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Abstract

The authors review environmental and neurodevelopmental risk fac-
tors for schizophrenic disorders, with emphasis on minor physical
anomalies, particularly craniofacial anomalies and dermatoglyphic
variations. The high prevalence of these anomalies among schizo-
phrenic subjects supports the neurodevelopmental theory of the etiol-
ogy of schizophrenia, since they suggest either genetically or epige-
netically controlled faulty embryonic development of structures of
ectodermal origin like brain and skin. This may disturb neurodevelop-
ment that in turn may cause these subjects to be at increased risk for the
development of schizophrenia and related disorders. The precise
confirmation of this theory, at least in some cases, will provide further
understanding of these illnesses, allowing easy and inexpensive iden-
tification of subjects at risk and providing guidelines for the develop-
ment of new pharmacological interventions for early treatment and
even for primary prevention of the illness.
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Introduction

Despite many technical and medical ad-
vances over the past ten years, at the end of
the Decade of the Brain schizophrenia is still
a personal and family disaster. Research over
the past few decades has demonstrated with
increasing frequency the presence of brain
lesions dating back to early brain develop-
ment (1). This has resulted in a change in the
concept of schizophrenia from a disease of
the mind to a disease of the brain. This
neurodevelopmental model is not a new con-
cept. In fact, it is a reconsideration of the
XIX century�s concept about a precocious
psychotic condition preceding a �secondary

dementia� (2) that affects adults from 18 to
24 years, particularly men, with associated
cognitive impairment early in the course of
the disease.

Here we review the main evidence for the
neurodevelopmental theory of schizophre-
nia. The articles for this review were selected
through a systematic literature search of
Medline from 1994-1999. The key words
used were �schizophrenia�, �neurodevelop-
mental�, and �risk factors�. The criteria for
selection of the articles were systematic as-
sessment using DSM-III-IV criteria, case-
control design, and adequate description of
index and comparison cases. Additional pa-
pers from citations of these articles were also
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included according to the same criteria.

Evidence for association of neurode-
velopmental abnormalities with the
course of schizophrenia

Neurodevelopmental disorders such as
speech retardation and reading and/or motor
disabilities are usually non-progressive and
appear during the first decade of life. Cere-
bral morphologic alterations include micro-
cephaly, hydrocephalus, abnormal cell mi-
gration and asymmetry of specific brain re-
gions (3). The schizophrenias have many
characteristics of neurodevelopmental dis-
orders, although, because of their many dif-
ferent clinical presentations, there is often
great difficulty in making any general state-
ment about this group of disorders. If we
consider the neurodevelopmental theory in
schizophrenia, it is reasonable to presume
that the morbid process is present in a latent
state and that the lesion(s) and some neu-
rodevelopmental abnormalities could be ob-
served before diagnosis. Although most pro-
spective studies that have looked for neu-
rodevelopmental abnormalities in schizo-
phrenia before diagnosis report negative re-
sults, some did detect subtle behavior and
intellectual abnormalities as possible �pre-
dictors of risk� for the development of schizo-
phrenia (4). These findings, however, are
inconsistent, raising doubts about the neu-
rodevelopmental theory (3,4).

A persistent question can be raised. If the
initial lesion occurs in early neurodevelop-
ment, why would the disease become clini-
cally manifest usually at the end of adoles-
cence? A possible explanation is the occur-
rence of some maturational processes
throughout adolescence that modulate psy-
chosis (2). It is known that the human brain
reaches approximately adult size during the
early school years, and that this growth seems
to be affected by the increase of gray matter
volume as opposed to white matter volume
(2,3,5). It is also known that the fine tuning

of neuronal connections and the selective
reduction of cerebral structures occurs dur-
ing early cerebral maturation. A genetic al-
teration in some maturational mechanisms,
such as �cortical pruning�, expressed during
adolescence can explain the delay between
initial lesion and illness onset (2,5). Accord-
ing to some authors (3), most schizophrenic
patients display a clinical picture that fits the
neurodegenerative model better than the neu-
rodevelopmental model. It consists of a de-
cline in function of previously healthy per-
sons, progresses over months or years with
exacerbations and remissions and higher or
lower expression of psychotic and/or nega-
tive symptoms, with only a small group of
patients returning to the premorbid state (3).
Complete remission of schizophrenia is not
often seen in patients diagnosed according
to rigorous diagnostic criteria.

