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Abstract

Antipsychotic medications are widely used in the United States (US). Understanding the extent
of use and comparative safety of antipsychotics is especially important for certain groups of
people such as pregnant women or hospitalized patients, for whomthe evidence on safety and
effectiveness is limited. Previous studies lacked pow er to detect difference in safety endpoints
or suffered from potential confounding bias. In this dissertation, w e used large administrative
claims databases to provide evidence for antipsychotic use among vulnerable population

subgroups.

In Chapter 1, wedescribe the pattern of antipsychotic utilization among publicly insured
pregnant women in the US using a nationw ide Medicaid claims database. We found that
atypical antipsychotics are increasingly used in this population betw een 2001 and 2010, witha
notable increase in the diagnosis of and antipsychotic use for bipolar spectrum disorders. More
than 50% of women discontinue treatment after becoming pregnant and polytherapy w ith other
psychoactive drugs was common. These findings require further attention withrespect to safety

of antipsychotic in this population.

In Chapter 2, weexamine the association betw een the use of atypical antipsychotic and the risk
of gestational diabetes (GDM) among pregnant women in Medicaid. Comparing women w ho
continue treatment to those whodiscontinue among prevalent users of antipsychotic w ithout

pre-existing diabetes at the beginning of pregnancy, we observed a potentially increased risk of

i



GDM among continuers of quetiapine and olanzapine but not for the continuers of aripiprazole,
ziprasidone, or risperidone. Olanzapine show ed the strongest evidence of increased risk of
GDM across multiple analyses, but the variability in results was not large enough to comment

on comparative safety of different antipsychotics.

In Chapter 3, weexamine the comparative safety of antipsychotics in hospitalized patients with
acute myocardial infarction, w here antipsychotics are often used to manage delirium-related
agitation. We found that the hazard ratio of 7-day mortality w as greater for patients w ho
received haloperidol compared to those whoreceived atypical antipsychotics after adjusting for
a large number of confounders. While residual confounding is a possible alternative explanation,
our result is consistent with w hathas been reported from outpatient studies and in nursing home

population.

i



Table of Contents

Abstract ii

Table of Contents iv

List of Figures with Captions i

List of Tables with Captions i

Acknow ledgement iv

Chapter 1. Introduction 1

Chapter 2. Antipsychotic Medication Use among Publicly-insured Pregnant Women in the US 4

ABSTRACT 5
INTRODUCTION

METHODS 7
RESULTS 10
DISCUSSION 20
CONCLUSION 23
APPENDIX 25

Chapter 3. Continuation of Atypical Antipsychotic Medication during Early Pregnancy and the

Risk of Gestational Diabetes 30
ABSTRACT 31
INTRODUCTION 33
METHODS 34
RESULTS 39
DISCUSSION 48
CONCLUSION 51
APPENDIX 52

Chapter 4. Haloperidol versus Atypical Antipsychotics for Delirium in Patients w ith Myocardial
Infarction: a Cohort Study 63

iv



ABSTRACT
INTRODUCTION
METHODS
RESULTS
DISCUSSION
CONCLUSION
APPENDIX

Chapter 5. Conclusion

References

64
66
67
72
79
83
84

97

98



List of Figures with Captions

Figure 2.1 Proportion of women whow eredispensed an antipsychotic medication during
pregnancy in Medicaid, 2001 to 2010 11

Figure 2.2 Prevalence of each psychiatric disorder diagnosis (hierarchical®) among pregnant
women in Medicaid and proportion of women w ith the diagnosis whohad one or more
dispensing of antipsychotic medication, 2000 to 2010 14

Figure 2.3 Treatment patterns with other psychotropic medication among women receiving
antipsychotic during pregnancy 18

Figure 2.4 Discontinuation and initiation of antipsychotic medication during pregnancy, by
medication class 19

Figure 3.1 Dose-response analyses betw een the cumulative dose of antipsychotic exposure
during the first 20 w eeks of pregnancy and the risk of GDM 43

Figure 3.2 Forest plot of the results from additional analyses based on the risk-stratified groups

46
Figure 3.3 The potential effectof obesity as an unmeasured confounder on the observed
relative risk among the users of olanzapine or quetiapine 47
Figure 4.1 Kaplan-Meier curve of in-hospital death in the matched cohort up to 30 days of
follow -up, comparing haloperidol initiators to atypical antipsychotic initiators 76

Figure 4.2 Subgroup analyses comparing haloperidol initiators to atypical antipsychotic
initiators, based on ITT analysis with 7 days of follow -up 78

i



List of Tables with Captions

Table 2.1 Characteristics of antipsychotic users vs. non-users among pregnant women in
Medicaid, 2001 to 2010

Table 3.1 Selected patient characteristics comparing continuers to discontinuers of each
atypical antipsychotic medication, w eighted by propensity score

Table 3.2 Unadjusted and adjusted risk of gestational diabetes, comparing continuers to
discontinuers of each antipsychotic medication or group

Table 4.1 Selected patient characteristics in the unadjusted and propensity score-matched
cohorts

Table 4.2 Hazard ratios of in-hospital death comparing haloperidol initiators to atypical
antipsychotic initiators, by length of follow -up period

i

16

41

42

74

77



Acknowledgement

Above all, | would like to thank God for His guidance throughout my journey. | believe that
everything |1 do and achieve is meaningful because of the love of Jesus Christ, the Lord of my
life. | know that God has provided everything | needed at the right moments to this date, and will

continue to do so in the future.

| am greatly indebted to many people around me during the past few years at Harvard. | first
would like to thank my committee members fortheir advice and mentoring. | have been very
fortunate to have Dr. Sonia Hernandez-Diaz as my advisor at the school, and | w ant to thank
Sonia for her generous support professionally, financially (through Pharmacoepidemiology
Program), and also emotionally w henneeded. | have been equally fortunate to have Dr. Krista
F. Huybrechts as my advisor at DoPE, whohas been inspirational as a scholar and as a
dedicated mentor. | can't thank enough for the countless number of hours Krista had spent
sitting down withme. | would also like to thank Dr. Robert J. Glynn for being an insightful and

critical review er of my work, reveling the blind spots and making it a better science.

| would like to thank my friends and colleagues: the EPl friends w ho have been the core of all
the fun and excitement in my Boston life, those from other schools and disciplines w ho have
enriched my perspective on public health and on life, and the colleagues and mentors from
DoPE whom | would not attempt to list all here. | am grateful for how each of them was willing to
listen and share their story with me, and every one of them has been a source of inspiration in
different w ays. Their wisdom and friendship has helped me to learn continuously, with great joy

and w ithout feeling overw helmed.

iv



| also wantto borrow this space to thank my family in Korea, whom | love and respect the most.
| am very proud of my parents whohave been my role models in many aspects, and | wantto
thank them for believing in me in small and big life decisions that 've made. | also w ant to thank

my big sister and little brother for being the greatest supporters from the other side of the planet.

Last but not least, | wantto thank Paul for his friendship and love for many years. | am very

excited about the next chapter of my life withyou.

Thank you.



Chapter 1. Introduction

Over the last decade, there has been a significant increase in the prevalence and severity of
psychiatric disorders in the United States (US)." In 2012, there were an estimated 43.7 million
adults in the US with mental ilness in the past year, representing 18.6% of all US adults. #® The
grow ing prevalence of psychiatric disorders has led to a dramatic increase in the proportion of
population being treated with psychotropic medications as well as in prescription drug spending
in the US.* In 2012, 12.4 % of the adult population US used prescription medication fora mental

health problem.?

One of the most widely used psychotropic medication classes are antipsychotic medications, a
class of drugs approved for treatment of conditions such as schizophrenia, bipolar disorder, or
major depressive disorder." Antipsychotics are classified into first-generation or ‘typical’
antipsychotics and second-generation or ‘atypical’ antipsychotics. Typical antipsychotics show
treatment effectby inhibiting dopamine receptor (D2) in the brain.” The exact mechanisms of
action of atypical antipsychotics are yet to be explained, but they are thought to act through

dopaminergic, serotonergic, or combined modulation of both systems.®

In recent years, it has been reported that antipsychotics are increasingly used not only for the
approved indications but also as off-label treatment for conditions such as anxiety, attention-
deficit hyperactivity disorder (ADHD), or behavioral disorders.”®’ With the broadened use of
antipsychotics, people have raised concerns about adverse effects of these drugs and lack of
safety or effectiveness data to support its use.® Typical antipsychotics are associated w ith
extrapyramidal symptoms (EPS) and related motor dysfunctions, cardiac arrhythmia,
hyperprolactinemia, and neuroleptic malignant syndrome.® Atypical antipsychotics are generally

considered safer withrespect to EPS and motor dysfunctions, but they are associated with



w eight gain, dyslipidemia, diabetes, sedation, postural hypotension, and anticholinergic side
effects.’ Normally, evidence on safety and efficacy is obtained from randomized clinical trials
(RCTs). How ever, there are subgroups of patients that are generally excluded from RCTs:
Children and adolescents, pregnant women, and elderly with comorbidity are a few examples.
They are not eligible for trials due to safety or ethical reasons, and the increasing use of
antipsychotic medication in these groups of people not supported by scientific evidence® is
concerning in terms of patient safety and well-being as w ell as appropriate use of healthcare
resources. For these patients, post-marketing observational studies are an important source of
safety and effectiveness evidence. Therefore, in this dissertation weaimed to describe the
extent of use and examine the comparative safety of antipsychotic medications in tw o of such
vulnerable populations, pregnant women and hospitalized patients w ith severe comorbidity,

using large administrative databases.

In Chapter 1, weanalyze the patterns of antipsychotic use during pregnancy in a large cohort of
publicly insured pregnant women in the US. The utilization of antipsychotics among pregnant
women in private insurance programs has been reported, but the utilization in Medicaid, the
largest payer of mental health treatment in the US, has not been reported previously. We
describe the extent of use over calendar time (2001-2010) and over defined window s during
pregnancy. We show how many women w how eretaking antipsychotics before the start of
pregnancy period discontinue the medication once they become pregnant, and how polytherapy

w ith other major psychotropic medication is common in this population.

In Chapter 2, weevaluate the risk of gestational diabetes (GDM) subsequent to specific atypical
antipsychotic drug continuation during pregnancy. Metabolic side effects follow ing atypical

antipsychotic use are well recognized, but the evidence is limited for pregnant women.



Especially, weraise a clinically relevant question of w hether a prevalent user of antipsychotic
should consider treatment discontinuation once she becomes pregnant given the possibility of
increased risk of GDM, and w hether there is variability in risk betw een five different
antipsychotic agents. We demonstrate that continuation of olanzapine or quetiapine treatment
compared to discontinuation may increase the risk of GDM, although the degree of variability
betw een different antipsychotics w as not large enough to draw conclusions on comparative

safety.

In Chapter 3, we compare the safety of antipsychotics used in hospital with respect to in-
hospital mortality among patients whow ere admitted w ith acute myocardial infarction. In
contrast to a large number of outpatient studies, the comparative safety information is scarce for
in-hospital use of antipsychotics. We show that haloperidol, the most frequently used typical
antipsychotic, is associated withincreased in-hospital mortality compared to atypical
antipsychotics w hen used to treat the symptoms of delirium. We also observe that the potential
harmful effect of haloperidol may occur acutely, increasing the risk of death right after the

initiation of treatment.
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ABSTRACT

Objective: Given the increasing use and broadening of indications for antipsychotic medications
in the general population, as well as the paucity of information on the safety of this drug class
during pregnancy, the study aim w as to document patterns of antipsychotic medication use in

pregnant women.

Method: We used Medicaid Analytic eXtract data (2001-2010) from pregnant women w ho
delivered live-born infants. Antipsychotic use at both the class and individual drug level was
defined based on dispensed outpatient prescriptions. Users’ characteristics, including mental
disorder diagnoses, weredescribed. Temporal trends in use, as well as discontinuation patterns

and polytherapy w ith other psychotropic medications during pregnancy w ere evaluated.

Results: Among 1,522,247 pregnancies, the prevalence of atypical antipsychotic use at any
time during pregnancy increased three-fold, from 0.4% to 1.3%, over the 10-year period w hile
the use of typical antipsychotics remained stable around 0.1%. The increase in atypical use was
largely driven by more frequent use in patients with bipolar disorder. Quetiapine and aripiprazole
w ere the most frequently dispensed drugs, and polytherapy w ith antidepressants (65.2%),
benzodiazepines (24.9%), and/or other mood stabilizers (22.0%) was common among w omen
using antipsychotics during pregnancy. More than 50% of women receiving an antipsychotic in

the 3 months prior to pregnancy discontinued during pregnancy.

