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Abstract

Background—We tested the hypothesis that perinatal oxytocin, given to pregnant women to
induce labor, is related to offspring bipolar disorder (BP) and worse childhood cognitive
performance among offspring. We also tested the association between childhood cognition and
later BP.

Methods—A population-based birth cohort derived from the Child Health and Development
Study (CHDS) which included nearly all pregnant women receiving obstetric care from the Kaiser
Permanente Medical Care Plan, Northern California Region (KPNC) between1959-1966.
Prospectively obtained medical and offspring cognitive performance were used. Potential cases
with BP from the cohort were identified by database linkages. This protocol identified 94 cases
who were matched 1:8 to controls.

Results—Perinatal oxytocin was associated with a 2.4 times increased odds of later BP.
Oxytocin was also associated with decreased performance on the Raven Matrices, but not on the
Peabody Picture VVocabulary Test (PPVT). Childhood cognition was not associated with later BP.

Limitations—Loss to follow-up must be considered in all birth cohort studies. Additionally, the
childhood cognitive battery did not include tests related to multiple domains of cognition which
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have been associated with later BP. A third limitation is the modest sample size of those exposed
to oxytocin.

Conclusions—This study provides evidence for a potentially important perinatal risk factor for
BP and cognitive impairment in childhood. While the association between perinatal oxytocin and
offspring BP must be viewed cautiously until further studies can attempt to replicate the result, it
lends support to the broader view that neurodevelopmental factors contribute to BP.
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Bipolar disorder (BP) has been thought to be related to schizophrenia (SZ) in certain
respects, and as the neurodevelopmental hypothesis of SZ has become increasingly
accepted, a similar hypothesis has been applied to BP (Bearden et al., 2001; Demjaha et al.,
2012; Goodwin et al., 2008; Murray et al., 2004; Quraishi and Frangou, 2002; Sanches et al.,
2008; Tamminga et al., 2013). The neurodevelopmental hypothesis posits that altered,
pathological, or delayed maturation of the developing brain shifts the neurodevelopmental
trajectory, followed by later onset of psychiatric illness (Fish et al., 1965; Meyer and Feldon,
2010; Millan, 2013; Murray and Lewis, 1987; Nasrallah and Weinberger, 1986; Oneal and
Robins, 1958). Currently, evidence supporting the neurodevelopmental hypothesis of BP is
less robust than the evidence supporting the corresponding hypothesis for SZ.

For instance, cognitive impairment during the premorbid and prodromal phases appears to
be milder in BP compared with SZ (Seidman et al., 2013; Urfer-Parnas et al., 2010; Zanelli
et al., 2010). Population based conscript studies have reported small but significant
differences in overall premorbid cognitive performance in BP (Osler et al., 2007; Sorensen
etal., 2012; Tiihonen et al., 2005; Urfer-Parnas et al., 2010), although some other studies
have found better than average cognition (MacCabe et al., 2013). A review of longitudinal,
family, and first episode neuropsychological studies found domain specific functions
(executive and memory) are consistently impaired in those who later develop BP (Olvet et
al., 2013). However, a review of population based studies concluded the evidence is not
sufficient to determine whether premorbid cognitive impairment is a trait of later BP
(Kravariti et al., 2009). In addition, fewer prenatal and perinatal exposures have been found
to be associated with BP compared with SZ, though this may be because fewer studies have
been performed (Sanches et al., 2008; Tsuchiya et al., 2003).

The neurodevelopmental approach to the origin and course of SZ and BP holds promise for
improving outcomes because it searches for the causes and mechanisms which result in
illness later in life, opening the potential for earlier and more effective intervention and
prevention. As suggested by Insel, the neurodevelopmental approach identifies stages of
disease progression, each of which may offer specific types of intervention and preventive
strategies (Insel, 2010).

