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a b s t r a c t
Epidemiological studies have suggested that maternal diabetes in pregnancy increases the risk of schizophrenia
in offspring. A recent cohort study observed that maternal diabetes in early pregnancy is also associated with psychotic experiences in the general adolescent population. However, it remains unclear whether maternal diabetes
in early pregnancy is speciﬁcally associated with psychotic experiences, or is generally associated with broader
mental health problems, including depressive symptoms in adolescence. The present study investigated the longitudinal associations between maternal diabetes in early pregnancy, and psychotic experiences and depressive
symptoms in 10-year-old offspring. Our data were derived from the Tokyo Early Adolescence Survey, a
population-based survey of early adolescents (N = 4478) and their primary caregivers. Diabetes in early pregnancy was determined by records in the mother's Maternal and Child Health Handbook, documented during
the pregnancy. Psychotic experiences and depressive symptoms were established through self-report by the offspring at 10 years of age. Diabetes in early pregnancy was associated with an increased risk of hallucination in the
offspring (auditory hallucination [odds ratio {OR} 4.33, 95% conﬁdence interval {CI} 1.12–16.75]; visual hallucination [OR 6.58, 95% CI 1.69–25.66]), even after adjusting for depressive symptoms and other covariates. However, the association between maternal diabetes and delusional thoughts was not signiﬁcant and diabetes in
early pregnancy was not associated with adolescent depressive symptoms. Our investigation suggests that maternal diabetes in early pregnancy may speciﬁcally affect the risk of hallucinatory experiences in adolescent
offspring.
© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
Psychotic experiences are common in the general population (van
Os et al., 2009) and highly prevalent in childhood and adolescence
(Kelleher et al., 2012). Adolescent psychotic experiences have been
prospectively associated with an increased risk of schizophrenia,
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(Dominguez et al., 2011; Fisher et al., 2013; Poulton et al., 2000;
Welham et al., 2009), other mental health problems (Fisher et al.,
2013), and suicidality in adolescence (Kelleher et al., 2014; Kelleher
et al., 2013) and in adulthood (Bromet et al., 2017).
A neurodevelopmental model of schizophrenia postulates that prenatal neural anomalies alter the development of neural systems, leading
to the emergence of schizophrenia later in life (Murray and Lewis, 1987;
Weinberger, 1987). Human epidemiological and animal studies suggest
that maternal hyperglycaemia in early pregnancy, due to gestational
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diabetes, may have adverse effects on neural development in the offspring (Van Lieshout and Voruganti, 2008). The early phase of pregnancy is a crucial period; the human central nervous system begins to
develop at an early gestational age, and neuronal proliferation is nearly
complete by 12 gestational weeks (Tau and Peterson, 2010). A metaanalysis of epidemiological studies revealed that maternal diabetes
was the strongest risk factor (odds ratio [OR] = 7.76) for schizophrenia,
among a range of prenatal and postnatal obstetric complications
(Cannon et al., 2002). A recent birth cohort study also revealed that diabetes in early pregnancy (up to 11 gestational weeks) increased the
risk of psychotic experiences by 3.4-fold in the general adolescent population aged 12 years (Zammit et al., 2009). However, it is unclear
whether maternal diabetes is speciﬁcally associated with psychotic experiences, or more broadly with common mental health problems, including depressive symptoms. To our knowledge, there are no reports
examining diabetes in pregnancy in relation to this wide range of outcomes in offspring (Du Preez et al., 2016), although a high rate of comorbidity between psychotic experiences and depressive symptoms
in childhood and adolescence has been reported (Armando et al.,
2010; Nishida et al., 2008; Sullivan et al., 2014; Wigman et al., 2011).
There is also evidence of an association between ﬁrst-trimester depression, gestational diabetes, and postpartum depression (Morrison
et al., 2016; Hinkle et al., 2016), as well as the intergenerational transmission of depression (Weissman et al., 2006; Kendler et al., 1997).
Therefore, it is important to control for psychotic and depressive symptoms in order to examine their respective effects. Furthermore, there are
no previous reports investigating which speciﬁc psychotic symptoms
(e.g., hallucinations vs. delusions) are associated with diabetes in early
pregnancy.
The aims of the present study were: 1) to examine whether diabetes
in early pregnancy is associated with an increased risk of psychotic experiences in 10-year-old offspring; 2) to investigate which speciﬁc psychotic experiences among 10-year-old offspring are associated with
diabetes in early pregnancy; and 3) to examine whether diabetes in
early pregnancy is associated with an increased risk of depressive
symptoms.
2. Material and methods
2.1. Study design, sample, and survey procedure
This study utilised data from the Tokyo Early Adolescence Survey (TEAS), originally designed as a baseline survey for the Tokyo Teen Cohort,
which is an ongoing longitudinal cohort study (URL: http://ttcp.umin.
jp/index.html). The T-EAS is a multidisciplinary survey of 10-year-old
adolescents which aims to investigate their health and development
(Kanata et al., 2016; Yamasaki et al., 2016). We randomly sampled
early adolescents using the resident register in three municipalities in
the metropolitan area of Tokyo, namely: Setagaya Ward, Mitaka City,
and Chofu City. Eligible residents were those born between September
2002 and August 2004. The survey was conducted between October
2012 and January 2015. We sent letters of invitation to participants
around the time of their tenth birthday, following which, a trained interviewer visited their homes. The survey was completed twice, over two
visits. During the ﬁrst visit, written informed consent from the primary
caregiver (generally the mother) was obtained; participants were then
asked to complete the questionnaires at home, before the second visit.
During the second visit, the adolescent and primary caregiver were
each asked to complete the self-report questionnaires separately (e.g.
in different rooms) to avoid each party interfering in the other's answers
to sensitive questions (e.g. psychotic experience). The questionnaires
were enclosed in envelopes by the respondents immediately after
completion. During the second visit, the interviewer also measured
the height and weight of the adolescent, and the primary caregiver
responded to a semi-structured interview. All data were collected
anonymously.

