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Hypoxic-Ischemia-Related Fetal/Neonatal Complications 
and Risk of Schizophrenia and Other Nonaffective

Psychoses: A 19-Year Longitudinal Study

Gwen L. Zornberg, M.D., Sc.D., Stephen L. Buka, Sc.D., and Ming T. Tsuang, M.D., Ph.D.

Objective: Epidemiologic evidence linking obstetric complications to schizophrenia has
been positive but inconclusive. One reason for the lack of conclusive evidence may be the
inconsistency in measuring disturbances of fetal/neonatal brain development based on
general obstetric markers of maternal health. The authors used data from the National Col-
laborative Perinatal Project to examine the relationship between schizophrenia and other
nonaffective psychoses and a theoretically derived measure of hypoxic-ischemia-related
fetal/neonatal complications. Method: Six hundred ninety-three men and women (average
age 23) born to a community sample of women between 1959 and 1966 were followed up
an average of 19 years after early childhood assessments. Subjects with DSM-IV schizo-
phrenia and other nonaffective psychoses were identified using the Diagnostic Interview
Schedule and best-estimate consensus diagnoses. Results: Hypoxic-ischemia-related fe-
tal/neonatal complications were associated with a doubling of the risk of developing a psy-
chotic disorder, compared with no relevant complications (6.9% versus 1.4%). When mood
disorders were excluded from the group of psychotic diagnoses, the risk of schizophrenia
and other nonaffective psychoses associated with hypoxic-ischemia-related fetal/neonatal
complications was strikingly elevated, compared with no relevant complications (5.75%
versus 0.39%). Nonpsychotic mood disorders were unrelated to these fetal/neonatal com-
plications. Schizophrenia and other nonaffective psychoses were most strongly associated
with hypoxic-ischemia-related fetal/neonatal complications of disordered growth and devel-
opment. Conclusions: The data show a strikingly elevated, graded, independent risk of
schizophrenia and other nonaffective psychoses associated with this classification of ante-
cedent hypoxic-ischemia-related fetal/neonatal complications. 

(Am J Psychiatry 2000; 157:196–202)

By the early 1900s, schizophrenia (“dementia prae-
cox”) had been distinguished from mood disorders
(“manic depressive insanity”) (1) and had been attrib-
uted to abnormal early brain development (2). Al-
though genetic influences appear to be the primary
etiology of schizophrenia, other factors may contrib-
ute to the causal process (3–5). Among adverse condi-
tions suggesting disordered early brain development,
obstetric complications have been considered the
second most important category of risk factors for
schizophrenia (6).

Evidence that obstetric complications relate some-
how to schizophrenia and other nonaffective psycho-
ses is supported by recent findings from four longitudi-
nal studies (7–10), one adoption study (11), and six
case-control studies (12–17). However, several nega-
tive studies are inconsistent with these findings, in par-
ticular two case-control studies (18, 19), and one lon-
gitudinal study (20). Examining potential indices of
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chronic hypoxia or oxygen deprivation (12) as a hypo-
thetical pathway of risk, one longitudinal study found
a nonsignificant doubling of the risk for schizophrenia
(21), although findings from other investigations were
not significant at the 5% level (9, 12).

One reason for the inconclusive findings may be the
inconsistency inherent in measuring abnormal brain
development based on obstetric markers of maternal
health. General obstetrical conditions are heteroge-
neous in etiology and often are only indirectly related
to fetal brain development. Consequently, we derived
measures of fetal and neonatal complications that
linked more explicitly neurological abnormalities of
mild-to-moderate severity (22). We hypothesized that
certain indices of threatened fetal development and
neonatal neurological abnormalities that have been as-
sociated clinically with hypoxic ischemic encephalopa-
thy in full-term neonates (23), but that are not neces-
sarily diagnostic of this syndrome, may represent a
more homogeneous etiologic pathway for schizophre-
nia and other nonaffective psychoses (22). Thus we
classified study participants as evidencing hypoxic-is-
chemia-related fetal/neonatal complications if they
were born at 37 weeks or more of gestation (to exclude
prematurity, which is associated with intraventricular
hemorrhage) (24) and demonstrated either certain pat-
terns of complications associated with abnormal fetal
development or the equivalent of “soft signs” on neo-
natal neurological examination.

