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Abstract

Background—~Prenatal micronutrient deficiency has been linked to later development of
schizophrenia among offspring; however, no study has specifically investigated the association
between vitamin A and this disorder. Vitamin A is an essential nutrient which is required by the
early embryo and fetus for gene expression and regulation, cell differentiation, proliferation and
migration. Previous work suggests that vitamin A deficiency in the second trimester may be
particularly relevant to the etiopathogenesis of neurobehavioral phenotypes some of which are
observed in schizophrenia.

Methods—We examined whether low maternal vitamin A levels in the second trimester are
associated with the risk of schizophrenia and other schizophrenia spectrum disorders (SSD) in the
Prenatal Determinants of Schizophrenia study; third trimester vitamin A levels were also
examined in relation to SSD. The cases were derived from a population-based birth cohort; all
cohort members belonged to a prepaid health plan. Archived maternal serum samples were
assayed for vitamin A in cases (N=55) and up to 2 controls per case (N=106) matched on length of
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membership in the health plan, date of birth (28 days), sex, and gestational timing and
availability of archived maternal sera.

Results—For the second trimester, low maternal vitamin A, defined as values in the lowest
tertile of the distribution among controls, was associated with a greater than threefold increased
risk of SSD, adjusting for maternal education and age (OR=3.04, 95% CI=1.06, 8.79, p=.039). No
association between third trimester maternal vitamin A and SSD was observed.

Conclusions—Although further investigations are warranted, this is the first birth cohort study
to our knowledge to report an association between low maternal vitamin A levels and SSD among

Vitamin A; Retinoids; Schizophrenia; Nutrition; Micronutrient; Neurodevelopment;
Epidemiology; Risk factors; Environment

1. Introduction

Vitamin A is an essential nutrient which is required by the early embryo and fetus for gene
expression and regulation, cell differentiation, proliferation and migration (Morris-Kay,
1993; Maden, 1999; Nau and Elmazar, 1999). As elaborated by Goodman (1995, 1996,
1998), convergent evidence has implicated vitamin A and other retinoids in schizophrenia.
First, there are similarities with respect to physical anomalies, including craniofacial
anomalies, enlarged ventricles, and other defects in patients exposed to prenatal retinoid
excess and deficiency and anomalies found in patients with schizophrenia spectrum
disorders (SSD) (Goodman, 1995). Second, retinoids have been linked to neurotransmitter
and neurobiological systems proposed to be disrupted in schizophrenia (Goodman, 1995,
1998). Retinoic acid (RA), an active form of vitamin A, is essential for the effects of vitamin
A on vertebrate embryonic development. The targets of RA transcriptional regulation
include dopamine and glutamate receptors, which have been widely implicated in the
neurochemistry of schizophrenia. This suggests that retinoids play a significant role in the
control of gene expression of these neurotransmitters (Samad et al., 1997; Goodman, 1998;
Krezel et al., 1998). Third, retinoid pathways regulate the growth and differentiation of cells
affecting many aspects of brain development including neurogenesis, axon path finding,
activity-dependent plasticity (Goodman, 1998; LaMantia, 1999; Maden, 2000), cell survival,
neurite outgrowth (Aggarwal et al., 2006; Alique et al., 2006; Ertesvag et al., 2007), and
neurodevelopmental events that have been implicated in schizophrenia (Thornberg and
Saklad, 1996; Krezel et al., 1998). Moreover, in a recent genome-wide screening study of
schizophrenia, disruptions in the gene for the retinoid X receptor alpha (RXRA) by copy
number variants (CNVs) were associated with schizophrenia (Lee et al., 2010).