Neuropathological evidence

An important issue for the neurodevelop-
mental theory is the failure of major early
studies to detect gliosis (considering gliosis
as the evidence of a brain reaction to after-
birth insults, producing �glial scars�) (3).
Cerebral abnormalities in the absence of
gliosis may probably indicate abnormalities
of fetal cerebral development instead of neu-
rodegeneration (3). Some neuropathological
studies have failed to detect evidence of
gliosis (1), but others have described it in
subcortical and periventricular areas. Dur-
ing cerebral development, neuronal prolif-
eration occurs in ventricular and subven-
tricular zones, with cortical cells migrating
through radially aligned glial fibers to the
final positions. Therefore, reduction or de-
rangement of the neurons in the cortical
areas would be an indication of cerebral
development abnormalities (2,5).

There is evidence that schizophrenic
brains are approximately 5-8% lighter and
4% smaller than healthy controls (2,6).
Nelson et al. (7), in a magnetic resonance
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imaging (MRI) meta-analysis study, demon-
strated a positive association between schizo-
phrenia and the reduction of the bilateral
hippocampus and, probably, amygdala.
Akbarian et al. (8) found a reduction in
neurons expressing NADPH-diaphorase in
more external cortical layers and an excess
in the inferior layers of white matter of the
frontal and temporal cortex of schizophrenics.
Several other studies of chronic institution-
alized patients demonstrated a reduction of
total cerebral weight, hemispheric volume,
cortical volume and gray matter size, to-
gether with ventricular enlargement, sug-
gesting that brain changes could be risk fac-
tors, rather than �causal� factors (3,9). Gur
et al. (10), using MRI measurements, found
a reduction in gray matter volume in chronic
and neuroleptic-naive schizophrenic patients,
also indicating a developmental process.
Ventricular enlargement is also found in sev-
eral genetic and neurodevelopmental dis-
eases, and in 15 to 30% of schizophrenic
patients (3). Many studies have reported
higher ventricular brain ratios in schizo-
phrenic patients compared to controls (11),
and there is also evidence that the enlarge-
ment is present before the onset of the dis-
ease and is not progressive (12).

According to Stevens (3) and others (9,
11), in spite of demonstrating smaller ven-
tricular brain ratio differences than reported
in previous studies, this finding still is of
unquestionable value for the understanding
of the disease and for the demonstration of
disease heterogeneity.

Chronological markers

The chronological markers of neuroem-
bryogenesis refer to anthropometric charac-
teristics that reflect a prenatal insult. The
most studied anthropometric markers in
schizophrenia are minor physical anomalies
(MPA) and dermatoglyphic marks (DM).
Several other psychiatric disorders show as-
sociation with MPA and DM (e.g., child-

hood hyperkinetic syndrome, autism and
behavioral childhood disturbances). MPA
found in the cephalic area, hands, and feet
can indicate a neurodevelopmental problem
dating back to the first gestational quarter.
DM consists of digital and palmar line alter-
ations and indicates second-trimester devel-
opmental problems (13-17).

The rationale underlying the association
of MPA/DM and disturbed neurogenesis is
based on the fact that each of these organs
originates from the same primordial tissue.
The neural tube develops from the primitive
ectoderm, with the ventricular system and
cerebral tissues originating from the neural
tube lumen. As a case in point, retinoic acid
excess or deficit in the first trimester can
simultaneously affect both neuronal migra-
tion and cortical subplate development and
non-neuronal surface ectoderm formation
(18). Such maldevelopment can result in
craniofacial abnormalities, particularly of the
eyes and ears, as well as surface epidermal
anomalies, such as altered dermatoglyphic
lines and extranumerary nipples (2,18).