Conclusions: A grow ing number of pregnant women in Medicaid are exposed to atypical
antipsychotics, frequently in combination w ith other psychotropic medications. This study
highlights the importance of documenting the use and safety of these drugs during pregnancy to

inform therapeutic decision making for pregnant women w ith psychiatric disorders.



INTRODUCTION

Over the past tw odecade, the use of antipsychotic medications to treat psychiatric disorders
has greatly expanded in the United States (US).® Schizophrenia and other psychotic disorders
have long been treated with both typical and atypical antipsychotics. How ever, since 2000, a
number of atypical antipsychotics have received approvals for broader indications including
irritability in autism, mood stabilization in bipolar disorder and adjunct therapy for major
depressive disorder (MDD). Increasing off-label use of antipsychotics to treat attention-deficit
hyperactivity disorder (ADHD) or behavioral disorders has also been reported in recent

years."%7

For women, psychiatric disorders that are treated w ith antipsychotics often present during the
childbearing years'® and the risk-benefit trade-off of treatment during pregnancy is challenging.
While continuous treatment may be important to prevent symptomatic episodes or relapse,"’
maternal and fetal safety concerns exist related to antipsychotic treatment. Case reports and
studies with small samples have reported conflicting findings on the association betw een typical
antipsychotic use and the risk of congenital anomalies.’' There are few large, w ell-controlled
studies examining the teratogenicity of atypical antipsychotics,'>'® but the results from a recent
large study with 9,258 women exposed to atypical antipsychotics did not find increased risk of
congenital malformation.”” Atypical antipsychotics are know n to cause w eight gain and increase

8

the risk of Type 2 diabetes mellitus in the general population,'® w hich may translate into higher

risks for diabetes associated adverse pregnancy outcomes like fetal macrosomia or increased

risk of gestational diabetes and its attendant effects.

In light of the rising use in the general population and the broadening of the indications for

8

antipsychotic treatment observed in the last decade,’®® as well as the limited information on the



safety profile of this drug class during pregnancy, it is important to understand the extent and
patterns of use of antipsychotics among pregnant w omen. Describing antipsychotic utilization
trends in a publicly insured population is especially important since Medicaid covers the costs
for approximately 80% of all antipsychotic prescriptions’ and close to 50% of all deliveries in
the US.?® We used nationwide Medicaid data to investigate the patterns of antipsychotic use

among publicly insured women in the US.

METHODS

Data Source and Study Population

We used Medicaid Analytic eXtract (MAX) data from 2001 to 2010 from the Centers for
Medicare and Medicaid Services (CMS). MAX contains person-level information on
demographics, hospitalizations and outpatient visits, as w ell as outpatient pharmacy
dispensings. We created a linked cohort of pregnant women and their live-born babies based on
a process described elsew here in detail.?' Linkage provided delivery dates that wereused to
estimate the last menstrual period (LMP) based on a previously validated algorithm.??> Women

w ererequired to have continuous coverage from three months before the LMP to one-month
after delivery and to not have other private insurance or restricted benefits during pregnancy to

ensure complete capture of healthcare use information.



Antipsychotic Medication Use

To define exposure and patient characteristics, the time period w as divided into four different
window s: 3 months prior to the LMP (baseline), the LMP to gestational day 90 (firsttrimester),
from gestational day 91 to 180 (second trimester), and from gestational day 181 to delivery
(third trimester). Antipsychotic exposure during each of these time window s w as defined as
filing at least one prescription during the respective window, as documented based on National
Drug Codes and dispensing dates in the outpatient pharmacy dispensing file. The full list of
antipsychotics considered in this study is provided in Appendix 2.1. Prochlorperazine and
promethazine w ere excluded because they are more commonly used for non-psychiatric
conditions.?®> We examined antipsychotic use at the class level (atypical or typical) and at the
generic level for the six most frequently used drugs (aripiprazole, olanzapine, quetiapine,
risperidone, ziprasidone, and haloperidol). When a woman w as dispensed more than one type
of antipsychotic, each dispensing w as counted separately tow ard each drug exposure category
since the main purpose of this study w as to describe the extent of antipsychotic use in this

population.

Psychiatric Disorder Diagnoses

To document psychiatric disorders, w e searched for the presence of International Classification
of Diseases, Ninth Revision (ICD-9) codes for anxiety disorder, attention-deficit hyperactivity
disorder (ADHD), bipolar disorder, depression, schizophrenia or other psychotic disorder from
90 days prior to LMP to delivery (see Appendix 2.1 for specific diagnostic codes for these
conditions). Following the approach from Crystal et al,® we created mutually exclusive

hierarchical diagnosis categories since multiple diagnoses often occur concurrently.”® Subjects



w ere classified into the highest possible category among 1) ADHD only, 2) anxiety w ith or
w ithout ADHD, 3) depression withor without anxiety or ADHD, 4) bipolar disorder w ith or
w ithout depression, anxiety or ADHD, and 5) schizophrenia or other psychotic disorder w ith or

w ithout bipolar disorder, depression, anxiety or ADHD (i.e., the highest category).

Analyses

Trends in Use

Temporal trends of antipsychotic use at both the class and generic level were examined by
delivery year and the p-value for trend w as reported. The prevalence of any antipsychotic use
w as examined stratified by age at time of delivery (under 20, 20 to < 30, 30 to <40, 40 or above)
and race (White, Black/African American, Hispanic/Latino, Asian/other pacific islanders, others).
To evaluate changes in drug use as a function of changes in diagnoses, w e examined the
yearly prevalence of each diagnosis using the hierarchical definitions, as w ell as the proportion

receiving any antipsychotic medication among those w ith the diagnosis.

Characteristics of Study Population

We used descriptive statistics to characterize the study population in terms of demographics,
comorbid diagnoses such as other mental disorders, pain disorders, hypertension, or diabetes,
and use of other medications such as anxiolytics, hypnotics, or opioids during the baseline
period and the first trimester. Additionally, w einvestigated concomitant treatment with major
psychotropic medications (antidepressants, benzodiazepines, and other mood stabilizers

defined in this study as lithium, carbamazepine, lamotrigine, oxcarbazepine, topiramate, and



valproate) in women w horeceived antipsychotic medication during pregnancy.

Discontinuation and Switching

To evaluate the potential impact of pregnancy on the decision to continue or to discontinue
treatment at different time points during pregnancy, w einvestigated the patterns of use during
pregnancy. ‘Continuation’ w as defined as filing a prescription for the same antipsychotic class
(class level) or specific drug (generic level) during pregnancy as before pregnancy and

‘initiation’ w as defined as filling a prescription during pregnancy among those without a record of
use during the 3 months before the start of pregnancy. A ‘Switch’ w as defined as filling a
prescription for a different antipsychotic (class or generic level) than during the baseline.

All analyses w ere performed using SAS 9.4 (SAS Institute, Cary, NC).

RESULTS

Trends in Use

Betw een 2001 and 2010, w eidentified 1,522,247 pregnancies meeting our inclusion criteria.
Over this 10-year period, the number of women whofilled at least one prescription foran
atypical antipsychotic during pregnancy increased from 0.4% (n=376) to 1.3% (n=2,044; p-value
for trend < 0.0001), representing a three-fold increase. The increasing trend w as similar across
the age and race groups considered. In all years, use w as higher among w omen older than 30
years (Appendix 2.2 A). The proportion of atypical antipsychotic users increased in all race

groups and remained higher among w hites than among Hispanics and blacks (Appendix 2.2 B).

10



The proportion of women w ho received a typical antipsychotic remained stable at around 0.1%
over the entire study period. At the individual drug level, we observed different trends for each
of the 6 antipsychotics considered (Figure 2.1). The proportion using quetiapine increased
substantially from 0.08% in 2001 to 0.6% in 2010. Since its introduction to the market in 2002,
aripiprazole became the second most frequently used antipsychotic by 2010 with 0.4% of all
women filing a prescription during pregnancy. In contrast, we observed a decreasing trend in

the proportion of olanzapine users from 0.2% to 0.1%.

Figure 2.1 Proportion of women w how ere dispensed an antipsychotic medication during

pregnancy in Medicaid, 2001 to 2010
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We observed a temporal increase both in the prevalence of the five psychiatric disorder
diagnoses of interest and, for some diagnoses, also in the proportion of women withsuch
diagnoses receiving antipsychotic medication during pregnancy (Figure 2.2). Most strikingly, the
prevalence of bipolar disorder diagnosis increased more than 3-fold over 10 years from 0.7% to
2.5% and the proportion of women w ith the diagnosis receiving antipsychotics increased from
13.6% in 2001 to 23.6% by 2010. Women w ith depression, but no schizophrenia, bipolar or
other psychotic disorders, represented 6.7% of the study population in 2001 and 8.5% in 2010;
the proportion treated w ith antipsychotics changed from 1.9% to 3.9% representing about a

tw ofold increase. The extent of antipsychotic use in women w ith apparent off-label indications
such as anxiety or ADHD w as small but increased over time. The proportion of women w ith an
anxiety diagnosis but without a diagnosis for any of the approved indications receiving
antipsychotics doubled from 1.0% in 2001 to 2.0% in 2010. Among women w ithan ADHD

diagnosis only, 3.4% w ere treated with an antipsychotic in 2010, increased from 1.6% in 2001.

Characteristics Study Population

Compared to non-users during pregnancy, antipsychotic users w ere older, disproportionately

w hite, and had a higher prevalence of non-psychiatric comorbidities and medication use,
smoking, alcohol use, and recorded drug abuse or dependence (Table 2.1). Polytherapy with
other psychotropic medications during pregnancy was common (Figure 2.3). Among the 15,196
women w ho used antipsychotics at any time during pregnancy, 65.2% also received
antidepressants, 24.9% benzodiazepines, and 22.0% mood stabilizers. Five percent (765
women) received at least one prescription for all four drug classes at some point during
pregnancy. Opioids w ere prescribed to more than 40% of women whoreceived antipsychotics

during pregnancy.

12



Discontinuation and Switching

Of the16,608 women (1.1%) w ho filled an atypical antipsychotic prescription during the 3
months before the LMP, about half (50.2%) did not fill any additional prescription from LMP until
delivery and 15.4% continued use of the same medication throughout pregnancy, defined as
filling at least one prescription in each trimester of pregnancy (Figure 2.4). Of all women w ho did
not use atypical antipsychotics during the baseline period (n=1,505,639), 5,583 (0.4%) filled a
prescription at some point during pregnancy: 65.2% (n=3,641) initiated in the first, 20.1%
(n=1,123) in the second, and 14.7% (n=819) in the third trimester. For women w housed typical
antipsychotics prior to the LMP (n=774), the discontinuation rate w as similar (51.7%). A greater
number of women compared to the baseline users (n=1,403) initiated treatment during

pregnancy w ithout use during the 3 months before the LMP.

