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2 Early Environmental

Determinants of Schizophrenia

Jason Schiffman, MA,
John Carter, MA, Ricardo Machén, PiD,
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Modern research conceptualizes schizophrenia as a disorder stemming from
multiple sources of risk. Genetic vulnerability (having parents with schiz :§ renia)
is the single strongest liability for schizophrenia. Resgarc ﬁ; early
environmental determinants contributi r@zl ment of schizophre-

ia. e rly, s‘ifggggz te alth’during pregnancy,
ical comp '0@ pregnancy, and later rearing circumstances
dhoo is chapter discusses each of these early environmental risk

factors in turn.

To help explain the origins of schizop ia, Medni ¢
a “two-hit model’ T EOTY f;‘-‘ that two st ifg,” result in
increased risk for@o%r rs it stemsfroma g icliability for
schizophrenia that may increasetisk for disruptions of fetal neural development.
In cases with low genetic risk, teratogens such as influenza, or maternal stress,
during a critical period of gestation (e.g., second trimester), may cause disrup-
tions of fetal neural development that contributes to later schizophrenia. Accord-
ing to the theory, the second hit is an environmental stressor; examples of second
hits include high levels of family stress, unstable rearing circumstances, and
possibly obstetrical complications. When the first and second hits occur, risk for

schizophrenia increases.

THE FIRST HIT: SECOND-TRIMESTER
DISRUPTION AND ADULT MENTAL HEALTH

In 1988, we reported an increase in the rate of schizophrenia among Helsinki
residents exposed to the 1957 influenza virus. Individuals were at greater risk for
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schizophrenia if they were exposed to the virus during the second trimester (or
more precisely, the sixth month) of fetal development (2). Since 1988, most research
continues to support the hypothesis that a teratogen experienced during the second
trimester increases risk for schizophrenia (3—6). There have been some failures
to replicate (7). In a follow-up of our original 1988 report, we reported that 86.7%
of'schizophrenia patients whose second-trimester gestation overlapped the height
of the epidemic had mothers who actually contracted influenza (not simply
exposed) (8).

Sixth-Month Studies

Timing of exposure may impact later psychopathological outcome. Five pre-
natal influenza infection studies similar to our own suggest that the schizophre-
nia-relevant teratogen occurred during the sixth month of gestation (9-13).

In addition to schizophrenia, affective disorders, as well as violent offénding,

e§ tnjaffec-

relate to maternal influenza infection (14, 15). Results sug i S

tive disorders among individuals exposed e 957 Hélsinkiin zaduring the

second tri er. The aut@iV |§§1 theelpr timing oflexposure of patients
0 ie

e a
with schizaphren elaxp fpat withaffective disorders. The major-
ity of indiyiduals with af edisorders experienced influenza exposure during

the fifth m of gestation, whereas the majority-of individuals-with schizo-

phrenia experienced influenza exposure dyring thie si 0 ation (8).

Examining this ¢ cohortalso arel 'on@; lent/offending

and second-trimes u@; nza e : nick@nd Tehrani
-madnth a

contend that late si eventh-month exposure to the influenza
epidemic increases ¥isk for violent criminal offending, but not property offend-
ing (16). These data suggest that specific behavioral deviance may differentially
relate to specific brain systems. If the development of a specific brain system is
compromised, then risk for a specific behavioral disorder may be increased. Which
brain region is at risk may depend on which fetal brain area is experiencing rapid
development at the time of the impact of the teratogen.

EFFECTS OF A FIRST HIT:
SCHIZOTYPAL PERSONALITY DISORDER
AND SECOND-TRIMESTER DISRUPTION

Schizotypal personality disorder (SPD) resembles schizophrenia in nature,
but is lesser in terms of severity of symptoms. Researchers often consider SPD
as aless severe condition on a continuum toward schizophrenia. SPD is more com-
mon and less debilitating than schizophrenia, therefore, studying individuals with
SPD offers a more convenient population to derive information regarding the
determinants of schizophrenia.
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Asmentioned earlier, we have suggested that schizophrenia is a “two-hit” dis-
order. We posit that the first hit alone, without a second hit, may increase risk for
neural disorganization leading to cognitive and perceptual distortions observed
in people with SPD.