Furthermore, we identified two subsets of hypoxic-
ischemia-related fetal/neonatal complications: 1) con-
ditions of compromised fetal growth and development
(22, 23) and 2) nonspecific neonatal signs of mild-to-
moderate neurological dysfunction and other compli-
cations within the hypoxic-ischemia-related group
(25). This subclassification was based on the premise
that certain conditions associated with disordered fetal
growth and development, such as severe pre-eclamp-
sia, intrauterine growth retardation, and dysmaturity
(26), may be related to a genetically mediated sub-
group that is more relevant to schizophrenia than are
more apparently direct neonatal indicators of risk to
brain development or oxygenation such as hyperexcit-
ability or meconium (22). In the higher risk subgroup,
therefore, we included infants who were small for ges-
tational age (representing intrauterine growth retarda-
tion), exposed to severe pre-eclampsia (26), and post-
term, or dysmature, which is now thought to be also
related to fetal constitutional factors (27). We report
here on the association between this novel classifica-
tion of hypoxic-ischemia-related fetal/neonatal com-
plications and subsequent schizophrenia and other
nonaffective psychoses among a group of adult off-
spring born to a community sample of women between
1959 and 1966 and followed up an average of 19 years
after early childhood assessments.

METHOD

Participants

The background for the study has been described previously (21).
Briefly, the Providence, R.I., cohort of the National Collaborative
Perinatal Project includes 4,140 individuals born to a community
sample of 3,078 women whose pregnancies were studied between
1959 and 1966 (28). Buka and colleagues (21) followed up a subsam-
ple of adult offspring with and without general types of pregnancy/de-
livery complications matched on race, gender, date of birth, maternal
age, parity, and education. Of the 928 eligible participants, 693 (75%)
were located. After fully explaining all research procedures, we ob-
tained written informed consent from all 693 offspring, and they were
interviewed. Of those 693 subjects, 373 had complications at birth.
The remaining 320 were normal comparison subjects. Fieldwork was
carried out between February 1984 and March 1990. The mean age
of the interviewed sample was 23.0 years (SD=2, range=18–27).

Classification of Complications

Subjects were included in the hypoxic-ischemia-related fetal/
neonatal complication group if they had an abnormal neonatal neu-
rological examination and/or a pattern of adverse conditions sug-
gesting compromise to intrauterine growth and development. Partic-
ipants belonging in the lowest 10th percentile of birth weight for
each week of gestational age were classified as small for gestational
age. Individuals born at 42 or more weeks of gestational age were
defined as post-term. We classified participants as evidencing hy-
poxic-ischemia-related fetal/neonatal complications if they were
born at 37 weeks or more of gestation and met at least one of four
criteria in two major groups. The first group—patterns of disordered
growth and development during a pregnancy with complications—
included two criteria 1) small for gestational age (16) (with evidence
of pre-eclampsia [10, 12], meconium staining of the amniotic fluid
[23], or uterine bleeding [8]), and 2) post-term birth (13) (with evi-
dence of pre-eclampsia [10, 12]). The second group of criteria—neo-
natal neurological abnormalities—included 3) hyperexcitability (25)
and 4) suspected (not definite) hypotonia (25).

Severity codes of 2,1,or 0 were assigned to the subjects in the hy-
poxic-ischemia-related fetal/neonatal complication group. Severity
code 2 was used for conditions of disordered growth and develop-
ment, including being small for gestational age, post-term, or exposed
to severe pre-eclampsia. Severity code 1 was used for all other obstet-
rical and neonatal abnormalities in the hypoxic-ischemia-related fetal/
neonatal complication group. Severity code 0 was used when no hy-
poxic-ischemia-related fetal/neonatal complications were found.

Adult Psychiatric Diagnoses

Psychiatric diagnoses were based on information from direct,
face-to-face interview or, for 15% of subjects, from telephone inter-
views. The interviews included administration of version III of the
National Institute of Mental Health Diagnostic Interview Schedule
(DIS) (29), a completely structured instrument designed to be used
by nonclinicians. Two clinician raters (G.L.Z. and Jill M. Goldstein)
reviewed together all diagnostic information for subjects who en-
dorsed at least one psychotic symptom; the raters were blind to sub-
jects’ perinatal status and family history. The raters made best-esti-
mate, consensus diagnoses using DSM-IV criteria.