13
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Figure 2.2 Prevalence of each psychiatric disorder diagnosis (hierarchical®) among pregnant women in Medicaid and proportion of

women with the diagnosis whohad one or more dispensing of antipsychotic medication, 2000 to 2010
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Table 2.1 Characteristics of antipsychotic users vs. non-users among pregnant women in Medicaid, 2001 to 2010

91

Users (N=15196) Non-users (N=1507051) Standardized
N (%) N (%) Difference
Demographics
Age under 20 2888 19.01 364962 24.22 0.13
Age 20 to <30 8246 54.26 880000 58.39 0.08
Age 30 to <40 3745 24.64 242338 16.08 0.21
Age 40 or older 317 2.09 19751 1.31 0.06
White 9144 60.17 602772 40.00 0.41
Black/African American 3766 24.78 504884 33.50 0.19
His panic/Latino 827 5.44 225390 14.96 0.32
Asian/Other Pacific Islanders 267 1.76 53318 3.54 0.1
Others 1192 7.84 120687 8.01 0.01
M ental disorders
Schizophrenia or other psychotic disorder 2526 16.62 5273 0.35 0.61
Bipolar disorder 6488 42.70 20383 1.35 1.15
Depression 7910 52.05 127273 8.45 1.08
Anxiety disorder 4470 29.42 65747 4.36 0.71
ADHD 1374 9.04 15433 1.02 0.37
Other comorbid conditions
Personality disorder 589 3.88 2724 0.18 0.26
Adjustment disorder 329 217 8249 0.55 0.14
Sleep disorder 598 3.94 9639 0.64 0.22
Epilepsy 774 5.09 17378 1.15 0.23
Neuropathic pain 603 3.97 18462 1.23 0.17
Fibromyalgia 431 2.84 12541 0.83 0.15
Other pain disorder 433 2.85 12984 0.86 0.15
Migraine/headache 2378 15.65 105806 7.02 0.28
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Table 2.1 Characteristics of antipsychotic users vs. non-users among pregnant women in Medicaid, 2001 to 2010 (Continued)

Users (N=15196) Non-users (N=1507051) Standardized
N (%) N (%) Difference
Hypertension 761 5.01 32717 217 0.15
Diabetes 506 3.33 23043 1.53 0.12
Tobacco use 1446 9.52 45623 3.03 0.27
Alcohol use 603 3.97 7780 0.52 0.24
Other drug abuse or dependence (2001-2006) 942 12.76 13418 1.55 0.45
N of outpatient visits (median, IQR) 10 (6-17) 4 (2-8) 0.73
Other Medication use®”
Anxiolytics 644 4.24 4641 0.31 0.27
Barbiturates 695 4.57 24574 1.63 0.17
Other hypnotics® 3633 23.91 94835 6.29 0.51
Opioids 6112 40.22 306000 20.30 0.44

ADHD: Attention-deficit hyperactivity disorder; IQR: Interquartile range; ED: Emergency department; NSAIDs: Non-steroidal antiinflamatory drugs

@ Defined based on the information during 90 daysprior to LMP to 90 days after LMP.

b Use of psychotropic medication (antidepressants, mood stabilizers, and benzodiazepines)is presented in Figure 3.
¢ Hypnotic drugs otherthan barbiturates, benzodiazepines, antidepressants, or antipsychotics
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Figure 2.3 Treatment patterns with other psychotropic medication among w omen receiving

Treatment pattern during LMP to delivery

antipsychotic during pregnancy

Antipsychotic Antidepressant

Mood Stabilizer? Benzodiazepine

N
5606
3489
2129
1409
914
765
625
259

36.9%
23.0%
14.0%
9.3%
6.0%
5.0%
4.1%
1.7%

The shaded cells indicate the use of each medication during LMP to delivery. Each row represents different combinations
psychotropic drug use patterns (does not necessarily indicate concurrent use of drugs).

LMP: last menstrual period

@Mood stabilizers include lithium, carbamazepine, lamotrigine, oxcarbazepine, topiramate, and valproate

of
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Figure 2.4 Discontinuation and initiation of antipsychotic medication during pregnancy, by medication class

Atypical Antipsychotics

Typical Antipsychotics

BL

BN T2 T3

Trimester

(%) (%)
1.2; 0.101
1 0.09
1.0

] 0.081
0.9-
0.85 0.07 -
0.7 0.06-
0.6§ 0.05
0 ] 0.04
0.4-

] 0.03-
0.31
0.2 0.024
0.11 0.01-
0.0- 0.00

BL T T2 T3
Trimester
Use type [—1 Continuation from baselineuse [ Continuation from T1 initiation

3 [Initiation without previous use

BL: baseline; T1: first trimester; T2: second trimester; T3: third trimester
Note that the y-axis scales are different between the two classes



The observed patterns at the generic level were similar to those at the class level (Appendix
2.3). Depending on the drug 49.6% to 59.6% of women exposed to individual atypical agents
discontinued treatment during pregnancy, w hile 42.8% of women w horeceived haloperidol in
the baseline period discontinued. Switching to a different antipsychotic in the first trimester was
infrequent among baseline antipsychotic users, and most women w ho switched did so to

quetiapine in the first trimester (Appendix 2.4).

DISCUSSION

In a nationw ide sample of publicly insured pregnant women in the US, we observed a 3-fold
increase in the use of atypical antipsychotics from 0.4% in 2001 to 1.3% in 2010. The trend w as
largely driven by an increase in the use of tw o atypical antipsychotics, aripiprazole and
quetiapine. Characteristics of antipsychotic users have changed over time witha notable
increase in both diagnosis of and use for bipolar disorders. A large proportion of women are
treated concomitantly w ith other psychotropic medications during pregnancy and 40% filled an
opioid prescription, w hich is twice the rate observed in antipsychotic non-users. More than 50%
of women w ho used atypical antipsychotics during the 3 months before LMP discontinued in the

first trimester. Among women w ho sw itched, the majority sw itchedto quetiapine.

The prevalence of women on antipsychotic treatment during pregnancy in our study is higher
than that found in European cohorts (range 0.13% to 0.31%) or privately insured women in the
US (0.7% for atypical antipsychotics) during partly overlapping periods.?*?" This is not

surprising, because Medicaid is the largest payer of mental health services in the United
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States.?® The increase in bipolar disorder diagnoses in our study population is consistent w ith
the increase observed for the general population, including children and adolescents.?**® It is
not entirely clear w hy there has been such a rapid increase in bipolar disorder diagnoses, but
plausible explanations include improved classification as bipolar spectrum disorders of those
previously misdiagnosed as unipolar depression or, perhaps, overdiagnosis of this condition.**?’
We also observed a small increase in the use of antipsychotics for women w ith anxiety or
ADHD, consistent with previous studies reporting frequent off-label use among non-pregnant
populations w ith either disorder.”® As both disorders often co-occur w ith other psychiatric

disorders it is also possible that w e did not capture other diagnoses in the claims forw hich the

antipsychotics w ere truly used.*

The utilization trends over time w ere different for the different antipsychotic agents. The greater
increase in the use of aripiprazole and quetiapine may be due in part to their expanded
indications for treatment of MDD (2007 for aripiprazole, 2009 for quetiapine). A wide range of
off-label uses for quetiapine may partly explain the increase in use observed during the years
preceding the expansion of indications, in addition to the perceived relative safety based on
prior evidence showing a low er rate of placental passage for quetiapine compared to the other
antipsychotics.**?* The decrease in the use of olanzapine may be explained by the know n risk
of metabolic side effects including w eight gain.*® Risperidone w as the firstatypical antipsychotic
to be approved, but its potential to cause hyperprolactinemia may be the reason w hy the use is

less common among pregnant w omen.®

The discontinuation patterns observed in this study were similar to the results from previous
studies in the UK in w hich close to 50% of women had discontinued atypical antipsychotics by
six w eeks of pregnancy and 62% to 72.3% by the third trimester.?*?" There is a lack of evidence
on clinical outcomes for those w ho discontinue or switch antipsychotics during pregnancy, and

further studies is needed to fully understand the benefit and risk of treatment during pregnancy.
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Polytherapy w ith other psychotropic medications w as very common, as antipsychotics are often
indicated as an adjunct agent.*” Potential drug interactions betw een antipsychotics and other
psychotropics are largely unknow n, particularly in pregnancy; given the high frequency of such
use, this is an important priority forfuture research. It is also notable that opioid use during
pregnancy w as remarkable high (~40%) in this population. There are potential harms such as
neonatal abstinence syndrome associated with opioid use in pregnancy>® and the risk of other
negative maternal and fetal outcomes is largely unknow n. More attention to appropriate use of

opioid in this population is needed.

Strengths and limitations

We used a nationw ide sample of more than 1.5 million pregnancies covered by Medicaid. Since
Medicaid pays for close to 50% of all deliveries in the US, the results reflect the real-w orld
utilization in a large proportion of the US population. Our population included a racially diverse,
vulnerable and young population. We w ere able to study trends by racial groups, w hichcan be a

proxy for differential access to mental health care among Medicaid enrollees.*

Our study also has some limitations. The study findings about prevalence of use are not
applicable to women with private insurance since the use of psychotropic medication is reported
to be much higher in Medicaid'®, but some of the other trends in use may still be generalizable.
Antipsychotic exposure w as defined based on filing a prescription, w hichdoes not guarantee
the actual intake. Although it is possible that some women did not actually take the medication
or were still using prescriptions filled before LMP during pregnancy, claims from the automated
dispensing records are considered to be more accurate than patient recall or medical

records.*®*! The date of LMP w as not available in the data and w as estimated, so some

22



misclassification of exposure timing is possible. But the algorithm we used estimated 75% of
preterm and 99% of term deliveries within 2 w eeks of the clinical gestational age at birth.?? We
defined psychiatric morbidity using ICD-9 diagnostic codes that have imperfect sensitivity*? and
as a result wecould have underestimated the prevalence of each psychiatric diagnosis in the
study. Since pregnant women have more frequent contact with health services than the general
Medicaid population and since w e required continuous coverage from 3 months before the start
of pregnancy to one month after delivery, concerns about incomplete capture of diagnoses are
reduced. Lastly, some of the trends in use might have been affected by changes in each state’s
Medicaid program at different points in time such as implementation of prior authorization or
coverage expansion.*® We were not able to disentangle the impact of changes in policies versus
changes in clinician preference. Nevertheless, this study provides insight into the observed

patterns of antipsychotics medication use over time at a national level.

CONCLUSION

A grow ing number of pregnant women in Medicaid are exposed to antipsychotic medications
during pregnancy, reaching 1.3% by the year 2010, but there is still limited evidence regarding
the safety of antipsychotic medication during pregnancy. The risk of pregnancy complications
for mothers and any direct or indirect effecton the offspring resulting from exposure in utero
requires careful examination. Polytherapy withother psychotropic medications common in this
population deserves more attention with regard to fetal safety. High rate of discontinuation
observed in this population suggests that clinicians and patients have concerns about the safety

of the use of these medications during pregnancy. How ever, discontinuation of these
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medications may have implications for maternal mental health. Further studies in this area are
therefore urgently needed to help clinicians and patients make informed treatment decisions

regarding the risks and benefits of using these medications during pregnancy.
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APPENDIX

2.1 List of ICD-9 diagnostic codes and specific antipsychotics in this study

2.2 Proportion of women whow eredispensed an atypical antipsychotic medication during

pregnancy in Medicaid, 2001 to 2010, by age and race categories

2.3 Discontinuation and initiation of antipsychotic medication during pregnancy, by generic

medication

2.4 Patterns of antipsychotic sw itching in the firsttrimester among w omen receiving

antipsychotic during baseline
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2.1 List of ICD-9 diagnostic codes and specific antipsychotics in this study

Drug class Drug names

Atypical antipsychotic Aripiprazole, clozapine, olanzapine, paliperidone, quetiapine,

risperidone, ziprasidone

Typical antipsychotic Chlorpromazine, fluphenazine, haloperidol, loxapine, mesoridazine,
molindone, perphenazine, pimozide, thioridazine, thiothixene,

trifluoperazine

Disease ICD-9 codes

ADHD 312.xx, 314.xx

Anxiety Disorders 293.84, 300.0x, 300.2x, 300.3, 308.0, 309.24, 309.81, 313.0x

Bipolar Disorders 296.0x, 296.1x, 296.4x, 296.5x, 296.6x, 296.7x, 296.8x, 296.99

Depression 293.83, 296.2x. 296.3x, 298.0x, 300.4x, 309.0x, 309.1x, 309.28,
311.xx

Schizophrenia or other 290.8x, 290.9x, 295.xx, 297 .xx, 298.xx, 299.xx, 780.1x

psychotic disorders

ICD-9: International Classification of Diseases, Ninth Revision; ADHD: Attention-deficithyperactivity

disorder
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2.2 Proportion of women whow ere dispensed an atypical antipsychotic medication during

pregnancy in Medicaid, 2001 to 2010, by age and race categories

A. By age groups

Use of atypical antipsychotics over the study period, 2001-2010
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2.3 Discontinuation and initiation of antipsychotic medication during pregnancy, by generic

medication
Aripiprazole Olanzapine Quetiapine
(%) (%) (%)
0.5 0.54 0.54
0.4] 0.4 0.4]
0.2] 0.2 0.2:
0.1 0.1 H 011
0.0 l ’ 0.0- | l 0.0°
BL T T2 T3

BL T T2 T3 BL m T2 T3

Trimester Trimester Trimester
Risperidone Ziprasidone Haloperidol
(%) (%) (%)
0.5 0.54 0.104
0.09
0.4 0.4 0.08-
0.07 4
0.3 0.3 0.06
0.05
0.2 0.2 0.04.
0.03
0.1 0.1 0.02-
H : H 0-01 —
0.0 0.0 0.00
BL T T2 T3 BL m T2 T3 BL T T2 T3
Trimester Trimester Trimester
‘ | Use type [ Continuation from baseline use [  Continuation from T1 initiati =3 Initiation without previous use

BL: baseline; T1:first timester; T2: second trimester; T3: third trimester

Note thatthe y-axis scale is different for haloperidol
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2.4 Patterns of antipsychotic switching in the firsttrimester among women receiving antipsychotic during baseline

Medication switched® to during first trimester (% of total switchers)

Total Switcher (n) Aripiprazole Olanzapine Quetiapine Risperidone Ziprasidone Haloperidol
Baseline drug
Aripiprazole 231 - 13.0 44.6 19.5 16.0 8.2
Olanzapine 170 19.4 - 42.4 21.8 7.6 9.4
Quetiapine 286 35.3 19.6 - 21.7 19.2 59
Risperidone 266 25.2 15.0 44 4 - 10.5 9.8
Ziprasidone 130 10.0 9.2 32.3 3.8 - 11.5
Haloperidol 38 10.5 39.5 39.5 13.2 13.2 -

a Switching defined asfilling a prescription fora different antipsychotic but not for the one received during baseline
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ABSTRACT

Background: Gestational diabetes mellitus (GDM) is a complication of pregnancy that can lead
to adverse outcomes. Some atypical antipsychotics (AAP) are associated with w eight gain and
insulin resistance, w hich are risk factors for GDM. There is lack of evidence to inform the

decision about w hether to discontinue AAP during pregnancy due to this concern.

