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Abstract

Background: There have been conflicting findings for severe mental illnesses (SMI) and risk
for gestational. diabetes mellitus (GDM). Outside of pregnancy both severe mental illnesses
and specificrantipsychotic medications have been associated with elevated risk for metabolic
disorders including type 2 diabetes mellitus. Aims: This study will examine the risk of
developing.Gestational Diabetes Mellitus (GDM) in relation to mental disorder, psychotropic
treatment, and co-morbid risk factors

Materialsand Methods: A retrospective study of 539 pregnant women with mental
disorders. Measures included GDM diagnosis, mental health diagnosis, psychotropic

medi cation, body mass index, age, smoking, alcohol and illicit substance use.
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Results: This study found women with psychotic disorders were found to have significantly
elevated risk for GDM (20.9%) compared to women with non-psychotic SMI during
pregnancy (p = .023) and nearly three times the expected population rate (8.3%).
Furthermore, women using specific antipsychotic agent, risperidone (p = .016) clozapine (p <
.001), and*higher‘dose quetiapine (p = .029) aso had a higher risk of developing GDM. After
adjusting for maternal age, body mass index (BMI), women on these specific agents
continued to have four times the risk of having GDM compared to women not taking these
agents. Smeking, alcohol and illicit drug use was not associated with elevated GDM rate in

women with.mental disorders.

Conclusions:*These findings support the need for early screening and closer surveillance of
metabolic riskin pregnancy for women with psychotic disorders and for specific atypical
antipsychotic.agents.

| ntroduction

Gestational diabetes mellitus (GDM) is a serious medical complication of pregnancy
with evidence suggesting rates are rising across the population *2. Identification and
treatment has’been shown to improve outcomes and those identified as high-risk for GDM,

earlier serééning than the standard 28 weeks gestation, is often recommended®.

In non-pregnant women and men, severe mental illnesses (SM1), including both
schizophrenia and bipolar disorder, have been associated with an increased prevalence of
diabetes mélitus (DM)*”. It has been suggested that individuals with SM1 are two-to-three
times more likely to develop type 2 DM 8. Furthermore, the use of newer antipsychotic
treatments for SMI may compound this risk with specific antipsychotics independently
associated with anincreased risk of obesity and type 2 DM *°.,

Given the evidence that type 2 DM risk isincreased, it seems plausible that women
with SMI are also.at an increased risk of developing GDM in pregnancy. It should be noted
that not all"'women that develop GDM devel op type 2 diabetes mellitus. Hence understanding
the specific risk'of GDM for both antipsychotic medication use and SMI isimportant for both
antenatal and mental health care of women in pregnancy and child outcomes including
mental health "™,
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Two small retrospective studies have suggested that women with SMI are at
significantly higher risk of developing GDM. The first study of 138 women found GDM in
women with SMI ranged 12.5%-20.5% compared to 4.4% in the local population over the
same time period **. The second study of 112 women found a GDM rate of 12.7% for women
with SM Ireompared the hospital rate of 6.4%, however numbers of women in each diagnostic

|l5

group were'small'=>. While these two retrospective studies in maternity settingsin Australia

have demonstfated'significantly higher rates of GDM > 1°

, heither was able to adjust for
important and potentially confounding variables, including maternal obesity and

antipsychotic usage.

In contrast to these two studies, alarger population-based study did not find an
association between schizophrenia and GDM; however, neither obesity nor the use of
anti psychotic.medi cation were included ’. Another population-based study of atypical
antipsychotic.usein pregnancy found no association between exposure to atypical
antipsychotiesand GDM *2; it should be noted, that the majority of those using atypical
antipsychotiesinpregnancy did not have schizophrenia or bipolar disorder, dosage was not
available, and usage specifically in pregnancy was not verifiable. A third population-based
study found GDM risk was elevated equally across all antipsychotic agents, but these
elevated riskswere no longer significant after BM1 was added to the model *°. The largest
study to date'using Medicaid datain the USA found a significant association between specific
antipsychotics and GDM these included olanzapine and quetiapine °. They found no such
relationship .with risperidone, ziprasidone or aripiprazole and they did not include clozapine
in their analysissA limitation of this study was limited diagnostic and dosage information, no
data on smoking.and alcohol use and data on only part of the sample for obesity.

