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Abstract

Objective To investigate
the association between
physician-documented di-
agnoses of maternal au-
toimmune diseases, aller-
gies, and asthma around
the time of pregnancy and
subsequent diagnoses of

autism in children.

Design A case-control
study nested within a co-
hort of infants born be-
tween January 1995 and
June 1999.

Setting Northern California

Kaiser Permanente Medical
Care Program.

Participants Cases
(n = 420) were children
with at least 1 diagnosis of

an autism spectrum disor-
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der (ASD) recorded in
Kaiser Permanente outpa-
tient clinical databases.
Controls (n = 2100) were
children without an ASD
diagnosis who were fre-
quency matched to cases
on sex, birth year, and hos-
pital of birth.

Main Outcome Measures
Frequencies of maternal
immunologic disorders
were compared between
cases and controls with a )(2
statistic, and relative risks
were estimated by crude
and adjusted odds ratios
and 95% confidence inter-
vals using logistic regres-

sion.

Results The final study
population included 407
cases and 2095 controls. A
similar proportion of case
and control mothers had a
diagnosis of any autoim-
mune disease in the 4-year
period surrounding preg-
nancy (10.3% vs 8.2%,

P = .15). After adjustment
for maternal factors, only 1
autoimmune condition,
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psoriasis, was significantly
associated with ASDs (ad-
justed odds ratio, 2.7; 95%
confidence interval, 1.3-
5.8). A greater than 2-fold
elevated risk of ASD was
observed for maternal asth-
ma and allergy diagnoses
recorded during the second
trimester of pregnancy.

Conclusions These findings
suggest that maternal au-
toimmune disorders
present in women around
the time of pregnancy are
unlikely to contribute sig-
nificantly to autism risk.
Further etiologic investiga-
tions are needed to confirm
these results and should
include objective documen-
tation of diagnoses and
consider a larger set of ma-
ternal immune-related con-
ditions, including asthma

and allergies.

Autism is a neurodevelop-
mental disorder character-
ized by social and commu-
nication impairments and

restricted and stereotyped

patterns of behavior.! Con-
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trary to early beliefs that
autism resulted from ad-
verse parent-child interac-
tions,? it has become wide-
ly accepted that aberrant
brain development in the
prenatal or early postnatal
period underlies autism
pathogenesis. Data from
twin and family studies
suggest a strong genetic
component in the etiology
of autism? with the involve-
ment of multiple gene
loci.* Observations from
case reports and small case
series provide some evi-
dence of the potential etio-
logic role of both prenatal
and early postnatal envi-
ronmental factors, presum-
ably interacting with genet-
ic factors.” The dramatic
temporal trend in autism
prevalence reported in dif-
ferent locales has shifted
the focus of research to in-
clude an exploration of
nongenetic risk factors and
an evaluation of gene-envi-

ronment interactions.

A variety of immune system

disturbances have been re-



ported to be present in
autistic individuals,*©-12
although findings remain
largely unreplicated. A case
report by Money et al'3
that described an autistic
child with a strong family
history of autoimmune dis-
orders offered the first sug-
gestion that autoimmunity
may be etiologically impor-
tant in autism. Since then,
some studies of autistic in-
dividuals have found an in-
creased frequency of au-
toantibody
production®'41° and
genes implicated in autoim-
mune disorders.20-24 Re-
sults from 2 recently con-
ducted epidemiologic stud-
ies also suggest that a fam-
ily history of autoimmune
disorders is more common
among children with autism
than healthy control chil-
dren.2>26 |n both studies,
first-degree relatives, espe-
cially mothers, were most
often affected. However,
interpretation of these
findings is hampered by

limitations in study design,



including small sample
sizes and reliance on self-
reported autoimmune dis-

ease history.

The aim of this study is to
investigate the association
between a history of mater-
nal autoimmune diseases,
allergies, and asthma
around the time of preg-
nancy and subsequent di-
agnoses of autism spectrum
disorders (ASDs) in chil-
dren. We hypothesize that
the maternal immune re-
sponse during pregnancy,
as measured by physician-
documented diagnoses of
autoimmune or allergic dis-
eases, may affect fetal
brain development, con-
tributing to autism in some
genetically susceptible in-

dividuals.

Methods

We conducted a case-con-
trol study nested within the
cohort of all infants born
alive at a Kaiser Perma-
nente Medical Care Pro-
gram (KPMCP) facility be-



tween January 1995 and
June 1999 and who re-
mained health plan mem-
bers for at least 2 years fol-
lowing birth. The KPMCP is
a large integrated health
care organization that pro-
vides care for more than 3
million residents of north-
ern California, representing
approximately 30% of the
insured population in the

region.