While few epidemiologic studies have examined the relationship between low maternal
vitamin A intake or serum levels and congenital malformations, two studies have reported
that vitamin A supplementation lowers the risk of congenital abnormalities (Mills et al.,
1997; Czeizel and Rockenbauer, 1998), and another reported significantly lower vitamin A
blood levels in newborn infants with myelomeningocele (Drott and Meurling, 1992). Also,
evidence suggests that low vitamin A concentration in maternal serum is associated with
diminished birth weight (Brandt, 1978; Shenai et al., 1981; Navarro et al., 1984;
Ghebremeskel et al., 1994; Gazala et al., 2003), a risk factor for schizophrenia (Abel et al.,
2010). In addition, low vitamin A in cord serum has been associated with diminished motor
developmental quotient (DQ) at age 2 (Chen et al., 2009).

Schizophr Res. Author manuscript; available in PMC 2013 May 01.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Bao et al.

Page 3

In a previous study on early postnatal mice, a period thought to be broadly equivalent to the
second trimester in humans, RA administration during this time period was shown to have
particular sensitivity on development of the hippocampus and anterior cingulate (Luo et al.,
2004). In addition, defects in synaptic plasticity in the adult hippocampus, including
impaired long term potentiation (LTP) and long term depression (LTD), can be replicated by
vitamin A deprivation in early postnatal mice, and reversed by RA administration (Misner et
al., 2001). Moreover, this developmental period in mice is accompanied by rapid increases
in the expression of retinaldehyde dehydrogenases (RALDH), which synthesize RA in the
forebrain (Wagner et al., 2002). The RALDH expression patterns bear interesting
spatiotemporal parallels to heuroanatomic abnormalities found in schizophrenia.

In spite of the potential importance of retinoids in neurodevelopmental and neurochemical
processes relevant to schizophrenia, previous birth cohort studies have not directly examined
the relationship between maternal vitamin A intake during pregnancy and schizophrenia
among the offspring. For this study, we measured retinol, the form of vitamin A that is
delivered to peripheral tissues to serve as a source of retinoic acid, which is needed to
regulate vitamin A-dependent responses (Maden et al., 1996, 1999; Nau and Elmazar,
1999); consequently, “vitamin A” will be used to denote retinol throughout the manuscript.
Following on the findings reviewed in the above paragraph, we examined whether low
maternal vitamin A levels in the second trimester are associated with schizophrenia and
other schizophrenia spectrum disorders (SSD) in offspring members of the Prenatal
Determinants of Schizophrenia (PDS) study (Susser et al., 2000); given the overlap in
certain vitamin A-related developmental processes between trimesters, we also assessed the
relationship between vitamin A in the third trimester and SSD. Analyses were not conducted
for the first trimester given the small number of maternal serum specimens from that
gestational period. The study capitalized on the availability of prenatal serum specimens,
which were collected in this cohort and were archived for future use (Brown et al., 2004,
2007).

2. Methods

2.1. Description of the cohort

The PDS study has been described in detail previously (Susser et al., 2000; Brown et al.,
2007), and will therefore be only summarized here. The cohort members were derived from
the Child Health and Development Study (CHDS) (van den Berg, 1979) which took place
from 1959 through 1966. The CHDS recruited nearly all pregnant women who were
receiving obstetric care from the Kaiser Permanente Medical Care Plan (KPMCP) in
Alameda County, California. All of their 19,044 live births were automatically enrolled in
KPMCP. Data were prospectively collected from maternal medical records, maternal
interviews, and other sources of information.

Serum samples during pregnancy were obtained for the vast majority (91.6%) of the
subjects. In general, the samples were drawn in the morning; however, the protocol did not
require the subjects to be fasting. All samples were uniformly handled and stored following
a strict protocol.