Understanding whether women with SMI are at heightened risk of GDM isimportant
for devel oping specific recommendations for antenatal care. Currently these women are not
identified ashigh.risk for GDM. In part thisis due to the current limitations in the research
available on GDM and SMI.

Theaim of this study isfirstly to address the question of whether the rate of GDM
differs between'psychotic disorders, bipolar disorder and other SMIs. Secondly, whether
particular antipsychotic and mood stabilizer agents associated with higher rates of GDM than
other agents. Finally, birth outcomes associated with SMI and GDM.

Methods
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Sample

The sample comprised 539 women from two tertiary obstetric hospitals: Mercy Hospital
for Women in Melbourne, Victoria (n = 127) and King Edward Memorial Hospital in Perth,
Western Australia (n = 412). Authors extracted data from the hospital records. Five women
were excluded from the analyses due to having comorbid diagnoses associated with GDM;

these were pre-existing diabetes (n = 2) and bulimia nervosa (n = 3).
Ethics Approval

Ethics approvals were acquired from Mercy Hospital for Women Human Research
Ethics Commiittee (R11/55) and from King Edward Memoria Human Research Ethics
Committee (2016128EW).

M easur es
Demographics

Demographie data included maternal age, Body Mass Index (BMI) and parity at the first
antenatal appointment and was used to produce a binary variable, where BMI < 25 was coded
as 0 (Healthy Weight) and BMI > 25 was coded 1 (Overweight or Obese). Women’s current
smoking status (O = Non-smoker, 1 = Smoker), alcohol consumption (0 = No, 1 = Yes) and
current substance abuse status (0 = No, 1 = Yes) was also extracted.

Maternal Mental Health

Severe menta illness (SM1) was coded on the primary mental health diagnosis recorded
on the patients’ files. Both clinics have experienced perinatal psychiatrists who assign
diagnoses following a comprehensive assessment. Three diagnostic groups were coded:
psychotic disorders (including schizophrenia, schizoaffective and related psychotic
disorders)y:bipelar disorder, and non-psychotic SMIIs. Non-Psychotic SMIsinclude major
depressive disorder, obsessive compulsive disorder, post-traumatic stress disorder, panic

disorder, anorexia and bulimia nervosa.
GDM

GDM was coded from the hospital records as no GDM (coded 0) and GDM (coded 1).
GDM in both centres is diagnosed at 28 weeks gestation using the full 75g two-hour glucose
tolerancetest (GTT) as part of universal screening policy for pregnant women. Criteriafor
GDM in Australia changed during this study period. Prior to September 2015, a positive GTT
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was recorded if fasting glucose > 5.5 mmol/L, and the two-hour value > 8 mmol/L. After this
time period, GDM was diagnosed if fasting glucose > 5.1 mmol/L, one-hour glucose > 10
mmol/L or two-hour glucose > 8.5 mmol/L #. Very few women in our sample (KEMH = 7,
Mercy Hospital for Women = 5) were tested for GDM post-September, 2015.