Diagnoses were classified using the following categories. The cate-
gory of all psychotic disorders comprised the subcategories of DSM-
IV schizophrenia and other nonaffective psychoses and of DSM-IV
mood disorders with psychotic features. The subcategory of schizo-
phrenia and other nonaffective psychoses included schizophrenia,
schizophreniform disorder, schizoaffective disorder, delusional disor-
der, and psychotic disorder not otherwise specified. The subcategory
of mood disorders with psychotic features included bipolar I disorder
with psychotic features, bipolar II disorder with psychotic depres-
sion, and major depressive disorder with psychotic features. The cat-
egory of nonpsychotic mood disorders included bipolar I disorder
without psychotic features, bipolar II disorder without psychotic fea-
tures, and major depressive disorder without psychotic features.
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Control Variables

The six control variables evaluated in this study were familial risk,
gender, age, race, prenatal care, and socioeconomic status at birth.
Familial risk was classified according to the presence of major psy-
chiatric disorders (psychotic disorders, major depression, and ma-
nia) occurring ever in the lifetime of all first-degree relatives (30). In-
terrater reliability was evaluated by two psychiatrists (G.L.Z. and
Jordan W. Smoller); the unweighted kappa value for each diagnostic
classification was 1.00 for psychosis, 0.80 for major depression, and
0.60 for mania. The mean kappa across familial diagnoses was 0.80.
Reduced prenatal care was defined as an initial prenatal visit after
the 23rd week of gestation. Socioeconomic status was assigned a sin-
gle, continuous score for education, occupation, and family income
according to the system used for the United States Bureau of the
Census (31). 

Statistical Analysis

Unadjusted relative risk and 95% confidence intervals (CIs) were
calculated as the ratio of the lifetime prevalence of psychiatric diag-
nosis in the hypoxic-ischemia-related fetal/neonatal complication
group to the lifetime prevalence in the comparison group. Distribu-
tions of risk factors were calculated for the two groups. The bivari-
ate relations of hypoxic-ischemia-related fetal/neonatal complica-
tions to psychiatric diagnoses were examined using exact inference
on the logistic regression model with two aims: 1) to estimate odds
ratios as approximations of relative risks for each diagnostic out-
come conditioned on potential confounders and 2) to test for linear
trend for the three groups classified by level of severity of fetal/neo-
natal complications coded as 0, 1, and 2 (32). This model was also
used to test for possible interactions between hypoxic-ischemia-re-
lated fetal/neonatal complications and the control variables listed
above. All tests were two-tailed.

RESULTS

Characteristics of Subjects

Characteristics of the subjects according to hypoxic-
ischemia-related fetal/neonatal complication classifica-
tion status are summarized in table 1. The majority of

the sample was white. One hundred seventy-four of
the 693 subjects who were interviewed had hypoxic-is-
chemia-related fetal/neonatal complications. There
was a weak positive association between reduced pre-
natal care and hypoxic-ischemia-related fetal/neonatal
complications (table 1).

Familial risk of psychosis and mood disorders was
not significantly associated with hypoxic-ischemia-re-
lated fetal/neonatal complications nor with schizo-
phrenia and other nonaffective psychoses among the
study subjects, but was related to lifetime prevalence of
bipolar disorder (Fisher’s exact test, p<0.00001, two-
tailed) and nonpsychotic mood disorders (χ2=23.14,
df=1, p=0.001). There was a trend toward an associa-
tion between familial risk and all psychoses (both non-
affective and affective) (χ2=3.39, df=1, p=0.07).

Of 693 offspring, 19 (2.7%) had a lifetime diagnosis
within the all psychotic disorders category; 12 (1.7%)
were diagnosed with schizophrenia and other nonaf-
fective psychoses, and seven (1.0%) with psychotic
mood disorders. Fifty-seven (8.2%) were diagnosed
with nonpsychotic mood disorders. These percentages
are within the reported ranges of the distribution of ex-
pected lifetime prevalences (33, 34).

Risk of Adult Psychiatric Diagnosis

As shown in table 2, there was a two-fold risk of be-
ing diagnosed with a psychotic disorder in the group
with hypoxic-ischemia-related fetal/neonatal compli-
cations, compared with the group without these com-
plications. We also examined the relationship of hy-
poxic-ischemia-related fetal/neonatal complications
and other psychiatric diagnoses. These complications
were associated with more than a four-fold risk of
schizophrenia and other nonaffective psychoses, com-
pared with no complications. There were no differ-
ences between groups with and without hypoxic-is-
chemia-related fetal/neonatal complications in the
rates of mood disorders with psychotic features and of
nonpsychotic mood disorders.