2.2. Ethical approval
The T-EAS involves three research institutes: the Tokyo Metropolitan Institute of Medical Science (Approval No. 12-45), the University
of Tokyo (Approval No. 10057), and SOKENDAI (The Graduate University for Advanced Studies) (Approval No. 2012002). This survey was approved by the ethics committees of the three institutes.
2.3. Participants
Among the 18,830 eligible pairs of adolescents and primary caregivers, 14,553 were randomly selected due to budget constraints. Of
these, 4319 could not be contacted. Of the remaining 10,234 pairs
who were contacted, 5756 adolescents or their parents refused to participate. Finally, 4478 pairs participated in the survey (response rate:
43.8%).
2.4. Outcomes
The main outcome measured was psychotic experiences, which
were assessed by items derived from the schizophrenia section of the
Diagnostic Interview Schedule for Children (DISC-C) (Costello et al.,
1985), with an added question on visual hallucinations. A Japanese version of the DISC-C was developed using the translation and back translation method, and has been applied in previous studies conducted in
Japan (Nishida et al., 2008; Nishida et al., 2010; Nishida et al., 2014;
Oshima et al., 2010; Watanabe et al., 2012). Psychotic experiences
were assessed by the following ﬁve items: i) “Have you ever heard
voices that other people cannot hear?” (auditory hallucinations); ii)
“Have other people ever read your thoughts?” (thought broadcasting);
iii) “Have you ever had messages sent especially to you through the television or radio?” (special messages); iv) “Have you ever thought that
people are following you or spying on you?” (persecutory thoughts);
v) “Have you ever seen things that other people could not see?” (visual
hallucinations). All responses were scored on a three-point scale: 0, no;
1, maybe; and 2, yes, deﬁnitely. Adolescents who answered “yes,
deﬁnitely” to each item were categorised as having experienced each
psychotic symptom, per a previous study (Nishida et al., 2010). Adolescents who answered “yes, deﬁnitely” to any of the ﬁve items were
categorised as having experienced psychotic symptoms. In addition,
we examined the association between maternal diabetes in pregnancy
and adolescent psychotic experiences when the outcome measure
was broader psychotic experiences, which includes the cases which
responded “yes deﬁnitely”, and “maybe”. Adolescent depressive symptoms were assessed by the Short Mood and Feelings Questionnaire
(SMFQ), a 13-item, self-report questionnaire and screening measure
to assess the severity of depression. All responses were scored on a
three-point scale: 0, not true; 1, sometimes; 2, true. All scores were
summed, with the total possible points ranging from 0 to 26 (Kuo
et al., 2005).
2.5. Exposures
The primary exposure variable was diabetes in early pregnancy.
Cases were identiﬁed by entries in the participant's Maternal and
Child Health (MCH) Handbook, which is a single booklet record of prenatal check-ups, delivery, child development, and vaccinations recorded
by doctors, nurses, and mothers (Ichikawa et al., 2015). Information on
having maternal diabetes was checked by mothers when they received
the handbook and was conﬁrmed by an obstetric doctor or a nurse
when the mothers received their ﬁrst prenatal check-up at an obstetric
clinic, which is recommended and supported by the MCH Act in Japan.
The MCH handbook is a unique data collection and prenatal support system in Japan that was based on the MCH Act and MCH Law of 1965, for
the promotion of maternal, newborn, and infant health. Over 90% of all
pregnant women in Japan are supposed to register within the 11th
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The covariates included maternal age, and age, sex, and cognitive
ability of the child at age 10, as well as history of maternal antipsychotic
drug use, and maternal obstetric complications which may be associated with the onset of schizophrenia (birth weight b 2000 g, and Caesarean section [Cannon et al., 2002]). Maternal obstetric complications
were identiﬁed through records in the MCH Handbook. Maternal antipsychotic drug use history was identiﬁed by the MCH Handbook records, and responses to the self-report questionnaires about the
condition of the mother when the child was 10 years of age. Adolescent
cognitive ability was assessed using a short form of the Wechsler Intelligence Scale for Children (WISC-III), consisting of two subsets (Information, and Picture Completion) (Inada and Kamio, 2010). Since the
two-item version provided sufﬁcient reliability and validity using
pooled sample data (Inada and Kamio, 2010), we developed an original
formula for estimating the intelligence quotient (IQ) to ﬁt the T-EAS,
with speciﬁc regional and period characteristics. The full version of the
WISC-III was administered by expert psychologists to 28 children
from among the T-EAS participants one year after the initial survey.
We then revised the formula for estimating IQ, which had good reliability for Information, and Picture Completion (Cronbach's α = 0.70 and
0.54, respectively); The IQs estimated from the formula explained 78%
of the variance in IQ scores from the full version of the WISC-III.

