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Abstract
Background—Animal models of schizophrenia suggest a link between maternal crowding during
pregnancy and increased risk of the offspring to develop physiological, developmental, and
behavioral abnormalities that are comparable to those observed in schizophrenia. We tested the
hypothesis that a similar link is present in humans.

Method—We investigated whether prenatal exposure to household crowding was associated with
the risk of schizophrenia in a subcohort of the Jerusalem Perinatal Study (JPS) consisting 11,015
individuals born between 1964 and 1976. During these years mothers participated in face to face
interviews in early pregnancy. The prenatal and birth data, including the number of rooms and
individuals living in the mothers' household, was cross-linked with the Israel Psychiatric Registry
by ministry personnel.

Results—104 schizophrenia cases were identified in the cohort. Offspring who, while in utero, their
mother resided in a household with five or more individuals had RR of 1.47 (95% CI: 0.99–2.16,
p=0.05) to develop schizophrenia, compared to those whose mother resided with four or fewer
individuals. However, when adjusted for paternal age, the RR was reduced to 1.18 (95% CI: 0.76–
1.84, p=0.46). The number of rooms in the household and the household crowding during pregnancy
did not significantly impact the offspring's risk to develop schizophrenia.

Conclusion—The link between maternal household crowding during pregnancy and the offspring's
risk of schizophrenia was explained primarily by the impact of paternal age. The authors discuss the
results in view of findings from animal and human studies.
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The neurodevelopmental hypothesis of schizophrenia posits that schizophrenia results from a
disruption in the development of the central nervous system during prenatal and early neonatal
life (Weinberger, 1987). Crowding is a well-studied environmental stressor in animal studies,
where it has been associated with numerous physiological, developmental, and behavioral
abnormalities in offspring. These include structural and functional brain abnormalities (Berger
et al., 2002; Clarke et al., 1994; Coe et al., 2003; Creighton and Chevins, 1988; Hayashi et al.,
1998; Henry et al., 1995; Kattesh et al., 1980), delayed motor and mental development
(Schneider et al., 1999), changes in social, sexual and aggressive behavior (Crump and Chevins,
1989; Dahlof et al., 1977; Harvey and Chevins, 1985), as well as lowered birth weights, and
in the females, delayed puberty and altered estrous cycles (Peters, 1986; Harvey and Chevins,
1987). These observations are comparable to observed abnormalities in animal models of
schizophrenia (Lipska and Weinberger, 2000). They also parallel some deficits noted in
schizophrenia including reduced initiation of social interactions, aberrant dopaminergic and
glutamatergic signaling in prefrontal cortex (Castner et al., 2004), exaggerated reactivity to
stress (Lipska et al., 1993), stereotypic locomotion (Beauregard and Bachevalier, 1996;
Schmajuk, 1987; Hanlon and Sutherland, 2000; Kilts, 2001), abnormalities in hippocampal
and mesocorticolimbic system morphology (Lipska et al., 1993; Beauregard and Bachevalier,
1996; Schmajuk, 1987; Hanlon and Sutherland, 2000; Kilts, 2001), as well as deficits in
attention, learning, and recognition memory (Kilts, 2001).

Only two previous studies investigated directly the link between number of household
inhabitants and risk of schizophrenia and these yielded conflicting results. Agerbo et al.
(2001) found no link between household crowding at age 16 and later incidence of
schizophrenia. However, Wahlbeck et al. (2001) reported that the number of siblings in the
household at age 7 was related to the schizophrenia risk. This was perhaps distinct from
crowding, per se, since the risk was unrelated to the total number of household inhabitants or
the number of rooms. A number of methodological issues in these studies may limit the
interpretability of their findings with respect to prenatal crowding. First, these assessments
were conducted many years after the prenatal period, thus the household data may not reflect
the prenatal circumstances. Second, while Wahlbeck et al. (2001) controlled for maternal age,
recent data shows that it is actually paternal age which confers the greatest risk of schizophrenia
(Malaspina, 2001; Malaspina et al., 2001).