The cohort consisted of the 12,094 (96%) members of the CHDS followed through KPMCP
registries from January 1, 1981 to December 31, 1997 (Susser et al., 2000). Case
ascertainment began on January 1, 1981 when electronic registries for psychiatric diagnoses
in KPMCP were established and continued over a 17-year period of continuous follow-up.
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2.2. Screening and diagnosis of schizophrenia and other schizophrenia spectrum

disorders

Cases were defined as individuals who were treated for schizophrenia and other SSD
including any of the following related diagnoses: schizophrenia, schizoaffective disorder,
delusional disorder, psychotic disorder not otherwise specified, and schizotypal personality
disorder. This definition was based on precedents indicating familial aggregation between
these disorders (Kendler et al., 1995). In later analyses, schizophrenia was analyzed apart
from other SSD. Screening procedures for potential cases with SSD were conducted on the
inpatient, outpatient, and pharmacy registries of KPMCP and involved three steps: 1)
ascertainment of potential cases from computerized record linkages between CHDS and
KPMCP, 2) chart review of potential cases to confirm diagnostic eligibility for assessment,
and 3) diagnostic interview (or chart review) and consensus diagnosis. Subjects from the
inpatient registry were screened for potential SSD based on registry diagnosis codes 295
through 299 from the International Classification of Diseases, Ninth Revision (ICD-9).
Subjects from the outpatient registry screened positive if they were assigned ICD-9
diagnoses of 295, 297, 298, or 299; subjects from the pharmacy registry screened positive
based on a history of antipsychotic treatment. There were 389 subjects who screened
positive. Following this step, the psychiatric and medical records of these subjects were
reviewed for evidence of psychotic symptoms by an experienced, board-certified research
psychiatrist. Among these subjects, 183 screened positive for potential SSD. Using state
death certificate data, it was determined that 13 of these subjects were deceased. Among the
170 remaining potential cases, 146 (86%) were contacted to schedule a diagnostic interview.

The Diagnostic Interview for Genetic Studies (DIGS) was administered by clinicians with a
minimum of a master's degree in a mental health field who were fully trained to administer
this interview to potential cases (Nurnberger et al., 1994). A consensus diagnosis was
assigned by three experienced research psychiatrists using DSM-IV criteria based on the
interview information, medical records, and discussions with the interviewer. The DIGS was
completed by 107 of the 146 (73%) contacted potential subjects with SSD. For the 76
potential cases that were not interviewed, DSM-IV diagnoses were made by chart review
and confirmed by a research psychiatrist. A total of 71 cases of SSD were identified by full
diagnostic assessment, 44 of whom received the DIGS and 27 of whom were diagnosed by
medical record review.

All subjects in the PDS study provided written informed consent for human investigation.
The study protocol was reviewed and approved by the institutional review boards of the
New York State Psychiatric Institute and KPMCP.

2.3. Eligible cases

Among the 71 SSD cases, 55 had at least one available prenatal serum sample. 44 (80%) of
the 55 cases with prenatal sera were diagnosed with schizophrenia (n=32) or schizoaffective
disorder (n=12). The remaining cases consisted of delusional disorder (N=1), schizotypal
personality disorder (N=5), and other schizophrenia spectrum psychosis (N=5) (the last
category included subjects diagnosed by chart review, in whom a diagnosis of a specific
schizophrenia spectrum disorder could not be made). Sera were available for the first
trimester in 20 cases, for the second trimester in 44 cases, and for the third trimester in 47
cases. As noted above, analyses were conducted only on second and third trimester serum
specimens due to the small sample of subjects with first trimester sera.

2.4. Selection of controls

Two matched controls were selected for each case from eligible birth cohort members
representing the population at risk at the time the case was ascertained. The pool of eligible
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controls excluded the 71 SSD cases and 318 individuals with other psychotic and major
mood disorders.

Controls (N=106) were matched to cases on five variables: 1) membership in KPMCP at the
time the case was ascertained, 2) date of birth (+28 days), 3) sex, 4) gestational timing (28
days) of the first maternal serum sample taking during the index pregnancy, 5) number of
maternal blood samples drawn during the index pregnancy (Susser et al., 2000; Brown et al.,
2004). Hence, the controls were selected from a representative sample of offspring from the
birth cohort who did not have psychotic or mood disorders requiring hospitalization and who
had available maternal sera from comparable periods of gestation.