The rate of inducing labor has increased in recent decades, with oxytocin now being the
most commonly used intervention (Mealing et al., 2009; Moleti, 2009). However, perinatal
exogenous oxytocin has been associated with health risks for the neonate (Buchanan et al.,
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2012). These include lower Apgar scores and a greater need for neonatal intensive care
(Oscarsson et al., 2006; Selo-Ojeme et al., 2011); and worse infant pre-feeding behaviors
immediately following birth (Bell et al., 2013). As observed in clinical studies of adults, and
consistent with animal models, oxytocin is associated with affective regulation and mood
disorders (Demitrack and Gold, 1988; Lucht et al., 2009; Scantamburlo et al., 2007). In
animal models, postnatal administration of oxytocin results in long-term maladaptive
behavior and dysregulation of the HPA axis, as well as impairment in social and cognitive
function (Carter, 2003; Engelmann et al., 1996; Rault et al., 2013). In clinical studies of
healthy adults, oxytocin is associated with alterations in a number of cognitive domains
including worse learning, attention, memory, and adaptive behaviors, but also with
improving social and affiliative behaviors (Cardoso et al., 2014; Demitrack and Gold, 1988;
Ellenbogen et al., 2012; Herzmann et al., 2012; Lerer et al., 2008).

Although oxytocin is associated with neurodevelopmental illnesses (Gregory et al., 2013;
Kurth and Haussmann, 2011), no previous studies have examined the association of
exogenous perinatal oxytocin and the risk of BP. Additionally, while some obstetric
complications have been associated with childhood cognitive deficits (Leitner et al., 2007;
Seidman et al., 2000), no studies of maternally administered exogenous oxytocin in relation
to cognitive performance in childhood have been conducted.

Perinatal oxytocin to induce labor, therefore, merits further investigation for its association
with BP and cognitive impairment, given the possible mechanisms by which it alters
neurophysiology and its use during birth when the developing brain is at increased risk. The
Child Health and Development Study (CHDS) is a large, representative birth cohort and the
current nested case-control study identified BP cases and matched controls to assess prenatal
and perinatal risks for later onset BP by longitudinal follow-up. In this study, we tested the
following hypotheses: 1) the offspring of mothers who received oxytocin to induce labor are
at greater risk for later BP; 2) the offspring of mothers who received oxytocin perform worse
on childhood cognitive testing; and 3) predicated on substantiating the first two hypotheses,
cognitive performance mediates the association between oxytocin and BP.

Secondary analyses were also conducted to attempt to determine whether gestational age,
prolonged labor, analgesics, or delivery type confounded the relationship between oxytocin
and BP. Gestational age and prolonged labor could each share a common cause with
perinatal oxytocin induction if the pregnancy or labor is longer than expected, or could be
antecedents leading to oxytocin administration. Analgesics during labor, reflecting the
possibility that any medication intervention could alter the risk for later illness, and delivery
type, which may indicate conditions of labor progress, could also confound or mediate an
association between oxytocin and BP.

BP cases and matched controls were drawn from the Child Health and Development Study
(CHDS) birth cohort. The CHDS recruited nearly all pregnant women receiving obstetric
care (N=19,004) from the Kaiser Permanente Medical Care Plan, Northern California
Region (KPNC) in Alameda County, California between 1959 and 1966 and followed them
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prospectively (van den Berg et al., 1988). Comprehensive data were collected from maternal
medical records and interviews, child assessments, and other sources. KPNC enrolled
approximately 30% of the population of the Bay Area of California at the time. This birth
cohort has been extensively studied for prenatal and other early developmental risk factors
for SZ (Brown et al., 2004; Brown et al., 2005; Brown et al., 2009; Freedman et al., 2011,
Perrin et al., 2007).

Case Identification

Subjects with potential DSM-1V BP, which included BP I, BP I, BP NOS, and BP with
psychatic features, were ascertained from three sources: the KPNC electronic medical
records database, the Alameda County Behavioral Health Care Services (ABHCS) database,
and a mailed survey to the entire living CHDS birth cohort (mothers and children). All
CHDS cohort members who belonged to KPNC when first treated would have been
ascertained from this source. Subjects who left KPNC prior to the first treatment of BP and
who did not have other health insurance, but who still lived in Alameda County, would
likely have been treated by ABHCS, and therefore ascertained. Subjects who were not
ascertained by these two approaches were identified by the mailed survey.