Psychotropic Medication

Specific:medications and dose were extracted from hospital records. For analysis,
psychotropic exposure covered exposure during any trimester. Psychotropic agents were
grouped as atypical antipsychotics (quetiapine, olanzapine, risperidone, clozapine,
aripiprazole, ziprasidone and asenapine), typical antipsychotics (low potency and high
potency) and moed stabilizers (lithium, and sodium val proate, lamotrigine, carbamazepine,
gabapentin).lin addition, some analyses used individual agents. Other psychotropic agents

were recorded, including antidepressants, hypnotics and anxiolytics.
Statistical Analysis

Analyseswere conducted using SPSS 24 %, unless specified. A log-binomial regression
was used ta calculate the unadjusted relative risk (RR) of GDM. Next, a series of unadjusted
relative risk statistics were calculated, with associated 95% confidence intervals, using
Medcalc for Windows, version 18.6 2, quantifying the risk between GDM for exposures to
specific agents. Attributable risk (AR) was also reported. In these set of analyses, we
excluded any woman with exposure to any other antipsychotic or mood stabilizer, and we
only compared the rates of specific agents when more than 10 women reported exposure. We
then conducted alog-binomial regression model to compare the adjusted relative risk (aRR)
of GDM forwemen with exposure to specific antipsychotics associated with higher risk of
diabetes with women exposed to other antipsychotics, after accounting for maternal age, BMI

and diagnosis.
Results

Table 1 displays demographic information and rates of GDM by SMI groups. Using the
whole sample, there were no associations between GDM and smoking (GDM = 42.9% versus
no GDM = 44.8%, p = .796), alcohol consumption (GDM = 6.8% versus no GDM = 14.6%, p
=.096), andillicit drug use (GDM = 17.3% versus no GDM = 20.5%, p = .541). Table 2
displays frequencies for specific antipsychotic and mood stabilizer medications. There was no

significant association found in our sample for parity and GDM.
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INSERT TABLE 1 and 2
SMI and GDM

The rate of GDM was highest in women with psychotic disorders (20.9%) compared to
bipolar disarders (12.0%) and those with non-psychotic SMI (11.3%). Using data from the
national perifiatalcollection 24, the prevalence of GDM in the Australian population in 2014
was 8.3%. While the;prevalence of GDM was only marginally higher than national
prevalence for women with bipolar disorder and non-psychotic SM1, GDM was nearly triple
the prevalence in'women with psychotic disorders. In our data, women in the psychotic
disorders group demonstrated a higher attributable risk of having GDM compared to women
in the non-psychetic SMI groups (RR = 1.86 [95% ClI: 1.09, 3.17], AR = 8.9%). There was no
difference inttheattributable GDM risk between women with bipolar disorder and women in
the non-psychotic,.SMI groups (RR = 1.07 [95% CI: .61, 1.87], AR = 0.7%).

Psychotr opie.M.edication and GDM

There was no'increased risk of GDM for women exposed to typical antipsychotics
(7.1%) versuswomen not exposed (14.7%; RR = .49 [95% CI: .13, 1.88], AR = -7.6%), and
for women exposed to mood stabilizers (18.7%) versus no exposure (13.0%, RR = 1.44 [95%
Cl: .92, 2.25]"AR = 5.7%). The rate of GDM was significantly higher in women exposed to
atypical antipsychotics (17.3%) compared to women not exposed (10.7%; RR = 1.62 [95%
Cl: 1.04, 2.52], AR = 6.6%).

Table 3displays dose for specific psychotropic agents by GDM groups, and the rates of
GDM by psychotropic agent exposures, attributable risk and unadjusted relative risk of GDM
for each psychotropic agent compared to the comparison group. Exposure to atypical
antipsychotics, olanzapine, quetiapine and aripiprazole, were each not associated with
increased GDM rates, although for olanzapine this approached significance. Lithium and
lamotriginewere:al so not associated with increased rates of GDM. Atypical antipsychotics,
risperidone.and.clozapine, were each associated with higher risk of GDM. Within these
comparisonsy91.4% of women taking queti apine continued on the agent throughout
pregnancy, 89.1% continued on olanzapine, 85% continued on risperidone, 100% continued
on clozapine, 49.7% continued on aripiprazole, 82.4% continued on lithium, and 78.9%
remained on lamotrigine. Interestingly, one patient commenced quetiapine in the third