Serum specimens were provided by the CHDS for up to 2 matched controls per case and
were selected at random from each matched set of controls. For improved accuracy of
matching the gestational timing of the serum drawn between cases and controls, the control
serum samples were matched to case samples on trimester and within each trimester, the
sera from the controls were drawn within 42 days of the blood drawn for the corresponding
cases. Serum availability was based on when the gravidas attended prenatal visits.

2.5. Serologic assay

In this study, all archived maternal sera from the cases and matched controls were assayed
for vitamin A. The same assay method was used for both cases and controls. All assays were
performed blind with respect to case and control status. Serum vitamin A was analyzed by a
reverse-phase HPLC procedure (Mills et al., 1992; Redlich et al., 1996) using a 250x4.6 mm
Beckman Ultrasphere C18 (5 mcm) column (Beckman Instruments, Inc.). The low limit of
detection for vitamin A is 2 ng/ml for serum. The assay variability is between 3 and 6%
(Burger et al., 1997; Redlich et al., 1998).

2.6. Statistical analysis

The analysis was based on a nested case—control design in which the matched controls for
each case were selected from the population at risk at the time the case was ascertained (the
first date of diagnosis for SSD), eliminating the need to obtain exposure data for the entire
population at risk. Appropriate to the nested case—control study design, point and interval
estimates of odds ratios (ORs) were obtained by fitting conditional logistic regression
models for matched sets (Susser et al., 2006; Rothman et al., 2008).

Analyses of maternal vitamin A in relation to schizophrenia risk in offspring were conducted
separately for the second trimester (98-188 days after the last menstrual period), and the
third trimester (189 days after the last menstrual period until delivery). In the main analysis,
subjects with low maternal vitamin A were defined as those belonging to the lowest tertile
group for the particular trimester, based on cutoff points for that trimester as defined among
controls. The use of tertiles in the primary analysis was based on evidence that maternal
levels of two other micronutrients—homocysteine and vitamin D—do not show a
continuous relationship with schizophrenia (Brown et al., 2007; McGrath et al., 2010). Finer
grades of exposure (i.e. quartiles, quintiles) were not used given the modest sample size. In
this analysis, the OR represents the effect of vitamin A levels during the second, and the
third, trimesters in the lowest tertile group compared to the highest (reference) tertile group
on SSD risk. The ranges of vitamin A levels in these tertile groups are provided in Table 1.

Covariates were selected a priori to be potential confounders based on the literature on
maternal variables related to schizophrenia and vitamin A (Affenito et al., 2007; West and
Mehra, 2010; Brown, 2011). These covariates included maternal age (in years); maternal
ethnicity [white (reference), African-American, other)]; socioeconomic status, defined as
maternal education [less than high school graduate, high school graduate (reference), some
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college/college graduate]; parity (<1 previous pregnancies, =2 previous pregnancies);
maternal smoking; maternal homocysteine level; maternal hemoglobin level; and maternal
infection [maternal influenza during first half of gestation, elevated maternal toxoplasma
antibody (1gG titer >1:128), genital/reproductive infection in periconceptional period, or
second trimester maternal respiratory infection]. Covariates were entered into the logistic
models based on p<0.20 for bivariate relationships with both case and vitamin A exposure
status, in accord with standard epidemiologic methods (Rothman et al., 2008). Given that the
availability of sera differed by trimester, the samples of subjects were not identical for each
trimester. Thus, these bivariate analyses were conducted separately for the second and third
trimesters for the pools of cases and matched controls.

In a supplementary analysis, we examined, using conditional logistic regression, whether the
slope corresponding to the change in maternal retinol between the second and third
trimesters, taking the gestational day of the serum drawn into account, predicted case status
among subjects with retinol levels in both trimesters. In this model, every subject has a
unique slope and intercept, where slope is the change of serum retinol (3rd trimester retinol-
2nd trimester retinol) per unit time. The intercept and slope were then averaged separately
for cases and controls.