The ascertainment process identified 448 subjects who potentially met the criteria for BP
and/or other psychotic disorders.

Ascertainment of KPNC subjects

Subjects with potential BP (and other psychatic disorders) were identified by screening
KPNC inpatient and outpatient databases. Computerized record linkages between CHDS and
KPNC identifiers were conducted on these databases. The inpatient database included all
psychiatric hospitalizations of KPNC members regardless of the hospital at which treatment
is received. This covered the period from 1981-2010. Those with discharge diagnoses of
ICD-9 295-298 were considered as potential BP subjects. A database of outpatient treatment
was introduced in 1981, but did not contain searchable codes for diagnoses until 1995.
Potential BP cases from the outpatient database were considered potential cases if they
received ICD-9 diagnoses of 295-298 excluding unipolar major depressive disorder. The
outpatient pharmacy database, which commenced in 1992 was also used, with potential
cases identified from prescriptions for mood stabilizing medications (lithium,
carbamazepine, valproic acid). For subjects enrolled in KPNC at the time of ascertainment,
the subject’s treating psychiatrist was contacted, informed about the study, and asked to
approve contact with the subject to seek his/her consent to participate.

Subjects identified by these methods were invited to participate in the study, receiving a
letter to the most recent address. Those who did not refuse contact by returning a postcard,
were contacted to arrange a diagnostic interview. Several repeat appointments were
scheduled for subjects who failed to attend the interview. Extensive efforts were made to
locate individuals who were no longer living at the most recent listed address, including
Department of Motor Vehicles (DMV) records, telephone directories, and contacting the
subjects’ parents or siblings from CHDS or KPNC files. Mortality records, reverse
directories, jail searches, and visits to previous addresses were also used as necessary.
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Ascertainment by Alameda County Behavioral Health Care Services (ABHCS)

Outpatients with potential BP were also ascertained by electronic record linkage between the
CHDS and ABHCS identifiers. The ABHCS database included treatment from 1993-20009.
These subjects screened positive based on ICD-9 outpatient diagnoses of 295-298,
excluding unipolar major depressive disorder. Procedures for finding and recruiting these
potential subjects were similar to those used for ascertainment by KPNC.

Ascertainment of CHDS birth cohort by mailed questionnaire and follow-up

Third, ascertainment was initiated by letters mailed to all living mothers (N=6,971) and
cohort members (N=13,009) with known addresses in the entire CHDS cohort (excluding
families in which potential cases had already) along with a questionnaire on mental and
physical health. This was conducted from 2009-11. Questionnaire respondents who reported
“mental health problems” in an eligible cohort member (including the respondent him or
herself) were contacted by a trained KPNC study interviewer who administered the Family
Interview for Genetic Studies (FIGS) to screen for possible BP or psychotic illness in the
cohort member. If the FIGS indicated at least one bipolar and/or psychotic symptom
(delusions/hallucinations), then the cohort member was considered to have screened
positive, and was invited to participate in the diagnostic interview. If the respondent (mother
or sibling) described symptoms in a birth cohort member, the respondent was asked if he or
she would be willing to have the study contact the affected family member about
participation in the study. If the respondent agreed, the affected cohort member was
contacted by letter and invited to participate.

Diagnostic protocol

A total of 214 subjects (48% of those ascertained) were interviewed using the Structured
Clinical Interview for DSM-IV TR (SCID). The reasons that some subjects were not
interviewed were: 100 could not be contacted, 80 refused or failed to keep the appointment,
and 54 could not be interviewed because he/she had died, was incarcerated, was too
psychotic or mentally disabled, or permission from the physician could not be obtained.

Study interviewers had a minimum of a master’s degree in a mental health field and were
trained to reliably administer the SCID. DSM-IV-TR diagnoses including diagnostic
qualifiers representing subtypes of BP were systematically assigned by consensus of three
experienced clinicians (psychiatrists/Ph.D. psychologist), based on review of the SCID and
medical records. This yielded 72 total BP cases. Among those interviewed, consensus
diagnoses of non-BP disorders included SZ (n=61); major depressive disorder (n=62); and
other diagnoses (n=19). These non-BP categories were not included in the present study.
Although unipolar major depressive disorder was not included in the screening procedure,
the diagnostic protocol enabled us to exclude subjects with database diagnoses of BP and/or
psychotic disorders who were found instead to have unipolar depressive disorder in accord
with structured research criteria.