According to the neurodevelopmental hypothesis of schizophrenia, a compromised prenatal
and/or early postnatal environment may increase the risk of schizophrenia. As maternal
crowding during pregnancy in animal models appear to produce many abnormalities that
correspond with deficits associated with schizophrenia, a similar link in humans appears
plausible. Such a link in humans has not been studied to date. Thus, the aim of this study is to
translate the animal model of pregnancy crowding to the clinical interface by investigating the
link between maternal household crowding during pregnancy and the risk of development of
schizophrenia in the offspring. Based on data from animal studies, it is hypothesized that
offspring, who while in utero their mothers were exposed to higher household crowding, will
have higher incidence of schizophrenia. Given previous findings of the impact of paternal age
on schizophrenia risk, we will also control the results for paternal age, as well as birth order
and socioeconomic status (SES).
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1. Method
This study uses data assembled from two independent sources: a population-based research
database based on a birth cohort and a national registry of psychiatric disease. The cohort data
was obtained from the Jerusalem Perinatal Study—a population-based research file of all births
in the greater Jerusalem area from 1964 to 1976. It includes demographic information from
birth certificates augmented with data from obstetric and pediatric departments, municipal
well-baby clinics, follow-up of vital status, and interviews with some mothers. Its methods
have been summarized elsewhere (Harlap et al., 1977; Lichtenberg et al., 1999) and some 80
reports from the study have focused on short- and long-term outcomes. The cohort data were
crossed-linked with Israel's national registry of psychiatric disease. The State of Israel
maintains a national registry of psychiatric hospitalizations, one of several disease registries
used for planning health services, understanding disease etiology, and evaluating measures for
prevention. Established in the Ministry of Health in 1950, the Psychiatric Registry receives
information about all psychiatric diagnoses, including reports from patients admitted to
psychiatric hospitals, psychiatric wards within general hospitals, and psychiatric day-care
facilities. The registry's design and methods have been described in detail elsewhere and it has
been used for clinical and epidemiologic research in schizophrenia (Harlap et al., 1977;
Lichtenberg et al., 1999). In the past decade, studies using the Jerusalem Perinatal Study, linked
to other databases in Israel, showed that the offspring' identification numbers, sex, birth dates,
and basic demographic information, including parental ages, were more than 99.9% accurate
(Lichtenberg et al., 1999; Laor et al., 1997).

In the present study, the Ministry of Health matched a file from the Jerusalem Perinatal Study
data to the Psychiatric Registry data using 7-digit identification numbers. These numbers, as
well as names and other information that might identify individuals were then removed to
create a new, anonymous file limited to psychiatric diagnoses and dates of psychiatric
admission. Ministry personnel used a broad definition of schizophrenia (International
Classification of Diseases, 9th Revision; ICD-9) that included hospital discharge diagnoses of
schizophrenia, schizoaffective disorder, schizotypal disorder, delusional disorder, and non-
affective psychoses, hereafter considered schizophrenia.

2. Subjects
There are 11,015 recorded live births in the Jerusalem Perinatal Study file to which the mothers
provided information antenatally about household crowding. Interviews with mothers were
conducted in the free municipal antenatal clinics, usually in the fourth or fifth month of
pregnancy. The mothers attending these clinics tended to be at low risk for a poor obstetric
outcome; they excluded some women with preexisting gynecologic or obstetric problems (e.g.
sub-fertility) who were more likely to have been referred early in pregnancy to specialist clinics;
similarly, they excluded some of the most affluent women, who chose to receive antenatal care
privately, and others, typically of lower social status, who may have neglected antenatal care
till late in pregnancy. The final birth cohort consisted of 5641 males (51.2%) and 5374 females
(48.8%).

3. Statistical analysis
Data was analyzed using SPSS for Windows (version 13). Crowding ratios were calculated by
dividing the number of inhabitants in the mother's household by the number of rooms in that
household. As offspring born in different years were followed up to different ages, we used
Cox proportional hazards model (Cox and Oakes, 1984) to estimate effects of crowding using
the Cox regression procedure. Individuals were censored on the last day of follow-up
(December 31, 1997) and results are given as rate ratios (RRs) with 95% confidence intervals
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(CIs). The categories of crowding were treated as a series of dummy variables (1=present;
0=absent) with 0–0.99 set as the baseline category. In addition, we explored separately the RRs
of the variables used to calculate the crowding variable—number of inhabitants and number
of rooms in the mother's household. The number of inhabitants in the household was grouped
into two categories based on the mean (M=4.18) number of household inhabitants in the cohort:
1–4 individuals (N=7288, 66.2%) vs. 5 or more individuals (N=3727, 33.8%). Number of rooms
were grouped into two categories based on the mean (M=2.37) number of rooms: 1–2 rooms
(N=6018, 54.6%) vs. 3 or more rooms (N=4997, 45.4%). We also explored the impact of a
number of other factors that have been hypothesized to impact the risk of schizophrenia in the
offspring including paternal age, birth order, and socioeconomic status (SES). We used father's
occupation as an SES index. We ranked each occupation according to the mean education of
all the fathers with that occupation (in the Jerusalem Perinatal Study) resulting in six ranks,
from 1 (high) to 6 (low) and no unknowns.