The Finnish Recruit Study

We predict that a severe influenza epidemic may constitute increased risk for
a first hit and may correlate with an increase of births of individuals who later
develop SPD. (Some of these individuals will suffer a second hit, which will in-
crease risk for schizophrenia.) We determined to test the hypothesis that a second-
trimester maternal influenza exposure would correlate with an elevation in the
number of SPD individuals. We exploited the fact that almost all Finnish young
men must serve in the military. All new recruits are given the Minnesota Multi-
phasic Personality Inventory (MMPI). We defined an MMPI scale score |pattern

that would relate to an SPD diagnosis. We hypothesized that recruits
an influenza epidemic during their sixth mo f ation \@}
evidence a pattern of MMPI scales,sc e:@a @no 0
nonexposed rec @

is i tan

All Fi draft standardized battery of psychological tests,
including [.In 1969, a pandemic of type A influenza struck Helsinki,

Finland, between January 12 and January 26’ We@analy hé ‘adult Plresults

of individuals in u during the p (N33 a parison group,

we examined the @S‘J f a\noni xpased group born 2
e

years later (V=215 5" Anlin of birth provided an estimate of the
week of exposure ta the pandemic. The influenza group had an average of 58 indi-
viduals born each week (SD = 8.8). (Note that the exposed and nonexposed sub-
jects were tested with the MMPI at the same age.)

To provide a relative index of schizotypal personality disorder, we combined
scales 7 (Pt, Psychasthenia) and 8 (Sc, Schizophrenia) of the MMPI to construct
the SPD scale score (17). (The original formulation of the SPD composite included
scale 2 [D, depression] in the index of SPD. The Army psychological evaluation
of subjects in this study did not include the administration of scale 2 of the MMPI.)
We hypothesized that individuals exposed to the influenza virus during the sixth
month of gestation (weeks 21-24) would show elevated SPD scale scores as
compared to control subjects born during the same week, 2 years later, in an epi-
demic-free year. Results suggest that fetuses exposed during the 23rd week of
gestation have a significantly higher mean schizotypal scale score (M =9.2, SD
= 3.9) than control subjects born during the same week of the year, 2 years later
(M=7.7,SD=.1). Weeks 21,22, and 24 show no differences between exposed and
nonexposed. In exploratory analysis we find no other week evidencing an increase
in the SPD scale score. The isolated effect of week 23 suggests the possibility of
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anarrow window for developmental disruptions impacting adult development of
schizotypal traits.

BEHAVIORAL INDICANTS
OF FIRST-HIT FETAL BRAIN DAMAGE

Research hasuncovered various behavioral abnormalities more common among
individuals who later develop schizophrenia. Preschizophrenia patients have
been shown to evidence premorbid behavioral disturbances, as well as premorbid
cognitive deficits. We suggest that some premorbid neuromotor and neurocog-
nitive deficits reported in the literature may reflect second-trimester disruptions
in fetal-neural development.

Childhood Neuromotor Deficits are Related to Adult Schizophrenia

In a study of childhood behavior and adult brain morphglogy in patients with
schizophrenia, Walker and colleagues found that ne r it ega-
tive affect during infancy linked with grgéa u@la e n hood
(18). Also) paten ti of\%t £ nakized” childhood behavior
problems (lik %(%]a withh@/diffieult temperament) showed an inverse rela-
tion with cottical volume.

Infant Neuro-Behavioral Deficits a elated t@‘ hizophrenia
Researchers co uldr enlagge reased cortical
volume in patients ;@z@ 9)WPrenatal and perinatal stressors have
been linked to ventri¢ular enlargement in humans (20), and to hippocampal struc-
tural and cellular abnormalities in rats (2/). These brain abnormalities relate to
schizophrenia later in life. Furthermore, Walker asserts that schizotypal adoles-
cents with high rates of dysmorphic signs (reflecting prenatal stress), as well as
heightened cortisol responses to stress, demonstrate more adjustment problems
than controls (22).

Infants at high risk for neurological disorders, such as schizophrenia, have been
found to evidence greater numbers of attentional and cognitive deficits as well. In
addition, specific abnormalities in neuromotor functioning, as early as 6 months
of age, seem to reflect the developmental neuropathology underlying these dis-
orders (23).