Risk Adjusted for Potential Confounders

Six exact logistic regression models were used to
compute the odds ratios for risk of all psychotic disor-
ders conditioned on potentially confounding control
variables. Model 1 was unadjusted for confounders,
model 2 was conditioned on familial risk of major psy-
chiatric disorders, model 3 was conditioned on socio-
economic status, model 4 was conditioned on race,
model 5 was conditioned on gender, and model 6 was
conditioned on reduced prenatal care.

The unadjusted and adjusted results were similar for
all six models. The unadjusted risk of developing any
psychotic disorder associated with hypoxic-ischemia-
related fetal/neonatal complications was 5.41 (95%
CI=1.93–16.49, exact p=0.0004, N=19). The risk of
developing any psychotic disorder was 5.34 (95% CI=
1.90–16.34) conditioned on familial risk, 5.62 (95%
CI=1.99–17.26) conditioned on socioeconomic status,

TABLE 1. Characteristics of 693 Adult Offspring With and
Without Hypoxic-Ischemia-Related Fetal/Neonatal Complica-
tions Born to a Community Sample of Women in 1959–1966

Hypoxic-Ischemia-Related
Fetal/Neonatal Complications

Variable
Present
(N=174)

Absent
(N=519)

N % N %

Male 68 39.1 236 45.5
White 121 69.5 387 74.6
Psychotic or mood disorders 

in first-degree relatives 52 29.9 146 28.2
Reduced prenatal carea 100 57.5 250 48.2
Mother smoked cigarettes 

(1–3 packs/day) 56 32.2 173 33.3

Mean SD Mean SD

Age at interview (years) 22.9 2.2 23.2 1.9
Mean socioeconomic status indexb 43.1 18.2 46.1 19.3
a Significant difference between groups (χ2=4.48, df=1, p<0.04;

odds ratio=1.10; 95% CI=1.01–1.20).
b According to the system used by the U.S. Bureau of the Census

(31).
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5.23 (95% CI=1.86–15.95) conditioned on race, 5.26
(95% CI=1.87–16.04) conditioned on gender, and
4.80 (95% CI=1.66–14.91) conditioned on reduced
prenatal care. Because of the low base rates of psy-
chotic disorders and the small number of psychotic
subjects with no relevant hypoxic-ischemia-related fe-
tal/neonatal complications, the odds ratios and 95%
confidence intervals were greater than those of the rel-
ative risks, but remained consistent.

We examined the relative strength of the associa-
tion between psychosis and hypoxic-ischemia-related
fetal/neonatal complications that reflected disordered
growth and development versus other heterogeneous
conditions within the hypoxic-ischemia-related clas-
sification. Tests of trend comparing the relative risks
for psychiatric disorders associated with these different
classes of complications are presented in table 3. Con-
ditioned on familial risk, a significantly greater rela-
tion was observed between hypoxic-ischemia-related
fetal/neonatal complications associated with disor-
dered growth and development, compared with all
other hypoxic-ischemia-related fetal/neonatal compli-
cations, and the risk of psychosis, particularly schizo-
phrenia and other nonaffective psychoses.

To examine further the independence of the associa-
tion between hypoxic-ischemia-related fetal/neonatal
complications and the risk of nonaffective psychoses as
well as affective psychoses, we included an interaction
term in these logistic regression models for hypoxic-is-
chemia-related fetal/neonatal complications and each

variable listed in table 1. For schizophrenia and other
nonaffective psychoses, there were no significant inter-
actions between hypoxic-ischemia-related fetal/neonatal
complications and familial risk, sex, age, race, amount
of prenatal care, cigarette smoking, and socioeconomic
status. There was one trend toward significance for risk
of schizophrenia and other nonaffective psychoses: the
presence of familial risk was associated with an exact p
for trend=0.11 (N=12). On further stratification, the
risk of schizophrenia and other nonaffective psychoses
was 12.17 (95% CI=0.83–178.25) in the presence of fa-
milial risk and 1.89 (95% CI=0.96–3.74) in the absence
of familial risk, suggesting the possibility of a quantita-
tive interaction between these fetal/neonatal conditions
and familial risk. For all other psychiatric diagnoses, in-
cluding all psychotic disorders, psychotic mood disor-
ders, and nonpsychotic mood disorders, no interaction
terms were statistically significant.