excluded subjects (mean age of offspring: 9.7 years, SD 0.4; 44.0%
female subjects), in terms of sex (χ2 = 1.25, P = 0.263), age (χ2 =
0.089, P = 0.956), and maternal diabetes in early pregnancy (0.3%; χ2
= 0.081, P = 0.776), although there were differences in terms of the
main outcomes (psychotic experiences among the excluded subjects
[prevalence rate: 38.0%, χ2 = 13.72, P b 0.001] and depressive symptoms: [SMFQ scores: 5.61, t = 2.96, P = 0.003]).
Table 1 shows the descriptive characteristics of the participants. Approximately one in four adolescents self-reported experiencing at least
one psychotic symptom. Of all the adolescents, 15% experienced
auditory hallucinations, approximately 10% experienced visual hallucinations and persecutory thoughts, and b3% experienced thought
broadcasting, and special messages (2.6%, and 0.7%, respectively). The
prevalence of diabetes in early pregnancy was b1%, while 12% of
mothers underwent a Caesarean section, and approximately 1% of the
total offspring had a birth weight under 2000 g.
Table 2 shows the results of logistic regression analyses. Diabetes in
early pregnancy was associated with increased overall psychotic experiences, with an OR of 5.58 (95% conﬁdence interval [CI] 1.39 to 22.36).
The effect remained signiﬁcant after adjusting for demographic variables (adjusted Model 1: OR = 5.90, 95% CI 1.46 to 23.80) and other
perinatal obstetric complications (adjusted Model 2: OR = 5.89, 95%
CI 1.46 to 23.74). After adjusting for these covariates and depressive
symptoms, the association remained signiﬁcant, and there was minimal
attenuation of the OR (adjusted Model 3: OR 5.29, 95% CI 1.26 to 22.28).
Maternal diabetes was signiﬁcantly associated with auditory and visual
hallucinations after full adjustment. Although the odds for delusional
thoughts were increased, the association was not signiﬁcant (Table 2).
Additional analyses showed that maternal diabetes was not signiﬁcantly associated with broader psychotic experiences (Table S1).
The results of the linear regression analyses are shown in Table 3. Exposure to diabetes in early pregnancy was not associated with offspring
depressive symptoms at age 10, even after controlling for the covariates.