One subtype of motor abnormality, excessive involuntary movements (clini-
cal and subclinical hyperkinesias or dyskinesias), may uniquely link with schizo-
phrenia and spectrum disorders (e g., schizotypal personality disorder). Khot and
Wyatt observed elevated rates of involuntary movements in treatment-naive and
medicated schizophrenia patients (24). Similar to adult schizophrenia patients,
children who subsequently manifest the disorder show heightened involuntary
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movements (e.g., hand posturing and irregular, writhing movements of the hands)
as observed in home movies of preschizophrenia children from birth to 2 years
ofage (25). Furthermore, the severity of premorbid dyskinesia predicts the severity
of psychiatric symptoms in adulthood (26). Motor abnormalities such as these
may result from early disruption of neural development that leaves the individual
vulnerable to not only motor disturbances, but perceptual and cognitive deficits
as well.

OBSTETRICAL COMPLICATIONS IN SCHIZOPHRENIA

Researchers have identified obstetrical complications (OCs) as an early risk
factor for schizophrenia. McNeil and Cantor-Graae define OCs as deviations from
anormal course of development during pregnancy, delivery, and the early neona-
tal period (27). Examples of OCs include deviations in gestational age; low birth-
weight; deviation in size; small head circumference; oxygen deprivatien\during
pregnancy, labor, or delivery; preeclampsia; placent, ; nstru-
mental interventions during labor. B @e

A great deal of research's v@ s&e%o etw arly OCs and the later
development|of % enia\ One convincing study by Jones and colleagues

ishcoho

examinedaF 11,017 subjects born in 1966 (28). The authors found
schizophrenia patients six times more likely to orn prema nd seven
times more likely to have perinatal brain damage. A @ a\tecent study

by Hultmanandc uesal portto therela etween QCs and later
schizophrenia. Th c e rdte of OCsof a large'sample of schizo-
phrenia patients to various co groups (29). Schizophrenia patients evidenced

an increase in OCs compared to the controls.

Literature reviews of the OCs and schizophrenia also lend cogent support to
role of OCs as an early determinant of schizophrenia. In a 1995 review, McNeil
reported that seven of eight prospective studies found higher rates of OCs in schiz-
ophrenia patients than in normal comparison subjects (30). In a more recent meta-
analysis, pooling data from 12 independent studies, Geddes and colleagues report
a twofold increased risk for developing schizophrenia among subjects suffering
from Ocs (31).

Specific OCs and Schizophrenia

OCs vary in terms of type and severity. Recently, researchers have attempted
to identify particular OCs specific to later schizophrenia. In their meta-analysis,
Geddes and colleagues identify premature rupture of membranes, prematurity,
and use of an incubator or resuscitation as significant risk factors for the later devel-
opment of schizophrenia (3/). McNeil and Cantor-Graae cite other OCs typically
related to schizophrenia, such as bleeding during pregnancy, prolonged labor,
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umbilical cord complications, and asphyxia. These OCs often result in oxygen
deprivation in the offspring, thus leading McNeil and Cantor-Graae to suggest
that oxygen deprivation may underlie the relation between OCs and schizophre-
nia (27). In a large birth cohort study, Dalman and colleagues found preeclamp-
siato be the strongest risk factor for schizophrenia, but also noted the independent
contributions of prematurity and hypoxia/ischemia factors (32). This suggests
that a number of mechanisms, including abnormal fetal blood flow and oxygen
deprivation, may act together to increase vulnerability to schizophrenia.

