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Abstract

Author Manuscript

Objective—Some atypical antipsychotics are associated with metabolic side effects, which are
risk factors for gestational diabetes. The study aim was to examine the risk of gestational diabetes
associated with continuation during pregnancy compared to discontinuation of aripiprazole,
ziprasidone, quetiapine, risperidone, or olanzapine.
Methods—Non-diabetic pregnant women with a live-born infant in Medicaid (2000–2010) who
had ≥ 1 antipsychotic dispensing during the 3-months before pregnancy were included. For each
antipsychotic, women with ≥ 2 dispensings (continuers) were compared to women with no
dispensing during the first half of pregnancy (discontinuers). A generalized linear model and
propensity score stratification was used to obtain absolute and relative risks of gestational diabetes,
adjusting for confounders.
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Results—Among 1,543,334 pregnancies, the number of baseline antipsychotic users was 1,924
for aripiprazole, 673 for ziprasidone, 4,533 for quetiapine, 1,824 for risperidone, and 1,425 for
olanzapine. Continuers generally had higher comorbidity and longer baseline antipsychotic use.
The crude risk of gestational diabetes for continuers vs. discontinuers, respectively, was 4.8% vs.
4.5% for aripiprazole, 4.2% vs. 3.8% for ziprasidone, 7.1% vs. 4.1% for quetiapine, 6.4% vs. 4.1%
for risperidone, and 12.0% vs. 4.7% for olanzapine. The adjusted relative risks were 0.82 (0.50–
1.33) for aripiprazole, 0.76 (0.29–2.00) for ziprasidone, 1.28 (1.01–1.62) for quetiapine, 1.09
(0.70–1.70) for risperidone, and 1.61 (1.13–2.29) for olanzapine.
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Conclusion—Compared to women who discontinued before the start of pregnancy, those who
continued olanzapine or quetiapine had an increased risk of gestational diabetes that may be
explained by the metabolic effects associated with the treatment.