2.7. Statistical analysis

4. Discussion

Logistic regression analysis was performed to test the associations
between diabetes in early pregnancy and psychotic experiences in the
offspring at 10 years of age. We calculated the ORs for overall psychotic
experiences and each speciﬁc psychotic experience (auditory hallucinations, visual hallucinations, persecutory thoughts, and thought broadcasting). We then adjusted for the covariates and depressive
symptoms. The speciﬁc psychotic experience of special messages was
not included in the analysis as a dependent variable because no offspring of a mother with maternal diabetes in early pregnancy experienced this symptom. Linear regression analysis was conducted to test
the association between diabetes in early pregnancy and depressive
symptoms among the offspring, adjusting for the covariates and psychotic symptoms. The signiﬁcance level (P-value) was set using 2tailed 0.05-level tests. All statistical analyses were conducted using
IBM SPSS Statistics for Windows, version 21.0 (IBM Corp., Armonk,
New York, USA).

To our knowledge, the present study is the ﬁrst to investigate
whether maternal diabetes in early pregnancy results in an increased
risk of psychotic experiences and depressive symptoms among offspring at age 10. The present ﬁndings suggest that diabetes in early
pregnancy is speciﬁcally associated with an increased risk of psychotic
experiences among the offspring, particularly hallucinatory experiences
(but not delusional thoughts). This effect was not explained by the presence of depressive symptoms, which were not associated with maternal
diabetes in early pregnancy. The prevalence of psychotic experiences
(22.7% in the present study, as measured by DISC-C 4 items) was slightly
higher than that reported in a previous study involving 12–15-year-old

gestational week (Ministry of Health Labour and Welfare, 2016) and
begin to record their health status, and receive regular prenatal checkups at an obstetrics clinic, via the MCH handbook. The MCH Handbook
is widely distributed in Japan; government records show that 98.1% of
all pregnant mothers in Japan received the handbook before 20 gestational weeks in 2014 (Ministry of Health Labour and Welfare, 2016).
In the present cohort, the handbooks were available for 98.0% (4387/
4478) of the participants.
2.6. Other covariates

3. Results
The proportion of participating female adolescents from the 4478
primary caregiver and child pairs who gave consent to participate in
the study was slightly lower than that of the 5756 pairs who refused
consent (46.9%, and 49.8%, respectively; χ2 = 8.10, P = 0.004), although
the adolescents' height, weight, and maternal age (42.0 years old) were
similar to the general population data for Japanese 10-year-olds (Ando
et al., 2018). Of the pairs who provided consent, 341 (7.6%) were excluded from the analyses due to incomplete responses to the questions
of interest. The data from the remaining 4137 participants were
analysed (mean age of offspring: 9.7 years, standard deviation {SD}
0.4; 47.1% female subjects). There were no differences among the

Table 1
Study participant characteristics.
N = 4137
Female, n (%)
Child age, mean years (SD)
Psychotic experiences, n (%)
Auditory hallucinations, n (%)
Visual hallucinations, n (%)
Persecutory thoughts, n (%)
Thought broadcasting, n (%)
Special messages, n (%)
Maternal diabetes in early pregnancy, n (%)
Caesarean section, n (%)
Low birth weight, n (%)
Depressive symptoms, mean (SD)
Child estimated IQ, mean (SD)
Maternal age, mean (SD)
Maternal antipsychotic drug use history, n (%)

1950 (47.1)
9.7 (0.4)
1095 (26.5)
616 (14.9)
444 (10.7)
415 (10.0)
108 (2.6)
28 (0.7)
9 (0.2)
500 (12.1)
53 (1.3)
4.8 (4.6)
107.9 (14.1)
41.9 (4.2)
12 (0.3)

Abbreviations: IQ, intelligence quotient; SD, standard deviation.
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Table 2
Association between maternal diabetes in early pregnancy and psychotic symptoms in 10-year-old offspring.
Adjusted model 1b

Unadjusted model

Psychotic symptomsa
Auditory hallucinations
Visual hallucinations
Persecutory thoughts
Thought broadcasting

Adjusted model 2c

Adjusted model 3d

OR

95% CI

P

OR

95% CI

P

OR

95% CI

P

OR

95% CI

P

5.58
4.60
6.71
4.51
4.70

(1.39–22.36)
(1.23–17.16)
(1.79–25.06)
(1.12–18.10)
(0.58–37.89)

0.015
0.023
0.005
0.034
0.146

5.90
4.92
7.39
4.71
4.87

(1.46–23.80)
(1.31–18.57)
(1.96–27.88)
(1.16–19.15)
(0.60–39.75)

