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Abstract 
When studying how (eg) gestational 
exposure to antidepressant drugs 
influences the risk of (eg) autism 
spectrum disorder (ASD) in offspring, 
conventional observational studies adjust 
analyses for available covariates and 
confounds. In such analyses, a significant 
association between antidepressant 
exposure and ASD outcome can never 
be asserted to be causal because of the 
possibility of residual confounding arising 
from confounding by indication (or 
severity thereof), confounding by 
genetic risk factors, and confounding by 
environmental risk factors. Confounding 
by indication and severity thereof can 
sometimes be addressed through 
propensity score matching, but the 

adjustment can never be perfect. 
Additionally, adjustment for genetic and 
environmental risk factors is hard or 
impossible to do because these are 
inadequately measured, unmeasured, 
and/or unknown variables. Sibling 
comparison studies have recently 
emerged as an option to address the 
genetic and environmental risk factors. 
In such studies, sibs discordant for 
exposure are compared for risk of 
outcome (cohort design) or sibs 
discordant for outcome are compared 
for odds of exposure (case-control 
design). The assumption is that sibs 
share similar genetic and environmental 
risk factors and so, when sibs are 
compared, these risk factors cancel out 
whether they are measured or not, 
known or unknown. If antidepressant 

exposure remains significantly 
associated with ASD in sibling 
comparisons, a possible conclusion is that 
antidepressants and not genetic or 
environmental factors drive the ASD risk. If 
antidepressant exposure loses significance 
in the sibling comparisons, it suggests that 
shared genetic and/or environmental 
factors, rather than antidepressant 
exposure, explain the ASD risk. The 
interpretation, however, is nuanced. 
Strengths, limitations, and interpretations of 
sibling comparison studies are explained. 
To illustrate the usefulness of sibling 
comparisons, results are presented from a 
recent study of ASD risk after gestational 
or early infancy exposure to antibiotics. 
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M any maternal conditions and gestational 
exposures have independently been associated 
with an increased risk of autism spectrum 

disorder (ASD) in offspring. In this context, a recent 
study of 236 maternal exposures used sibling comparison 
analyses to suggest that, rather than the exposures, 
family level factors explain most of the associations.1 

During the past decade, such sibling comparisons 
have often been included in epidemiological research; 
however, their strengths and limitations are not well 
known to many readers. This article therefore explains 
what sibling studies are and how sibling comparisons can 
strengthen or weaken causal hypotheses in observational 
studies. Gestational exposure to antidepressant drugs 
and risk of ASD in offspring is presented as an example of 

a situation in which sibling comparisons are appropriate; 
the explanations can be generalized to other contexts, as 
well. Finally, to illustrate a recent use of sibling 
comparisons, a study on gestational exposure to 
antibiotics and risk of ASD in offspring is briefly 
described. 

Background 
Depression is common, and depression may require 

treatment with antidepressant drugs. When depression 
requiring antidepressant treatment occurs during 
pregnancy, we pause to consider the benefits vs risks 
of treating vs withholding treatment because the 
antidepressant may effectively treat the depression but, 
perhaps, have an adverse impact on the pregnancy and 
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on the developing fetus. It is also conceivable that an 
adverse impact may manifest as a condition such as 
autism spectrum disorder (ASD), during childhood. 

Evidence is necessary to assist informed decision- 
making. Randomized controlled trials (RCTs) generate 
the best evidence. However, it is ethically problematic 
to conduct an RCT of antidepressants vs placebo 
during pregnancy to determine whether or not 
antidepressants increase the risk of ASD in childhood. 
It would also be impractical; ASD is an uncommon 
outcome, and an adequately powered RCT that 
examines whether an assumed risk of 2% with placebo 
increases to 4% with antidepressant exposure could 
require a sample size of more than 2,000 offspring 
followed for at least 5 years. 

Conventional Approaches 
In lieu of RCTs, the neurodevelopmental risks 

associated with gestational exposure to antidepressants 
can be examined in retrospective observational studies 
that extract exposure, outcome, and other necessary data 
from health records such as insurance or health care 
databases, or national or other health registers. 
Examples of possible study designs are provided in 
Table 1. Readers unfamiliar with concepts referred to in 
the table can consult resources in this column2 and 
elsewhere3 for discussions on regression, covariates, 
confounds, and related topics; these concepts will 
repeatedly arise in the rest of this article. 