INTRODUCTION
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Gestational diabetes mellitus is a complication of pregnancy, defined as carbohydrate
intolerance with onset or recognition during pregnancy.1 It can lead to adverse pregnancy
outcomes such as preeclampsia, cesarean delivery, neonatal hypoglycemia, and macrosomia.
2 The estimated prevalence of gestational diabetes in the United States (US) ranged between
4.6% and 9.2% in 2010.3 Up to 50% of women with gestational diabetes develop type 2
diabetes mellitus in the decades following pregnancy,4 a risk over seven times higher than
that in women without gestational diabetes.5 Gestational diabetes shares many risk factors
with type 2 diabetes mellitus including older age, non-white race, and obesity.2,6
There is a well-recognized association between treatment with some atypical antipsychotic
medications and metabolic side effects including weight gain and diabetes in the general
population.7–11 The US Food and Drug Administration (FDA) required all manufacturers of
atypical antipsychotics to add a warning for risk of hyperglycemia and diabetes to their
labels in 2003. However, the metabolic safety of antipsychotics for pregnant women, whom
are already predisposed to insulin resistance,12 is not fully understood. A small number of
studies and case reports suggested an increased risk of gestational diabetes for antipsychotic
users during pregnancy,13–16 but recent studies did not find any association.17,18
Furthermore, while there are differences in the severity of metabolic side effects between
antipsychotics19 and biochemical evidence explaining such differences exists,20 information
on the comparative risk of gestational diabetes is scarce.21
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Psychiatric disorders treated with antipsychotics, such as bipolar disorder, are often
recognized during the reproductive age range22 and have a significant impact on the health
and wellness of patients around the time of pregnancy.23 Despite limited safety information
regarding their use in pregnancy, an increasing number of women at this age are treated with
antipsychotics in the US.24–26 While for some women treatment continuation during
pregnancy is necessary to prevent the sequelae of untreated mental illness,4 for others
clinicians must weigh the risks and benefits of continuing treatment during pregnancy and
may consider discontinuation or a switch to an alternative treatment. Understanding the
potential risk of developing gestational diabetes, and how this risk may vary by the type of
antipsychotic utilized, is an important consideration for patients and clinicians weighing
these risks. Previous studies compared users of antipsychotics with non-users to assess the
risk of gestational diabetes associated with the drug.15–18 Such studies are prone to
confounding by indication, as women who do not take antipsychotics are different from
women who require antipsychotic treatment around the time of pregnancy in many ways that
might affect the risk of gestational diabetes, such as having a healthier life style and diet
patterns. In a nationwide cohort of pregnant women who were all treated with antipsychotics
prior to the start of pregnancy, we therefore compared the risk of gestational diabetes
between women who continued antipsychotic treatment during pregnancy and those who
discontinued before the start of pregnancy.
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METHODS
Data Source and Study Population
The Medicaid Analytic eXtract (MAX) is a person-level nationwide claims database, which
contains information on demographics, hospitalizations, outpatient visits, and pharmacy
dispensing records. We created a cohort of pregnant women linked to their live-born infants
from MAX (2000–2010),27 which has been successfully used in recent studies of medication
safety in pregnancy.28–30 Women were required to have continuous Medicaid coverage from
3 months before the last menstrual period to one month after delivery and not have other
insurance benefits, which may lead to incomplete ascertainment of claims.
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The study cohort consisted of women who filled a prescription for one of the five most
frequently used atypical antipsychotics (hereafter referred to as antipsychotics) namely
aripiprazole, olanzapine, quetiapine, risperidone, and ziprasidone during the 3 months before
the last menstrual period. Women with pre-existing diabetes were excluded since they are
not at risk for developing gestational diabetes. To identify these women, we modified an
algorithm developed and validated by Andrade et al31 (see Figure S1 for a detailed
description of the algorithm).
Outcome definition
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Based on the algorithm by Andrade et al,31 we classified as gestational diabetes cases those
women who (1) had two or more diagnosis codes for any diabetes between 141 days after
last menstrual period and delivery; and (2) who had a glucose tolerance test or a gestational
diabetes diagnosis in the same time frame. The original algorithm had a positive predictive
value of 88% in detecting gestational diabetes cases in claims data. We compared the results
with or without considering metformin as an antidiabetic medication because it is sometimes
used to treat polycystic ovary syndrome. The results were identical, so metformin was
included.
Exposure definition
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We defined the exposure during the first 140 days of pregnancy (Figure S1). ‘Continuers’
were defined as women with two or more additional dispensings for the same drug they used
before pregnancy during the first 140 days. ‘Discontinuers’ were defined as women without
any antipsychotic dispensing during the first 140 days of pregnancy. In dose-response
analyses, we also included women with only one dispensing during the first 140 days to
