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Prenatal and perinatal risk factors for autism

Larry Burd, Rebin Severud, Jacob Kerbeshian, and Marilye G. Klug

University of North Dakota School of Medicine and Health Sciences, The North
Dakota Fetal Alcohol Syndrome Center and Altru Health Systems, Departments of
Pediatrics and Neuroscience, Grand Forks, USA

1 Introeduction

Autism and the other pervasive developmental
disorders have an infant and childhood onset and
often result in severe lifelong impairments. Men-
tal retardation and cpilepsy are common Comor-
bid conditions. Most persons with autism or per-
disorder require care
throughout their life span. Institutionalization is a

" frequent outcorne,

The etiology of these disorders is incompletely
understood. There is a substantia! genetic contri-
hution to these disorders. The recurrence risk of
autisin in siblings of autistic probands is 2 to 5 %
15, 13, 36, 31} This represents about a fifty-foid
increase in risk over the general population where
the population prevatence is 1 in 2,500 or 0.04 %
[13, 31]. In families with multipie cases of autism
the recurrence risk is about 8 % which is over 200
times the general population risk [32] The
average concordance risk from several twin
studies is 3 to 9% for dizygotic twins and 64 to
81 % for monozygotic twins [5, 35, 37, 31]. The
monozygotic/dizygotic twin concordance ratio is
25 [311. While genetic disorders are commonly
comorbid with autism no penetic disorder is uni-
formly associated with autism, and similar cases
of autism occur in children with and without ge-
netic disorders. Given the variability in autism,
even in groups of children who have the same
genetic disorder, it seems tkely that environmen-
tal factors play an important role in the develop-
ment of these disorders and may influence sever-
ity, Pleiotropy (the variable expression of a singie
gene disorder) may explain some of the variance

in phenotypes. However, the genetic mechanism
n aglism is unknown,

Several environmental factors increasing risk for
autism have been described in the past. Among
these has been congenita rubelia {12] and cyto-
megalovirus infection [24, 13]. Earlier studies
have examined the role of prenatal and perinatal
events as risk factors for autism. This work has
not produced a consistent set of risk factors (for
reviews see Nelsen [29] and Tsai [38], and Gill-
berg [18]}. Research in this area has been compli-
cated by the use of variable case definitions for
autism and the pervasive developmental disorders
and use of divergent risk factors that are not di-
rectly comparable. Other problems involved dif-
fering study methodologies, small sample sizes
and the use of variable information sources such
as interviews with the families of autistic patients
[16, 23]. Some studies do not list the data sources
[22, 20]. As a consequence, there is no ciurrent
consensus about the role of prenatal and perinatal
risk factors in autism. 1f prenatal or perinatal risk
factors that are in a causal chain influencing
cither the severity of or the risk of developing
autism could be identified, this data could have
important implications in prevention and treat-
ment. These risk factors and the temporal unfold-
ing of risk would both be appropriate to target as
starting points to initiate interventions that may
decrease both the severity and prevalence of the
disorder.

Environmental tisk factors occurring during the
orenatal and perinatal perieds of development
have been found to be etiologically important de-

©) 1999 by Walter de Gruyter GmbH & Co. KG Berlin + New York
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terminants of developmenta! disorders [331, The
roles of prenatal exposure to maternal smoking
in attentionr deficit hyperactivity disorder [27] or
conduct disorder [39] and prenatal alcohol expo-
sure and the resulting fetal alcohol syndrome [11,
4] are examples. Some children with fetal alcohol
syndrome also have autism [28],

A Timited review of previously published studies
relevant to autism is presented in table 1 [7, 14,
I5, 16, 17, 18, 21, 22, 23, 26, 30]. We have
included only studies that compared cases and
controls, We were especially interested in
studies, which had utilized birth certificate data.
Gillberg and Gillberg [18] developed an opti-
mality score for pre and perinatal risk factors
and used 25 cases of autism and 25 controls to
demonstrate that the cases had decreased opti-
mality scores. However, as the table demon-
strates, no consistent pattern of findings is ap-
parent across the studies. Studies using birth
certificate data as the primary source of data
could not be found.

