02)EET 19270 (€27-29°0)20T  1000> (682-T0Q)TY'C umouun
1Al (L9'T-/8'0)6T'T  T000> (9€72-8E'T)08'T 6¥0°0 (66'0-7T°0)L€0 1,50 (26'T-T€0)LL°0 or<
6200 (ev'1-20T)02T  TO0'0> (LV'T-€TT)6CT 2ez0 (€L'1-88°0)€CT  T000> (T2'2-62T)69'T 6€-5¢
anend  (19%90) 80 gnprd (15 wge)do anend (19 %9080 gnprd (15 wge)d0
GBIy poBnipeun qPsnlpy posnlpeun

(€2262=N) 8|dwes uoiyesi|doy

(G20T=N) 8|dwes Aenr03sIq

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Autism. Author manuscript; available in PMC 2021 October 01.



Page 24

Kim et al.

‘13pJ0SIP BAIDIPPE PUB 3SN 90UBISGNS “IapIosIp AlvIXue ‘Uaplosip Jejodiq ‘1aposip aAIssaidap “eluaiydoziyds ‘aan yum sb

pouiad Asueubald + dOd ‘dd+ddd

/

Ajuo poriad uondasuo)-aid ‘Ajuo n_on_m

A-WSA Aq Japiosip oL1e1yoAsdoInau 1Yo pue ‘JapJosip parejal Bwnel) ‘siaplosip sAniubosoinau
S pue JBUIoW ‘I3UTR) PAPNIIUI “1BPIOSIP JLIIRIYIASd 40 A1oisIy >__Emu_m

13Yl10|A
o,

saured,

Aoueubaud Burinp Bujulp pue Bujows [eussrew ‘4apiosip oueIydAsd Jo A101sIy Ajiwey ‘sniels [elLiew pue [aAs] uolreanpa ‘abe sjuated ‘xas ‘abe s,uslp|iyd oy paisnipy

q

praydn uondwnsse sppo _m:o_ﬁoaen_m

1000>  (6v'T-¥TT)OET  T000> (66'T-LGT)LLT  @suodsal N
2000 (¢62-L2T)e6T  T000> (VS¥-¥02)V0'E Butwn N
100°0> (Ov'v-TL T2z 1000> (09'G-€22)VS'E ARESY ¥69°0 (L2'T-0L°0)76'0 €820 (90'1-28'0)€6°0 asuodsal ON
1€0°0 (92'¢-20'T)00'C  T00'0>  (66'9-90°2)08°€ 4dd+dod LT€0 WTv-29'0)19'T 6500 (ST'9-86°0)9t'C SOA
anend (19 %90)p40°  gnprd (15 wge)a0 anend (10 %9080 gnprd (15 wgo0
el pexsnipeun St pexsnipeun

(€2/62=N) 8|dwes uoireol|doy

(S201=N) a|dwes Ano3sIq

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Autism. Author manuscript; available in PMC 2021 October 01.



	Abstract
	INTRODUCTION
	METHODS
	Participants
	Measurement
	Predictor: Parental Smoking
	Outcome: Autism Spectrum Phenotyping
	Potential Confounders
	Demographic Covariates
	Statistical analysis


	RESULTS
	Study Subjects
	Parental Smoking
	Association between Paternal Smoking and Offspring likelihood of having ASD

	DISCUSSION
	CONCLUSIONS
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.