OCs and Brain Abnormalities

In addition to a relation between OCs and later schizophrenia, OCs also relate
to brain abnormalities found in schizop ia patients. In a study of monozy-
gotic twins discordant for schizophrenia Eﬁil, Cantor-Graae, and Weinberger
report that smaller hippocampi and larger ventricles found in the affected twin

relate to OCs (specifically, labor—delivery complications) {33). a dcol-

leagues report similar findings (34). In theis s 0 %@m ients,

they report that OCs signifiea 0 1‘;%&@%) alabnormalities com-

monin ss@ '@t eiland Cantor=Graae’s assertion (27), Stefanis
0

a Si
and colleague lude thatOCsleading to oxygen deprivation may account for
reduced hippecampal volume associated with schizophrenia,

Discrepant Findings i hi ‘\v
Despiteamajor e@ ingalin ¢en OCs and{ater schizo-

e u
phrenia, several studies do\notind this’association. Using a prospective design,
Done and colleaguefaile to find an association between schizophrenia and Ocs
(35). Gunduz and colleagues also do not find an association between OCs and
schizophrenia (36). Information regarding OCs in this study, however, was mostly
obtained through retrospective maternal reports, considered less reliable than
prospectively obtained hospital records.

Some researchers who accept the OC relation with schizophrenia, question
the direction of effects between OCs and schizophrenia (37,38). In an alternative
line of reasoning, some researchers suggest that OCs may be an epiphenomenal
result of some other factors that relate more directly to schizophrenia. From this
perspective, OCs may result from preexisting abnormalities in the fetus; these
abnormalities also account for the later development of schizophrenia. McNeil
and Cantor-Graae empirically address the hypothesis that preexisting abnormal-
ities cause OCs in fetuses who later develop schizophrenia. They report that schiz-
ophrenia patients with signs of early abnormal fetal maldevelopment (e.g., minor
physical anomalies, reduced head size) do not evidence more OCs than patients
without early abnormal fetal development. They conclude that OCs do not result
from preexisting fetal abnormalities (39).
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OCs Among Vulnerable Children

As mentioned earlier, the interaction between a “first” and a “second hit(s)”
leading to schizophrenia offers some promise toward understanding the etiology
of'schizophrenia. The role that OCs play in the “two-hit” model of schizophrenia
remains unclear. Various research investigating OCs and schizophrenia among
subjects at genetic risk for schizophrenia (generally considered “high risk” due
to at least one parent with schizophrenia) suggests discrepant findings. In a study
from our lab, we found that OC more closely correlated with increased ventricu-
lar volume as genetic risk increased. Those subjects with the highest genetic risk
and with high OCs most often developed schizophrenia, thus suggesting that
OCs serve as a “second hit” leading toward schizophrenia (20). To the contrary,
DeLisi and associates found no differences in the hippocampi of high- and low-
risk schizophrenia patients with and without OCs (40). Their sample, hqwever,
consisted of only seven subjects. The majority of studies described he o

do not
specify the genetic liability of subjects; therefore, wheth q likely
“first” or “second” hits remains unde rgnw@ (S
I

l O
l@@ R HIZOPHRENIA
Resear re mixed findings regarding the relationship between risk of
developing schizophrenia and early-rearifig facofs s S function-
i ips, melearer when
li i alfirst hat/ It appears
0

ing and parental lossor separation. T r. ¢ reations
research designs a@)
that when combinedwith|the !u ¢ first hit, disruptive early-rearing cir-

resu
cumstances contribute significantly to the later development of schizophrenia.

Family Disharmony and Schizophrenia: Low-Risk Studies

Early theories attempted to explain an apparent relation between family dys-
function and schizophrenia in offspring (4/—43). Many of these theories have
been psychoanalytic in nature and tended to focus attention on the ‘schizophreno-
genic mother (44,45). With a later acceptance of the strong role of genetics in the
etiology of schizophrenia (46—48), the role of the family tended to be discredited
(49). Early empirical reports were criticized for inadequate control groups, small
sample sizes, inconsistent operationalization of “family dysfunctioning,” failure
to include possible confounding factors, and retrospective bias.

Some recent work has lent renewed credence to family theories of schizophre-
nia. In a prospective design of troubled adolescents and their families, Goldstein
found that parental disturbance in general, and communication deviance (CD)
and negative affective style in particular, predict schizophrenia-spectrum out-
come in at least one of the children (50). Rund found a similar pattern of CD and
hostility in Norse families whose children later develop schizophrenia (57). Despite
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these findings, the relation between family functioning and schizophrenia remains
controversial. Other researchers point to negative findings (49,52), and the lack
of close correspondence between the pattern of findings and a coherent theoreti-
cal model (53). In this light, many contemporary scholars are quick to echo Roff
and Knight’s suggestion that the etiological significance of family functioning
to schizophrenia is unknown (54).