Ascertainment from PDS | study

Additional cases of BP who had been ascertained through KPNC records by an earlier study
(Prenatal Determinants of Schizophrenia I, PDS 1) were included in the present study.
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Although the purpose of PDS I was to identify SZ and other schizophrenia spectrum
disorder cases, BP cases were also diagnosed by interview in that study. The protocol for the
PDS I included the same electronic linkages with the KPNC inpatient, outpatient, and
pharmacy databases, and utilized the same 1CD-9 diagnostic codes (295-298).
Ascertainment covered the period from 1981-1998. The only other differences in the
screening methods are that the PDS 1 did not include review of pharmacy records for
treatment with mood stabilizers, and the PDS | included a second screening step, which
involved psychiatrist review of abstracted data from inpatient/outpatient records for
symptoms of psychosis. The Diagnostic Interview for Genetic Studies (DIGS), rather than
the SCID, was used for interviewing potential subjects in the PDS I. There were 23 BP cases
diagnosed in the PDS | study.

In total, then, 95 cases with BP were diagnosed following ascertainment from all sources
and clinical interview (Figure 1).

After a complete description of the study was provided to the subjects, written informed
consent was obtained. The study protocol was approved by the Institutional Review Boards
of the New York State Psychiatric Institute and KPNC.

Control Selection

In order to ensure that controls would have been equally likely (as their matched cases) to be
ascertained if they had been treated for BP in KPNC or ABHCS, controls were matched to
cases on membership in KPNC (for cases ascertained through KPNC records) or residence
in Alameda County (for cases ascertained through ABHCS or by CHDS mailing survey) in
the year the case was first treated as reported in the SCID. For KPNC, membership in the
plan at first treatment of the case was used for control matching, since they would have been
in KPNC databases if they sought care for BP. For ABHCS and mailed survey cases, DMV
records indicating residence in Alameda County at the time of case diagnosis was used,
since these subjects would have represented the population at risk for treatment at same
time.

Birth cohort members who screened positive for potential BP or psychotic disorders but did
not have BP (N=376) were excluded as potential control subjects. Siblings of selected
controls were excluded from further control selection, so that controls were independent
observations, each representing a single family or pregnant woman. Control matching
criteria included: date of birth (+/- 30 days), sex, and availability of maternal archived sera.
A ratio of 1:8 case to controls was achieved.

This protocol yielded 754 matched controls.

Definition of exposure

Oxytocin administration to induce labor was contemporaneously documented in medical
charts in the CHDS and systematically abstracted by the CHDS. The oxytocin analyses
include 93 cases, matched up to 1:8 with controls (total N controls=738).
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Childhood cognitive measures

Prospective cognitive testing of randomly selected, large subsets of this birth cohort was
conducted at ages 5 and ages 9-11. Childhood cognitive measures included the Peabody
Picture Vocabulary Test (PPVT) and the Raven Progressive Matrices and Raven Coloured
Matrices (Raven). Fifty cases and 215 matched controls received the cognitive tests in
childhood. None of those tested at age 5 were also tested at ages 9-11 in this subset of the
birth cohort.

The PPVT is a test of receptive verbal ability (Strauss et al., 2006). The examinee is shown a
plate with four pictures, the examiner speaks a word describing one of the four, and the
examinee selects the correct picture either by speaking or pointing. In the CHDS, the PPVT
was given to 3,413 children at age 5 and 3,737 at ages 9-11. Standardization of the PPVT
for this sample was performed by converting raw scores to standard scores (z scores) by
using the mean and standard deviation observed in each tested sample by age group. For the
PPVT, the mean was set at 100, standard deviation of 15. Once standardized, testing for ages
5 and 9-11 were combined to gain statistical power.