Objective: To examine the risk of GDM associated w ith continuation of aripiprazole (ARI),
ziprasidone (ZIP), quetiapine (QTP), risperidone (RSP), or olanzapine (OLZ) through the first

half of pregnancy compared to discontinuation prior to pregnancy.

Methods: We conducted a cohort study using Medicaid data (2000-2010) from non-diabetic
women with a live-born infant who had =1 AAP dispensing during the 3-months prior to
pregnancy. For each AAP, we compared women with= 2 additional dispensings (continuers) to
women with no dispensing during the first half of pregnancy (discontinuers). GDM w as defined
using previously validated algorithm. We used a generalized linear model and propensity score
stratification to obtain absolute and relative risks (RR), adjusting for confounders including

psychiatric diagnoses and duration of AAP use before pregnancy.

Results: Among 1,543,334 pregnancies, the number of baseline AAP users was 1,924 for AR,
673 for ZIP, 4,533 for QTP, 1,824 for RSP, and 1,425 for OLZ. The proportion of continuers
ranged between 19.7% and 34.0%, depending on the drug. Continuers generally had higher
comorbidity and longer baseline AAP use compared to discontinuers. The crude risk of GDM for
continuers vs. discontinuers, respectively, was 4.8% vs.4.5% for ARl, 4.2% vs.3.8% forZIP,
7.1% vs. 4.1% for QTP, 6.4% vs. 4.1% for RSP, and 12.0% vs.4.7% for OLZ. The adjusted

RRs were0.82 (0.50-1.33) for AR, 0.76 (0.29-2.00) for ZIP, 1.28 (1.01-1.62) for QTP, 1.09

(0.70-1.70) for RSP, and 1.61 (1.13-2.29) for OLZ.
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Conclusion: Our results suggest that compared to discontinuation, continued use of OLZ or QTP
during the first half of pregnancy is potentially associated with an increased risk of GDM. There
w as no evidence of increased risk associated w ith continuation of ARI, ZIP or RSP. Continuing
antipsychotic treatment during pregnancy should be based on a careful judgment betw een

benefits and risk of adverse outcomes.
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INTRODUCTION

Gestational diabetes mellitus (GDM) is a complication of pregnancy, defined as carbohydrate
intolerance w ith onset or recognition during pregnancy.** It can lead to adverse pregnancy
outcomes such as preeclampsia, cesarean delivery, neonatal hypoglycemia, and macrosomia.*’
The estimated prevalence of GDM in the United States (US) ranged betw een 4.6% and 9.2% in
2010.° Up to 50% of women with GDM develop Type 2 diabetes melitus (T2DM) in the
decades follow ing pregnancy,*’ a risk over seven times higher than that in women w ithout
GDM.*® GDM shares many risk factors with T2DM including older age, non-w hite race, and

obesity.*>4°

There is a well-recognized association betw een treatment w ith atypical antipsychotic
medications and metabolic side effects including w eight gain and diabetes.****** The US Food
and Drug Administration (FDA) required all manufacturers of atypical antipsychotics to add a
w arning for risk of hyperglycemia and diabetes to their labels in 2003. How ever, the metabolic
safety of antipsychotics for pregnant women, w hom are already predisposed to insulin

resistance,*

is not fully understood. A small number of studies and case reports suggested an
increased risk of GDM for antipsychotic users during pregnancy,'®?>?°° but a recent large study
w ith more than a thousand exposed women did not find any association.*® Furthermore, w hile

there are differences in the severity of metabolic side effects betw een antipsychotics,

information on the risk of GDM for each specific antipsychotic is scarce.””

Despite limited safety information regarding their use in pregnancy, an increasing number of
w omen of reproductive age are treated w ith antipsychotics in the US.?**® While for some women
treatment continuation during pregnancy is necessary to prevent the sequelae of untreated

mental illness,*” for others clinicians must w eigh the risks and benefits of continuing treatment
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during pregnancy and may consider discontinuation or switchto a different antipsychotic.
Understanding the potential risk of developing GDM, and how this risk may vary by the type of
antipsychotic utilized, is an important consideration for patients and clinicians w eighing these
risks. Previous studies compared users with non-users of antipsychotics to assess the risk of
GDM associated w iththe drug. How ever, most of non-users do not have psychiatric illness and
the question of w hether to treat or not is not very relevant in this population. Moreover, non-user
comparison is susceptible to confounding bias because non-users are not very comparable with
users of antipsychotics. We therefore evaluated the risk of GDM subsequent to specific
antipsychotic continuation during pregnancy in a nationw ide cohort of pregnant women w ho

w ere treated with antipsychotics prior to the start of pregnancy.

METHODS

Data Source and Study Population

The Medicaid Analytic eXtract (MAX) is a person-level nationwide claims database, w hich
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),%" w hichhas been successfully used in recent studies of medication
safety in pregnancy.'”*°®® Women w ererequired to have continuous coverage from 3 months
before the last menstrual period (LMP) to one month after delivery and not have other insurance

benefits, w hich may lead to incomplete ascertainment of claims.
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The study cohort consisted of women w hofilled a prescription for one of the five most frequently
used atypical antipsychotics (hereafter referred to as antipsychotics) namely aripiprazole,
olanzapine, quetiapine, risperidone, or ziprasidone during the 3 months before the LMP.

Women w ho had pre-existing diabetes w ere excluded since they are not at risk for developing
GDM. To identify these women, we modified an algorithm developed and validated by Andrade
et al®" (Appendix 3.1). Briefly, w e excluded women withtw oor more diagnoses of any diabetes
(250.x, 648.0x, or 648.8x) whoreceived the first diagnosis, glucose tolerance test (GTT), or
diabetes treatment before or on day 140 of pregnancy (i.e. the first20 w eeks). The algorithm

w as based on the expectation that women w ith know n pre-existing diabetes are unlikely to
receive GTT. As a modification to the algorithm, w e further excluded women with only one
diagnosis or whoreceived diabetes treatment w ithout diabetes diagnoses before the end of first

trimester.

Outcome definition

Our definiton of GDM w as also based on the algorithm by Andrade et al.®’ We classified as
GDM cases those whohad twoor more diagnosis codes for any diabetes betw een 141 days
after LMP and delivery, witha GTT or at least one GDM diagnosis in the same time frame. 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 w ereidentical, so

metformin w as included as an antidiabetic medication.

Exposure definition

35



We defined the exposure during the first 140 days of pregnancy (Appendix 3.1). Among the
cohort of women w housed an antipsychotic prior to the LMP, ‘continuers’ w ere defined as
women with two or more additional dispensings for the same drug during the first 140 days of
pregnancy and ‘discontinuers’ w ere defined as women w ithout any antipsychotic dispensing
during the same 140 days. In dose-response analyses, w e also included women w ith only one
additional dispensing during the first 140 days to estimate the relationship at low er doses. In
order to examine drug-specific effects, we excluded women w ith dispensings for a different drug
than the one received before the start of pregnancy and also women w ho w ere dispensed more
than one antipsychotic during the first 140 days of pregnancy. As a result the five exposure
groups w ere mutually exclusive. In addition, w e combined the users of individual drugs to form
three ‘risk-stratified groups’, based on the w eight gain potential and risk of diabetes outside of
pregnancy.® Aripiprazole and ziprasidone werein the low -risk group, quetiapine and

risperidone in the medium-risk group, and olanzapine constituted the high-risk group.

Covariates

Covariates for confounding adjustment were assessed during the 3 months prior to LMP and 3
months after LMP. The covariates w ere selected based on clinical plausibility as confounders or
proxies of confounders for the association betw een antipsychotic continuation and GDM, and
included demographics (age, race, Medicaid eligibility type), psychiatric diagnoses (anxiety
disorder, attention-deficit hyperactivity disorder (ADHD), bipolar disorder, depression,
schizophrenia or other psychoses, or other psychiatric disorders), comorbidity (pain disorders,
hypertension, obesity, or dyslipidemia), other medication use (anticonvulsants, antidepressants,

anxiolytics, benzodiazepines, mood stabilizers (other than antipsychotics), opioids, other
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hypnotics, stimulants, antihypertensives), and the number of months of antipsychotic treatment
received in the 3 months before the LMP. Prior record of GDM w as obtained from all available
data before the start of the index pregnancy. We quantified the number of different generics

received and the number of emergency department visits during the 3 months prior to the LMP

to capture health services utilization as a general marker of the extent of comorbid illness.

Statistical analyses

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 subjects (RD;o;) and relative risks (RR) with corresponding 95% confidence
intervals (Cl) were estimated using generalized linear regression models w ithidentity (for RD;qg)
or log link (for RR). Propensity score (PS) stratification w as used to adjust for confounding.®?
The PS was calculated as the predicted probability of continuing the treatment as opposed to
discontinuing after LMP, estimated by logistic regression with all covariates mentioned above.

3 wecreated 50 strata

After trimming patients in the non-overlapping parts of the PS distribution,®
based on the distribution of the PS among continuers. Weighted generalized linear models were
used to estimate adjusted RD,y, and RR along with95% Cls, using w eights based on the
relative size of each strata. When the standardized difference after PS w eighting w as greater
than 0.1, we added those covariates to the outcome model and examined if it changed the
interpretation of the result from the model w ithout additional covariates. To assess w hether the

variability in risk betw een the study drugs can be due to chance, w e tested for heterogeneity

using random effects meta-analysis.**
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We explored dose-response relationships betw een the risk of GDM and the cumulative dose of
each antipsychotic. Restricted cubic splines wereused to allow for non-linear relationships,®®
adjusting for know n or suspected risk factors of GDM including age, non-w hite race, obesity,
diagnosis of schizophrenia or bipolar disorder, and the duration of antipsychotic use during the
3-month baseline period.®® There werea small number of women with unlikely large values. In
order to stabilize the dose-response curve at the extreme ranges, the maximum possible
cumulative dose during the 140 days of exposure window w as limited to the daily maximum

dose multiplied by 140 days for each antipsychotic (mg).

Several additional analyses w ere conducted at the risk-stratified group level due to the small
sample sizes in the drug specific analyses. First, werestricted the analyses to women witha
recorded diagnosis of the approved indications for antipsychotics (schizophrenia, bipolar
disorder, or depression). The rationale for this analysis is that some antipsychotics are used off-
label for non-psychiatric conditions such as insomnia at different doses®® and the different usage
of these drugs may be associated with different baseline risks of GDM. Second, w e extended
the baseline period to 6 or 12 months before the LMP in the subsets of women w ho had
Medicaid eligibility during this time to assess w hether a longer baseline period allow ed for better
confounding control. Lastly w e used the high-dimensional propensity score (hdPS) algorithm to
empirically identify 50 additional covariates that may serve as proxies of unmeasured

confounders and used them in the PS model alongside the pre-defined covariates.®’

Because obesity is one of the most important risk factors for GDM but is incompletely captured
in claims data, we conducted a bias analysis to examine the extent to w hich adjustment for
confounding by unmeasured or poorly measured obesity would change the observed
association.?® The obesity prevalence estimate for this analysis w as obtained from a registry for
pregnant women w ith psychiatric illness.®® Informed by the literature, we assumed that the

overw eight or obese women have 4 times the risk of GDM compared to non-obese women,”®
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and examined the potential bias over a range of overw eight/obesity prevalence differences (0 to

25%) betw een continuers and discontinuers.