Case ascertainment

All children with at least 1
diagnosis of an ASD, includ-
ing autism (International
Classification of Diseases,
Ninth Revision, Clinical
Modification [ICD-9-CM]
code 299.0) and Asperger
disorder or pervasive devel-
opmental disorder not oth-
erwise specified (/ICD-9-CM
code 299.8), were identi-
fied by electronically scan-
ning the KPMCP clinical
databases, which contain
all diagnoses made at out-
patient visits that occurred
at plan facilities and out-
side approved facilities and



were recorded between
January 1995 and No-
vember 2002. From a de-
nominator population of
88 163 children born at
Kaiser facilities who re-
mained in the health plan
for at least 2 years follow-
ing birth, we identified 420
children between 3 and 7
years of age with an ASD
diagnosis.

Control selection

We randomly selected 5
controls per case from the
cohort of births without an
ASD diagnosis. No other
exclusions were made. Con-
trols (n = 2100) were fre-
quency matched to cases
on sex, birth year, and hos-
pital of birth.

Sibships

To ensure independence of
observations with respect
to characteristics of the
mother, we included each
woman only once in the
final analytic file. For
women who had 2 children



included in the original
study cohort (13 case moth-
ers, 5 control mothers), we
randomly sampled 1 child
for each woman for inclu-

sion.

We identified all siblings of
both case and control chil-
dren born at a KPMCP facil-
ity between 1990 and
1999. To assess the hypoth-
esis that a genetic etiology
may be more likely in fami-
lies with more than 1 ASD-
affected child, we divided
study sibships into 3 cate-
gories as follows: unaffect-
ed (no ASD-affected chil-
dren in the sibship), simplex
(1 ASD-affected child [case
or sibling of control] in the
sibship), and multiplex
(more than 1 ASD-affected
child in the sibship). Sib-
ships were defined as births
to the mother, without re-

gard to paternity.

Maternal diagnoses

Maternal autoimmune dis-
eases (n = 44), asthma, and
allergies diagnosed at inpa-



tient and outpatient visits
in the period of 2 years pre-
ceding delivery through 2
years following delivery
were identified from inpa-
tient and outpatient data-
bases (ICD-9-CM codes
available from authors).
The 2 years following deliv-
ery were included in the
exposure window because
of the increased incidence
of onset in the puerperium
of many autoimmune disor-

ders.?’

Covariates

Information on several ma-
ternal characteristics (age
at delivery, race/ethnicity,
educational attainment)
and infant characteristics
(sex, plurality [ie, singleton
or multiple]) was obtained
from health plan and vital
statistics databases. De-
tailed information on pre-
scriptions dispensed at
KPMCP pharmacies was ob-
tained to identify medica-
tions prescribed significant-
ly more often during the 12
months before delivery



among women with au-
toimmune, asthma, and al-
lergic conditions compared
with women without these
conditions. Women were
classified as using medica-
tions if prescriptions were
dispensed for any of the
therapeutic drug classes
listed in Table 1 or not using
medications if none of the

medications were given.

E View Large
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Table 1.

Therapeutic Drug Classes Pre-
scribed Significantly More Of-
ten Among Women With Au-
toimmune Diseases, Asthma, or
Allergies in the 12 Months Be-
fore Delivery
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Statistical analyses

Frequencies of immunolog-
ic disorders were compared
with a x2 statistic for condi-
tions that occurred in the
mothers of at least 5 cases
and 5 controls. A x?2 test for
trend with unitary weight-
ing was used to test for ge-
netic dosage effects across
unaffected, simplex, and
multiplex sibships.28 Rela-
tive risks were estimated by
crude and adjusted odds
ratios (ORs) and 95% confi-
dence intervals (Cls) using
logistic regression. Statisti-
cal significance was evalu-
ated without correction for
multiple comparisons, be-
cause we sought to identify
all possible associations
between the conditions un-
der study and autism.
Analyses by period com-
pared women with a diag-
nosis in a particular period
with women with no diag-
noses in the entire 4-year
period (date of delivery + 2
years). Periods were de-

fined as history (diagnosis



in the 2 years before deliv-
ery), first trimester, second
trimester, third trimester,
and postdelivery (diagnosis
only in 2 years after deliv-
ery). Maternal and infant
characteristics associated
with both maternal disease
status and infant case sta-
tus (maternal age, maternal
race/ethnicity, maternal
education, plurality) were
included as covariates in
multivariate analyses. All
study procedures were ap-
proved by the institutional
review board of the KPMCP
and the California State
Committee for the Protec-
tion of Human Subjects.