Parental Loss and Schizophrenia

Numerous studies examine parental loss and the development of general psy-
chopathology, as well as schizophrenia specifically. Two reviews note mixed find-
ing from investigations of parental absence and schizophrenia (55,56). Many of
the included studies suffer from methodological limitations that may have influ-
enced findings.

Whether parental loss serves as a general risk factor for later psychiatri¢ prob-
lems or whether such an experience has a specific impact hizo-

u e
phrenia is another issue researchers att ess(Ove 11,@\68 does
not provide dfear results rega t sp??ﬁ@ec separation and an out-
come of sc¢hizophie @5@
siderty

Researchers)alsd c ofloss inrelation to schizophrenia. The major-

ity of parentalloss studies only consider loss through death. Parental §¢paration,
through divorce, however, may have a unique effect ofrchil e ent. The
limited studies th ddress-this i inc clu g the relation
between type of | at@i@r ia (6 .

Age of separation is angth portant factor that may moderate the relation-
ship between schizephrenia and early parental absence. Children at different
developmental stages may have different levels of vulnerability to stress asso-
ciated with parental loss. Most studies generally consider early parental loss as
including loss before the ages of 16 to 19. Consistent with other studies of paren-
tal loss and schizophrenia, studies of age of separation reveal mixed results (58,63).

The Impact of Rearing
Environment on Genetically Vulnerable Children

The reviews presented here do not reveal a consistent pattern of findings
regarding the relation between early negative rearing factors and schizophrenia
in the general population. These findings remain unclear even when moderators
such as type of loss and age of separation are taken into consideration. By con-
trast, investigations into the relationship between early-rearing stress and later
schizophrenia among genetically vulnerable individuals find consistent signifi-
cant effects. In most cases, studies define genetically vulnerable children as chil-
dren with a parent with schizophrenia (“high risk” [HR]).
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Family Discord and Schizophrenia: High-Risk Studies

A wide range of reports, utilizing diverse designs, point to family stress as a
prominent risk factor within HR samples (64—68). In the Finnish adoption study,
Tienari contrasts a group of HR children raised by their biological (i.e., schizo-
phrenic) parents with a similar group of HR children raised by adoptive (and non-
schizophrenic) parents (69, 70). Across both groups, parental emotional disturbance
is a powerful predictor of eventual decompensation in the children. In Marcus
and colleagues’ analysis of the 13-year diagnostic outcomes of the National Insti-
tute of Mental Health (NIMH) Israeli Kibbutz-City study, poor parenting appears
to be a strong predictor of schizophrenia-spectrum outcome among HR children
(65). Of the 19 HR children subject to poor parenting (defined as having at least
one parent whose parenting combined at least two of three negative styles: over-
involvement, inconsistency, and/or hostility), 9 (47%) developed a schizophre-
nia-spectrum disorder; none of the 31 HR children with relatively healthy parents

did so. It is unknown if this finding is replicated with t osttec -year
follow-up diagnoses, although a reduction urhber o if@,S phre-
nia-spec ases from nine u eo%?s‘@it ia,changes)ymake this less
likely (71)\7 @ @

The U amily\Study notes a high likelihood of schizophrenia-spectrum

outcome inatleast one child (71%) given a combination of both familyjhistory of
severe mental illness and parental commynication de c . is review
0 t
. .

of the family relatipns literat congludes idence “points
to the highest rate c zo@'\ m di ersin individ@als exposed
to both disturbed rearing en ments and genetic risk (73).

Our own findingssupport these general trends in the HR literature. The Copen-
hagen High-Risk Project, begun in 1962, assessed the rearing environments of
207 children of mothers with schizophrenia, as well as 104 children of parents
without a psychiatric history. Rearing variables were drawn from both the retro-
spective accounts of the child (average age = 15) and their mother (or primary care-
giver) and data from the mother’s hospital records. These variables have shown
consistent success in predicting both 10-year and 25-year outcomes. In an early
study of the mother’s hospital data, maternal social instability (a composite of
items rating the mother’s sexual promiscuity, substance abuse, unreliable employ-
ment, and premorbid antisocial tendencies) increased the risk for schizophrenia
among the HR children (67).