All analyses were performed using R (R Core Team, 2016) and SAS 9.4 (SAS Institute, Cary,

NC).

RESULTS

Among 1,543,334 linked pregnancies in MAX, w eidentified 1,924 women w hofilled a
prescription for aripiprazole in 3 months prior to the LMP, 673 for ziprasidone, 4,533 for
quetiapine, 1,824 for risperidone, and 1,425 for olanzapine (Appendix 3.2). The proportion of
women excluded with pre-existing diabetes was 4.9%, 6.5%, 4.6%, 5.3%, and 4.5%,
respectively. Depending on the drug, 19.7% to 34.0% continued treatment during the first half of
pregnancy. Continuers w ere generally older, had more psychiatric diagnoses and medication
use, and were more likely to have an obesity diagnosis, and had used antipsychotics fora
longer duration before the LMP (Appendix 3.3). The moderate separation in PS distribution

betw een continuers and discontinuers reflected the patient difference measured by the
covariates (Appendix 3.4). After PS w eighting, most patient characteristics w ere balanced

betw een continuers and discontinuers, but the prevalence of a few important covariates such as
obesity or bipolar disorders remained to be higher among the continuers of olanzapine (Table

3.1, Appendix 3.5).

The absolute risk of GDM ranged from 4.2% to 12.0% in continuers and from 3.8% to 4.7% in

discontinuers (Table 3.2), depending on the drug considered. The unadjusted relative risk of
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GDM associated with continuing the medication during the first 140 days of pregnancy was 1.06
(95% Cl 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) forrisperidone, and 2.55 (1.73-3.74) for olanzapine (Table 2).
There w as evidence for elevated risk of GDM after PS stratification for olanzapine (adjusted
RR=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). The test for heterogeneity using
random effects model had a p-value of 0.18, suggesting that w e cannot rule out chance as an
explanation forthe observed variability among these five estimates. The RRs 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. In dose-response
analysis, the risk increased withincreasing cumulative dose of olanzapine until about 700 mg
and plateaued thereafter (Figure 3.1). No clear trend w as seen for other antipsychotics

considering the width of the confidence band.
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Table 3.1 Selected patient characteristics comparing continuers to discontinuers of each atypical antipsychotic medication, w eighted

by propensity score

Aripiprazole Ziprasidone Quetiapine Risperidone Olanzapine
Group Cont. Disc. Cont. Disc. Cont. Disc. Cont. Disc. Cont. Disc.
N@ 416 1421 140 431 1542 2951 343 1449 375 978
% % % % % % % % % %
Age and race
Mean age (SD)° 24.8 24 .4 25.0 25.0 26.8 26.5 253 255 28.5 271
(7.2) 6.7) 6.4) (5.4) 6.4) 6.3) (7.4) (7.5) (6.9) (6.4)
White 66.6 68.6 67.9 68.2 72.4 725 49.3 50.3 51.2 52.6
Black 19.7 19.2 20.7 21.0 15.4 16.0 30.3 30.9 245 23.4
Other race 13.7 12.3 11.4 10.8 12.1 11.5 20.4 18.8 24.3 241
Mental health diagnosis
ADHD 9.4 9.2 10.7 10.0 8.3 8.3 14.9 15.0 4.5 5.3
Bipolardisorder 44.5 45.0 443 452 35.9 35.3 25.1 25.6 31.7 41.9
Schizophrenia/Other psychoses 10.1 10.7 17.1 17.8 7.4 8.2 17.8 18.7 22.9 24 1
Depression 39.2 38.0 41.4 39.8 42.9 43.7 443 456 38.7 39.3
Anxiety disorder 24.8 25.9 221 22.6 28.7 29.5 19.8 19.3 20.8 241
Comorbidity and other psychotropic use
Prior GDM 4.8 4.7 2.1 1.6 4.9 5.2 3.2 2.8 2.9 1.5
Obesity 5.3 4.6 3.6 4.5 2.3 2.2 2.3 1.7 2.4 0.7
Antidepressants 71.6 71.8 73.6 72.4 75.6 75.5 72.6 72.2 70.7 71.2
Benzodiazepines 33.7 35.2 39.3 40.5 39.4 38.9 23.6 24.7 291 31.3
Mood stabilizers 29.6 28.9 31.4 35.4 31.8 31.3 28.6 32.1 21.3 26.5
Opioids 35.8 38.1 40.7 40.3 46.7 47 1 27 .4 27.7 32.8 34.1
Antipsychotic use in 90 days before LMP
Exposed <30 days 20.2 20.0 18.6 17.3 19.3 19.3 27.7 28.0 20.5 21.0
Exposed >30 days, <60 days 30.8 31.2 23.6 25.8 20.2 20.4 28.9 29.9 25.9 23.6
Exposed >60 days 49.0 48.8 57.9 56.9 60.5 60.2 43.4 42 1 53.6 55.4

Cont: Continuers; Disc: Discontinuers; SD: standard dev iation; ADHD: attention-deficit hy peractivity disorder; GDM: gestational diabetes; LMP: last menstrual

period

@ Number of subject in each group after trimming and stratification
® Age was categorized in propensity score models but presented with the mean in this table for simplicity

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

Table 3.2 Unadjusted and adjusted risk of gestational diabetes, comparing continuers to discontinuers of each antipsychotic

Unadjusted Adjusted
N? Case Risk RD1oo (95% Cl) RR (95% CI) RD1o0 (95% CI) RR (95% CI)

Aripiprazole Continuer 419 20 4.8% 0.3 (-2.0,2.6) 1.06 (0.65,1.72) -1.0 (-3.4,1.3) 0.82 (0.50, 1.33)
Discontinuer 1505 68 4.5%

Ziprasidone Continuer 167 * 4.2% 04 (3.0,39) 112 (0.48,2.61) 1.1 (4.8,2.6) 0.76 (0.29,2.00)
Discontinuer 506 19 3.8%

Quetiapine Continuer 1543 110 7.1% 3.1 (1.6,4.5) 1.75 (1.36, 2.24) 1.6 (0.0,3.1) 1.28 (1.01,1.62)
Discontinuer 2990 122 41%

Risperidone Continuer 359 23 6.4% 23 (0.4,5.0) 1.56 (0.98,2.49) 06 (2.4,35) 1.09 (0.70,1.70)
Discontinuer 1465 60 41%

Olanzapine Continuer 384 46 12.0% 7.3 (3.8,10.8) 2.55 (1.73,3.74) 44 (0.8,8.1) 1.61 (1.13,2.29)
Discontinuer 1041 49 4.7%

Low risk Continuer 586 27 4.6% 0.3 (-1.6,2.2) 1.07 (0.70,1.62) -04 (2.4,1.5) 0.91 (0.60, 1.39)
Discontinuer 2011 87 4.3%

Median risk Continuer 1902 133 7.0% 29 (1.6,4.2) 1.71 (1.38,2.13) 1.9 (0.6, 3.2) 1.37 (1.12,1.69)
Discontinuer 4455 182 41%

High risk® Continuer 384 46 12.0% 7.3 (3.8,10.8) 2.55 (1.73,3.74) 44 (0.8,8.1) 1.61 (1.13,2.29)
Discontinuer 1041 49 4.7%

RD100: Risk difference per 100 pregnancies; RR: relativ e risks; Cl: confidence interv al

& Number of subject in each group before trimming and stratification

® High risk group is the same as the olanzapine users

* Cell size < 11
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Figure 3.1 Dose-response analyses betw een the cumulative dose of antipsychotic exposure during the first 20 w eeks of pregnancy

and the risk of GDM
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Olanzapine
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Upper panels: Restricted cubic spline curves ® with 3 knots at the 25", 50", and 75" percentiles of the cumulative dose (mg) during
the first 20 w eeks 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.

Low er panels: Density curve show ing the distribution of cumulative dose among the users of each antipsychotic medication w ho had
one or more prescription dispensed during the first20 w eeks of pregnancy.

LMP: last menstrual period; GDM: gestational diabetes



Additional group-level analyses results are presented in Figure 3.2 (see also Appendix 3.6).
Across the different analyses, the risk of GDM seemed to be elevated in continuers compared to
discontinuers in the high- and the median-risk group, but not in the low risk group. How ever the

effects are less precisely estimated in some of the analyses due to the reduced sample size.

The bias analyses illustrated that withan overall overw eight/obesity prevalence of 62% among
atypical antipsychotic users observed in the registry, the absolute difference in the prevalence of
overw eight/obesity betw een continuers and discontinuers would have to be more than 25% for
the observed RR of 1.61 in olanzapine users to be completely attributable to residual
confounding (solid line in Figure 3.3A, Appendix 3.7). To put this into a context, 25% difference
would mean that 80% of continuers and 55% of discontinuers are overw eight or obese patients.
In quetiapine users with an observed RR of 1.28, the difference would have to be greater than
20% (solid line in Figure 3.3B, Appendix 3.7). If, in contrast, there were more overw eight/obese
women among discontinuers than among continuers, the obesity-adjusted RRs would be higher
than w hat w e observed for both drugs. If weassume the RRs to be closer to the low er bounds
of each confidence interval, how ever, confounding due to smaller differences in obesity could

explain the increased relative risk.
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Figure 3.2 Forest plot of the results from additional analyses based on the risk-stratified groups

Group Analysis RR 95% CI
Low PS adjusted 0.91 [0.60,1.39] .
Restricted 0.68 [0.41,1.11] L
6m Baseline 0.72 [0.44,1.19] .
12m Baseline 1.03 [0.57,1.85] .
hdPS adjusted 0.80 [0.52,1.24] .
Median PS adjusted 1.37 [1.12,1.69] *
Restricted 1.25 [0.97,1.61] *
6m Baseline 1.46 [1.14,1.87] *
12m Baseline 1.21 [0.90,1.64] +
hd PS5 adjusted 1.27 [1.04,1.56] L
High PS adjusted 1.61 [1.13,2.29] .
Restricted 1.84 [1.14,2.96] .
6m Baseline 1.72 [1.09,2.71] -
12m Baseline 3.39 [1.83,6.27]
hdPS adjusted 1.33 [0.93,1.91] ]
I | |
0.50 1.0 20
Relative Risk

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, bipolardisorder, 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 variablesin PS estimation

4.0
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Figure 3.3 The potential effectof obesity as an unmeasured confounder on the observed relative risk among the users of olanzapine

or quetiapine
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ARR = apparent RR before adjusting for obesity, ALB = apparentlower bound, AUB = apparent upperbound, Pc1 = obesity prevalence among the
exposed, P = obesity prevalence among the unexposed, and RR¢p = strength of association between obesity and the risk of gestational
diabetes.
Difference in the obesity prevalence (x-axis) is calculated asP¢q_.Pgg
Assuming thatobese women have 4 timesthe 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®.

Py (RRop — 1) +1

PCO(RRCD - 1) + 1

ARR =RR *

Dotted linesabove and below the solid line correspond to the upper and lower bound of the confidence interval forthe 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, smallerdifference in obesity prevalence can account for the observed effect.



DISCUSSION

In pregnant women w how ere treated with an atypical antipsychotic before the start of
pregnancy, continuation of treatment through the first half of pregnancy w as associated with an
increased risk of GDM for olanzapine and quetiapine. We did not observe evidence of increased
risk for aripiprazole, ziprasidone, or risperidone continuers. While there is a chance that the
heterogeneity in risks is due to random variability, multiple analyses consistently show ed
stronger association with olanzapine. In addition, there w as evidence of a cumulative dose-
response relationship for olanzapine during the first half of pregnancy. Although residual
confounding by obesity is possible, the unmeasured imbalance in obesity prevalence betw een
continuers and discontinuers, after accounting for all other covariates, would have to be very

large (>20-25%) to fully explain the observed risk.

A few studies have investigated the association betw een antipsychotic exposure during
pregnancy and the risk of gestational diabetes. Using Swedish National registries, Reis and
Kallen reported an increase in the risk of GDM (OR = 1.78, 1.04-3.01) among women w ho self-
reported any antipsychotic use in early pregnancy® and Boden et al concluded that mothers

w ho used olanzapine or clozapine during pregnancy had a higher risk of GDM (OR = 1.94, 0.97-

3.91) compared to those w hodo not.?®

Vigod et al. did not find an increased risk in an hdPS-
matched cohort in Canada, either for all antipsychotics considered (RR =1.10, 0.77-1.57) or for
166 olanzapine users only (not provided but RR close to 1 with a wide CI).>® A direct
comparison to these studies is hampered by differences in study design. Unlike our study, all
three previous studies had nonusers as a reference group and these are less comparable with

regard to health status or disease severity than discontinuers. The absolute risk of GDM in the

reference group was 1.0% in Reis and Kallen, 1.7% in Boden et al, 6.2% in Vigod et al (non-
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users) versus 4-5% in our study (discontinuers), reflecting the population heterogeneity. The
difference may also be explained by the discrepancies in exposure ascertainment varying from
self-report (Reis and Kallen) to twoor more consecutively filled antipsychotic prescriptions

(Vigod et al).