Difficulties With Interpretation of Results 
Observational studies, whatever the research design 

(Table 1), may identify a statistically significant 
association between antidepressant exposure and ASD, 
and the association may remain significant even after 
adjustment for measured covariates and confounds. On 
the surface, these results implicate antidepressant 
exposure as a risk factor for ASD. However, such an 
interpretation is problematic because other 
interpretations are possible, such as those related to 
residual confounding from genetic and environmental 
risk factors (Table 2). This is where sibling studies 
can help. 

Sibling Studies 
Sibling studies can help support or exclude some of 

the possibilities listed in Table 2. Such studies are 
generally conducted in addition to rather than instead of 
the conventional approaches presented in Table 1. 
Discordant sibling pair analysis is the most appropriate 
description of what is done, but sibling pair analysis, 
discordant sibling comparison, sibling comparison, and 
other terms are also used. Descriptions of what may be 
done are presented in Table 3. 

Rationale for Sibling Studies 
Sibs share the same parents, so genetic risk factors for 

ASD are likely to be similar in sibs, regardless of 
gestational exposure to antidepressants. Therefore, 
when comparing antidepressant-exposed and 
-unexposed sibs, the genetic risk factors cancel out; there 
is no need to know what these risk factors are, and 
there is no need to measure and adjust for them as is 
necessary but impossible to do in conventional studies. 
Thus, by design, sibling comparisons reduce 
confounding by genetic risk factors (Table 2, 
Possibility 2). 

Sibs also share the same environment, including 
benefits and risks related to parenting, diet, lifestyle, 
health care, exposure to infections, exposure to 
environmental toxins, and other behavioral and 
socioeconomic determinants of health. Therefore, 
environmental risk factors for ASD are also likely to be 
similar in in sibs, regardless of gestational exposure to 
antidepressants. Hence, when comparing antidepressant- 
exposed and -unexposed sibs, the shared environmental 
risk factors cancel out; there is no need to know what 
these risk factors are, and there is no need to measure and 
adjust for them as is necessary but hard or impossible to 
do in conventional studies (whereas parental education, 
income, substance use, comorbidities, and other variables 
can be measured and adjusted for, these are not 
necessarily the actual risk factors; and, postnatally, other 
risk factors may arise). Thus, by design, sibling 
comparisons reduce confounding by environmental risk 
factors (Table 2, Possibility 3). 

Table 1. 
Conventional Observational Study Designs of 
ASD Risk After Gestational Exposure to 
Antidepressant Drugsa 

Cohort study 
Women are identified who did vs did not use antidepressants during pregnancy. 
The liveborn offspring of these women are followed through childhood to 
ascertain whether or not they received a diagnosis of ASD. Using, for example, 
Cox proportional hazards regression models and adjusting for relevant 
covariates and confounds, the time-to-event risk of ASD vs no ASD is compared 
between offspring who were vs were not exposed to antidepressants during 
pregnancy. 

Case-control study 
Children with (cases) vs without (controls) a diagnosis of ASD are identified. 
Cases and controls are matched 1:1 (or 1:2 or 1:5 or any other ratio, depending on 
availability of subjects) on variables such as date of birth, sex, and duration of 
follow-up after birth. Cases and controls are then followed backwards in time to 
determine whether or not they had been exposed to antidepressants during 
pregnancy. Using, for example, logistic regression models and adjusting for 
relevant covariates and confounds, the odds of antidepressant exposure vs no 
exposure are compared between offspring with vs without a diagnosis of ASD. 

Nested case-control study 
Pregnant women who meet prespecified eligibility criteria are identified. These 
women comprise the cohort. Offspring from their pregnancies are followed 
through childhood, and those with and without a diagnosis of ASD are identified; 
these offspring are potential cases and controls. The study now proceeds as 
described under “case-control study,” above. Effectively, a case-control study is 
created (nested) within the cohort. 

aData extracted from health care databases. 
Abbreviation: ASD = autism spectrum disorder. 
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Sibling studies do not perfectly control for genetic 
and environmental confounds; this is discussed in a later 
section. 