The Raven instruments are tests of visual-spatial processing, inductive reasoning, relational
reasoning, and problem solving (Strauss et al., 2006). Each question displays a pattern with
a block missing and four choices, one of which accurately completes the pattern. In the
CHDS, a randomly selected subset of children was tested at age 5 with the Raven Coloured
Matrices, which consists of 21 plates. At age 9-11, another randomly selected subset was
tested with the Raven Progressive Matrices, which consists of 60 plates. A total of 3,412
five year olds were assessed with the Raven, and 3,737 children at ages 9-11. For these
analyses, cohort norms for the Raven were calculated with mean set at 0 and a standard
deviation of 1. After converting the scores into standard units based on the proportion
correct, the results were combined for age 5 and ages 9-11 to gain statistical power.

As a result of standardizing the scoring for both the PPVT and the Raven, differences
between groups are measured and reported in standard deviation units.

Analytic method

Potential confounders were identified based on literature review of associations with BP,
oxytocin, or cognition. These potential confounders included maternal age, race, educational
level, maternal psychiatric history, and gestational age at birth. Data on these factors were
included in the CHDS database; all maternal variables were obtained from maternal
interview, and other potential confounders were abstracted from obstetric/delivery records
into the CHDS. Based on differences between cases and controls in this sample, and the
potential for an effect on child cognition, the following potential confounders were
considered: maternal psychiatric history, maternal age (<35 [reference], 235), maternal
ethnicity (Caucasian [reference], African American, other), and maternal educational
achievement (defined as maternal education: <high school, high school only [reference],
some college/college graduate) (Lundborg et al., 2014; Manly and Echemendia, 2007; Park
et al., 2013). Gestational age (number of days after last menstrual period) was also
considered as a potential confounding variable because longer gestation could increase the
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chance of induction. These potential confounders were entered into the adjusted models
when associated with exposure and outcome at a probability less than 0.1.

As noted above, length of labor, analgesics, and delivery type were analyzed as potential
confounders. Length of labor, contemporaneously documented in the CHDS, was
calculating as the time from onset of labor to delivery and the time from second stage to
delivery. Prolonged labor was defined as 1) equal to or greater than six hours for first stage,
2) equal to or greater than two hours for second stage for first births, and 3) equal to or
greater than one hour for second stage for additional births (ACOG, 2003; Spong et al.,
2012; Zhang et al., 2010). This variable was dichotomized to “prolonged” versus “not
prolonged.” In addition, labor time was examined as a continuous variable. Analgesics were
coded by drug name in the CHDS. A dichotomous variable for any “analgesic” versus
“none” was constructed as the purpose was to assess any medication intervention compared
to no intervention. Third, delivery type was coded at birth and treated here as a dichotomous
variable: caesarean or vaginal delivery.

Conditional logistic regression models were used for the matched case-control analyses
assessing BP as an outcome. This included the association between oxytocin and BP, and
childhood cognition and BP. The GEE exchangeable correlation structure, which produced
the smallest QIC value, was used for the analyses of cognitive performance included all
children in the birth cohort who were tested (including siblings), since the aim of these
analyses was to relate oxytocin to cognitive performance regardless of a BP diagnosis.

Demographics

As seen in Table 1, only maternal race and maternal psychiatric history potentially differed
by case status. However, maternal race was not associated with oxytocin (for African-
Americans, p = 0.90; for “other,” p = 0.94) nor with BP (for African-Americans, p = 0.70;
for “other,” p = 0.2). Maternal psychiatric history also was not associated with oxytocin (p =
0.46) nor with BP (p = 0.43). Therefore, none of the demographic covariates were treated as
confounders in analyzing the association between oxytocin and BP.

Oxytocin and BP

Of 831 subjects in the nested case-control study, 34 received oxytocin to induce labor: 8
cases and 26 controls. As shown in Table 2, oxytocin was associated with a 2.45-fold
increased risk of BP in adulthood (HR = 2.45; CI: 1.08, 5.58; p = 0.032).