0.013
0.019
0.003
0.030
0.139

5.89
4.87
7.32
4.81
4.97

(1.46–23.74)
(1.29–18.35)
(1.94–27.61)
(1.18–19.54)
(0.61–40.63)

0.013
0.020
0.003
0.028
0.135

5.29
4.33
6.58
4.09
3.91

(1.26–22.28)
(1.12–16.75)
(1.69–25.66)
(0.93–18.07)
(0.45–33.79)

0.023
0.034
0.007
0.063
0.215

Abbreviations: CI, conﬁdence interval; IQ, intelligence quotient; OR, odds ratio. Bold: P b 0.05.
a
Experiencing psychotic symptoms: at least one of ﬁve speciﬁc symptoms (auditory hallucinations, visual hallucinations, persecutory thoughts, thought broadcasting, special message)
was experienced.
b
Adjusted for maternal age, child sex, child age, child's estimated IQ, and maternal antipsychotic drug use history.
c
Adjusted for maternal age, child sex, child age, child's estimated IQ, maternal antipsychotic drug use history, birth weight b 2000 g, and Caesarean section.
d
Adjusted for maternal age, child sex, child age, child's estimated IQ, maternal antipsychotic drug use history, birth weight b 2000 g, Caesarean section, and child's depressive symptoms
at age 10.

participants assessed by the same measures (15.2%) (Nishida et al.,
2010). However, this may be consistent with previous ﬁndings, showing that the prevalence of psychotic experiences among children
9–12 years of age was higher than that among adolescents aged between 13 and 18 years (Kelleher et al., 2012). The prevalence of diabetes
in early pregnancy in the present study was 0.2%, which was comparable to the prevalence of pre-gestational diabetes (0.3–0.5% of pregnant
women) reported in another study (Ornoy, 2005). Gestational diabetes
is usually diagnosed after 24–28 gestational weeks (World Health
Organization, 2013), although maternal diabetes before 20 gestational
weeks was recorded in this study. This observation suggests that a substantial proportion of these diabetic mothers may have developed pregestational diabetes. This ﬁnding is consistent with that of a previous
study showing a longitudinal association between diabetes in early
pregnancy and overall psychotic experiences (Zammit et al., 2009).
We found consistent results after controlling for adolescent depressive
symptoms, and also demonstrated the association between diabetes in
early pregnancy and speciﬁc deﬁnitive psychotic experiences
(e.g., hallucinations but not delusions), while no association was
found between diabetes in early pregnancy and depressive symptoms
when adjusting for psychotic experiences.

Exposure to hyperglycaemic conditions leads to the accumulation of advanced glycation end products (AGEs), which have been associated
with the progression of diabetic complications even after good blood
glucose control is achieved (Monnier et al., 1999), a phenomenon
known as ‘hyperglycaemic memory’ (Engerman and Kern, 1987;
Nathan et al., 2005). Previous ﬁndings have also suggested that AGEs
contribute to the pathophysiology of schizophrenia (Arai et al., 2011;
Arai et al., 2010; Bitanihirwe and Woo, 2011), and abnormal glucose
metabolism in the thalamus and the pulvinar was associated with severity of hallucination among patients with schizophrenia (Hazlett
et al., 2004). Therefore, diabetes in early pregnancy may be a key factor
in the association between schizophrenia and abnormal glucose metabolism (Hasnain, 2016; Perry et al., 2016). In particular, perceptual abnormalities, especially speciﬁc ones, were affected by hyperglycaemia
in utero, rather than delusions and depression. Delusions were suggested to be a direct representation of emotional concerns, and were
formed and maintained by emotional disturbances (Freeman and
Garety, 2003; Freeman et al., 2013). Hyperglycaemia in utero may not
affect emotional problems in adolescent offspring, whereas it may speciﬁcally affect obvious hallucinatory experiences. Further research is
needed in order to elucidate these mechanisms.

4.1. Possible mechanisms

4.2. Strengths and limitations

We postulated that the following variables were possible mechanisms linking diabetes in early pregnancy and psychotic experiences
in the offspring. Hyperglycaemia in utero may affect perceptual abnormalities in early adolescence. Animal studies have shown that maternal
diabetes can cause anatomical derangement of neural cells (Reece et al.,
1994), aberrant activations of neural networks (Bhattacharya and
Saraswati, 1991; Plagemann et al., 1998; Yamano et al., 1986), and abnormal behaviour in rats (Johansson et al., 1991; Kinney et al., 2003;
Ramanathan et al., 2000). This may lead to increased oxidative stress
due to impaired neural energy metabolism (Van Lieshout and
Voruganti, 2008). Foetal exposure to maternal diabetes is associated
with an increased risk of abnormal glucose homeostasis in the offspring,
and is not solely attributable to genetic factors (Fetita et al., 2006).