Interpreting the Results of Discordant 
Sibling Pair Analysis 

If the main study finds that antidepressant exposure 
is associated with ASD and if the sibling comparison 
obtains the same result, it suggests that antidepressant 
exposure is associated with ASD even after controlling 
for shared genetic and environmental risk factors. 
However, a causal relationship between antidepressant 
exposure and ASD cannot be definitively stated because 
residual confounding is possible even in sibling 
comparisons (see the next section), much as it is possible 
in the main analysis. 

If the main study finds that antidepressant exposure 
is associated with ASD and if the sibling comparison finds 
that antidepressant exposure is not associated with ASD, 
it suggests that, after controlling for genetic and 
environmental risk factors, antidepressant exposure is no 
longer associated with ASD. That is, antidepressant 
exposure is unlikely to be a risk factor for ASD. However, 
the absence of a causal relationship between 
antidepressant exposure and ASD cannot be definitively 
stated because, for example, the sibling analysis may 
have been underpowered. 

Drawing Wrong Conclusions About Shared 
Risks 

It is important to recognize that the sibling analysis 
merely reduces confounding from unmeasured and 
unknown genetic and environmental risk factors when 
studying the effect of antidepressant exposure on ASD 
risk. If statistical significance associated with 
antidepressant exposure disappears in the sibling 
comparison, it does not indicate that the statistical 
significance should be assigned to genes and 
environment, instead. Absence of 1 statistically 
significant relationship does not prove the presence of 
another statistically significant relationship. Sibling 
groups that are “not significantly different” are not 
automatically “significantly similar.” 

Table 2. 
Interpreting Statistically Significant Findingsa in 
Observational Studies 
Possibility 1 

Gestational exposure to antidepressants truly increases the risk of ASD in 
offspring. 

Possibility 2 
There is an overlap in genetic risk factors for depression and genetic risk factors 
for ASD. Thus, shared genetic risk factors increase both risk of depression in the 
mother and risk of ASD in the offspring (these genetic factors cannot be adjusted 
for in regression because they are unknown and unmeasured; they contribute to 
residual confounding). Thus, depression, which happens to occur during 
pregnancy, becomes a marker for the genetic factors that increase the risk of 
ASD, and antidepressants, used to treat depression, are mistakenly deemed to 
be a risk factor for ASD when, at best, they are a marker for depression and, 
through its genetic determinants, a marker for ASD. 

Possibility 3 
Environmental adversities may increase the risk of both depression in the mother 
and ASD in the offspring; such adversities are examples of inadequately 
measured, unmeasured, and unknown confounds that, commonly, are poorly 
adjusted or not adjusted for in regression. These environmental adversities may 
hence contribute to residual confounding. Thus, depression, which happens to 
occur during pregnancy, becomes a marker for the adversities that increase the 
risk of ASD, and antidepressants, used to treat depression, are mistakenly 
deemed to be a risk factor for ASD when, at best, they are a marker for 
depression and, through the environmental adversities, a marker for ASD. 

Possibility 4 
Depression (through changes in maternal behavior and changes in the maternal 
internal physiological environment) may produce biological adversities during 
pregnancy and environmental adversities during early childhood, either or both 
of which may increase the risk of ASD in the offspring; such adversities are 
downstream mechanisms and hence mediators of the outcome. Statistical 
adjustment for depression and the severity thereof (that is, adjustment for 
confounding by indication and confounding by severity of indication) is inevitably 
imperfect. Thus, antidepressants, used to treat depression, are mistakenly 
deemed to be a risk factor for ASD when, at best, they are a marker for 
depression (and the severity thereof), and, through downstream mechanisms, a 
marker for ASD. 

Possibility 5 
The possibilities listed above are not mutually exclusive; more than one may 
simultaneously be true. 

aFinding: With reference to a study conducted as described in Table 1, after 
adjustment for measured covariates and confounds, the association between 
gestational exposure to antidepressants and ASD in offspring remains 
statistically significant. 

Abbreviation: ASD = autism spectrum disorder. 

Table 3. 
Discordant Sibling Pair Studiesa 

Matched siblings cohort study 
If the main study follows a cohort of antidepressant-exposed vs -unexposed 
offspring to determine whether or not they develop ASD, then the sibling study 
also uses a cohort study design. An exposed sib is matched with an unexposed 
sib (so the sibs are discordant for exposure) and both are followed in the health 
care database to ascertain whether or not they received a diagnosis of ASD. The 
data are analyzed using stratified Cox proportional hazards regression models. 