We have demonstrated an alternative strategy for
pursuing the potential relationship between pre-
natal and perinatal risk factors and developmental
disorders {111, This strategy combines a statewide
diagnostic registry linked with data from birth
certificate files. This methodology was derived
from previous studies of risk factors for infant
mortality and has been very useful in the identifi-
cation of possibie environmental risk factors |8,
0],

This methodology provides three disyy,
vances in research in dovelopmental g
The first is a low cost strategy Lo contro]
terview or data extraction bias. The birth
cate data are collected by persons having ng e
nection with the research project (or even knowi]
edge of the project). The second is that birth og
tificate data provides access to a very large zc-
usually a very complete data set. The third i .
this type of data provides access to a very larg
aumber of potential controls that can be Mmatche
on a variety of factors. These include yeyr andii
month of birth, the county of birth, and sex ands
race matching. g

<t ad
()l"derg
for i
Certif}

Birth certificate data should become even mors : :
useful in the future since the revision of the -
United States Standard Certificate of Live Big -
revision in 1989, In this wversion many pew:
items were added, including a switch to a chegk
box format from open-ended questions, The ney
birth certificate data may also be used to do.
velop national files of linked birth and death’
certificates [25]. This would represent an impor.
tant advance in large-scale studies developmen-
tal disabilities,

The initial studies linking a diagnostic registry of
patients with developmental disabilities and their -

birth certificate data was conducted with a regis-.
try of patients with fetal alcohol syndrome {1l
and sudden infant death syndrome [8]. Names of
the children from a diagnostic registry and their
birth dates were forwarded to the State Heal

Table 1. A review of previously published studies of prenatal, perinatal and neonatal data in persons with autism

and pervasive developmental disorders

Case-Conirol Studies

Variables Levy Deykin Loba- Deb  Mason- Fine- Lord  Bryson Cryan  Piven Gilk
scher Broth- gan berg
ers
Maternal Age - - - - — — +
Maternal Education - +
Maternal Weight Gain + -
Gestation Length + - - + + - - +
Birth-weight -+ - + + - -
Apgari - — - + — +
Apgar 5 - + +
Meconium Staining - - - - + -

{—) = negative finding (+) = positive finding {blank) = nol addressed in given study
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Department. Individual birth certificate data was
extracted and entered into a file, and a series of
controls were identified. Birth certificate data for
the controls was obtained from the same compu-
serized birth certificate registry. We have now uti-
lized this methodology to compare children with
a diagnosis of autism or pervasive developmental
disorder in North Dakota with controls to deter-
mine it we could identify prenatal or perinatal
risk factors.

2 Method

Since 1980 we have maintained an autism regis-
try at our clinic. Since the publication of the
DSM-IT in 1980, the data base has been ex-
panded to include cases of autism, pervasive de-
velopmental disorders and autistic disorder as
subsequent versions of the DSM have been devel-
oped. In the current registry the term autism
would encompass patients meeting criteria in one
of the three versions of the Diagnostic and Statis-
tical Manual (DSM-IT1, DSM-HI-R and DSM-IV)
(American Psychiatric Association, 1980, 1987,
1994) [1, 2, 3].

In 1984 and 1985 we conducted a statewide prev-
alence study of autism and pervasive develop-
mental disorders [9]. We contacted all physicians
who were known to see children with develop-
mental disabilities, all special cducation directors,
all residential care facilities, parent support
groups, clinical psychologists, and the state’s
comprehensive evaluation center. This study
identified 59 cases of autism in North Dakota
children. A recently completed 12-year follow-up
of this data identified only cne additional case of
autism meeting the 1986 study inclusion criteria
who had not been identified in the initial survey.
These 60 cases and 84 additional patients were
from the North Dakota Autism and Pervasive De-
velopmental Disorder Registry. The registry lists
all children and adults who had been seen since
1986 at the state’s comprehensive evaluation cen-
ter or who had been seen by JK. This produced a
final list of 144 patients.

The project was approved by the Institutional Re-
view Board of the University of North Dakota.
We then forwarded a Hst of these patients, inclad-
ing their first names, last names, middle initials,
dates of birth, sex, and no other information to

1. Perinat. Med, 27 (1999)

Department then identified all patients who had
North Dakota birth certificates.