Confounding of the oxytocin association with BP

None of the additional potential confounders/antecedents were associated with BP.
Gestational age was not associated with either BP (p = 0.38) or oxytocin (p = 0.93).
Prolonged labor, from active onset to birth, was not associated with BP (p = 0.41);
prolonged first stage was not associated with BP (p = 0.1); prolonged second stage was
marginally associated with BP (p = 0.064). However, no subject who had prolonged second
stage also received oxytocin. Nearly all of the mothers of both cases and controls received
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an analgesic during pregnancy. Analgesics were not associated with BP (p = 0.65).
Regarding delivery type, neither cesarean nor vaginal births were associated with BP (for
both variables, p = 0.99).

Childhood cognition and BP

Fifty cases who later developed BP and 215 matched controls underwent cognitive
assessments with the Raven and PPVT during childhood. Table 3 presents the data on the
childhood testing. Cases had a higher mean PPVT score than controls, but also had a lower
mean Raven score. The range of scores for cases on the PPVT was much wider than that for
controls. In contrast, the range of scores of the Raven for cases was narrower compared to
controls. Childhood cognition, as measured by both tests, was not associated with later BP
(Table 3: PPVT: p = 0.19; Raven: p = 0.93).

Oxytocin and childhood cognition

Discussion

In bivariate analyses to test for potential confounders (Table 4), gestational age, maternal
education, and maternal race were each significantly associated with oxytocin and cognition.
As a result, each of these covariates was included in the final model.

On the Raven, oxytocin and childhood cognitive performance were significantly associated,
with a reduced score of .14 (CI: —0.26, —0.03, p = .02) standard deviation units. Table 5
presents the fully adjusted model. Controlling for a number of maternal and family
demographic variables, oxytocin remained significantly related to worse Raven
performance. The effect size for the reduced score on the Raven was relatively the same in
both the unadjusted and fully adjusted models. On the PPV T, oxytocin was associated with a
reduced score of .45 (CI: —-2.12, 1.23, p = 0.6) standard deviation units, but the result fell
short of statistical significance.

Perinatal oxytocin administration was associated with a greater than twofold increased odds
of later BP. In an effort to more clearly test oxytocin’s association with BP, gestational age,
delivery type, analgesics, and duration of labor were each tested as potential confounders.
The lack of association of each supports the conclusion that the effect of oxytocin is not a
generic proxy for labor complications and is not confounded, at least by these measured
variables. Although too few mothers received only analgesics in this study to permit testing
for interaction, a prior study found no interaction effect between analgesics and oxytocin
(Oscarsson et al., 2006).

Childhood cognition was not associated with BP. This is consistent with other research
which suggests that the cognitive impairments are more modest in BP compared with SZ
and are domain-specific rather than generalized (Bearden et al., 2001; Bearden et al., 2010;
Daban et al., 2006; Goodwin et al., 2008; Harvey et al., 2010; Lim et al., 2013; Quraishi and
Frangou, 2002; Savitz et al., 2005; Stefanopoulou et al., 2009). Oxytocin was associated
with worse performance on the Raven, but not on the PPVT. This suggests that perinatal
oxytocin may impair offspring neurodevelopment, although caution must be exercised with
regard to causal inference. To our knowledge, this is the first evidence that oxytocin to

J Affect Disord. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Freedman et al.

Page 10

induce labor is related to childhood cognition in a longitudinal prospective birth cohort. The
significantly reduced performance on the Raven compared to the non-significantly reduced
score on the PPVT may reflect a neurodevelopmental effect of oxytocin on specific brain
regions. Although correlated, the test instruments measure different functional abilities and
implicate different brain regions, with the Raven being associated with executive abilities
and prefrontal cortical functioning (Crone et al., 2009; Gray et al., 2003; Zanelli et al.,
2010). The PPVT is a test of receptive language, a complex cognitive domain but one more
closely associated with temporal lobe functioning than executive functioning (Levin et al.,
2001; Strauss et al., 2006; Wells et al., 2008; Weyandt and Willis, 1994). However, further
testing would be needed to assess the hypothesis that perinatal oxytocin differentially affects
cognitive domains. In spite of the observed association between oxytocin and Raven
performance, the latter could not have been a mediator of the relationship between oxytocin
and BP, given that Raven performance was not associated with BP.