estimate the relationship at lower doses. We excluded women with dispensings for a
different drug during pregnancy than the one received before the start of pregnancy and
women who were dispensed more than one type of antipsychotic during the first 140 days of
pregnancy. As a result, the five exposure groups were mutually exclusive. In addition, we
combined the users of individual drugs to form three ‘risk-stratified groups’, based on the
drugs’ weight gain potential and risk of diabetes outside of pregnancy.7 Aripiprazole and
ziprasidone were in the low-risk group, quetiapine and risperidone in the medium-risk
group, and olanzapine constituted the high-risk group.
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Covariates for confounding adjustment were assessed from 3 months before to 3 months
after the last menstrual period. The covariates were selected based on clinical plausibility as
confounders or proxies of confounders for the association between antipsychotic
continuation and gestational diabetes, and included demographics (age, race, Medicaid
eligibility type), psychiatric diagnoses (anxiety disorder, attention-deficit hyperactivity
disorder (ADHD), bipolar disorder, depression, schizophrenia or other psychoses, other
psychiatric disorders), comorbidity (pain disorders, hypertension, obesity, dyslipidemia),
other medication use (anticonvulsants, antidepressants, anxiolytics, benzodiazepines, mood
stabilizers (other than antipsychotics), opioids, other hypnotics, stimulants,
antihypertensives), history of gestational diabetes, and the duration of antipsychotic
treatment received in the 3 months before the last menstrual period. We quantified the
number of different generics received and the number of emergency department visits during
the 3 months prior to the last menstrual period to capture health services utilization as a
general marker of the extent of comorbid illness.
Analyses
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Analyses by individual drugs—The analyses were done separately for each of the five
antipsychotics. We first examined the characteristics of the continuers and discontinuers of
each antipsychotic. The unadjusted risk differences per 100 women (RD100) and relative
risks with corresponding 95% confidence intervals (CI) were estimated using generalized
linear regression models with identity (for RD100) or log link (for relative risk). Propensity
score stratification was used to adjust for confounding.32 The propensity score was the
predicted probability of continuing the treatment as opposed to discontinuing after last
menstrual period, estimated by logistic regression with all covariates mentioned above. After
trimming patients in the non-overlapping parts of the propensity score distribution,33 we
created 50 strata based on the distribution of the propensity score among continuers.
Weighted generalized linear models were used to estimate adjusted RD100 and relative risk
along with 95% CIs, weighting the discontinuers based on the distribution of the continuers
across the strata. To address potential residual confounding, we added covariates with a
standardized difference that remained > 0.1 after propensity score weighting to the outcome
model, and examined if this changed the interpretation of the result from the model without
additional covariates.
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We explored dose-response relationships between the risk of gestational diabetes and the
cumulative dose of each antipsychotic over the 140-day exposure window. Restricted cubic
splines were used to allow for non-linear relationships, adjusting for known or suspected risk
factors of gestational diabetes including age, non-white race, obesity, diagnosis of
schizophrenia or bipolar disorder, and the duration of antipsychotic use during the 3-month
baseline period.34
Analyses by risk-stratified drug group—Several additional analyses were conducted
at the risk-stratified drug group level due to the small number of patients in the drug specific
analyses. First, we restricted the analyses to women with a recorded diagnosis of the
approved indications for antipsychotics (schizophrenia, bipolar disorder, or depression) with
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a rationale that some antipsychotics are used off-label for non-psychiatric conditions such as
insomnia at different doses35 and the different usage of these drugs may be associated with
different baseline risks of gestational diabetes. Second, we extended the baseline period to 6
or 12 months before the last menstrual period in the subsets of women who had Medicaid
eligibility during this time to assess whether a longer baseline period allowed for better
confounding control. For the same reason, we used the high-dimensional propensity score
algorithm to empirically identify 50 additional covariates that may serve as proxies of
unmeasured confounders and used them in the propensity score model alongside the predefined covariates.36
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Assessing the impact of missing obesity information—Because obesity is one of
the most important risk factors for gestational diabetes but is incompletely captured in
claims data, we conducted a bias analysis to examine the extent to which adjustment for
confounding by unmeasured or poorly measured obesity would change the observed
associations.37 The prevalence estimate of overweight or obesity was obtained from the
Massachusetts General Hospital registry for pregnant women with psychiatric illness.38
Informed by the literature, we assumed that overweight or obese women have 4 times the
risk of gestational diabetes compared to non-obese women,39 and examined the potential
bias over a range of obesity prevalence differences (0 to 25%) between continuers and
discontinuers.
All analyses were performed using R (R Core Team, 2016) and SAS 9.4 (SAS Institute,
Cary, NC).