3.1. Associations between demographic factors and case status

The only demographic covariates that met the a priori criteria for inclusion in the logistic
models were maternal education and maternal age for the cases and matched controls with
second trimester sera. Maternal education was lower in cases than controls [proportion with
<H.S. education was 9/44 (22%) in cases and 4/70 in controls, p=.058] and mothers of cases
were older than mothers of controls [mean (SD) was 28.9 (5.7) in cases and 27.2 (6.9) in
controls, p=.17]. Low second trimester maternal vitamin A was found in mothers with
decreased education [mean (SD) vitamin A level was 33.5 (12.9) for <H.S. education and
39.1 (13.5) for some college/college graduate, p=.066]. Second trimester maternal vitamin A
levels were positively correlated with maternal age (p=.005). Maternal ethnicity, smoking,
parity, birthweight, and gestational age did not meet these criteria for cases/matched controls
in any trimester, nor did maternal age and education for the third trimester sample of cases
and matched controls.

With regard to specific micronutrients, second trimester hemoglobin, which was related to
schizophrenia in our previous study of this cohort (Insel et al., 2008), was not related to
second trimester vitamin A (parameter estimate=1.15, p=0.40). Third trimester hemoglobin
was related to third trimester vitamin A (parameter estimate=2.62, p=.036). With respect to
homocysteine, a marker of folic acid deficiency, third trimester, but not second trimester
levels of this analyte were previously shown to be related to schizophrenia in this cohort
(Brown et al., 2007). However, neither second trimester (parameter estimate=0.31, p=0.32)
nor third trimester (parameter estimate=—. 03, p=0.89) homocysteine was related to second
or third trimester vitamin A, respectively. There was no association between maternal
infection and maternal retinol for the second trimester [mean (SD) retinol=1.94 pg/dL (0.89)
for infection exposed, 1.96 pg/dL (0.83) for infection unexposed, p=0.92] or for the third
trimester [mean (SD) retinol=2.14 (0.88) for infection exposed, 1.90 (0.79) for infection
unexposed, p=0.12)].

Hence, the logistic models for the second trimester analysis were adjusted only for maternal
education and maternal age, and for the third trimester analysis, the model was adjusted for
these covariates and maternal hemoglobin. Paternal age was also considered as a potential

covariate but given that its relation to maternal vitamin A levels would have been mediated
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by maternal age it was not necessary to adjust for this covariate once maternal age was
included in the model.

3.2. Maternal vitamin A levels in SSD cases and matched controls

The numbers and proportions of SSD cases and matched controls by maternal vitamin A
tertile status for each trimester are displayed in Table 1. For the second trimester, the
proportion of SSD cases in the lowest tertile (45.5%) was increased compared to the highest
(reference) tertile (31.8%).

In the conditional logistic regression analysis, second trimester exposure to maternal vitamin
A levels in the lowest tertile was associated with a greater than threefold increased risk of
SSD among offspring (OR=3.05; 95% CI=1.06-8.79, p=.039), adjusting for maternal
education and maternal age, the a priori confounders (see Table 2). Third trimester exposure
to maternal vitamin A levels in the lowest tertile was associated with no increased risk of
SSD in offspring (OR=1.59, 95% CI=0.47, 5.38, p=0.46).

In a supplementary analysis, we re-analyzed vitamin A defined as <20 pg/dL, given that this
cut-off point has been used to define moderate and severe deficiency. The odds ratio,
adjusting for maternal education and age, for the second trimester was 2.92 (95% C1=0.48-
17.7), p=0.25 and for the third trimester was 1.99 (95% CI1=0.52-7.7), p=0.32. While non-
significant, these findings are similar in magnitude to those of the main analysis.