DISCUSSION

We found a significant, independent, graded associa-
tion between fetal/neonatal complications associated
with vulnerability to hypoxic ischemic compromise to
brain development and lifetime risk of schizophrenia
and other psychoses. The association with hypoxic-is-
chemia-related fetal/neonatal complications was at-
tributed to the large magnitude of risk for early-onset
schizophrenia and other nonaffective psychoses in this

TABLE 2. Relative Risks of Psychotic and Mood Disorders Among Adult Offspring With and Without Hypoxic-Ischemia-Related
Fetal and Neonatal Complications Born to a Community Sample of Women

Diagnosis

Hypoxic-Ischemia-Related
Fetal/Neonatal Complications

Fisher’s Exact Test, 
Two-Tailed (p)

Relative
Riska 95% CI

Present
(N=174)

Absent
(N=519)

N % N %

All psychotic disorders 12 6.90 7 1.35 0.0004 2.06 1.43–2.97
Schizophrenia and other nonaffective psychoses 10 5.75 2 0.39 0.00003 4.56 2.42–8.59
Bipolar disorder 4 2.30 6 1.16 0.46 1.99 0.41–8.60
Psychotic mood disorders 2 1.15 5 0.96 1.00 1.05 0.67–1.63
Nonpsychotic mood disorders 16 9.20 41 7.90 0.63 1.05 0.89–1.23
a Estimated unadjusted relative risk.

TABLE 3. Risk of Psychotic and Mood Disorders Among Adult Offspring of a Community Sample of Women According to Sub-
class of Hypoxic-Ischemia-Related Fetal/Neonatal Complicationsa

Diagnosis

Total N
With

Diagnosis

Subclass of Hypoxic-Ischemia-Related
Fetal/Neonatal Complications

p for 
Trendc

Other (N=42)b
Disordered Growth

and Development (N=132)b

Odds Ratio 95% CI Odds Ratio 95% CI

All psychotic disorders 19 1.50 0.03–12.34 6.93 2.38–21.67 0.0004
Schizophrenia and other nonaffective psychoses 12 5.50 0.09–108.72 19.25 3.91–185.97 0.0001
Bipolar disorder 10 5.93 0.91–29.74 0.67 0.01–5.62 0.07
Psychotic mood disorders 7 1.46 0.00–11.15 1.66 0.16–10.34 0.65
Nonpsychotic mood disorders 57 1.57 0.50–4.20 1.00 0.43–2.13 0.64
a Exact inference for the parameters of the logistic regression analysis conditioned on familial risk at adult follow-up was used.
b The reference group is adult offspring with no hypoxic-ischemia-related fetal/neonatal complications (N=519).
c Exact test for linear trend across the three groups of hypoxic-ischemia-related fetal/neonatal complications (0=none, 1=other, 2=disor-

dered growth and development).
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19-year follow-up study. Correspondingly, these com-
plications were not associated with early-onset mood
disorders.

The strikingly large magnitude of the relation be-
tween hypoxic-ischemia-related fetal/neonatal compli-
cations and risk of schizophrenia and other nonaffec-
tive psychoses is consistent broadly with other research
findings (10, 16, 35). These results are concordant also
with a report finding ischemic brain injury in new-
borns to be associated with long-term neurobehavioral
sequelae (36). The importance of this theoretically de-
rived classification partly stems from the shift in focus
away from general obstetrical factors or “optimality”
of the pregnancy (37) and to adverse fetal/neonatal
conditions associated with a more homogeneous, pre-
defined etiologic pathway of risk. Although the find-
ings are based on a small number of individuals who
developed psychotic disorders, the diagnostic specific-
ity lends further support to the association between hy-
poxic-ischemia-related fetal/neonatal complications
and early-onset schizophrenia and other nonaffective
psychoses.

Identification and definition of these complications
was based on a synthesis of clinical observations tem-
pering the interpretation of evidence in the research lit-
erature on schizophrenia (1, 23–23, 26). There is evi-
dence that control of developmental and reproductive
problems such as abnormal fetal growth rates, prema-
turity, recurrent spontaneous abortion, and severe pre-
eclampsia may be largely genetic in origin (26, 38).
These conditions appear to be related in some way to
maternal and fetal major histocompatibility genotypes,
suggesting that complex genetic mechanisms may un-
derlie a group of disorders of growth, development,
and reproduction (26), which may in turn interact with
other genes that contribute to the schizophrenia dis-
ease process.