Dermatoglyphic marks

Dermatoglyphs is the term used to de-
scribe epidermal lines of the skin of digital
pulps, palm of the hands and feet. Epidermal
lines are already well developed around the
second trimester, but the process is not con-
cluded until the last trimester. Once com-
plete, the lines remain unchanged until the
end of an individual�s life, except for growth
in size (19). In 1939, DM have been de-
scribed in Down syndrome patients (17).
Later, in 1966, unusual DM were summa-
rized in 68 clinical diseases, including chrom-
osomal aberrations, monogenic diseases, and
also diseases of uncertain genetic origin,
including congenital heart disease, psoria-
sis, and alterations due to toxic environmen-
tal factors such as thalidomide and rubella
(20-22). Neurological and epidermal tissues
share some common aspects of development
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such as similar ectodermal origin, rapid de-
velopment during the second trimester of
gestation and susceptibility to neuronal
growth factor. Cerebral and epidermal growth
are both influenced by hormones like testos-
terone, in both sexes, during dermatoglyphic
development. It is well known that epider-
mal growth factor stimulates astrocyte divi-
sion after the beginning of differentiation of
glial cells at 12 weeks of gestation and that
these emerging glial cells have an important
role in blood-brain barrier definition (23).
DM become especially interesting in the
study of association of problems of cerebral
development involving several neurological
disorders in twins discordant for schizophre-
nia. These include hippocampal-amygdala
complex reduction, ventricular dilatation and
high scores of neurological alterations in the
affected twins. This evidence has encour-
aged the search for environmental factors
acting as �genotypic liberators� (19,24-27).
Bracha (25), in a study of monozygotic twins
discordant for schizophrenia, confirmed
changes in dermatoglyphic counts, such as
had previously been described in schizo-
phrenic patients, providing further evidence
of some deleterious effects around the sixth
month of pregnancy leading to simultaneous
neurologic and dermatologic abnormalities.
It is important to point out that monozygotic
and dizygotic twins do not necessarily share
the same prenatal environment. One of the
great determinants of the prenatal environ-
ment is the placenta. Approximately a third
of monozygotic twins and all dizygotic twins
are dichorionic. Davis et al. (19) proposed
that variations in twin placentations also
account for differences in twin concordance,
even for schizophrenia, when it is consid-
ered that prenatal infections play a role in its
etiology (19,25,28,29).

Minor physical anomalies

Individual physical alterations are not
very important from a clinical or cosmetic

point of view, and it is acknowledged that
normal people can have one to four of these
anomalies. An excessive number of MPAs,
however, is associated with several child-
hood behavioral problems and suggests ge-
netic neurodevelopmental influences. Wald-
rop et al. (30) elaborated a scale for 18 differ-
ent abnormalities associated with the first
trimester of development involving head,
hands and feet. These include low ear im-
plantation, hypertelorism, high-arched pal-
ate and microcephalus, among others. Sev-
eral neurological disorders like epilepsy,
mental retardation and learning disabilities
are associated with the presence of these
anomalies. Studies comparing schizophrenic
patients with normal controls also found an
excess of MPAs in schizophrenics (15,16).
In a study correlating MPAs with Wechsler
Scale performance a strong correlation of
MPAs with lower verbal IQ and poor pre-
morbid adjustment was observed (16). The
authors suggest that this finding can indicate
first-trimester insults leading simultaneously
to MPAs and neurological abnormalities and
consequently to impaired social adaptation
and, perhaps, schizophrenia (16).

In any speculation about the role of MPA
in schizophrenia, it is important to keep in
mind that MPAs are nonspecific predictors
of potential psychopathology in schizophre-
nia, evidencing disruption of normal first-
and second-trimester gestation. Green et al.
(15), in a non-controlled study, found MPAs
associated with early onset of illness (before
age 18). A later study comparing patients
with schizophrenic and bipolar disease and
family controls found increased prevalence
of MPAs among schizophrenic patients, con-
firming previous associations of these mark-
ers with earlier age of onset and lower
premorbid adjustment. The authors suggest
that MPA may be predominantly associated
with congenital rather than genetically de-
termined cases of schizophrenia, linking pre-
natal insults to increased risk for schizophre-
nia (15). However, at least  one study has
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demonstrated high rates of MPAs in the
relatives of schizophrenic probands, sug-
gesting a genetic association (18).

Risk factors

Countless factors have been associated
with increased risk for schizophrenia, in-
cluding maternal malnutrition or intoxica-
tion, infections, obstetric complications,
maternal stress, in addition to different ge-
netic factors. The genetic factors are the
most robust of all, contributing 30 to 40% of
the agreement observed in monozygotic twins
(31). This partial agreement in monozygotic
twins provides additional support to the most
accepted hypothesis of a multifactorial syn-
ergism in a threshold model for schizophre-
nia (32-42).

Obstetric complications

There are several lines of evidence sug-
gesting that obstetric complications are im-
portant risk factors for at least some types of
schizophrenia. The concept of obstetric com-
plications is, however, broad enough to al-
low different meanings. It represents a vari-
ety of different somatic deviations with prob-
ably different risks for schizophrenia (38).
Schizophrenic patients at high genetic risk
with a history of serious childbirth compli-
cations, anoxia, secondary hemorrhage and
birth complications are at increased risk to
display enlarged third ventricle, periventricu-
lar damage, and prevalence of negative symp-
toms (43). Geddes (44), in a meta-analysis of
12 studies looking for complications of preg-
nancy and labor in 700 schizophrenics and
635 controls, found a significant association
between schizophrenia and premature rup-
ture of membranes, gestational age less than
37 weeks and use of resuscitation or of an
incubator. They also found a borderline as-
sociation with forceps delivery and birth
weight lower than 2,500 g.