We also analyzed whether a change in serum retinol between the second and third trimesters
was related to case status. There was no significant difference in the slopes corresponding to
the change in maternal retinol between the two trimesters (p=.66), although there was a
mean (SD) decrease of 0.56 pg/dL (12.44) in cases, while in controls there was a decrease of
4.01 pg/dL (11.85), consistent with the findings of the main analysis.

3.3. Maternal vitamin A levels in schizophrenia

In a secondary analysis, we investigated the relationship between maternal vitamin A levels
and schizophrenia apart from other SSD. Second trimester exposure to vitamin A levels in
the lowest tertile was associated with a greater than fourfold increased risk of schizophrenia
in offspring (OR=4.30, 95% CI=0.71, 25.8, p=0.11). Third trimester to exposure to low
vitamin A was not related to schizophrenia (OR=1.32, 95% CI=0.37, 4.74, p=.66).

4. Discussion

We found that low maternal vitamin A levels, prospectively documented during the second
trimester, are associated with a threefold, significant increase in risk of schizophrenia and
other schizophrenia spectrum disorders in offspring from a large birth cohort. To our
knowledge, this is the first time that maternal vitamin A levels have been related to
schizophrenia in a birth cohort study, substantiating the previous literature on vitamin A and
neurodevelopment in relation to this disorder (Goodman, 1998; Lamantia, 1999). The
finding was observed only in the primary analysis, in which subjects in the lowest tertile of
vitamin A levels were compared to those in the highest (reference) tertile. No associations
were observed for third trimester vitamin A and schizophrenia in offspring.

Vitamin A plays an essential role in brain development. Following uptake by the brain and
other tissues, vitamin A is converted to retinoic acid (RA), the active metabolite required for
proper morphogenesis (Nau and Blaner, 1999). Unlike vitamin A, retinoic acid is not a
stable metabolite and is present at very low levels in sera (Nau and Blaner, 1999). As
reviewed in Section 1, minor physical anomalies, a prominent pathomorphologic feature of
schizophrenia, occur following retinoid abnormalities during embryonic development
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(Goodman, 1995, 1998). Animal studies have shown that rat embryos which have been
deprived of vitamin A manifest an underdeveloped hindbrain, loss of posterior cranial
nerves, lack of differentiation of neuronal populations in the brain, and other congenital
anomalies (Dickman et al., 1997; Antipatis et al., 1998; White et al., 1998). Further, a recent
study has demonstrated that RA is needed in order to promote development of neural
progenitors in mouse embryonic stem cells (Engberg et al., 2010). Wong et al. (2006) have
provided the first in vivo demonstration that upregulating a RA receptor leads to the
induction of nerve regeneration and functional recovery.

Rodent models have demonstrated that disruption of retinoid signaling pathways plays a role
in regulating synaptic plasticity and associated learning and memory behaviors (Lane and
Bailey, 2005). Specifically, in mutant mice which lack mesenchymal cells that produce RA,
neuromorphologic anomalies found in schizophrenia, including enlarged ventricles, and
altered lamination of the thalamus, hippocampus, and neocortex were observed (Lamantia,
1999; Luo et al., 2004).

Animal studies suggest that in humans, midgestation may be an especially critical period for
the effects of RA on brain development, including a significant impact on neuronal
differentiation, maturation, and migration (Luo et al., 2004). In a study of mice made
vitamin A deficient during parturition, broadly equivalent to the second trimester in the
human, deficits in LTP and LTD in the hippocampus were observed, compared to mice
given a vitamin A sufficient diet (Misner et al., 2001). These defects were reversed when a
vitamin A sufficient diet was instituted at week 17. Rapid increases in retinaldehyde
dehydrogenases (RALDHSs), RA-synthesizing enzymes (Wagner et al., 2002), occur during
the early postnatal period, which is analogous to the second trimester of fetal development.
Expression of RALDH type 3 (RALDH3) during this period reflects the colonization of the
nucleus accumbens and olfactory bulbs by neuronal precursors and cortical maturational
processes including formation of dendritic arbors in postmigratory layer 11/111 neurons and
transport across the corpus callosum. RALDH3 is strongly expressed in most of the limbic
lobe. These and other enzymes involved in vitamin A metabolism are synthesized by the
fetus, given that corresponding mRNA has been detected in the embryo. The expression and
function of these enzymes have been demonstrated in the early embryo and throughout fetal
life and their activity throughout the brain is spatiotemporally regulated over the course of
development, depending upon the maturation of specific brain regions in which they play
morphogenic roles.