Results

Characteristics of the 407
cases and 2095 controls in
the final study population
are given in Table 2. Be-
cause of frequency match-
ing on sex, 82% of both
case and control children
were male. The frequency
of multiple births among
cases was more than dou-

ble that among controls.



The mean age at delivery
was higher for case moth-
ers compared with control
mothers, and a greater pro-
portion of case mothers
were white and had more
than a high school educa-
tion. Length of membership
in KPMCP was, on average,
5 months longer for cases
than controls. The frequen-
cy distribution of birth year
and hospital of birth was
similar for cases and con-
trols (data not shown).
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Table 2.

Characteristics of the Study
Population, Kaiser Permanente
Northern California Births,
1995-1999*

The frequency of maternal
autoimmune, asthma, and
allergic diseases diagnosed
any time in the 4-year peri-
od is given in Table 3. A
similar proportion of case
and control mothers had a
diagnosis of any autoim-
mune disease in this period
(10.3% vs 8.2%, P = .15).
Specific autoimmune condi-
tions occurred with low fre-
quency in this population.

Only 2 conditions were re-
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ported with greater fre-
quency among mothers of
ASD-affected children com-
pared with controls: psoria-
Sis (2.7% vs 1.0%,

P =.003) and type 1 dia-
betes mellitus (1.2% vs
0.4%, P = .04). After ad-
justment for maternal fac-
tors, only psoriasis re-
mained significantly associ-
ated with ASD (adjusted
OR, 2.7; 95% (I, 1.3-5.8)
(Table 4). When we extend-
ed the period to also in-
clude conditions recorded
before or after the 4-year
period surrounding the de-
livery, we found a substan-
tially higher overall fre-
quency of maternal autoim-
mune diseases for both cas-
es and controls, although
the case-control difference
remained unchanged
(17.7% vs 14.3%; adjusted
OR, 1.2; 95% Cl, 0.9-1.6).
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Table 3.

Frequency of Autoimmune Dis-
eases, Asthma, and Allergies
Diagnosed at the Time of Preg-
nancy in Mothers of Children
With Autism and Control Chil-
dren*
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Table 4.

Odds Ratios (ORs) and 95%
Confidence Intervals (Cls) for
Autism Associated With Mater-
nal Autoimmune Diseases,
Asthma, and Allergies

Asthma and allergic dis-
eases were relatively more
common in both case and
control mothers and were
reported significantly more
often for mothers of affect-
ed children (Table 3). After
adjustment for maternal
factors, asthma and allergic
rhinitis remained signifi-
cantly associated with
autism (Table 4).

To evaluate the impact on
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the association with ASDs
of the timing of the mater-
nal diagnosis relative to the
stage of pregnancy, we cal-
culated crude and adjusted
ORs associated with mater-
nal disease diagnoses
recorded before, during,
and after pregnancy. After
adjustment for maternal
factors, no association was
found for autoimmune di-
agnoses recorded during
any of the intervals under
consideration (Table 5).
Odds ratios higher than 2.0
were observed for asthma
diagnoses recorded during
the first and second
trimesters of pregnancy
and for allergy diagnoses
recorded during the second
trimester of pregnancy
(Table 5). After adjustment
for maternal medication
use, point estimates were
only modestly attenuated
for maternal asthma (OR,
1.9; 95% Cl, 1.0-3.7) or al-
lergy (OR, 2.3; 95% Cl, 1.1-
4.8) reported in the second
trimester of pregnancy. No
independent effect was ob-



served for medication use.
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Table 5.

Adjusted Odds Ratios (ORs) and
95% Confidence Intervals (Cls)
for Autism Associated With Ma-
ternal Autoimmune Diseases,
Asthma, and Allergies by Period
of Diagnosis

The frequency of maternal
autoimmune diseases, asth-
ma, and allergies diagnosed
any time in the 4-year peri-
od among unaffected, sim-
plex, and multiplex sibships
was also evaluated. The
frequency of maternal dis-
ease increased significantly
with increasing numbers of
ASD-affected children in
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the sibship for asthma
(X’trend = 8.36, P = .004)
and allergies (x%¢eng = 7.51,
P =.006) but not for au-
toimmune diseases

(X’trend = 0.99, P = .3) (Fig-
ure). Similar relationships
were observed for the sub-
group of study children

(n =1262) who came from
sibships of at least 2 chil-
dren (Figure).
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Figure.