Some obstetric complications originate

during the prenatal period, and several au-
thors have suggested that this might well be
a consequence, rather than a cause of the
disease, indicating that fetuses at higher ge-
netic risk for schizophrenia with intrauterine
damage are at increased risk for asphyxia
and anomalous presentations, in the same
way as malformed fetuses (45). Jones et al.
(46), in a North Finland 28-year cohort study,
found associations between low birth weight
(defined as less than 2,500 g) combined with
prematurity (less than 37 weeks) and later
schizophrenia, also indicating problems in
fetal development. McNeil and Cantor-Graae
(47) did not find support for this association
in a recent study comparing schizophrenic,
discordant and concordant monozygotic
twins for schizophrenia and individuals at
genetic risk. They suggested that complica-
tions occurring at labor-delivery do not rep-
resent an epiphenomenal consequence of
preexisting fetal abnormality and are rather
an etiological factor.

Some studies have suggested a possible
connection between obstetric complications
and ventricular enlargement but others have
failed to confirm it (2). It has also been
suggested that males are more sensitive to
obstetric complications than females, prob-
ably due to differences in timing of cerebral
maturation (43,45).

Maternal nutrition

There is increased evidence concerning
the association of nutritional factors and
schizophrenia. Brown et al. (35), in a recent
review, concluded that the effects of food
deprivation are compatible with increased
rates of schizophrenia and that food depriva-
tion causes adverse neurodevelopmental ef-
fects. To explain the small impact on fre-
quency distribution in countries with en-
demic famine they emphasized the fact that
in these countries chronic malnutrition is
often accompanied by other long-standing
health and social problems such as infec-
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tions and poor prenatal and postnatal care.
This, in turn, could decrease the chances of
survival of fetuses and newborns until the
age of risk for schizophrenia. The authors
also suggest that deficiency of specific nutri-
ents causing neural tube defects have been
reported even in countries with adequate
food supplies. Susser and Lin (48), in a
retrospective study of a Dutch population
submitted to food deprivation during the
winter of 1944-45, found a larger number of
psychiatric admissions for schizophrenia 20
years later, suggesting that food deprivation
during pregnancy increased the risk for
schizophrenia.

In spite of these observations, the only
definitive evidence is the association of low-
ered ingestion of folic acid during the first
trimester of pregnancy with an increased
risk for neural tube defects (spina bifida,
hydrocephalus, anencephaly). Evidence re-
lating nutritional deprivation in utero to sub-
sequent schizophrenia can be considered to
be a strong argument favoring the retinoid
theory of schizophrenia developed by Good-
man (18,49).

Seasonality

Epidemiological studies in temperate
countries have pointed to the increased preva-
lence of births of schizophrenics in late win-
ter and early spring. Similar, but less pro-
nounced increases have been reported for
bipolar disorder, but not for neurotic or per-
sonality disorders. Fanãnas et al. (50) have
suggested that higher rates of winter and
spring births could result from seasonal varia-
tion of parental procreational habits that may
be age and class associated, but not associ-
ated with variables related to the disease
itself. However, subsequent studies failed to
confirm this explanation (51).

Much evidence links seasonal atmosphere
changes with fetal damage, growth retarda-
tion and increased risk for schizophrenia
(38). Environmental factors suggesting the

association of birth seasonality with schizo-
phrenia include infectious agents, nutritional
factors and environmental temperature
changes during childbirth. Crow (52) argued
for an interaction of these factors with ge-
netic ones. Among these factors, prenatal
viruses are among the most common expla-
nations.

Many infectious diseases show a sea-
sonal pattern, with typical peaks of inci-
dence. Rubella, for example, peaks in the
autumn, following maternal infection during
spring (peak season for adult rubella). The
seasonality for anencephaly, congenital ab-
normalities and mental retardation is ex-
plained in the same way. However, seasonal
changes or any other environmental changes
contributing to the etiology of schizophrenia
may not necessarily occur during the prena-
tal period (38). All the above-mentioned
factors provide clues pointing to altered bio-
chemistry in schizophrenia. This happens in
primates mainly because of the maturational
delay of the central nervous system (CNS),
with brain development continuing into early
and late childhood. This results in several
critical periods over many months and years
after birth. This long developmental time-
table contributes to the chance of increased
CNS vulnerability to negative environmen-
tal effects.