Another important distinction betw een this and earlier studies is that w e excluded women with
evidence of pre-existing diabetes. Thus our study estimates the risk of incident GDM among
diabetes-free antipsychotic users w hereas the previous studies estimated the risk of being
diagnosed as GDM among any antipsychotic users compared to non-users during pregnancy,
either regardless of or adjusting for pre-existing diabetes diagnoses. There is a possibility that
our prevalent user cohort represents the women w ho are more resilient to metabolic side
effects, since women who are more susceptible and develop diabetes before they become
pregnant w ere excluded from our study. Thus treatment recommendations based on our
findings should be applied only to women w ho are free of diabetes at the beginning of their
pregnancy and are considering discontinuation of their specific antipsychotic drug. It appeared
that women w ith risk factors for GDM are more likely to receive w eight-neutral drugs, because
the baseline users of w eight-neutral aripiprazole or ziprasidone had higher prevalence of pre-
existing diabetes, prior GDM, or obesity diagnosis compared to the baseline users of
olanzapine. Despite having few er risk factors, how ever, the continuers of olanzapine had the
highest absolute risk of GDM. Based on prior know ledge that olanzapine induces the most

w eight gain among the five study drugs,***’ this result supports the hypothesis that
antipsychotics may increase the risk of GDM through excessive w eight gain during pregnancy.
Quetiapine with moderate w eight gain effectshow ed increased risk of GDM in this study, but
available information on the association betw een quetiapine and diabetes or GDM is limited and

not consistent.*>*”"" Further research is needed to confirm this finding.
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Our study has several strengths. The study population arises from the nation-w ide Medicaid
program that is representative of close to 50% of all pregnancies in the US.%° Moreover
Medicaid finances 80% of all antipsychotic prescriptions and 36% of all treatment cost for GDM
in the US."®"? We used automated dispensing records to define exposure, w hich is free of recall
bias, and a validated outcome definition. This study is one of the largest studies conducted in
pregnant women taking antipsychotic and we w ere able to investigate individual drug effects

rather than a drug class effect.

The study is not without limitations, how ever. Residual confounding is possible due to
unmeasured or poorly measured factors. The estimate in Boden et al w as slightly attenuated
after adjusting for early pregnancy BMI, suggesting there can be residual confounding due to
BMI in our study. It is likely that better measurement of confounders such as obesity or BMI and
adjustment for them would attenuate the observed estimates. Comparing continuers to
discontinuers rather than to non-users alleviates the concern for residual confounding because
discontinuers are likely to be more similar to continuers than non-users and the impact of failing
to adjust for poorly measured or unmeasured factorsis likely to be smaller in our study. To
address this issue w e quantified the magnitude of the residual imbalance in obesity that would
be required to fully explain the increased risk after all other covariates had been accounted for
and found it to be verylarge. We also show ed that adjusting for a large number of empirically
identified confounders that may serve as proxies forunmeasured confounders does not change
the findings. We do not have information on the reasons for discontinuation, w hich may be
associated withthe disease severity or indication for antipsychotic use not recorded in the
claims. How ever, 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 tw o prescriptions during

the first 20 w eeks of pregnancy, wew ere more confident that the continuers in our study
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actually took the medication. We did not have enough evidence on the comparative safety of
different antipsychotics w ithrespect to the risk of GDM, potentially due to lack of pow er. But this
is the largest study investigating this question and wew ere able to estimate the relative risks for

each of the five drugs, w hichw as not possible or done in previous studies.

CONCLUSION

In alarge cohort of women without pre-existing diabetes whow ere treated w ith antipsychotics
before pregnancy, w e observed an increased risk of GDM among women w ho continue to use
olanzapine or quetiapine during the first 20 w eeks of pregnancy compared to those w ho
discontinue. There w as a positive dose-response relationship betw een the use of olanzapine
and GDM risk. We did not find a difference in the risk of GDM comparing continuers to
discontinuers of aripiprazole, ziprasidone, and risperidone. Further studies are needed to
understand the comparative risk betw een different antipsychotics and potential effect of

sw itching to w eight neutral antipsychotics in order to aid treatment decisions. In conclusion, the
risk of GDM should be carefully w eighed against the benefits of continuing specific

antipsychotics in pregnant women w ith psychiatric illness.
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APPENDIX

3.1 Study design, exposure definition, and outcome definition

3.2 Flow chart illustrating the cohort creation process for each antipsychotic exposure group

3.3 All patient characteristics comparing continuers to discontinuers of each atypical

antipsychotic medication, unadjusted

3.4 PS distribution in each antipsychotic exposure group

3.5 All patient characteristics comparing continuers to discontinuers of each atypical

antipsychotic medication, w eighted by propensity score

3.6 Results from additional analyses based on the risk-stratified groups

3.7 The difference in obesity prevalence betw een continuers and discontinuers of olanzapine or

quetiapine used in the sensitivity analysis
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3.1 Study design, exposure definition, and outcome definition

Delivery

LMP-90days LMP LMP+90days  LMP+140days
| | | | |
| | I I |
<€ >€ > € >
Baseline Exposure window Outcome window
> 1 Rx of APM? Exposed: > 2 Rx of APM?
Unexposed: No APM use

< » Baseline covariate assessment

Gestational diabetes (case definition) Pre-gestational diabetes (excluded)
Based on the > 2 diagnosis codes (250.x, 648.0x, 648.8x) on > 2 diagnosis codes (250.x, 648.0x, 648.8x) on
algorithmb different dates from LMP+141 to delivery and different dates from LMP to delivery and

meet the following conditions:

No diabetes diagnosis, GTT, or treatment between | Those who do not meet the case definition of

LMP and LMP+140 and either gestational diabetes (i.e. received diagnosis,

1. GTT between LMP+141 and delivery or GTT, or treatment for diabetes between LMP

2. No GTT at any time but have at least one GDM | and LMP+140 or only have diagnoses for pre-

diagnosis (648.8x) between LMP+141 and existing diabetes without a GTT)
delivery
Additional 1 diagnosis code (250.x, 648.0x, 648.8x) or
exclusion diabetes treatment without a diagnosis code
using the baseline covariate definitions

LMP: Last menstrual period; Rx: prescription; APM: Antipsychotic; GTT: glucose tolerance test
2 Restricted to use of a single antipsychotic agent during baseline and exposure window

®In the original algorithm by Andrade et al, exclusion was based on LMP+90 days rather than LMP+140 days. It was modified to meet our exposure definition and also to make
the case definition more specific
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Women with > 1 APM Rx
during baseline

Exclude women with
pre-existing diabetes

Restrict to monotherapy
during baseline

Women with 22 APM Rx
during LMP to LMP+140
days or no exposure

Restrict to monotherapy
during LMP to LMP+140
or no exposure

3.2 Flow chart illustrating the cohort creation process for each antipsychotic exposure group

1,543,334

Linked pregnancies

ARI ZIP QTP RSP oLz
3,484 1,347 7,450 3,124 2,421
| | | | |
3,312 1,259 7,104 2,958 2,311
| | | | |
2,708 928 6,188 2,481 1,950
| | | | |
1,949 683 4,613 1,848 1,456
| | | | |
1,924 673 4,533 1,824 1,425

ARI: aripiprazole; OLZ: olanzapine; QTP: quetiapine; RSP: risperidone; ZIP: ziprasidone; APM: antipsychotics; Rx: prescription; LMP: last
menstrual period
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3.3 All patient characteristics comparing continuers to discontinuers of each atypical antipsychotic medication, unadjusted

Aripiprazole Ziprasidone Quetiapine Risperidone Olanzapine
Group Cont Disc Cont Disc Cont Disc Cont Disc Cont Disc
N 419 1505 167 506 1543 2990 359 1465 384 1041
% % SDiff % % SDiff % % SDiff % % SDiff % %  SDiff

Demographics

Age <20 30.1 36.0 0.13 16.2 255 023 156 26.0 0.26 29.2 324 0.07 102 181 0.23

Age 20 to <30 43.7 486 010 61.7 56.3 0.11 50.7 547 0.08 409 518 0.22 456 60.1 0.30

Age 30 to <40 227 144 022 186 172 0.04 309 180 0.31 276 14.8 0.32 40.1 20.0 045

Age > 40 3.6 1.0 017 3.6 1.0 0.18 2.8 1.3 010 2.2 1.0 010 4.2 1.8 0.14

White 66.3 654 0.02 695 678 004 725 683 0.09 490 545 0.11 508 61.2 0.21

Black 196 186 0.03 19.2 213 0.05 154 172 0.05 304 302 0.00 24.2 228 0.03

Other race 141 159 0.05 114 109 0.02 121 145 0.07 206 153 0.14 250 16.0 0.22

Eligibility® at baseline 153 182 008 72 16.2 028 96 120 0.08 92 134 013 3.6 8.9 0.22

Eligibility® before delivery 186 225 0.10 150 190 0.11 159 194 0.09 142 180 010 8.6 153 0.21
Mental health diagnosis

ADHD 9.3 11.8 0.08 10.2 83 0.07 84 79 0.02 156 98 0.18 44 4.8 0.02

Bipolardisorder 446 384 013 455 377 0.16 36.0 275 0.18 251 23.8 0.03 32.0 289 0.07

Schizophrenia/other 100 7.2 010 192 99 027 74 51 010 187 107 023 247 9.8 0.40
psychoses

Other psychiatric disorders 11.5 7.9 0.12 84 93 003 87 102 0.05 7.5 94 0.07 6.8 8.5 0.07

Depression 39.1 38.2 0.02 395 37.7 0.04 429 432 0.01 448 445 0.01 38.0 39.7 0.03

Anxiety disorder 248 208 010 216 225 0.02 287 229 0.13 20.1 20.3 0.01 206 20.9 0.01
Comorbidity

Prior GDM 4.8 4.3 0.03 24 7.1 0.22 49 43 0.03 3.1 26 003 29 3.2 0.02

Any pain disorder 40.3 36.3 0.08 425 423 0.01 454 386 0.14 315 327 0.03 323 386 0.13

Hypertension 4.8 28 010 4.8 3.0 010 5.2 34 0.09 36 34 0.01 3.9 3.7 0.01

Obesity 5.3 3.7 0.07 4.8 34 0.07 23 26 002 22 25 002 23 1.4 0.07

Dyslipidemia 3.6 1.7 0.12 4.8 1.4 020 2.1 1.5 0.05 0.8 1.2 0.04 34 1.7 0.11
Other medication use

Anticonvulsants 332 244 020 335 283 011 364 275 0.19 1.5 239 017 253 184 0.17

Antidepressants 718 63.2 019 737 658 017 756 68.0 0.17 1.9 684 0.08 70.1 656 0.10

Anxiolytics 3.3 3.5 0.01 3.6 47 0.06 5.1 36 0.07 28 28 0.00 21 3.7 0.10
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3.3 All patient characteristics comparing continuers to discontinuers of each atypical antipsychotic medication, unadjusted

(Continued)
Aripiprazole Ziprasidone Quetiapine Risperidone Olanzapine
Group Cont Disc Cont Disc Cont Disc Cont Disc Cont Disc
N? 419 1505 167 506 1543 2990 359 1465 384 1041
% % SDiff % % SDiff % % SDiff % % SDiff % % SDiff
Benzodiazepines 341 209 030 419 243 038 394 232 036 245 17.7 0417 297 222 0.17
Mood stabilizers 30.1 235 0.15 317 275 0.09 318 26.0 0.13 30.1 227 017 216 18.1 0.09
Opioids 36.0 343 0.04 401 391 0.02 46.7 379 0.18 284 289 0.01 326 344 0.04
Other hypnotics 241 153 022 281 174 026 206 16.3 0.11 136 13.9 0.01 17.7 14,5 0.09
Stimulants 155 122 010 156 7.3 026 115 88 0.09 189 96 0.27 4.2 3.7 0.03
Antihypertensives 10.0 6.1 0.14 102 3.8 025 10.7 6.6 0.15 8.9 72 0.06 55 6.3 0.04
Health service utilization
in 90 days before LMP
Median N genericdrug 8 7 0.23 9 8 0.23 9 8 0.25 7 7 0.11 7 7 0.01
Median N ED visits 1 1 0.09 1 1 0.06 1 1 0.00 0 1 0.19 0 1 0.14
Duration of antipsychotic use
during 90 days before LMP
Exposed <30 days 20.0 526 0.72 156 56.7 095 19.2 50.1 0.68 26.7 57.0 0.64 20.1 59.2 0.87
Exposed >30 days, <60 days  30.5 29.2 0.03 216 26.5 0.12 202 299 0.23 279 299 0.05 253 27.2 0.04
Exposed >60 days 494 181 070 629 16.8 1.07 605 20.0 091 454 131 0.76 547 136 0.96

Variable formats as used in the propensity score model

Cont: Continuers; Disc: Discontinuers; SDiff: standardized difference; ADHD: attention-deficit hyperactivity disorder; GDM: gestational diabetes;

ED: emergency department; LMP: last menstrual period

@ Number of subject in each group before timming and stratification

® Eligibility by poverty criteria in Medicaid



3.4 PS distribution in each antipsychotic exposure group
b. Ziprasidone (c-statistic: 0.84)
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e. Olanzapine (c-statistic: 0.81)

Density

0
0.0 02 04 06 VR

Discontinuers

Continuers

Distribution of propensity score (PS) for treatment continuation after trimming the non-overlapping region in each antipsychotic

exposure group and the corresponding c-statistics, a measure of discrimination.