Frequency of maternal disease
among all study sibships (A)
and sibships with 2 or more
children (B). P values are from
the x? test for trend. ASD indi-
cates autism spectrum disorder.
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Comment

In contrast to published
reports of self-selected pa-
tients without verification
of maternal self-reports of
autoimmune conditions, 2
we did not find an overall
association between autism
risk and maternal autoim-
mune diseases documented
in the medical records of
patients in the KPMCP.
Among 44 specific autoim-
mune conditions evaluated,
only psoriasis (a chronic
immune-mediated cuta-
neous disorder) occurred
more frequently among
mothers of children with
autism compared with
mothers of control children
after adjustment for covari-
ates. Two other immune-
mediated conditions, asth-
ma and allergies, were sig-
nificantly more often re-
ported for mothers of ASD-
affected children compared
with controls. These find-
ings are strengthened by a
large study population; the
use of prospectively col-



lected, physician-docu-
mented diagnoses of ma-
ternal autoimmune, asth-
ma, and allergic diseases;
the use of an appropriately
matched internal compari-
son group; and the ability
to examine risk for specific
periods during pregnancy
and to adjust analyses for
several important covari-

ates.

Until replicated in another
large study population, our
findings should be inter-
preted with caution be-
cause a true association
with autoimmune diseases
may be underestimated.
The frequencies of specific
autoimmune diseases in our
study population were, in
general, similar to previ-
ously reported population
prevalence estimates.2®
However, reliance on diag-
nosed autoimmune condi-
tions in a 4-year period sur-
rounding pregnancy may
have identified only “the tip
of the iceberg"” because the
incidence of autoimmune

diseases increases through-



out adult life.39 As these
women age and their risk
for autoimmune disorders
increases, it is possible that
continued investigation will
reveal a case-control differ-
ence that we were unable
to detect, even in our large
population. In addition,
women who were asymp-
tomatic or experienced only
mild symptoms during the
study period may not have
had their conditions diag-
nosed. Evaluations using
biologic markers of immune
function may be required to
identify this larger pool of
women with primarily sub-

clinical conditions.

The methods used to iden-
tify case and control pa-
tients may have resulted in
some misclassification. The
ASD case patients were se-
lected based on diagnoses
recorded in medical
records, without validation
by a standardized clinical
assessment, and we were
unable to evaluate risk
within ASD phenotypic sub-

groups. Control subjects



were selected randomly
from the pool of patients
who had not had an ASD
diagnosed and may include
a small number of children
with undiagnosed ASDs. A
pilot study we conducted
of a sample of 35 children
with an ASD diagnosis
recorded in the KPMCP out-
patient databases indicates
that misclassification of
cases is likely to be mini-
mal. Following a protocol
closely adapted from the
Metropolitan Atlanta De-
velopmental Disabilities

Surveillance Program,3'

ex-
pert review of detailed in-
formation on diagnoses,
school services, behavioral
and developmental history,
and psychometric assess-
ment results abstracted
from all pediatric and men-
tal health records for these
children determined that
54% had an ASD according
to Diagnostic and Statistical
Manual of Mental Disorders,
Fourth Edition, criteria and
the remaining 46% accord-

ing to clinical impression.



To the extent that misclas-
sification of cases or con-
trols occurred in our sam-
ples, the observed associa-
tion between maternal im-
mune conditions and
autism may underestimate
the true magnitude of risk
associated with these con-
ditions.

Our study was designed to
minimize the possibility of
bias due to self-selection of
patients or reliance on ma-
ternal recall, since selec-
tion and recall bias may ex-
plain the findings previous-
ly reported by Comi et al??
and Sweeten et al.2® For
those studies, the ascer-
tainment of a family history
of autoimmune disease was
based on reports from par-
ents who volunteered to
participate, without verifi-
cation of diagnoses by clini-
cal examination or review
of medical records. In the
study by Comi et al, the
proportion of case mothers
who reported a history of
autoimmune disorders

(16%) was similar to our



estimate of 18% among
cases, but the reported fre-
quency among control
mothers (2%) was signifi-
cantly lower than our esti-
mate of 14% based on
physician-reported diag-
noses. In the more recent
study by Sweeten et al, the
frequency of autoimmune
disorders self-reported by
mothers was higher in
autism families and lower in
control families compared
with our estimates, sug-
gesting that recall bias may
explain the observed asso-
Ciation. Moreover, there
was no overlap in the spe-
cific conditions that were
elevated in these studies
(hypothyroidism or
Hashimoto thyroiditis,2°

26 and

rheumatic fever,
rheumatoid arthritis>) and
in our investigation (psoria-
sis). The inconsistencies
with regard to specific au-
toimmune conditions may
be attributed to method-
ologic differences between
the studies but may also

indicate different popula-



tion frequencies of the au-
toimmune disorders. Addi-
tional studies with large
sample sizes, proper com-
parison groups, and objec-
tively collected data on
maternal disease status will
be required to determine
whether there is a true as-
sociation between maternal
history of any autoimmune
disorders, or of specific au-
toimmune disorders, and
ASD.