A recent report from this same project suggests that those HR children who
later manifested schizophrenia reported less satisfactory relationships with their
parents than those who did not later manifest schizophrenia (68). The parent—
child relationship scales contained items that relate to the children’s attitudes
toward their mothers and fathers, the nature of the relationship as perceived by
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the parents, and current frequency of contact. Results tentatively suggest that
getting along well with both parents may protect HR individuals from develop-
ing schizophrenia, whereas not getting along with both parents may increase the
likelihood of schizophrenia. This report uses lifetime diagnosis (defined as the
more severe of 10-year and 25-year diagnoses), and essentially replicates a find-
ing by Burman and colleagues for 10-year outcome (64).

We began a second longitudinal study in 1971, assessing 72 children with a
schizophrenic parent, 72 children with a mentally ill (but nonschizophrenic) parent,
and 121 children of parents without a psychiatric condition at an average age of
11 (74). These children were selected from a birth cohort of 9125, consisting of
all children born between September 1, 1959, and December 31, 1961, at Rigs-
hospitalet in Copenhagen (75). Rearing variables were assessed through a social
worker interview with the child and their parents. In a recent analysis of these
data together with 20-year psychiatric outcome, a stressful rearing envirgnment

was found characteristic of the families of HR subJ ects w ’a
to schizophrenia. In this study, rearing stre y th !‘) e atti
tude towﬂld mother’sinega Ve tltﬁﬁv t 1 class, poor

living condition c ld S famlly health (76).

Accounting for genetlc hablhty for ¢
previously reporte ertia gnid parental
absence (77,78). A Risk Project finds
that genetically vul rab ch en experlencmg maternal and paternal separa-
tion in the form of child institutionalization (but not supportive foster homes)
during the first 3 years of life more often developed schizophrenia at 10-year
follow-up than those who were not institutionalized (78). This finding was recently
confirmed using 25-year diagnostic outcomes (79). Using a different model,
Cannon, Mednick, and Parnas found that a family instability variable (combining
separation from one or both parents, institutionalization, and changes in the family
constellation in the first 5 years) specifically predicted positive-symptom schizo-
phrenia among children at genetic risk (80).

In the Danish birth cohort of 9125 children described earlier, parental separa-
tions were recorded through the first year of life. Separation from parents (result-
ing from death, hospitalization, and/or children’s institutionalization) during the
first year was found to predict schizophrenia, but only for children with a family
history of schizophrenia (§1). Because data were not available on parental separa-
tion after the first year, it is uncertain whether this effect is specific to losses in
infancy, or whether early separations predict a pattern of losses throughout child-
hood (death, illness, divorce) that exert a cumulative effect.

elp\¢larify the
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Comparison of Rearing
Factors Within a High-Risk Design

In our work with the Copenhagen High-Risk Project and the Danish Perinatal
Project, we have found that both family discord and parental absence variables
increase the risk for genetically predisposed individuals. Building on this, we
can consider the relationship among different rearing variables in the prediction
of schizophrenia. Which is more predictive: parental absence or family discord?
What type of parental absence most affects the vulnerable child: is it inconsis-
tency in who their parents are, or is it periods of isolation from parents in an
impersonal rearing environment? Is it the misbehavior and hostility of the mother
or the father that affects the child more? Conversely, are the measures we have
of the rearing environment perhaps not so much independent variables, as indi-
cators of a global stress factor?

In an attempt to resolve these issues, we recently used the Copenhagen High-

Risk Project data to create five variables measuring diffesent agpeots rear-

ing environment (82). Number of up i enta y@as osed

of instanees of parental death di r:gi}is@ a nges insingle parents’
pent ina ch

domestic\partiers.(D gég of ildren’s institution was measured
inmonths| Negati sonality and parenting qualities of the mother were brought

together ima-maternal conflict scale; a similar paternal confli
to the father (or father figure). We also in¢ludedfa m
a