Notes: 
1. Matching is possible only if the exposed offspring has an unexposed sib and 

both have been followed for an adequate duration for determination of the 
outcome to be possible. 

2. Because the requirements stated above may not be met for many exposed 
offspring, the matched siblings cohort sample will always be smaller than the 
main cohort. 

Matched siblings case-control study 
If the main study examines antidepressant-exposure status in children who did vs 
did not have an ASD diagnosis, then the sibling study also uses a case-control 
study design. A sib with ASD is matched with a sib who does not have ASD (so the 
sibs are discordant for outcome) and gestational antidepressant exposure is 
compared between the sibs using conditional logistic regression analysis 
models. 

Notes: 
1. Matching is possible only if the offspring with ASD has a sib (followed for an 

adequate duration for determination of the outcome to be possible) without 
ASD, and both have health care records that document whether or not there 
was antidepressant exposure during pregnancy. 

2. Because the requirements stated above may not be met for many offspring with 
ASD, the sample size of the matched siblings case-control study will always be 
smaller than that of the main study. 

aThis table should be read with reference to Table 1. 
Abbreviation: ASD = autism spectrum disorder. 
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Whereas the disappearance of statistical significance 
in sibling comparisons can certainly support a hypothesis 
that genetic or environmental exposure may drive ASD, 
drawing conclusions about the significance of genetic or 
environmental risk factors for ASD would require 
different studies that are specifically designed to 
examine genetic or environmental risks. 

Limitations of Sibling Studies 
Sibs are not identical twins; therefore, whereas they 

may share some genetic risk factors for ASD, they may not 
share all the genetic risk factors. So, sibling studies 
reduce but cannot eliminate genetic confounds. 
Likewise, sibs share a similar environment; they do not 
share identical environments. As examples, their 
environments may have differed during intrauterine life, 
their environments may have differed postnatally because 
of differing birth order, and they may have been exposed 
to different adversities during early childhood both at 
home and outside the home. So, sibling studies can reduce 
but cannot eliminate environmental confounds, either. 

Sibling studies also do not control for discordant and 
time-variant factors such as confounding by indication for 
antidepressant use and confounding by severity of 
indication, or risk factors that occur after birth. In fact, 
by reducing confounding from shared risk factors, sibling 
comparisons may increase the impact of confounding 
from nonshared risk factors.4,5 Thus, potential confounds 
will continue to require to be measured and adjusted for 
through statistical models, and the likelihood of residual 
confounding cannot be discounted. 

The sample size in sibling comparisons is always 
smaller than the sample size in the main study; so, sibling 
comparisons may be underpowered. In this context, it 
should be remembered that health care records are 
imperfect; therefore, values for exposure and outcome are 
blurred rather than precise, making it harder to establish 
statistical significance. This is a big issue because when 
statistical significance is not established in sibling 
comparisons, statistical significance in main analyses is 
commonly and possibly wrongly rejected, as explained in 
an earlier section. Other limitations of sibling comparison 
studies have also been described.4–6 

Antibiotic Exposure and Risk of 
Neurodevelopmental Disorders 

Choi et al7 conducted a large, nationwide, population- 
based, retrospective cohort study that examined whether 
children who had been exposed to antibiotics during 
pregnancy and infancy were at increased risk of 
neurodevelopmental disorders (NDDs). They 
supplemented their main analyses with sibling 
comparisons to better assist the interpretation of 
findings. 

The data were drawn from a South Korean national 
health insurance service database. The sample comprised 

children born during 2009–2020 and followed until 
2021 (median age, 7 years). The sample was 1: 
1 propensity score-matched for children exposed vs 
unexposed to systemic antibiotics during pregnancy 
(n = 1,961,744) or infancy (age, 0–6 months; 
n = 1,609,774). Antibiotic exposure was assumed based 
on issue of at least 1 prescription. The NDD outcomes, 
extracted from records, were ASD, intellectual disorder, 
language disorder, and epilepsy. Discordant sibling 
pair analyses (n = 843,412 for pregnancy and 
n = 1,082,417 for infancy) were also conducted to control 
for shared genetic and time-invariant environmental risk 
factors; discordance was based on antibiotic exposure vs 
no exposure. 