We used perinatal records from the MCH Handbooks, allowing for
the examination of longitudinal associations without recall bias. We
randomly collected data from a large number of participants from the
general adolescent population using resident registers in order to reduce the inﬂuence of selection bias. However, several study limitations
should also be noted. First, the relatively low response rate (43.8%) was
a limitation of the study. Response rates of population-based surveys in
Japan have declined in the recent decade (from 70% to 50%) (Rindfuss
et al., 2015). One reason would be that many apartment buildings in
Tokyo have recently adopted an automated system that enables residents to talk with visitors at the locked gate via video. It allows potential
respondents to refuse to participate before having a face-to-face encounter with the ﬁeld worker (Rindfuss et al., 2015). Due to this

Table 3
Association between maternal diabetes in early pregnancy and depressive symptoms in 10-year-old offspring.
Adjusted model 1b

Unadjusted model

Depressive symptomsa

Adjusted model 2c

Adjusted model 3d

B

95% CI

P

B

95% CI

P

B

95% CI

P

B

95% CI

P

1.92

(−1.07–4.92)

0.209

1.82

(−1.15–4.79)

0.229

1.86

(−1.11–4.83)

0.220

0.76

(−2.12–3.63)

0.605

Abbreviations: B, regression coefﬁcient; CI, conﬁdence interval; IQ, intelligence quotient.
a
Short Mood Feeling Questionnaire total scores.
b
Adjusted for maternal age, child sex, child age, child's estimated IQ, and maternal antipsychotic drug use history.
c
Adjusted for maternal age, child sex, child age, child's estimated IQ, maternal antipsychotic drug use history, birth weight b 2000 g, and Caesarean section.
d
Adjusted for maternal age, child sex, child age, child's estimated IQ, maternal antipsychotic drug use history, birth weight b 2000 g, Caesarean section, and child's psychotic symptoms
at age 10.
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limitation, we could not overcome selection bias completely. There was
a difference in the sex of the participants, compared to those who refused, as well as differences in the main outcomes between the analysed
and excluded data. Although we adjusted as far as possible for these factors in the analyses, generalisation of the present ﬁndings to other adolescent populations should be approached with caution. Second, we
used a self-report questionnaire to assess psychotic experiences
among the children. It is possible that this tool overestimated the prevalence of psychotic experiences in comparison with the interviewbased methods, although previous work demonstrated that self-report
questionnaires for the assessment of psychotic experiences among the
general adolescent population have a high degree of validity (Kelleher
et al., 2011). Third, we did not have enough information about paternal
and maternal risk factors (e.g., paternal diabetes, or paternal and maternal mental health status).Paternal and maternal psychotic experiences
also could not be adjusted for in the study. Genetic confounding factors
could not be conﬁrmed based on our data. Fourth, we were only able to
use the dichotomous information about diabetes only in early pregnancy (before 20 gestational weeks), which does not differentiate between pre-gestational and gestational diabetes, and could not
investigate dose-response relationship between the severity of maternal diabetes, and the risk of psychotic experiences in offspring. In addition, we did not have detailed information on the conditions associated
with maternal diabetes in pregnancy (e.g., severity, Type I or Type II diabetes). In the future, genetic information, detailed information about
maternal diabetes (e.g. timing and severity), and biological markers
should be used to conﬁrm the association.

4.3. Implications
In conclusion, the results of our investigation suggest that diabetes in early pregnancy is associated with an increased risk of psychotic experiences in general and, speciﬁcally, auditory and visual
hallucinatory experiences, in early adolescent offspring. Understanding the neurodevelopmental processes in the offspring of
mothers with a history of diabetes in early pregnancy contributes
to the development of strategies for the prevention of psychotic disorders. Further research is needed to determine the relationship between the severity and timing of maternal diabetes in pregnancy,
and psychotic experiences, in order to develop effective prevention
strategies for psychosis or other mental health problems in offspring
during the perinatal period.
Supplementary data to this article can be found online at https://doi.
org/10.1016/j.schres.2018.12.016.
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