Endogenous oxytocin—Endogenous oxytocin plays an important role at birth for both
the mother and infant (Bell et al., 2014; Maggi et al., 1994). Uterine contractions during
parturition are prompted by endogenous maternal oxytocin, released from the hypothalamus
and pituitary (Brunton et al., 2013; Maggi et al., 1994). Endogenous maternal oxytocin also
mediates a temporary GABA switch in the fetus, from excitatory to inhibitory, in
preparation for labor (Ben-Avri et al., 2012; Ceanga et al., 2010; Khazipov et al., 2008; Tyzio
et al., 2006). This switch is neuroprotective for the fetal brain, reducing anoxic episodes and
providing an analgesic effect by reducing pain signaling (Ben-Ari et al., 2012; Ceanga et al.,
2010; Khazipov et al., 2008; Mazzuca et al., 2011). Too little endogenous oxytocin risks
fetal hypoxic-ischemic insult during the birthing process. However, too much endogenous
oxytocin, also increases the risk for fetal hypoxia-ischemia (Ceanga et al., 2010), which in
turn has been associated with cognitive impairment and psychiatric illness later in life (Buka
etal., 1993; Li et al., 2012; Zornberg et al., 2000). The neuroprotective benefit of oxytocin
against fetal hypoxic-ischemic insult appears to occur within a narrow range of its
expression, at least in hippocampal cell cultures (Ceanga et al., 2010), with both high and
low concentrations failing to protect the fetal brain during critical periods of
neurodevelopment.

Exogenous oxytocin—Exogenous maternal oxytocin has been associated with lower
Apgar scores and with increased need for neonatal intensive care (Oscarsson et al., 2006;
Selo-Ojeme et al., 2011). Convergent evidence supports a potential role for oxytocin in other
psychiatric illnesses, including an increased risk of ADHD (Kurth and Haussmann, 2011),
which is occasionally comorbid with BP, as well as autism (Gregory et al., 2013). Further,
exogenous oxytocin to induce labor could plausibly disrupt the maternal stress response
system which has been shown to affect fetal neuronal development, neural plasticity, and
myelination (Brunton and Russell, 2011; Duthie and Reynolds, 2013).

While the specific mechanism by which these outcomes are associated with oxytocin
remains to be more fully studied, the effect on GABA is a promising hypothesis. Disruption
of GABA by exogenous oxytocin during a sensitive developmental period could have long-
term effects on this neurotransmitter’s role in functioning of the prefrontal and limbic

J Affect Disord. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Freedman et al.

Page 11

regions, brain areas which are impaired in BP as well as other psychiatric illnesses (Brooks
et al., 2008; Cerullo et al., 2012; Strakowski et al., 2005; Wessa et al., 2014). Disruptions in
early development of the GABA system are reported to have long-term consequences (Ben-
Avri etal., 2012; Le Magueresse and Monyer, 2013). Because GABA, and its precursor
glutamate, plays an essential role in early neuronal development, affecting neuronal
migration, dendritic arborization, and circuit formation (Le Magueresse and Monyer, 2013),
it is possible that exogenous oxytocin during a critical developmental window could disrupt
the protective switch in GABA function. Moreover, GABA maturation continues through
adolescence in normal development (Catts et al., 2013); and, alterations of the GABA
neurotransmitter system have been found in subjects with BP (Benes et al., 2007; Gigante et
al., 2012). Thus, it is possible that oxytocin’s disruption of GABA during a critical
neurodevelopmental window explains at least some of the results reported here.

Strengths and limitations

Conclusion

There are several strengths of the study. First, the longitudinal design of the birth cohort, the
long follow-up period (1981-2009), and the diagnostic procedures, all strengthen the
validity of the exposure measures and case ascertainment. Second, the data were based on
prospectively collected measures of oxytocin administration, in addition to the other prenatal
and perinatal exposures as well as premorbid cognitive testing in childhood.