PS is a predicted probability of continuation of a specific antipsychotic as opposed to discontinuation, among the baseline users of

that antipsychotic. A c-statistic close to 0.5 means the tw o population groups are similar in probability of being exposed (i.e.

continuing antipsychotic in the context of this study).



3.5 All patient characteristics comparing continuers to discontinuers of each atypical antipsychotic medication, w eighted by

propensity score
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Aripiprazole Ziprasidone Quetiapine Risperidone Olanzapine

Group Cont Disc Cont Disc Cont Disc Cont Disc Cont Disc

N2 416 1421 140 431 1542 2951 343 1449 375 978
% % SDiff % % SDiff % % SDiff % % SDiff % % SDiff

Demographics

Age <20 30.3 317 0.03 186 183 0.01 156 154 0.00 292 279 0.03 104 115 0.04
Age 20 to <30 440 443 0.01 586 617 0.06 508 515 0.02 42.0 40.8 0.02 456 509 0.11
Age 30 to <40 224 210 0.03 20.7 188 0.05 309 30.7 0.00 26.8 27.8 0.02 39.7 352 0.10
Age > 40 3.4 29 0.03 21 1.2 0.07 238 24 003 20 3.5 0.09 43 25 0.10
White 66.6 68.6 0.04 679 682 0.01 724 725 0.00 493 503 0.02 512 526 0.03
Black 19.7 19.2 0.01 20.7 210 0.01 154 16.0 0.01 303 309 0.01 245 234 0.03
Other race 13.7 123 0.04 114 108 0.02 121 115 0.02 204 188 0.04 243 241 0.01
Eligibility® at baseline 154 16.5 0.03 8.6 7.5 0.04 96 10.2 0.02 9.6 10.4 0.03 3.7 42 0.03

Eligibility® before delivery 188 199 0.03 157 179 0.06 16.0 154 0.01 143 134 0.03 8.8 8.4 0.02
Mental health diagnosis

ADHD 9.4 9.2 0.01 10.7 10.0 0.02 8.3 83 0.00 149 150 0.00 4.5 5.3 0.03
Bipolardisorder 445 450 0.01 443 452 0.02 359 353 001 251 256 0.01 31.7 419 0.21
Schizophrenia/Other
psychoses 101 10.7 0.02 171 17.8 0.02 7.4 82 0.03 17.8 187 0.02 229 241 0.03
Other psychiatric disorders 113 127 005 7.9 109 0.11 8.7 96 0.03 7.3 7.3 0.00 6.9 7.0 0.00
Depression 39.2 38.0 0.02 414 398 0.03 429 437 0.02 443 456 0.03 38.7 39.3 0.01
Anxiety disorder 248 259 0.03 221 226 0.01 287 295 0.02 198 193 0.01 208 241 0.08
Comorbidity
Prior GDM 4.8 4.7 0.00 2.1 1.6 0.04 4.9 5.2 0.01 3.2 2.8 0.02 2.9 1.5 0.09
Any pain disorder 399 411 0.03 421 431 0.02 454 459 0.01 309 329 0.04 320 324 0.01
Hypertension 4.3 4.0 0.02 3.6 54 0.09 5.2 4.8 0.02 3.8 4.3 0.03 3.7 2.6 0.06
Obesity 5.3 4.6 0.03 3.6 45 0.05 2.3 2.2 0.01 2.3 1.7 0.05 2.4 0.7 0.14
Dyslipidemia 3.4 2.4 0.06 2.1 1.8 0.02 2.1 2.7 0.04 0.9 1.1 0.02 2.9 1.6 0.09
Other medication use
Anticonvulsants 327 316 0.02 321 371 011 364 36.8 0.01 294 304 002 251 301 0.11
Antidepressants 716 718 0.00 736 724 003 756 755 0.00 726 722 0.01 70.7 712 0.01

Anxiolytics 3.4 3.0 002 43 8.8 018 5.0 53 002 26 27 000 21 21 0.01
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3.5 All patient characteristics comparing continuers to discontinuers of each atypical antipsychotic medication, w eighted by

propensity score (Continued)

Aripiprazole Ziprasidone Quetiapine Risperidone Olanzapine
Group Cont Disc Cont Disc Cont Disc Cont Disc Cont Disc
N2 416 1421 140 431 1542 2951 343 1449 375 978
% % SDiff % % SDiff % % SDiff % % SDiff % % SDiff
Benzodiazepines 33.7 352 0.03 393 405 0.02 394 389 0.01 236 247 0.03 291 313 0.05
Mood stabilizers 296 289 0.01 314 354 009 318 313 0.01 286 321 0.08 21.3 26.5 0.12
Opioids 35.8 38.1 0.05 40.7 403 0.01 46.7 471 0.01 274 277 0.01 328 34.1 0.03
Other hypnotics 23.8 252 0.03 279 273 0.01 206 210 0.01 140 13.7 0.01 17.6 19.7 0.06
Stimulants 154 149 0.01 143 133 0.03 114 112 0.01 178 17.5 0.01 4.3 3.9 0.02
Antihypertensives 96 122 008 714 116 0.15 107 115 002 9.0 110 0.07 53 5.6 0.01
Health service utilization
in 90 days before LMP
Median Ngenericdrug 7 0.03 7 8 0.12 9 9 0.01 7 8 0.01 7 7 0.09
Median N ED visits 1 1 0.02 1 1 0.07 1 1 0.01 0 0 0.07 0 1 0.05
Duration of antipsychotic use
during 90 days before LMP
Exposed <30 days 20.2 20.0 0.01 186 173 0.03 19.3 193 0.00 27.7 280 0.01 205 21.0 0.01
Exposed >30 days, <60 days 30.8 31.2 0.01 236 258 0.05 202 204 0.01 289 29.9 0.02 259 236 0.05
Exposed >60 days 490 488 0.00 579 569 0.02 605 602 0.01 434 421 0.03 536 554 0.04

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

Cont: Continuers; Disc: Discontinuers; SDiff: standardized difference; ADHD: attention-deficit hyperactivity disorder; GDM: gestational diabetes;

ED: emergency department; LMP: last menstrual period

@ Number of subject in each group after timming and stratification
® Eligibility by poverty criteria in Medicaid
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3.6 Results from additional analyses based on the risk-stratified groups

Unadjusted Adjusted
Groups Analysis N Case (n) Risk RR 95% ClI RR 95% ClI

Low risk group Restricted Continuer 440 19 4.3% 0.83 (0.51,1.37) 0.68 (0.41,1.11)
Discontinuer 1333 69 5.2%

6-month baseline  Continuer 408 19 4.7% 1.03 (0.62,1.71) 0.72 (0.44,1.19)
Discontinuer 1261 57 4.5%

12-month baseline  Continuer 306 15 4.9% 1.14 (0.64,2.02) 1.03 (0.57, 1.85)
Discontinuer 973 42 4.3%

hdPS adjusted? 0.80 (0.52,1.24)

Median risk group Restricted Continuer 1304 91 7.0% 1.67 (1.28,2.18) 1.25 (0.97, 1.61)
Discontinuer 2778 116 4.2%

6-month baseline  Continuer 1291 93 7.2% 1.76 (1.35,2.27) 1.46 (1.14,1.87)
Discontinuer 3119 128 4.1%

12-month baseline  Continuer 993 61 6.1% 144 (1.06,1.96) 1.21 (0.90, 1.64)
Discontinuer 2388 102 4.3%

hdPS adjusted 1.27 (1.04, 1.56)

High risk group Restricted Continuer 274 36 13.1% 2.84 (1.78,4.53) 1.84 (1.14, 2.96)
Discontinuer 626 29 4.6%

6-month baseline  Continuer 291 34 11.7% 247 (1.58,3.87) 1.72 (1.09,2.71)
Discontinuer 762 36 4.7%

12-month baseline  Continuer 226 26 11.5% 2.86 (1.68,4.88) 3.39 (1.83,6.27)
Discontinuer 597 24 4.0%

hdPS adjusted 1.33 (0.93, 1.91)

RR: relative risks; Cl: confidence interval; hdPS: high-dimensional propensity score

@ hdPS adjusted: stratification adjustment using 50 additional confounder proxy variablesin propensity score estimation
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3.7 The difference in obesity prevalence betw een continuers and discontinuers of olanzapine or quetiapine used in the sensitivity

analysis

A. Olanzapine
ALB=1.13 ARR=1.61 AUB=2.29

Pe Pcq Pco Pc P difr RR; RR3
0.27 0.45 0.68 0.62 0.23 1.47 2.09 2.97
0.27 0.5 0.66 0.62 0.16 1.35 1.93 2.74
0.27 0.55 0.65 0.62 0.10 1.25 1.78 2.54
0.27 0.6 0.63 0.62 0.03 1.16 1.66 2.36
0.27 0.65 0.61 0.62 0.04 1.08 1.54 2.19
0.27 0.7 0.59 0.62 0.11 1.01 1.44 2.05
0.27 0.75 0.57 0.62 0.18 0.94 1.35 1.91
I 027 0.8 0.55 0.62 0.25 0.88 1.26 179 |
B. Quetiapine
ALB=1.01 ARR=1.28 AUB=1.62
Pe Pcy Pco Pc P difr RR; RR; RR3
0.34 0.45 0.71 0.62 0.26 1.34 1.70 2.15
0.34 0.5 0.68 0.62 0.18 1.23 1.56 1.97
0.34 0.55 0.66 0.62 0.11 1.13 1.43 1.81
0.34 0.6 0.63 0.62 0.03 1.04 1.32 1.67
0.34 0.65 0.60 0.62 0.05 0.96 1.22 1.55
0.34 0.7 0.58 0.62 0.12 0.89 1.13 1.43
i 0.34 0.75 0.55 0.62 0.20 0.83 1.05 1.33 |
0.34 0.8 0.53 0.62 0.27 0.77 0.97 1.23

RR= relative risk adjusted for obesity, ARR = apparent RR before adjusting forobesity, ALB = apparentlowerbound, AUB = apparent upper
bound, Pg = prevalence of continuers, P¢1 = obesity prevalence among the exposed, Py = obesity prevalence among the unexposed, P = obesity
prevalence in the entire population (fixed at 0.62), and Pt =P¢1 - Pco.

The strength of association between obesity and the risk of gestational diabetes(RR¢p) is assumed to be 4.

Each boxed row represents the combination of parametersthat corrects the ARR close to 1.00.
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ABSTRACT

Objective: Outpatient studies suggest a higher risk of death associated withtreatment with
haloperidol compared to atypical antipsychotics (AAPs) in older adults with dementia. How ever,
little is know n about the relative safety of these medications in hospitalized patients. We
compared the risk of in-hospital mortality associated w ith haloperidol relative to AAPs in

hospitalized patients with acute myocardial infarction (AMI).