RESULTS
Author Manuscript

Among 1,543,334 linked pregnancies in MAX, we identified 1,924 women who met our
inclusion criteria with a filled prescription for aripiprazole during the 3 months prior to the
last menstrual period, 673 for ziprasidone, 4,533 for quetiapine, 1,824 for risperidone, and
1,425 for olanzapine. In the first exclusion step, the proportions excluded with pre-existing
diabetes were 4.9%, 6.5%, 4.6%, 5.3%, and 4.5%, respectively (Figure S2). Depending on
the drug, 19.7% to 34.0% continued treatment during the first half of pregnancy (Table 1).
Continuers were generally older, had more psychiatric diagnoses and medication use, were
more likely to have obesity diagnoses, and had used antipsychotics for a longer duration
before the last menstrual period (Table S1). After propensity score weighting, most patient
characteristics were well balanced between continuers and discontinuers, except for a few
important covariates such as obesity and bipolar disorders which remained slightly
unbalanced between the olanzapine continuers and discontinuers (Table 1, Table S2).
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The absolute risk of gestational diabetes ranged from 4.2% to 12.0% in continuers and from
3.8% to 4.7% in discontinuers (Table 2 and Figure 1), depending on the drug considered.
The unadjusted relative risk of gestational diabetes associated with continuing the
medication during the first 140 days of pregnancy was 1.06 (95% CI 0.65–1.72) for
aripiprazole, 1.12 (0.48–2.61) for ziprasidone, 1.75 (1.36–2.24) for quetiapine, 1.56 (0.98–
2.49) for risperidone, and 2.55 (1.73–3.74) for olanzapine (Table 2). There was evidence for
an elevated risk of gestational diabetes after confounding adjustment for olanzapine
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(adjusted relative risk=1.61, 1.13–2.29) and quetiapine (1.28, 1.01–1.62), but not for
aripiprazole (0.82, 0.50–1.33), ziprasidone (0.76, 0.29–2.00), and risperidone (1.09, 0.70–
1.70). In dose-response analysis, the risk increased with increasing cumulative dose of
olanzapine until about 700 mg and plateaued thereafter (Figure 2). No clear trend was seen
for other antipsychotics considering the width of the confidence band.
The adjusted relative risks in the low-(aripiprazole, ziprasidone), medium-(risperidone,
quetiapine), and high-risk (olanzapine) group were 0.91 (0.60–1.39), 1.37 (1.12–1.69), and
1.61 (1.13–2.29), respectively. Additional group-level analyses results are presented in
Figure 3 (Table S3). Across the different analyses, the risk of gestational diabetes seemed to
be elevated in continuers compared to discontinuers in the high- and the medium-risk group,
but not in the low risk group. However, the effects are less precisely estimated in some of the
analyses due to the reduced study size.
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The bias analyses illustrated that with an overall obesity prevalence of 62% among atypical
antipsychotic users observed in the Massachusetts General Hospital registry, the absolute
difference in the prevalence of obesity between continuers and discontinuers would have to
be more than 25% for the observed relative risk of 1.61 in olanzapine users to be completely
attributable to residual confounding (solid line in Figure 4A, Table S4). To put this into
context, a 25% difference would mean that 80% of continuers and 55% of discontinuers
would be obese patients, with all other covariates balanced between the two groups. In
quetiapine users, the difference would have to be greater than 20% (solid line in Figure 4B,
Table S4). If, in contrast, there were more obese women among discontinuers than among
continuers, the obesity-adjusted relative risks would be higher than what we observed for
both drugs. If we assume the relative risks to be closer to the lower bounds of each
confidence interval, however, confounding due to smaller differences in obesity could
explain the increased relative risk.