Infectious diseases

Several epidemiological studies have
shown that maternal exposure to influenza
virus or other viruses during the second tri-
mester of gestation is associated with in-
creased incidence of schizophrenia later in
adulthood. There is still controversy about
the role of viruses in the etiology of schizo-
phrenia. This is due to the lack of direct
evidence for this association, which could
be demonstrated by the identification of an
antiviral antibody or virus itself in serum,
fluid or cerebral tissue of schizophrenic pa-
tients. An additional difficulty in the confir-
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mation of this theory derives from the long
period of time from gestational exposure to
outcome (20 or 30 years later) (32-34,36,43,
53-56).

Wright and Murray (57) reviewed the
association of prenatal influenza and au-
toimmunity in schizophrenia. The authors
cited Esquirol who, in 1838, noticed �epi-
demics� of psychotic disorders he called
�insanity� involving large numbers of indi-
viduals. Also, Kraeplin described a �preco-
cious� insanity and hypothesized that infec-
tions �in developmental years� could have
some causal role. This idea was later rein-
forced by the endemic nature of several bac-
terial infections at the beginning of this cen-
tury, like syphilis, tuberculosis, typhoid fe-
ver, cholera and influenza after the 1917
epidemic (52,57). Still, the mechanism of
viral CNS damage has not been well de-
scribed. It is known that several neurotrophic
viruses like influenza, Epstein-Barr or cy-
tomegalovirus can cross the blood-brain bar-
rier. In the case of influenza this can occur
through the expression of capsular neura-
minidase that alters �sialic moiety acids�,
enzymes of neural adhesion molecules that
regulate neuronal migration during neuro-
embryogenesis (38,57). It is also possible
that maternal virus antibodies act as fetal
anti-cerebral antibodies, since these antibod-
ies are known to cross the placenta. It is also
possible that some unspecific factors of in-
fection like fever or anoxia could account for
CNS pathology (38).

Recent population studies evaluating the
influenza epidemics of 1954, 1957 and 1959
in Australia and Japan have revealed posi-
tive associations between gestational expo-
sure to virus and later schizophrenia. The
Japanese study found an increased risk for
female schizophrenia. McGrath et al. (54)
suggested a difference related to the month
of viral exposure (excess of male schizo-
phrenia births 4 months after inception of
the 1954 epidemic and of female births 5
months after the 1957 epidemic, with no

association in the 1959 epidemic) (53,54).
A factor confounding a viral causation

may be the maternal use of analgesics to treat
viral infection during gestation. Use of anal-
gesics has been associated with increased
risk of anencephaly and other congenital
CNS defects. Acetylsalicylic acid is a potent
anticoagulant that can increase fetal brain
hemorrhages. The association between de-
creased aspirin use in Finland and Scandina-
via in the sixties and reduced incidence of
schizophrenia later in the 1990�s (38) still
needs confirmation by additional studies.

Final considerations

The present review shows that in a large
number of cases of schizophrenia there is
consistent evidence supporting a combined
effect of genetic and congenital factors gen-
erating neurodevelopmental abnormalities.
These, in turn, could lower the threshold for
schizophrenia through several biochemical
and physiologic mechanisms, with faulty
�thalamic filtering�, lowering �buffering ca-
pacity� for stress control, and other feedback
mechanisms for environmental adjustment.
More detailed tests of this theory using vari-
ous combinations of specific risk factors
invoking the threshold model of schizophre-
nia are needed to describe the full range of
neurodevelopmental abnormalities in the dis-
ease. Neuronal migration abnormalities in
schizophrenia have been associated with
maternal famine (48), and more recently with
retinoid dysregulation (18,49). A precise
identification of these mechanisms under
the neurodevelopmental theory of schizo-
phrenia would allow a better understanding
of the physiopathology and biochemistry of
the disease and also permit a better risk
assessment and early intervention in differ-
ent stages of the disorder. Furthermore, un-
derstanding causation in schizophrenia could
provide avenues for specific interventions
for high-risk subjects and preventive correc-
tion of altered nutritional or biochemical
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defects. This is the case in possible retinoid
cascade dysregulation (18,49) and in altered
expression of phospholipids (58) or ectoen-
zymes (5�-nucleotidase) (59). These possi-
bilities, if confirmed according to the
neurodevelopmental theory of schizophre-
nia and related illnesses, would pave the

road for specific and potent treatments for
these catastrophic disorders.
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