1¢pertained
environ-
ment, tapping the ber and-eloseness|af the\child T cts, owing to
literature that sug thdt te etwo a possible buffer to nega-
tive family dynamics (8
Within the HR sample, institutionalization was the single variable most pre-
= dictive of lifetime schizophrenia diagnosis (contrasted with no mental illness;
should [1,100]=6.89, p=.010), followed by paternal conflict ( f=5.16, p=.025) and
fofl ’{;\zed upheavals in the parental dyad ( f=4.96, p = .028). Maternal conflict showed a
y()in trend toward predicting schizophrenia (/= 2.03, p =.16), and the peer environ-
allcases?  ment appeared to have no impact ( f=0.67, p=.41). These findings suggest that
changes in the family unit, whether because of death, divorce, or dating, appear
to increase the risk of schizophrenia in a vulnerable child. Also, father’s negative
behavior appears to have a greater impact than mother’s negative parenting (alter-
nately, the behavior of the mothers with schizophrenia was already poor, whereas
the variation in the father’s behavior was greater). Furthermore, it seems thag chil-
dren’sinstitutions are a far less favorable place to grow up than the schiz -
AU: nic family environment. These three aspects appear to predii%;]relatively inde-
appear to . . . . . .
predicor  pendently because when each is entered in a hierarchical regression equation, the
OKhere?  others remain significant (with the exception that paternal conflict is no longer
significant when instutionalization is considered first).
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The greatest predictive efficacy, however, is achieved if the relationship
between genetic risk and global rearing stress is modeled as a true multiplicative
interaction. Within the HR group, multiplying the number of schizophrenia-spec-
trum parents (e.g., one or two) by the equally weighted sum of the five rearing
variables results in an interaction ter t strongly predicts schizophrenia vs no
mental illness outcome ( f=19.85,p :@%5). Ifthis model is applied to the entire
sample (with low-risk individuals assigned an interaction score of 0), the inter-
action term accounts for 26% of the variance ( f[1,159] = 56.09, p < .00005);
almost twice as much as genetic risk alone (16%) and two-and-a-half times as
much as any single rearing variable (upheavals in parental dyad—11%).

This may indicate that a global, diffuse ‘rearing stress’ variable, although
criticized at times for being too vague (§4), may be the specific variable of inter-
est. This is consistent with the general robustness of the rearing findings despite

High-Risk sample alone, the following variables have allibee e
schizophrenia: institutionalization before-age 8) nst%;:@a n/before
age 10 (72,85); an index combi er%a@e, steHationchanges, and
institutionalizati );@@u eavals inparental dyad; mother’s social
instability|(67)] p edrelations

hip with parents (68),and maternal and pater-
nal conflic

e ﬁ . ing event
owgh it is true that
s\does@ot prohibit

).

It may be that our search for the most/$pecifi¢ally t
for HR youthis a of missi for tre@l
individuals differ 1 in abi v@‘ ss\stress\&8#2867; thi

i

t
us from drawing ge n arding the ill effects of rearing stress on
a predisposition for'schizophrenia, as individual differences will tend to cancel
each other out with increased numbers and diversity of samples.

Rival Interpretations

The research reviewed here supports an interactive relationship between rear-
ing stressors and HR status impacting later schizophrenia. Another interpreta-
tion of these results suggests that mothers and fathers with greater genetic liability
for schizophrenia tend to have poorer relationships with their children; thus the
observed relationship between poor parenting and schizophrenic outcome in the
offspring may be only an artifact of the underlying genetic transmission. Although
our design does not control for severity of parental illness, it remains unlikely that
parents’ genetic loading would have such a direct impact on the parental absence
and institutionalization variables, which also predict later schizophrenia. In addi-
tion, the Finnish Adoption Study separates rearing from genetic parenting, and
finds that emotional disturbance in the rearing parents, whether biological or
adoptive, increases the risk of schizophrenia-spectrum breakdown (69).
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Another interpretation identifies family discord and parental absence as
markers of a more general predisposing factor: low socioeconomic status (SES).
This reading is grounded in evidence of increased schizophrenia associated with
poorer neighborhoods, urban residence, and more crowded living quarters (87,
88). The schizophrenogenic effects of low SES may operate through either the
general stress of chronic poverty or an increased frequency of adverse events
such as obstetrical complications and viral infections. However, at least within
the Copenhagen High-Risk sample, the data dispu \s interpretation, as rear-
ing variables remain predictive even after the effe SES is accounted for.