We then selected five controls for each case from
the computerized North Dakota birth certificate
registry maintained by the North Dakota Health
Department since the mid 1970’s. Computer ac-
cess to all birth records facilitates access and
decreases costs for research, especially when se-
lecting multiple controls and when using match-
ing. The number of controls was scliected to maxi-
mize the power of the study. Since it is expensive
and time consuming to obtain additional cases of
autism or PDD, adding multiple controls from a
computerized data base is an inexpensive strategy
to Increase the power of the study to deiect differ-
ences. Since the ability to increase power drops
off rapidly above five controls per case, we used
five controls per case [34] The controls were
maiched by sex, the year of birth and moenth of
birth, Matching for sex was considered important
since males have autism three fo five times more
frequently than females. This sex difference has
been identified in nearly all studies of autism.
Matching on the year of birth was used to control
for differences in obstetrical and neonatal medical
practice over the wide age span of these subjects,
Matching on month of birth was used to control
for effects of month of birth or season of birth,
which occurs in many developmental disabilities.

Since the cases and controls were matched, they
were linked during the analysis (each case and
the five matched controls) using the method de-
scribed by Schilleschman [34]. The analysis was
completed using the Number Cruncher Statistical
System [19].

3 Results

We forwarded a list of 144 patients with autism
to the Heaith Department, and they were able to
identify 78 (54 %) with North Dakota birth certif-
icates. The most common reason for not locating
a birth certificate was a birth occurring in another
state. We did examine the adoption files and used
several other strategies to maximize the number
of matches. [n order to maximize confidentiality,
the controls were not identified to us by name.
The birth certificate data was obtained {rom three
versions of the US standard certificate of live
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trol study of 78 cases of autism ang
controls we identified seven vari-
of which are categorical, six con-
:wo that are in both groups. We used
control for the effecis of vear of
anges in medical care, and season of
sults of the univariate analysis iden-
significant variables in this study

Tautism and five contrels per case using

t af p

2137 466 0.033
2.545 292 0.611
2.070 202 0.039
—0.,935 466 0.350
281G 466 0.065
—2.907 466 0.004
1.040 466 0.299
2213 466 0.027
-1.267 466 0.206
1.535 292 0.126
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Figure 1. Camulative percent of reduced optimality in

cases and controls. Cases = dashed line, coptrois =
solid lines.

which were: birth weight, apgar score at one and
five minutes, mother’s education, father’s age, the
trimester prenatal care started, and ferminations
of a prior pregnancy. Three additional variables,
mother’s race, apgar 5 and gestation of less than
16 weeks, approached significance at the 03
level.

We then used stepwise conditional logistic regres-
siop analysis 1o control for confounding from
other significant variables and produced two final

models, which were comprised of four and five
variables (tabie IV). In the five variable model
birth weight in grams was a risk factor
(OR = 1.01), suggesting that for each gram re-
duction in birth weight, the risk of autism
increased by a very smalt amount compared to
the matched controls. For each year of difference
in parents’ education between the cases and con-
trols (lower education was the risk factor for au-
tism), the risk of autism increased 25%. Each
month prenatal care was delayed increased the
risk of autism 29 %. Having had a previous ter-
mination of pregnancy increased the risk of au-
tism 236% compared to controls who did not
have a termination of pregnancy. We identified
one variable (father’s age) which was associated
with risk reduction. A one-year decrease in the
age of the father decreased the risk of autism by
6% compared to the controls. When viewed as a
composite of risk the model was bighly signifi-
cant but produced a model, which was a poor fit
with the data in this sample. Eliminating birth-
weight decreased the model chi-square but pro-
duced a substantial improvement in goodness of
fit (table IV).

The prevalence of low birth weight babies in our
sample was high (11/78 or 14%) in the cases

Table IV, Logistic regression of signiticant variables from 78 cases of autism and five controls per case. The final

two models consisted of four or five variables

Variable Model 1 Model 2
Cocff O R Coett O.R

Intercept —~1.693 - 450
Mother’s Education 217 1.24 239 1.27
Father's Age —.067 94 - 063 94
Other Terminations 1213 336 1.027 2.79
Month Prenatal Care Began 261 1.30 258 1.29
Birth Weight 000483 1.00
Mode} parameters

Chi-Square 36.616 31.083

p-value KL 0001
Hosmer-Lemeshow

Chi-Square 15.993 3.673

p-value 642 885

. Perinat. Med. 27 {1999)
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compared to 7% in the controls producing an
odds ratio of 2.4 for autism in low birth weight
infants compared to matched controls. However,
this data does not indicate if low birth weight is
a cause or consequence of autism. The issues of
the relationship between prenatal and perinatal
varigbles and autism is complex and has been dis-
cussed elsewhere [6]. The direction of the associ-
ation between low birth weight and autism will
require further study.