Our finding of an associa-
tion with maternal asthma
and allergic diseases has
not, to our knowledge,
been previously reported. If
supported by further study,
our observation that these
conditions were more
strongly associated with
autism in families with
more than 1 ASD-affected
child may suggest that
genes underlying atopy
may also be etiologically
related to autism. The ob-
servation that autism risk
was highest among women
with diagnoses of asthma

or allergies recorded during



the second trimester may
indicate that disease severi-
ty or disease flare-up may
be more strongly correlated
with fetal neuropathologic
conditions or that a critical
period for dysregulation in
neurodevelopment occurs
in midpregnancy. It is possi-
ble that the period during
which maternal diagnoses
were recorded may not re-
flect the period during
which symptoms were ex-
perienced, although since
more than 80% of women
received regular medical
care during each period,
diagnoses recorded during
specific periods may well
reflect when the symptoms
appeared. Because of the
similarity of symptoms, it is
also possible that maternal
respiratory infections were
misdiagnosed as atopic re-
actions. Numerous
studies>2:33 have suggested
an association between
perinatal exposure to infec-

tion and autism risk.

Although we do not find a

strong association between



autism and maternal im-
mune dysfunction, an etio-
logic link is biologically
plausible in the context of
current scientific under-
standing of possible mech-
anisms. Relevant mecha-
nisms to consider include a
shared genetic susceptibili-
ty to both immunologic dis-
eases and autism22:32:3% or
passive transfer of antibod-
ies to neural tissue. A more
likely scenario is direct im-
pact on fetal brain develop-
ment via altered levels of
circulating cytokines.3?
There is strong evidence
that the inflammatory cy-
tokine interleukin 6 (IL-6)
can cross the placenta,3®
and dysregulation of IL-6
has been implicated in the
pathology of nervous sys-
tem disturbances.3’ Recent
data indicate that T cells
and proinflammatory cy-
tokines, including IL-6, are
of major importance in the
pathophysiology of psoria-
sis.38-40 Among pregnant
women with psoriasis, this

elevation of the IL-6 level



would similarly result in
higher levels of IL-6 in fetal

circulation.

Allergic rhinitis is a fre-
quent problem during
pregnancy*' that may be
due in part to the shift from
TH1 to T2 cytokines during
gestation such that levels
of regulatory cytokines are
elevated and proinflamma-
tory cytokines are
reduced.*? Allergy is typi-
cally associated with a T2

cytokine profile. Moreover,
during an acute allergic
episode or exacerbation of
asthma, histamine is re-
leased through mast cell
degranulation, which en-
hances IL-1-induced pro-
duction of IL-6 by mono-
cytes.*3 In individuals with
chronic allergic disease or
allergic asthma, IL-6 has
been implicated in the in-
flammation associated with
airway remodeling,*3:44
and IL-6 has repeatedly
been found to be elevated
in biologic fluids and tis-
sues of individuals with

asthma. In women with a



dysregulated immune re-
sponse, evidence suggests
the potential for altered
cytokine production toward
an inflammatory phenotype
during pregnancy.*” This
can result in the transfer of
several factors to the fetus
during critical periods of
gestation. It is also possible
that the immune response
of the child, rather than
that of the mother, may be
the primary abnormality in
autism, leading secondarily
to brain dysregulation. Fi-
nally, autism and immuno-
logic diseases may have
shared environmental risk
factors. Similarity in ob-
served temporal

46-52 3nd in de-

53-58

increases
mographic patterns
between autism and some
immune conditions sug-
gests that an exploration of
environmental factors may
be etiologically informa-

tive.

Conclusions

These findings from a large,

contemporary population



of members of the Kaiser
Permanente integrated
health care system suggest
that maternal autoimmune
disorders present in women
around the time of preg-
nancy are unlikely to be
significant contributors to
the development of autism
in their children and that
further etiologic investiga-
tions should not only in-
clude objective documenta-
tion of diagnoses but also
consider a larger set of im-
mune-related conditions in
the mother that includes
asthma and allergies. Fur-
ther investigations in large
populations are needed to
unravel the relationships
between autism and the
complex and interacting
roles of genetic factors,
environmental influences,
and the immune status of
fetuses, young children,
and their mothers.
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