This study demonstrates an association, but not nec-
essarily a direct causal relation between hypoxic-is-
chemia-related fetal/neonatal complications and risk
of schizophrenia. Typically, researchers have assumed
obstetrical risk factors to represent extrinsic brain in-
jury separate from genetic factors (6). This assump-
tion, however, may not reflect the complete picture
(12, 22). Taken together with earlier findings of a
heightened susceptibility to schizophrenia related to
obstetrical complication in the presence of genetic risk
(39) and developmental anomalies (40), the data pre-
sented here provide intriguing clues suggesting that
certain genetically mediated developmental processes
associated with vulnerability to environmental intra-
uterine insults may predispose to later schizophrenia.

Rather than simply suggesting a “continuum of re-
productive casualty” of extrinsic insults to the fetal
brain surrounding gestation (41), our findings provide
further support for a continuum of genetic risk interact-
ing with a spectrum of environmental risk for schizo-
phrenia (22). It is possible that genes involved in disor-
dered development may amplify the effects of genes
that may primarily mediate liability to schizophrenia.

The etiology of schizophrenia may depend on the na-
ture of the interaction between combinations of genetic
factors and extrinsic insults that affect brain develop-
ment before the first psychotic break (42). In keeping
with such a gene-environment view, extrinsic risk fac-
tors such as traumatic brain injury (9, 43), severe hy-
poxic insult (17, 21) or viral infection (43) could
heighten the genetic vulnerability to schizophrenia.

Limitations

Five limitations of this study should be acknowl-
edged. First, the expected low base rate of psychotic
disorders in this small cohort reduces the stability of
the findings, as reflected in the wide confidence inter-
vals for the risk ratios and the inability to control si-
multaneously for multiple confounders. However, we
used conservative statistical methods for the logistic re-
gression analyses conditioned on major potential con-
founders, and the results were consistent. Neverthe-
less, uncontrolled confounding remains a possibility.

Second, a systematic study of psychiatric disorders in
first-degree relatives and genetic studies of the candi-
date genes would be necessary to assess adequately an
interaction with genetic risk for schizophrenia. An un-
derestimate of familial risk would leave the results vul-
nerable to residual confounding by genetic factors.
However, a graded, specific relation of this magnitude
between hypoxic-ischemia-related fetal/neonatal com-
plications and early onset schizophrenia and other
nonaffective psychoses due to residual confounding is
unlikely.

Third, the time to follow-up is too short to ascertain
comparable lifetime rates of mood disorders, which
have an age at onset and period of greatest risk later
than schizophrenia. The short follow-up period could
result in an underestimate of the risk of mood disor-
ders, relative to the risk of schizophrenia, that is asso-
ciated with these hypoxic-ischemia-related fetal/neo-
natal complications. Nonetheless, general obstetrical
complications have been associated with mood disor-
ders of early onset (44), and other fetal/neonatal com-
plication categories may be more relevant to mood dis-
orders. The hypoxic-ischemia-related classification is
one of a number of hypothetical pathways of neurode-
velopmental risk for schizophrenia (22, 42). Likewise,
because of the relatively young age of the subjects at
follow-up, individuals with later-onset psychoses are
not be represented in the findings. In addition, the
study sample may not be representative of individuals
of other ethnic backgrounds or of individuals in differ-
ent time periods or different regions.

Finally, cross-sectional diagnostic interviews by non-
clinicians may underestimate the prevalence of psy-
chotic disorders (45), which would attenuate the true
risk of schizophrenia. To identify diagnoses of schizo-
phrenia accurately, structured clinical interviews
should be conducted on follow-up using two-stage as-
certainment with supplementation by hospital records
over a defined time period. However, the frequencies
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of diagnoses identified in this study are in accord with
findings from published reports (33, 34). Also, the di-
agnostic reliability was high due to the agreement
achieved through best-estimate, consensus diagnoses.

Despite these limitations, this study presents an im-
portant step forward in classifying obstetrical compli-
cations along targeted pathways of fetal/neonatal risk.
The indices of the hypoxic-ischemia-related fetal/neo-
natal complication classification presented in this pa-
per need to be refined through iterative assessments
linked directly to brain structure and function. Because
effects that have been attributed to hypoxic-ischemia-
related fetal/neonatal complications may be at least
partly genetically mediated, a revised approach to sys-
tematic genetic analyses that includes evaluation of the
role of fetal-maternal compatibility may prove infor-
mative (22, 26, 38). Successive refinements of these
measures based on findings from neuroimaging and
genetic studies will need to be incorporated into longi-
tudinal research of schizophrenia.
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