These findings add to a growing body of literature indicating that low prenatal nutrient
levels are related to schizophrenia. In a previous study from this birth cohort, elevated third
trimester maternal homocysteine, an amino acid which is inversely correlated with folate,
was associated with a greater than twofold increased risk of schizophrenia (Brown et al.,
2007). In a second study from this birth cohort, low maternal hemoglobin, a proxy for iron
deficiency, was related to a nearly fourfold increased risk of schizophrenia. However, the
findings of the present study are unlikely to have been confounded by either of these
exposures, since no association with schizophrenia was observed for second trimester
homocysteine (Brown et al., 2007) and, as presented above (see Section 3), there was no
association between vitamin A and hemoglobin in the second trimester. It is also worth
noting that the present study, as well as other cited studies, could not examine nutritional
deficiency in early gestation, which has been related to schizophrenia risk in famine studies
(Susser et al., 1996; St Clair et al., 2005; Xu et al., 2009). Nonetheless, the findings are not
mutually exclusive; the sensitive period in gestation depends on the particular nutritional
deficiency. Folic acid supplements, for example, are particularly relevant to
neurodevelopment in early gestation (Milunsky et al., 1989; MRC Vitamin Study Research
Group, 1991; Roth et al., 2011). Similarly, neonatal vitamin D was related to later risk of
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schizophrenia (McGrath et al., 2010). That study demonstrated a curvilinear effect with an
increased risk of schizophrenia observed in the lowest three quintiles and the highest quintile
of the vitamin D distribution, and animal models of vitamin D deficiency support the
biological plausibility of this micronutrient in schizophrenia (McGrath et al., 2011).

The present study has several notable methodologic strengths. First, vitamin A exposure was
prospectively documented. Second, biomarkers of the exposure, rather than maternal

reports, which tend to be unreliable, were utilized. Third, the birth cohort was continuously
followed up for schizophrenia, and the statistical model accounted for loss to follow-up,
which can produce bias if not properly addressed. Fourth, the controls were representative of
the source population which gave rise to the cases, further minimizing selection bias.
Finally, the cases were diagnosed using structured research interviews, diminishing the
likelihood of diagnostic misclassification.

There are some limitations that need to be considered. First, the sample size was modest,
diminishing the precision of the effect size estimates. Second, the finding may have been
confounded by associations with certain prenatal nutrients, such as vitamin D, which may
co-vary with vitamin A, but were not measured in the cohort of the present study. However,
as noted above, it is not likely that deficiencies of folic acid or iron, two nutrients that have
been associated with schizophrenia, accounted for the observed association. Third, the
observed vitamin A levels were considerably lower than those observed in fresh sera; the
lowest tertile is in the range considered by the World Health Organization to be moderately
vitamin A deficient (WHO, 2009). This may have been secondary to degradation of the
molecule over time, given that the maternal sera utilized in the study were stored for over 30
years. However, degradation of vitamin A is most likely to have caused conservative error
since the case and control serum samples were matched by date of birth of offspring and
there is no reason to believe that any degradation would be differential with regard to case
status. Second, it is possible, though less likely, that intake of vitamin A containing foods or
supplements was lower during the years of the pregnancies (1959-1966) than in the present
day. Fourth, maternal rather than fetal levels of vitamin A were quantified. However, cord
serum retinol in infants is correlated with maternal retinol at the time of birth. In a previous
study, 45% of mothers with serum retinol <0.7 umol/L, compared to only 2% of mothers
with serum retinol =0.7 umol/L delivered infants with cord retinol <0.7 pmol/L (Gazala et
al., 2003). The correlation between maternal and cord serum retinol was highly statistically
significant (r=0.37, p<.0001). In another study, maternal serum retinol was highly correlated
with fetal liver retinol at gestational age <24 weeks (r=0.59, p<.01), and this correlation
increased to 0.83 (p<.001) for >24 weeks (Shah et al., 1987).