Important findings from the study are presented in 
Table 4. In summary, antibiotic exposure during 
pregnancy and early infancy were each associated with a 
small but statistically significant increase in the risk of 
each NDD (ASD, intellectual disorder, language disorder, 
and epilepsy); in sibling comparisons, some but not all 
risks lost statistical significance. Thus, whereas it 
appeared that a part of the risk may have been driven by 
shared genetic and environmental factors, the sibling 
comparisons did not rule out a role for antibiotics. 

Observations on the Antibiotic-ASD Study7 

The study had some unacknowledged limitations. For 
example, it is not clear how offspring with dual exposure 
(exposure during pregnancy as well as infancy) and 
controls with exposure in 1 but not the other study 
period were classified. However, the study is 
commendable for its very large sample size, including for 
the sibling pair analyses. Because the risks were not 
completely eliminated in the sibling pair analyses, it does 
seem that antibiotics, or the conditions for which they 
were prescribed (implying residual confounding by 
indication or by severity of indication), may have driven 
the risks. This interpretation notwithstanding, the risks 

Table 4. 
Important Findings From the Study by Choi et al7 

1. Antibiotic exposure during pregnancy and during early infancy were each 
associated with a very small but statistically significantly increased risk of each of 
the 4 NDDs (ASD, intellectual disorder, language disorder, epilepsy). The 8 HR 
values ranged from 1.04 to 1.27. 

2. In the discordant sibling pair analyses, all 8 HR values remained at or above 1.00, 
but only the HRs for ASD and language disorder in the pregnancy analyses and 
language disorder and epilepsy in the infancy analyses remained statistically 
significant; the 4 significant HR values were in the 1.04–1.13 range. 

3. In subgroup analyses (broad and narrow spectrum antibiotics, trimester of 
exposure, period of infancy, boys and girls), most of the findings lost statistical 
significance, possibly as a consequence of smaller sample sizes. However, in the 
infancy exposure sibling comparisons, there appeared to be a signal for higher 
risks during early infancy (0–2 mo) and, specifically, for epilepsy as an outcome. 
Antibiotic exposure for >15 d also appeared to be associated with higher risks. 

Abbreviations: ASD = autism spectrum disorder, HR = hazard ratio, 
NDD = neurodevelopmental disorder. 
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were very small. Therefore, with specific regard to NDDs 
as outcomes, it may be justifiable to suggest an antibiotic 
during pregnancy or infancy, but only when the need to 
treat an infection is clear. Decision-making processes 
should be shared. Care should be taken to avoid 
prescribing antibiotics as knee jerk reactions to 
respiratory infections (which are often viral in etiology), 
especially in early infancy (age 0–2 months) and for 
periods >15 days. 

Take-Home Messages 
Sibling comparisons can assist causal inferences in 

observational studies but cannot support definitive 
conclusions. With specific regard to NDDs as 
outcomes, it may be justifiable to consider antibiotic 
treatment for a pregnant woman or infant, but only 
when the need to treat a potentially responsive 
infection is clear. 

Parting Notes 
In this article, discordant sibling pair analysis was 

explained in the context of gestational exposure to 
antidepressant drugs and ASD as the outcome in 
offspring; however, the explanations are valid for other 
exposures and outcomes in other contexts, as well. 

In this article, both exposure and outcome were 
dichotomous variables; that is, antidepressant exposure 
could be “yes or no,” and ASD outcome could be “yes or 
no.” In some situations, exposure and/or outcome can be 
continuous variables. Examples are when dose of a drug is 
the exposure and when IQ is the outcome. In such 
situations, contrasts between sibling pairs can be 
enhanced using extremely discordant sibling pair 
analysis, as may be done in genetic studies.8 That is, 
sibs are matched for (eg) highest vs lowest quintile 
scores rather than for presence or absence of a 
criterion. 

Sibling studies are not the only way to address 
unmeasured and unknown confounds in observational 
studies. With specific references to studies related to 
exposures during pregnancy, studies of prepregnancy 
exposure and studies of paternal exposure can also 
provide guidance towards interpretation of the 
findings of the main analyses. 
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