trimester.
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Aslow dose quetiapine is used typically to treat anxiety and sleep disorders rather than
psychotic or bipolar disorders, we investigated quetiapine dose on GDM rates compared to
the control group. We split the quetiapine sample into low dose (< 300, n = 75) and those
within therapeutic range (> 300, n = 21) to test if GDM rates are related to quetiapine dose.
Althoughrlower-dose quetiapine was not associated with increased GDM rates compared to
the control g@roup, women taking higher dose quetiapine were at significantly higher relative
risk of having GDM (see Table 3). In addition, women taking a higher dose range of
guetiapine (23.8%) had significantly greater risk of having GDM compared to women in the
lower dose group.(6.7%; RR = 3.57 [95% CI: 1.14, 11.18], AR = 17.1%). Throughout
pregnancy, 93.1% continued taking lower dose quetiapine and 85.7% continued taking higher
dose quetiapine.

Finallysusing only those women with psychotic disorders (n = 153), we fitted alog-
binomial regression model to test the effect of those antipsychotic agents that have been
previously associated with an increased risk of type 2 diabetes outside of pregnancy,
controllingforBM | and maternal age. These antipsychotics included quetiapine (dose > 300),
olanzapinej risperidone or clozapine. In this model, women taking these specific
antipsychotics (n'= 69) were compared to women exposed to mood stabilizers,
antidepressants, stimulants or anxiolytics, other antipsychotics not associated with increased
type 2 diabetes risk and low-dose quetiapine (n = 71). The model was a parsimonious fit to
the data (Deviance/d.f. = .79) and was a significant improvement on the intercept-only model
(Likelihood'Ratio %(3) = 26.28, p < .001). Exposure to antipsychotics previously associated
with increaseditype 2 diabetes risk were associated with significantly higher risk of GDM
(aRR =4.39,[95% ClI: 1.80, 10.69]). Controlling for maternal age (aRR = 1.08 [95% CI: 1.03,
1.14]) and maternal BMI (aRR = 1.31 [95% CI: .61, 2.78]), women taking either quetiapine
(dose > 300),"elanzapine, risperidone or clozapine remained at a fourfold risk of GDM

compared to women not exposed to other antipsychotics.
INSERT TABLE 3
SM|+GDM and Birth Outcomes.

Table 4 displays descriptive statistics for birth outcomes. Women with bipolar disorder
and GDM had babies born with asignificantly smaller head circumference and those with

GDM, regardless of disorder, had babies born earlier compared to those without GDM.

INSERT TABLE 4

This article is protected by copyright. All rights reserved



Sensitivity Analysis

There were 75 (13.9%) women in the sample whose ethnic backgrounds are associated
with an increased risk of Type 2 diabetes and GDM. In this sample, these included women
identifying as Aborigina and Torres Strait Islander, Chinese, South-East Asian, Pacific
Islander, Middle-Eastern, South American, and African. Aswe only had ethnicity of part of
the sample, we conducted a sensitivity analysis by omitting these women and rerunning all
analyses.First;when comparing the rate of GDM between this at-risk sample (16%) and the
rest of the sample (14.2%), there was no increased risk of GDM associated with the at-risk
ethnicities (RR=1.13 [95% Cls: .64, 1.98]). In the sensitivity analysis omitting the at-risk

sample, therewere no substantive differences to the findings reported above.
Discussion

This study found 20.9% of women with psychotic disorders developed GDM, nearly
three times the.Australian population rate of 8.3%. We also confirmed that atypical
antipsychotie.agents known to have a metabolic effect including risperidone, clozapine and
higher dosequetiapine were associated with higher rates of GDM in contrast with non-
exposure to these'agents and el evated above population GDM rates and olanzapine
approached.significance. This finding for olanzapine may reflect the dose range which was at
the lower endsfor this medication. When we examined women with psychotic disorders, after
controlling for maternal age and obesity, those on those specific antipsychotic agents
continued te@ have an increased risk of GDM at four times those not on these agents. This
suggests these four agents do potentially increase the risk for GDM above the risk from a
psychotic disorder, age or BMI.