DISCUSSION
In pregnant women who were treated with an atypical antipsychotic before the start of
pregnancy, continuation of treatment through the first half of pregnancy was associated with
a moderate increased risk of gestational diabetes for olanzapine and quetiapine. We did not
observe evidence of an increased risk for aripiprazole, ziprasidone, or risperidone
continuers. Multiple analyses consistently showed stronger association with olanzapine. In
addition, there was evidence of a cumulative dose-response relationship for olanzapine.
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As for any observational study, it is important to consider alternative explanations for these
findings. The main concern for this study is potential residual confounding by factors not
captured comprehensively in our data, in particular obesity. We demonstrated through formal
bias analyses that the imbalance in obesity prevalence between continuers and discontinuers
would have to be very high (i.e., 20–25%) after accounting for all other covariates to fully
explain the observed risk. Although this possibility cannot be excluded, it seems unlikely
given that all women were treated before the start of pregnancy and we accounted for a
broad range of proxy variables. The prevalence of pre-existing diabetes and risk factors
tended to be higher for ziprasidone and lower for olanzapine, which suggests that
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antipsychotic prescribing may be somewhat selective with respect to such factors.
Alternatively, this finding may be explained by a depletion of the most susceptible women,
who could have developed diabetes after initiation of olanzapine and before their last
menstrual period and were excluded from our cohort, leaving on treatment those with a
lower baseline risk. Despite the fewer documented baseline risk factors for gestational
diabetes, olanzapine continuers had the highest absolute risk of gestational diabetes
compared to women who continued on drugs that are less likely to cause significant weight
gain. Our findings are consistent with prior knowledge that olanzapine induces the most
weight gain among the five study drugs,7,21 which provides a plausible mechanism for the
observed elevation in risk in women continued on this medication. While quetiapine was
associated with a small increased risk of gestational diabetes in this study, risperidone which
is similarly associated with modest weight gain21 was not. Use of low-dose quetiapine for
insomnia is well known, and women without psychiatric disorder who used quetiapine for
insomnia before the start of pregnancy may be more likely to discontinue after becoming
pregnant. While this could have resulted in confounding in the main quetiapine analysis,
restricting the analysis to women with a mental disorder diagnosis showed almost identical
results (data not shown). Further research is needed to confirm this finding.
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A few studies have investigated the association between antipsychotic exposure during
pregnancy and the risk of gestational diabetes, and even fewer considered specific drugs.
Using Swedish National registries, Reis and Kallen reported an increase in the risk of
gestational diabetes (odds ratio = 1.78, 1.04–3.01) among women who self-reported any
antipsychotic use in early pregnancy16 and Boden et al concluded that mothers who used
olanzapine or clozapine during pregnancy had a higher risk of gestational diabetes (odds
ratio = 1.94, 0.97–3.91) compared to those who do not.15 Vigod et al. did not find an
increased risk in a high-dimensional propensity score-matched cohort in Canada, either for
all antipsychotics considered (relative risk = 1.10, 0.77–1.57) or for 166 olanzapine users
only.17 Unlike our study, all three studies had nonusers as a reference group who are less
comparable in terms of health status and disease severity than discontinuers, and they did not
exclude women with pre-existing diabetes. Higher relative risks in Swedish studies may be
partly due to the fact that only a small number of confounders were adjusted for. The
absolute risk among the unexposed women was higher in Vigod et al than the discontinuers
in our study (6.2% vs. 4 to 5%), which implies significant difference in baseline risk among
the two populations and potentially why we observed different results. In a recent
publication,18 prevalent users of antipsychotics in early pregnancy were compared with
women with psychiatric conditions but not treated with antipsychotics to increase
comparability of groups, under the assumption that the other psychotropic medications do
not affect the risk of gestational diabetes. But the sample size was insufficient to consider
individual antipsychotics and specific antipsychotics may have differential effects on the risk
of gestational diabetes.
Our study has several strengths. The study population arises from the nation-wide Medicaid
program that is representative of close to 50% of all pregnancies in the US.40 Moreover
Medicaid finances 80% of all antipsychotic prescriptions and 36% of all treatment cost for
gestational diabetes in the US.41,42 We used automated dispensing records to define
exposure, which is free of recall bias, and a validated outcome definition. This study is one
Am J Psychiatry. Author manuscript; available in PMC 2019 June 01.
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of the largest studies conducted in pregnant women taking antipsychotic and we were able to
investigate individual drug effects rather than a drug class effect.
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The study is not without limitations, however. Residual confounding due to unmeasured or
poorly measured factors such as life style factors is possible. But comparing continuers to
discontinuers rather than to non-users alleviates this concern because discontinuers are likely
to be more similar to continuers than non-users. In addition to conducting a formal bias
analysis, we showed that adjusting for a large number of empirically identified confounders
that may serve as proxies for unmeasured or poorly measured confounders does not change
the findings. We could not fully adjust for the duration of antipsychotic exposure, which
may have extended many years before recording in our database. However, adjusting for the
treatment duration during the year before pregnancy provided consistent results. We do not
have information on the reasons for discontinuation, which may be associated with the
disease severity or indication for antipsychotic use not recorded in our data. However,
disease severity seems unlikely to explain the observed associations since we only observed
an increased risk for selected antipsychotics. A pharmacy dispensing record does not
guarantee the actual intake of the drug. By requiring at least two prescriptions during the
first 20 weeks of pregnancy, we were more confident that the continuers in our study
actually took the medication.