The study also has certain limitations. As with any prospective longitudinal study, loss to
follow-up needs to be addressed. It is possible that people with BP were more likely to drop
out of the study or to refuse to participate. However, the overall prevalence of BP in this
study of 0.08 percent of the 12,000 KPNC members still enrolled in 1981 is similar to the
findings in most international prevalence studies (Ferrari et al., 2011). Additionally, no
evidence has suggested that loss to follow-up is associated with the exposures or outcomes
of this study, and prior research in this birth cohort has found such an effect to be very
unlikely (Susser et al., 2000). A second limitation is the narrowness of the cognitive battery.
The two test instruments do not measure the breadth of cognitive domains which have been
found to be impaired in BP: executive functioning, memory, learning and memory. A third
limitation is the modest sample size of those exposed to oxytocin.

This study provides evidence for a potentially important perinatal risk factor for BP and for
cognitive impairment in childhood. While the association between perinatal oxytocin and
offspring BP must be viewed cautiously until further studies can attempt to replicate the
result, it lends support to the broader view that neurodevelopmental factors contribute to BP.
Specifically, the findings of this study support the neurodevelopmental hypothesis in the
sense that a specific early life exposure was found to be associated with an increased risk for
later BP and a particular cognitive outcome. We hypothesize a pathway from exogenous
oxytocin to GABA dysfunction, an altered developmental trajectory, and later life BP.
However, further work on each part of that pathway is essential. The association appears not
to be confounded by key associated risk factors. Moreover, this work should support further
research on oxytocin and childhood cognitive functioning, as well as on prenatal and
perinatal risks for BP.
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448 Potential cases
ascertained

234 Excluded

_ 100 Unable to contact

80 Refused/failed to
keep appointment

54  Not interviewable

v

214 Interviewed

v

72 Diagnosed with BP in bipolar study
23 Diagnosed with BP in PDS 1

l

95 Total BP

Figure 1.
Ascertainment of bipolar disorder cases
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Table 1

Demographic comparison of bipolar disorder cases and controls

Bipolazr Cases C’\cl)zgl;loels P value

Maternal age at child’s birth 27.3 (6) 28.0 (6) 0.32
Mean (SD)

Maternal Education, N (%) 0.85
< High school 18 (21) 128 (19)

High school graduate 32 (37) 271 (39)
Some college or college graduate 36 (42) 293 (42)

Maternal Race, N (%) 0.07
White 64 (69) 435 (58)
African-American 24 (26) 215 (29)

Other 5 (5) 92 (13)

Paternal Race, N (%) 0.14
White 55 (70) 387 (59)
African-American 19 (24) 189 (29)

Other 5 (6) 79 (12)

Maternal psychiatric history (any), N (%) 24 (25) 132 (18) 0.07

Birthweight in grams, Mean (SD) 3374 (21) 3289 (17) 0.17

Low Birthweight 7(7) 43 (6) 0.52
<2500g, N (%)

Gestational age in days, Mean (SD) 281 (16) 280 (14) 0.33
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Table 2

Oxytocin and risk for later bipolar disorder (N=840)

Number exposed Hazard Ratio Cl p value
Oxytocin” Exposed cases: 8 2.45 (.08, 5.58) 0.03
Exposed controls: 26
Controlling for gestational age™” Exposed: 34 244 (1.07,555) | 003
Controlling for maternal psychiatric history™™* Exposed: 34 2.99 (1.08,8.3) 0.04

*
9 subjects missing data

* %
13 subjects missing data

*k %k
11 subjects missing data
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Fully adjusted model of perinatal oxytocin and childhood Raven standardized score

Table 5

Parameter Estimate 95% ClI Pr>|Z]
Intercept -0.55 (-0.96,-0.14) | 0.0088
Oxytocin -0.14 (-0.26,-0.03) | 0.0141
Gestational age 0.002 (0.001, 0.004) 0.004
Maternal psychiatric history -0.019 (-0.09, 0.06) 0.618
Maternal education: HS graduate -0.20 (-0.27,-0.14) | <.0001
Maternal education: some college or more 0.38 (0.33, 0.43) <.0001
Maternal race: African-American -0.61 (-0.66, -0.55) | <.0001
Maternal race: other 0.02 (-0.06, 0.11) 0.6477
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