Park et al. drawing on Medicaid datain the USA also found a significant association
between'Specific antipsychotics and GDM these included olanzapine and quetiapine °. Taken
together this current study and Park et al. would suggest there is alikelihood that specific
antipsychotic medications may increase the risk of Gestational Diabetes Méellitus and as such
needs consideration in clinical care of women in pregnancy. However, what this current study
also addsis the importance of also consideration of risk associated with mental health

diagnosis and common co-morbidities including obesity.

Treating SMI in pregnancy is an important and challenging area for both obstetrics
and psychiatry; these pregnancies carry elevated risk and ideally are managed through co-
ordinated care supporting her pregnancy, physical and mental health'® . A common
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dilemmain managing SMIsin pregnancy is which agent to use. While our study highlighted
differences across the agents this information should be placed within the broader rubric for
deciding on clinical care for women in pregnancy. Mental disorders, including SMI, continue
to be the leading indirect cause of maternal mortality across several countries and when
women are undertreated and unwell, the associated impairment of parenting may increase the
risk of rem@val ofia child from their care %%, These serious adverse effects highlight the

importance of ‘€areftl individualised shared decisions by clinicians and women .

Limitations of this study include the lack of a standardised mental health diagnostic
measure, past history of GDM, family history of either type 2 diabetes or GDM were not
recorded and ethnicity was not recorded across the whole sample. There was no control group

of untreated women without a mental disorder.

Understanding the association between GDM and SMI allows early identification
through consideration of targeted earlier screening and closer surveillance of women with
multiple risk factors for GDM. Earlier screening for this population could be considered in
week 16-18 of pregnancy rather than waiting until week 28 for routine screening. Future
research could examine both the ideal screening and management for this population and also
further explerethe different findings for women with psychotic and bipolar disorder.
|dentifying GDMbearlier, developing strategies that are acceptable to this population for
management:of*xGDM), has the potential to benefit lifelong health and wellbeing. Pregnancy is
an ideal opportunity for mental and physical health interventions with women having regular
contact with'health services. These findings highlight an important opportunity to improve
health within maternity and mental health care.
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Table 1
Demographic Statistics by SMI Group (N = 539)

Psychotic disorders Bipolar Disorder Non-Psychotic SMI
(n=153) (n=217) (n=160)

M D M S D) M D p-value
Maternal Age 30.93, 5.90 29.89, 5.90 28.31, 5.78 <.001

n % n % n %
Overweight or Obese BMI (> 25) 111, 78.2 139, 65.6 102, 65.0 .019
Smoking 74, 54.4 76y 41.3 58, 40.6 .030
Alcohol Use 31 21.7 20, 9.2 18, 11.3 .003
[llicit Drug.Use 43, 29.1 40, p 18.5 23p 145 .004

Note. Subsecript letters denote cell statistics that differ significantly in pairwise comparisons between SMI groups. Non-Psychotic SMI

comprises. major depression (n = 64), borderline personality disorder (n = 48), generalised anxiety disorder (n = 14), non-psychotic

SMI NOS(n= 14), post-traumatic stress disorder (n = 5), substance-induced psychosis (n = 4), anorexia nervosa (n = 3), attention-

deficit hyperactivity disorder (n = 2), panic disorder (n = 1), eating disorder NOS (n = 1), obsessive compulsive disorder (n = 1), and

major depression with psychosis (n = 1).
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Table 2
Sample Frequency Statistics for Antipsychotic, Mood
Stabilizing and Antiepileptic Agents (N = 539)

n %
Atypical’Antipsychotics
Quetiapine 169 314
Olanzapine 88 16.3
Clozapine 16 3.0
Risperidone 22 4.1
Aripiprazole 26 4.8
Ziprasidone 3 0.6
Asenapine 2 04
Typical Antipsychotics
Low Potency 4 0.7
High Potency 25 4.6
Mood Sabilizers
Lithium 49 9.1
Sodium valproate 20 3.7
Carbamazepine 11 2.0
Lamotrigine 48 8.9
Gabapentin 3 0.6
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Table3

Median (Mdn) and Interquartile Range (IQR) for Agent Dose by GDM Group, and The Rates, Attributable Risk and Unadjusted
Relative Risk Estimates with 95% Confidence Intervals of GDM For Women Exposed to Specific Psychotropic Agents

Compared to a No Exposure Group.