A third hypothesis holds that the direction of implied causality between rear-
ing stress and later schizophrenia should be reversed: that a disturbed child, already
on a trajectory toward schizophrenia, negatively impacts the family (49). Thus,

we are ask believe that all (or most) rearing disruptions that occur in pre-
schizophre ildhoods are external effects of an insidious disease procgss, and
that the rearing environment itself exerts little influence. That thj likely
is bolstered by evidence that premorbld behav a@p noted
in only a subset of SChlZ g @ adotescence

s
(89). Als n no b esp e in predicting which of
their chil 111 \ tu p schizophrenia. Finally, this ‘disturbed child’

hypothes1

pported by the Copenhagen data: even when ersonality in
adolescence is factored in as a precursor Qf schizophr ironment
exerts a significant-effect. @
In summary, th@ ‘ mo, istent with
'-

a multiplicative interact vel of genetic vu nerablhty and the
cumulative effect ofistress’and dlsruptlons in the rearing milieu. In other words,
the impact of traumas and other painful events experienced during childhood
will be magnified in the vulnerable individual and contribute to eventual develop-
ment of schizophrenia.

-

THE TWO-HIT THEORY

The findings presented here suggest that the likelihood of developing schizo-
phrenia is increased by an interaction between prenatal disruptions of fetal neu-
ral development and early environmental stress. We have proposed a “two-hit
model” to help explain this interaction (7). As mentioned earlier, the two-hit
model suggests that two events, or “hits”, are associated with increased risk for
schizophrenia. The first hit can stem from a genetic liability for schizophrenia. It
is hypothesized that this genetic liability may be transmitted from a parent with
schizophrenia, and may result in a preprogrammed disruption of fetal neural
development. The disruption of fetal neural development may interfere with
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neural migration, connections, or cell death, and correlate with later cognitive
and perceptual disturbances. These disturbances may later increase risk for schizo-
phrenia. Events during gestation may also cause neural developmental disrup-
tion. These prenatal events (potential first hits) might include maternal influenza
or maternal stress during a critical period of gestation (e.g., second trimester).
Examinations of this model, however, generally focus on having a parent with
schizophrenia as the indication of a first hit.

The second hit is modeled as an environmental stressor. Possible second hits
include separation from parents, institutional rearing, and high levels of family
stress. Although still undetermined, our investigation of OCs and schizophrenia
among HR individuals suggests that OCs may also serve as a second hit (79).
According to the theory, a second hit in the absence of a first hit does not increase
the risk for schizophrenia. In conjunction with a first hit, however, a second hit
increases the likelihood of later schizophrenia (90).

As awhole, the two-hit model accounts for several co {(gs i
far from verified. In its support it see rea ng ma\agt
second hit when genetl g@ Its from our

c

lab sugg ract wi predlsposmon in a manner
consisten nally, the weight of evidence points to a con-
sistent ele no r1sk among the general populati
teratogens (e.g., maternal 1nﬂuenza) or rlnat

The question r s as
transmission and p c ngab
lar. In our most recent res ts at we can account for one-quarter of the

total variance in eventual outcome of schizophrenia using the two-hit model in
a HR setting; however, the proportion of variance explained by the pre- and peri-
natal events proposed as first and/or second hits in the general population is
typically much smaller (probably only 0-5%). To our knowledge, no studies
have yet explicitly addressed the extent to which second hits may increase the
risk of those exposed to an environmental first hit. It is unknown whether certain
disruptions in the fetal environment mimic the neurological changes wrought by
schizophrenic genes; or whether pre- and perinatal irregularities may either
reflect or enhance an underlying genetic process. We noted that the timing of in
utero insults plays a role in determining what disorder develops, but the speci-
ficity and predictive efficacy of particular gestational ‘windows’ awaits further
research. In any case, the vast majority of the population exposed to early environ-
mental stressors does not develop a schizophrenia-spectrum disorder. For the
many cases of schizophrenia that appear to be without genetic precedent, then,
we are left with a puzzle as to what chain of events or combination of factors
abrupt normal development in favor of schizophrenogenesis.
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