Nomne of the variables which emerged as risk
factors in this study appear to be either necessary
or sufficient for the development of autism. This
was the same conclusion reached by Bolton [6]
in a study of obstetric risk facters for autism.
However, this study does offer strong support for
viewing these risk factors as important in cases
of autism. As a result we are unwilling to dismiss
them as consequences of the disorder without fur-
ther study. If after replication studies consistent
potential rigk factors are identified further studies
should be designed to elucidate if these risk
factors act as addidve liabilities of risk for the
development of autism or are markers of compli-
cated pregnancies resulting from the genetic in-
fluences that resulted in autism in that person.
This effort will iikely require both a farge sample
and a sophisticated design since the risk factors
in this study are complex constructs and cannot
be clearly categorized as environmental or ge-
netic or as cause or consequence of autism. Like
most factors influencing human behavior they
probably represent an expression of an inferaction
of these influences.

This study may have limited clinical implications.
First, the results may alert clinicians to specific
signs that may be usefu! in developing a clinical
history in patients presenting for evaluation. Sec-
ond, the cluster of variables tdentified here may
be useful as part of a screening tool for autism.
Thirdly, clinicians may benefit from adding the
birth certificale to the clinical record of patients
with autism. Fourthly, clinicians may be able to

Abstract

Aim: To identify pre- and perinatal risk factors for au-
tism.

Method: Case control study. We matched names of pa-
tents from North Pakota who met DSM criteria for au-
tism, & pervasive developmental disorder, and auistic

utilize this datz to discuss the role of pregﬁé‘nc
as a factor in the development of autism witl i
ents. This would likely be reassuring to pas
especially mothers, of children with autisp

The methodology presented here has severs] i
portant limitations that need to be considery
There are limitations in both the quality and ¢y
pleteness of the data from the birth certifiess;
In North Dakota the guality of data for both 3l
hol use and smoking is poor. When we exattiirisd
the birth certificate data for a population of chij. = -
dren with a diagnosis of fetal alcohol syndrogpe © ©
in North Dakota the birth certificate data idey. @ |
tified only 6% as having been alcohol exposeq.”
This was much different from the data on prendfal
alcohol exposure we obtained from the mothers
or other sources during our evaluations of thegs :
children. Due to the poor quality and missing dat,
in this area we excluded alcohol exposure and -
maternal smoking as variables in this study.

The next issue is the quality of the data for caseg
in the registry. Since most registries span decads
the inclusion and exclusion criteria change. In
most cases the registry data will encompass sev.
eral versions of diagnostic nomenclatures. This
occurred in our study which spanned three ver
sions of the Diagnostic and Statistical Manual of
Mental Disorders. Several other issues can also
be concerns. Will the registry include autism and
profound mental retardation? Will cases of autism
occurring tn severely abused and neglected chih -
dren be included? Will children with genetic dis- -
orders and autism be Hsted on the registry?

In this study we have demonstrated a registty
birth certificate linkage model as a strategy fo
identify potential risk factors for childhood men-
tai iliness. The data developed from this model
also has both clinical and public health implice-
tions, A replication of this study would be very
valuable in determining the prevalence of these
risk factors among persons with autism in other
clinical settings.

disorder with their birth certificates. Five matched cor-
trols were selected for each case.

Results: Univariate analysis of the 78 cases and 390
controis identified seven rigk factors. Logistic modeling
o control for confounding produced a five varisble

. Perinat. Med. 27 {1999}
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model. The model parameters were x° = 36.6 and
p< 0.001. The five variables in the model were de-
creased birth weight, low maternal education, later start
of prenatal care, and having a previous termination of
pregnancy. Increasing father’s age was associated with
mereased risk of autism.

Conclusion: This methodology may provide an inex-
pensive method for clinics and public health providers
10 identity risk factors and to identify matemal charac-
teristics of patients with mental illness and developmen-
tal disorders.

Keywords: Autisiz, case control, pervasive developmenial disorder, prenatal care, risk factors.
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