4. Results
Linkage of the Jerusalem Perinatal Study file to the Psychiatric Registry resulted in 104
individuals (67 males, 37 females) who were common to both databases, and who were
diagnosed through December 31, 1997 as having developed schizophrenia (9.4/1000 incidence
rate). Table 1 presents the relative risk of the offspring to develop schizophrenia based on
household characteristics during the mother's pregnancy.

Offspring who, while in utero, their mother resided with five or more individuals in a
household, had RR of 1.47 (95% CI: 0.99–2.16, p=0.05) to develop schizophrenia, compared
to those who's mother resided with four or fewer individuals. When adjusted for paternal age,
birth order, and SES the RR was reduced to 1.35 (95% CI: 0.74–2.47; p=0.33). In contrast,
there was no significant difference (χ2 =0.01, P=0.97) between offspring who their mother
resided in homes with 1–2 rooms compared to those who resided in homes with 3 or more
rooms (9.4/1000 vs. 9.5/1000, respectively). Similarly, there was no significant difference in
rate of schizophrenia between the four categories of household crowding during mother's
pregnancy (χ2 = 1.40, p=0.70).

We conducted separate analyses to calculate the unique impact of paternal age, birth order, and
SES on the link between number of household inhabitants during pregnancy and the offspring'
risk of schizophrenia. When adjusted for paternal age only, the RR was reduced to 1.18 (95%
CI: 0.76–1.84, p= 0.46), suggesting that paternal age had a sizable impact on the offspring's
risk of schizophrenia, above and beyond the number of household inhabitants during the
mother's pregnancy. Adjustments for birth order (1.43; 95% CI: 0.77–2.64, p=0.26) and SES
(1.32; 95% CI: 0.88–1.99; p=0.18) had relatively smaller impact on this link.

We also assessed whether the sex of the offspring influenced the link between number of
household inhabitants during pregnancy and later development of schizophrenia. The crude
RR was 1.43 (CI: 0.88–2.32, p=0.15) for males and 1.50 (CI: 0.78–2.88, p=0.22) for females.
After adjustment for paternal age, birth order, and SES the RR was 1.31 for males (CI: 0.61–
2.85, p=0.49) and 1.40 for females (CI: 0.51–3.78, p=0.51). Adjustment for paternal age alone
resulted in RR of 1.28 for males (CI: 0.73–2.23, p=0.39) and 1.01 for females (CI: 0.48–2.12,
p=0.98).

5. Discussion
This is the first epidemiological study assessing the link between maternal household crowding
during pregnancy and the offspring's risk of schizophrenia. The results do not support our
hypothesis of an association between elevated maternal household crowding during pregnancy
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and an increased risk for the offspring to develop schizophrenia. While offspring whose
mothers resided in a household with 5 or more inhabitants had 47% higher risk to developed
schizophrenia (compared to those who resided with 4 or less), this finding was explained
primarily by the impact of the paternal age. These results are consistent with the growing
literature demonstrating the significant impact of paternal age on the offspring's risk of
schizophrenia (Tsuchiya et al., 2005; Sipos et al., 2004; El-Saadi et al., 2004; Zammit et al.,
2003; Byrne et al., 2003; Dalman and Allebeck, 2002; Brown et al., 2002). The number of
rooms in the mother's household during pregnancy and the household crowding per se did not
have a significant impact on the offspring's risk to develop schizophrenia. Additionally, birth
order and father's SES at birth (his occupation ranked by mean education) had limited impact
on the offspring's risk of schizophrenia, beyond the impact of paternal age and number of
inhabitants in the household during pregnancy.

Our findings raise a question about the nature of the association between paternal age,
crowding, and schizophrenia. As paternal age advances, family sizes typically increase. While
maternal crowding during pregnancy is significantly associated with schizophrenia risk in the
offspring, our data show that a portion of the association is due to the independent relationships
of paternal age and schizophrenia. However, the exact mechanisms of this link currently remain
speculative. Our findings are discrepant with results from animal studies showing a link
between maternal crowding during pregnancy and offspring's abnormalities. One potential
explanation is that no previous animal studies assessed jointly the impact of paternal age and
maternal crowding during pregnancy on development of offspring's abnormalities. Such study
might clarify the relative impact of paternal age and pregnancy crowding in animals. Another
explanation may be rooted in the fact that in contrast to animals in studies, humans typically
have opportunities to temporarily exit potentially crowded home environments and thus
regulate their stress levels. Other models have been proposed to explain the putative association
between schizophrenia and crowding. Torrey and Yolken (1998) suggested that exposure to
infectious agents through household crowding might account for this association. A number
of studies found a link between schizophrenia and exposure to infections during prenatal
development (Brown et al., 2004; Limosin et al., 2003; McGrath et al., 1994). However, other
studies failed to replicate this link (Erlenmeyer-Kimling et al., 1994; Selten et al., 1999;
Westergaard et al., 1999). Data on our cohort's prenatal exposure to infectious agents was not
available. Thus, we could not exclude the possibility that later development of schizophrenia
was influenced by prenatal or neonatal exposure to infectious agents.