Dose (mg)®*
No GDM GDM GDM GDM Relative
Mdn Mdn GDM Rate Attributable Risk
Agent n [IQR] [IQR] (%) Risk (%) [95% ClI]
No Exposure® 181 - - 8.8 - -
Quetiapine 96 100 225 10.4 1.6 1.18
[50 - 200] [68 - 580] [.56, 2.50]
L ow-dose quetiapine 75 75 75 6.7 2.1 71
[25 - 150] [38 - 150] [.27, 1.86]
High-dose quetiapine 21 425 525 23.8 15 2.69
[300 - 600] [300 - 775] [1.10, 6.60]
Olanzapine 49 5 10 18.4 9.6 2.08
[5-10] [5-11] [.98, 4.41]
Risperidone 14 2 2 28.6 19.8 3.23
[1-4] [.50 - 29] [1.25, 8.37]
Clozapine 11 375 250 72.7 8.23 8.23
[100 - 375] [200 - 300] [4.55, 14.86]
Aripiprazole 14 15 30° 7.1 -1.7 81
[5- 20] [.01, 5.66]
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Lithium 17 900 1350 11.8 3.0 1.33

[500 - 1000] [1350 - 1350] [.33, 5.31]
Lamotrigine 19 200 250 105 1.7 1.19
[150 - 325] [200 - 250] [.30, 4.79]

o significant difference for specific agent between GDM groups using Mann-Whitney U Test. "Comparison group for each
Relative Risk estimate “Only one patient with GDM, no Mann-Whitney U Test conducted.
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Table4

Univariate Birth Outcome Descriptive Statistics (Main Effects and Interactions) by SMI and GDM for the Factorial Multivariate

Analysis of.Variance (n = 496)

Psychotic Disorders

Bipolar Disorder

Non-Psychotic SMI

(n=141) (n=201) (n=154) Main Effect gpm
EMM SE EMM SE EMM SE EMM S

Gestation-at-Birth

No GDM (n = 422) 38.50 0.22 38.33 0.17 38.50 0.20 38.44 0.11

GDM+«(n= 74) 38.20 0.41 36.87 0.46 37.46 0.54 37.51 0.27
Infant Birth Weight

No GDM 3266.26 61.51 3263.56 48.63 3244.23 55.32 3258.15  31.99

GbM 3404.65 11587 3021.32 129.02 329850 152.06 324149  76.88
Infant Birth Length

No GBPM 49.56 0.34 49.13 0.27 49.36 0.30 49.35 0.18

GDM 49.34 0.63 48.80 0.71 49.94 0.83 49.36 0.42
Infant Head-Circumference

No GDM 33.98 0.21 34.05 0.17 34.02 0.19 34.02 0.11

GDM 34.55 0.39 33.00 0.44 34.31 0.52 33.95 0.26

Main Effects gy
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Gestation at Birth 38.35 0.23 37.59 0.24 37.98 0.29

Infant Birth Weight 3340.38 64.63 3144.75 68.75 3271.36 80.90
Infant.Birth Length 49.48 0.35 48.97 0.38 49.65 0.44
Infant Head Circumference 34.29 0.22 33.53 0.23 34.17 0.28

Note. SMI = serious mental illness, GDM = gestational diabetes mellitus, EMM = estimated marginal mean, SE = standard error. Cases
with missing data were handled using case-wise deletion.
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