If replicated in independent cohorts, this study has potential implications for public health,
specifically for the prevention of schizophrenia (McGrath et al., 2011). Fortunately, vitamin
A supplementation is relatively inexpensive and can be scaled up to large populations given
sufficient resources. However, such a public health recommendation must proceed with
appropriate caution, as excess vitamin A intake has been associated with teratogenicity in
offspring (Rothman et al., 1995). Consequently, the WHO recommends that a daily vitamin
A supplement taken during any part of the fertile period be limited to 10,000 IU while in the
USA, the Teratology Society recommends that total vitamin A intake not exceed 8000 1U/
day (Teratology Society, 1987).

A second important implication of the study is the identification of pathogenic mechanisms
that may increase susceptibility to schizophrenia. As noted above, there is intriguing
evidence that retinoids play key roles in morphogenesis and patterning of the central nervous
system and in regulating expression of genes for receptors implicated in schizophrenia
through interactions with transcription factors. Hence, the study findings may lend further
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traction to both human and animal studies for the elucidation of molecular and cellular
pathogenic mechanisms that underlie schizophrenia, and to potentially identify candidate
genes for this disorder.

Nonetheless, given the small sample size, the novelty of the study, and the fact that the
findings emerged following case—control comparisons for two trimesters, the finding should
be considered as exploratory, and replication in larger and independent samples will be
necessary. Previous findings from this cohort suggest that a broad array of exposures,
including other nutritional, as well as inflammatory, toxic, and other insults is associated
with schizophrenia (Brown, 2011) and all of the analyses in this cohort were directed by
careful a priori hypotheses. Taking all of these factors into consideration, the present study
provides intriguing though not conclusive evidence that diminished maternal vitamin A
status is a risk factor for schizophrenia, and may provide valuable clues for future studies,
including models of schizophrenia that incorporate prenatal nutritional factors and maternal
and fetal genetic susceptibility.

5. Conclusion

In summary, low second trimester vitamin A, prospectively quantified by analysis of
archived maternal sera, was associated with a greater than threefold increased risk of
schizophrenia and other schizophrenia spectrum disorders in a large, population-based birth
cohort. Given that this is the first report of such an association, replications in independent
birth cohorts are necessary. Although considerable work remains to clarify the biological
mechanisms underlying these findings, vitamin A deficiency represents a plausible
candidate risk factor for schizophrenia, and if the findings are replicated, this work may
have implications for the prevention of schizophrenia cases, and the elucidation of
etiopathogenic mechanisms.
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Maternal vitamin A tertile levels (ug/dL) for offspring with schizophrenia and other schizophrenia spectrum

disorder (SSD) cases and controls in the second and third trimesters.

Trimester 2

Cases (N=44)

Controls (N=70)

N (%) Range

N (%) Range

Lowest tertile
Middle tertile
Highest tertile

Trimester 3

Lowest tertile
Middle tertile
Highest tertile

20 (455) 12.5-29.2
10 (22.7) 30.2-38.7
14 (31.8) 42.7-70.0
Cases (N=47)

N (%) Range

18 (38.3) 15.8-26.4
14 (29.8) 26.8-33.4
15(31.9) 35.0-69.5

23(32.9) 15.3-295
23(32.9) 30.0-41.0
24(34.2) 41.4-66.8
Controls (N=87)

N (%) Range
29(33.3) 11.6-26.6
29(33.3) 27.1-349
29(33.3) 35.4-80.2
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