Conversely, maternal psychological stress during pregnancy may also impact the offspring's
risk of schizophrenia (Huttunen and Niskanen, 1978). Huizink and colleagues (2003, 2004)
found an association between increased maternal stress during pregnancy and restless
temperament, as well as delays in motor and mental development in infants at ages 3 and 8
months. Follow-up assessments at age 27 months found a link between maternal anxiety during
pregnancy and restless temperament and increase in behavioral problems (Gutteling et al.,
2005). Such motor, behavioral, and developmental difficulties correspond with deficits
associated with schizophrenia. These studies controlled for a number of confounding variables
including SES, maternal age, birth weight, gestational age, and biomedical risks during
pregnancy. Similarly, children whose mothers experienced high levels of anxiety during
pregnancy exhibited higher rates of behavioral and emotional problems at 47 and 81 months
of age after controlling for obstetric risks, psychosocial disadvantage, and postnatal anxiety
and depression (O'Connor et al., 2003). In the present study, the numbers of inhabitants in a
household and household crowding represent crude and indirect indices of psychological stress.
Other physical characteristics of the residence may also influence the inhabitants' level of stress
including the size of the rooms, their structure and settings, the quality of the construction, the
nature of the residence (apartment vs. house), the floor level, as well as the quality of life in
the neighborhood. Thus, we could also not exclude the possibility that later development of
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schizophrenia in the offspring may be influenced by other indexes of maternal psychological
stress during pregnancy.

When examined by sex, the impact of paternal age on the link between number of household
inhabitants during pregnancy and the offspring's risk of schizophrenia was not significant.
Malaspina et al. (2001) found that each decade of paternal age changed the offspring RR by
1.40 (95% CI, 1.21–1.59) for males and 1.26 (95% CI, 1.07–1.48) for females. However, as
the CIs in these 2 estimates overlap, the difference between the sexes may have been caused
by chance. A similar trend have been reported by Sipos et al. (2004) who found offspring RR
increased by 1.65 (95% CI, 1.32–2.06) for males and 1.40 (95% CI, 1.03–1.89) for females for
every 10 years of paternal age in a population based cohort study with over 700,000 subjects.
However, they found no statistically marked difference in the association between paternal age
and schizophrenia by sex (p=0.20, for interaction).

The limitations of our study should be acknowledged–our data on number of inhabitants and
number of rooms per residence are based on the mothers' self reports–thus, they may not
represent the actual characteristics of the household and may potentially confound the link
between crowding and schizophrenia. Another potential limitation, which will be remedied
with the completion of our study in several years, is the lack of information on family
psychiatric history. Byrne et al. (2003) reported that paternal age had a significant impact on
offspring's risk of schizophrenia after controlling for family psychiatric history. This finding
is consistent with Malaspina et al. (2001) who proposed that the paternal age effect is caused
by de-novo point mutations arising in paternal germ cells, leading to stronger influence of
paternal age in sporadic cases than in familial ones. Similarly, we did not adjust the data for
the impact of obstetric complications. Dalman and Allebeck (2002) found that adjusting to
obstetric complications had little impact on the link between paternal age and offspring's risk
of schizophrenia.

The strengths of this study are its use of prospectively acquired data on household crowding
and potential confounding factors, and that it provided a continuous follow-up of schizophrenia
cases. Future research should assess the potential contribution of different types of maternal
psychological stressors on offspring's risk of schizophrenia. Furthermore, animal studies
(Bhatnagar et al., 2005; Bethus et al., 2005) suggest that maternal stress may have a differential
impact depending on the sex of the offspring—future studies should assess this impact as a
potential source of heterogeneity in schizophrenia. Finally, paternal age has been found to have
a robust impact on risk of schizophrenia. Future investigations should assess the impact of
paternal age in relationship to other variables that have been linked to increased risk of
schizophrenia including urbanicity and immigration. In conclusion, this study contributes the
growing literature regarding the impact of paternal age on offspring's risk of schizophrenia. It
indicates that increased maternal household crowding during pregnancy did not significantly
increase the offspring's risk of developing schizophrenia beyond the impact of paternal age.
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