CONCLUSION
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In a large cohort of women without pre-existing diabetes who were treated with
antipsychotics before pregnancy, we observed an increased risk of gestational diabetes
among women who continue to use olanzapine or quetiapine during the first 20 weeks of
pregnancy compared to those who discontinue. There was a positive dose-response
relationship between the use of olanzapine and gestational diabetes risk. We did not find a
difference in the risk of gestational diabetes comparing continuers to discontinuers of
aripiprazole, ziprasidone, and risperidone. Further studies are needed to understand the
potential effect on gestational diabetes risk of switching antipsychotic agents during
pregnancy. Such information would aid treatment decisions in women for whom treatment
discontinuation is not an option. In conclusion, while the risk of gestational diabetes is an
important consideration in selection of a drug, other dimensions of antipsychotic treatment
including the benefit of continuing a specific treatment and the risk of efficacy loss due to
changes in treatment should be taken into account in decision making for pregnant women.
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Figure 1. Absolute risks of gestational diabetes for unadjusted and adjusted analyses

The numbers on top of each bar indicates the unadjusted and adjusted absolute risks.
*: p < 0.05, ***: p < 0.0001
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Figure 2. Dose-response analyses between the cumulative dose of antipsychotic exposure during
the first 20 weeks of pregnancy and the risk of gestational diabetes

Upper panels: Restricted cubic spline curves with 3 knots at the 25th, 50th, and 75th
percentiles of the cumulative dose (mg) during the first 20 weeks of pregnancy (LMP to 140
days after LMP), adjusting for age, race, obesity, diagnosis of schizophrenia or bipolar
disorder, and the duration of treatment during the 3 months prior to LMP.
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Lower panels: Density curve showing the distribution of cumulative dose among the users of
each antipsychotic medication who had one or more prescription dispensed during the first
20 weeks of pregnancy.
To stabilize the dose-response curve at the extreme ranges, the maximum possible
cumulative dose during the 140 days of exposure window was limited to the daily maximum
dose multiplied by 140 days for each antipsychotic (mg). To convert to a daily dose, the
cumulative dose can be divided by the duration of the exposure window (140 days).
LMP: last menstrual period; GDM: gestational diabetes
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Figure 3. Forest plot of the results from additional analyses based on the risk-stratified groups

PS: Propensity score; hdPS: high-dimensional propensity score; RR: relative risk
PS adjusted: adjusted RR from PS stratification in the main analysis
Restricted: analysis restricted to women with diagnosis of schizophrenia, bipolar disorder, or
depression
6m or 12m baseline: results from extending 3-month baseline to either 6 months or 12
months
hdPS adjusted: stratification adjustment using 50 additional confounder proxy variables in
PS estimation
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Figure 4. The potential effect of obesity as an unmeasured confounder on the observed relative
risk among the users of olanzapine or quetiapine

ARR = apparent relative risk before adjusting for obesity, ALB = apparent lower bound,
AUB = apparent upper bound, PC1 = obesity prevalence among the exposed, PC0 = obesity
prevalence among the unexposed, and RRCD = strength of association between obesity and
the risk of gestational diabetes. Difference in the obesity prevalence (x-axis) is calculated as
PC1 - PC0
Assuming that obese women have 4 times the risk of GDM compared to non-obese women,
the corrected or true relative risk (RR; y-axis) is obtained by dividing the ARR with the bias
factor on the right side of the following formula:

Author Manuscript

ARR = RR ∗

Pc1(RRCD − 1) + 1
Pc0(RRCD − 1) + 1

Dotted lines above and below the solid line correspond to the upper and lower bound of the
confidence interval for the point estimate, respectively. The solid red arrows show that >
25% difference in obesity prevalence for olanzapine users or > 20% difference in obesity
prevalence for quetiapine users are required to explain the observed effect (ARR) by
confounding only. The dotted red arrows show that when we take the uncertainty of the
estimated ARR into account, smaller difference in obesity prevalence can account for the
observed effect.
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Cont: Continuers; Disc: Discontinuers; SD: standard deviation; ADHD: attention-deficit hyperactivity disorder; GDM: gestational diabetes; LMP: last menstrual period

Bolded cells: Absolute Standardized difference > 0.1 after propensity score weighting.

Mood stabilizers: Lithium, Carbamazepine, divalproex, lamotrigine, oxcarbazepine, topiramate, valproic acid, valproate sodium
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Unadjusted and adjusted risk of gestational diabetes, comparing continuers to discontinuers of each antipsychotic medication or group
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