Design: A cohort study

Setting: > 700 Hospitals in the United States

Participants: Hospitalized medical patients over age 18 with a primary diagnosis of AMl w ho

initiated an oral antipsychotic drug betw een 2003 and 2014

Exposure: Oral haloperidol or oral AAPs (olanzapine, quetiapine, risperidone)

Main outcome measures: In-hospital mortality over 7 days of follow -up

Results: Among 6,578 patients (mean age of 75.2 years), 25.4% initiated haloperidol and
74.6% initiated AAPs. The mean time from admission to treatment initiation (5.3 vs. 5.6 days)
and length of stay (12.5 vs. 13.6 days) was similar, but the mean treatment duration w as shorter
for haloperidol initiators than for AAP initiators (2.4 vs. 3.9 days). The unadjusted hazard ratio
(HR) of death at 7 days after initiating haloperidol vs. AAP was 1.51 (95% confidence interval,
1.22-1.85) and the adjusted HR was 1.50 (1.14-1.96) in intention to treat analyses. In as-treated

analyses, the unadjusted HR was 1.90 (1.43-2.53) and the adjusted HR was 1.93 (1.34-2.76).

Conclusion: Our results suggest an increased risk of death within 7 days of initiating

haloperidol compared to initiating AAP in patients with AMI. Although residual confounding
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cannot be excluded, this finding raises a safety concern for haloperidol when it is used for

hospitalized patients with cardiac comorbidity.
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INTRODUCTION

A number of studies have compared the safety of typical and atypical antipsychotics w henused
to treat behavioral symptoms of dementia in older adults.”*”” While the United States Food and
Drug Administration (FDA) requested inclusion of black box w arnings for both classes of
antipsychotics w ith respect to increased mortality,”®’® FDA clearly stated that there was
insufficient evidence to conclude w hether typical antipsychotics have a greater risk compared to
atypical antipsychotics. Since then, several studies in outpatients or nursing home residents
reported a greater risk of death associated w ith typical antipsychotics compared w ith atypical

antipsychotics.”*”’

The safety of antipsychotics in the in-hospital setting, w here the most frequent indication is
management of delirium-related agitation,?>®' has not been thoroughly evaluated. Currently
there are no drugs approved by the FDA for treatment of delirium, and clinical guidelines for
delirium vary in their recommendation on the choice of antipsychotic due to inconclusive safety
evidence.?® A number of randomized trials have reported similar efficacy betw een haloperidol
and atypical antipsychotics in managing delirium symptoms in hospital.?**° How ever, these trials
had insufficient pow er to assess potential differences in safety-related endpoints, including
mortality. In nursing home residents, an increased mortality in haloperidol users compared to
risperidone users has been observed within a few days after the initiation of treatment,
suggesting an acute effectof haloperidol on the risk of death.”® On the other hand, atypical
antipsychotics can cause orthostatic hypotension, sedation, and anticholinergic side effects that
may have adverse effecton delirious patients.’’ Furthermore, both typical and atypical
antipsychotics can have adverse effects on cardiovascular system including QTc prolongation

and arrhythmia.?#%? Because of this, patients with cardiac morbidity such as those whohad an
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acute coronary syndrome may be more vulnerable to adverse effects of antipsychotic

medication.®®

In this study, weinvestigated the comparative safety of antipsychotics to treat delirium-related
agitation w ith regard to in-hospital mortality in a cohort of hospitalized patients w ith acute
myocardial infarction (AMI), w ho are expected to be at higher risk of experiencing adverse

effects from antipsychotic treatment.

METHODS

Study design and population

We conducted a cohort study using the Premier Research Database from 2003 to 2014, a
national hospital administrative database including more than 700 hospitals and representing
20% of all inpatient discharges in the United States (US).** It contains charges and date
information for drugs, procedures, and diagnostic tests during hospital stays. Diagnostic codes

are recorded in the discharge summary for each patient.

The source cohort consisted of hospitalized patients age 18 or older w hose primary diagnosis
for admission was AM|, identified by the International Classification of Diseases, 9" edition
(ICD-9, 410.x0, 410.x1). Subjects wereeligible for inclusion in the study if they received one of
the four antipsychotics frequently used to in hospital, namely haloperidol, olanzapine,
quetiapine, or risperidone. Haloperidol accounted for more than 70% of all typical antipsychotic

use, and chlorpromazine w as not considered because it is often used to treat nausea or
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vomiting symptoms in hospitalized patients.”® Olanzapine, quetiapine, and risperidone together
comprised more than 90% of all atypical antipsychotic use in the study population. Haloperidol

is frequently given as an intravenous (IV) drug but not the atypical antipsychotics, so we
focused on oral treatment due to the concern of residual confounding betw een those w ho
receive IV haloperidol and oral atypical antipsychotics. To assess baseline characteristics, we
required a minimum 3 days of hospital stay with at least 2 days free of antipsychotic treatment
follow ing admission. We also excluded patients w horeceived more than one antipsychotic on
the treatment initiation day, as well as those w ho had a diagnosis fora mental disorder that is
usually treated with antipsychotics (i.e., schizophrenia or bipolar disorder). This w as done to
ensure patients initiated antipsychotics as a treatment for delirium rather than for pre-existing
psychiatric conditions. We did not require a recorded diagnosis of delirium since delirium is
know n to be under-recorded in medical records and the sensitivity of ICD-9 diagnosis can be as
low as 3%.%" Instead, we considered the initiation of antipsychotic treatment in the absence of
a pre-existing psychiatric diagnosis as an indication of a delirium. We excluded patients w ho
received coronary artery bypass graft (CABG) because perioperative delirium is a distinct
clinical entity with unique risk factors and approaches to treatment. Appendix 4.1 show s how the

study cohort w as created.

Exposure and outcome

We defined the exposure as the class of the antipsychotic (haloperidol vs. atypical) that a
patient initiated. Treatment duration w as defined as the number of days from the initiation date
(index date) to discontinuation or switching based on prescription information. Patients were

considered discontinued if they had 2 or more days without treatment and sw itching w as defined

68



as either receiving the other class of antipsychotic or receiving non-oral antipsychotics. The

study outcome w as defined as in-hospital death, identified from the discharge status of patients.

Other covariates

We assessed potential confounders for the planned analysis using information from admission
to the day before antipsychotic initiation. The covariates included patient characteristics and
conditions that w ere plausibly associated w ith both the choice of antipsychotic and the risk of in-
hospital death. The list of covariates is provided in Appendix 4.2. In addition to demographic and
facility characteristics, w eincluded medication prescribed and procedures received before
antipsychotic initiation. Since diagnoses are aggregated in the discharge summary w ithout
reference to w hen they were made, weonly included chronic condition diagnoses to ensure that
the conditions w ere present at the time of admission and did not develop after initiation of
antipsychotic treatment. Lastly we adjusted for number of days from admission to the day before
index date, as longer hospital stay is associated with both increased risk of developing delirium

and w orse prognosis.?®°

Statistical analysis

We compared the baseline characteristics of the haloperidol initiators and atypical antipsychotic
initiators, and used Kaplan Meier survival analyses to compare the distributions of survival
times. The primary analysis w as an intention-to-treat (ITT) analysis with the initial exposure

carried forw ard to the end of the follow up, based on the hypothesis that the potential effect of
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antipsychotic begins with the initiation of treatment and causes a cascade of events leading to
death. Follow up started on the index date and lasted until the earliest of death, discharge, or a
pre-defined length of follow -up. Since the mean treatment duration w as less than a w eek for
both groups, weused as primary analyses a 7-day follow up. We also present results for a
follow up of 2, 3, 5, and 30 days. The secondary analysis w as an as-treated analysis in w hich

patients w ere censored the day after they discontinued or on the day they sw itched.

The crude hazard ratio (HR) of in-hospital death for each follow -up period w as estimated using
Cox proportional hazard regression, and the adjusted HR w as obtained using propensity score
(PS) matching. In the context of this study, the PS is the probability of receiving haloperidol as
opposed to one of the three atypical antipsychotics, given the baseline characteristics described
above. Patients w horeceived haloperidol w ere matched to patient w ho received an atypical
antipsychotic using a 1:1 nearest neighbor matching algorithm witha caliper of 0.2 of the

100

standard deviation of the PS on the logit scale.”™ Covariate balance betw een the tw o groups

w as assessed after matching and an absolute standardized difference less than 0.1 was

considered evidence of balance.'®

We used robust standard errors to account for the matching
in adjusted analyses. The validity of the proportional hazards assumption w as assessed using

log of negative log of the survival plot.

Subgroup and Sensitivity Analyses

In order to examine w hether there is a particular subset of patients at higher risk, w e repeated
the ITT analysis with 7 days of follow -up in subgroups defined by clinical characteristics that are
potentially associated withrisk of death. This exploratory analysis included age category (under

75, 75 to < 85, 85 or above), degree of comorbidity burden (Charlson index over 4), intensive
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care unit (ICU) utilization during baseline (yes or no), and the number of antipsychotic treatment
days (2 or more days) due to the factthat a large proportion of patients received antipsychotic
for only one day before switching or discontinuation. We also compared haloperidol to each
atypical antipsychotic separately. PSs w erere-estimated in all subsets and patients werere-

matched.

As a sensitivity analysis, weincluded the patients w hoinitiated antipsychotics on the second
day of their hospital stay and used covariates defined from admission date to examine w hether
our findings are applicable to a broader range of patients whomight have developed delirium
shortly after they w ere admitted. Patients w horeceived antipsychotics on the day of admission

w ere still excluded because w e could not obtain pre-exposure characteristics. It should be
acknow ledged, how ever, that there is an increased likelihood of residual confounding in this
analysis due to potentially incomplete baseline information. We repeated the main analyses with
a conditional Cox model to account for differential censoring due to the shorter duration of
haloperidol treatment. In this analysis, both subjects in a matched pair are censored at the same
time w hen either one is censored. Finally, werepeated analyses controlling for correlation w ithin
each facility using random effects to adjust for differences in unmeasured facility characteristics

and practice patterns.

Terminal illness in haloperidol users has been suggested as a source of potential residual

confounding in outpatient studies.'?

We therefore examined medications frequently used in
patients w ho are approaching the end-of-life stage (short- and long-acting opioids,
benzodiazepines), and discontinuation of chronic disease treatments (statins, beta-blockers,

angiotensin-converting-enzyme inhibitors, and angiotensin Il receptor blockers).'%*"%

All analyses w ere conducted using SAS 9.4 (SAS Institute Inc, Cary, North Carolina) and a 2-

sided p-value less than 0.05 w as considered statistically significant.
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RESULTS

After applying eligibility criteria, w e identified 1,668 patients w ho received oral haloperidol and
4,910 patients whoreceived oral atypical antipsychotic medications during their hospitalization
for AMI betw een 2003 and 2014. The study population had an overall mean age of 75.2 years.
Before PS matching, patients in the twogroups w ere similar w ith regard to Ml type, comorbidity,
baseline treatments, time from admission to antipsychotic initiation, and the mean length of
hospital stay. (Table 4.1; see Appendix 4.3 fora complete list of all patient characteristics). The
patients w hoinitiated haloperidol w ere older and more likely to be non-w hite, and received
treatment for a shorter period of time than those w hoinitiated atypical antipsychotics (mean
duration 2.4 versus 3.9 days, respectively). The PSs werelargely overlapping with a c-statistic
of 0.65 (Appendix 4.4). 99.5% of the haloperidol initiators w ere matched to atypical

antipsychotic initiators and all covariates included in the PS werew ell balanced after matching.

During the first w eek follow ing treatment initiation, 129 haloperidol initiators and 92 atypical
antipsychotic initiators died in the matched cohort. The cumulative probability of survival among
haloperidol initiators w as uniformly low er than that among atypical antipsychotic initiators during
this time (Figure 4.1). In ITT analysis over 7-day follow -up, the absolute rate of death per 100
person-days w as 1.7 for haloperidol initiators and 1.1 for atypical antipsychotic initiators (Table
4.2). The crude HR of death was 1.51 (1.22-1.85) and adjusted HR was 1.50 (1.14-1.96) in the
matched cohort. In the as-treated analysis, the mean follow -up time was 2.8 days (standard
deviation 1.7) for haloperidol initiators and 3.7 days (2.1) for atypical antipsychotic initiators.

During the 7-day follow -up, the crude HR was 1.90 (1.43-2.53) and the adjusted HR was 1.93
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(1.34-2.76). The HRs show ed a decreasing trend as the length of follow -up increased, but there
w as no graphical evidence of violation of the proportionality assumption during the first7 days

w here most events occurred (Appendix 4.5).

The HRs weresimilar across the subgroups based on age but the absolute rate of death
increased as age increased (Figure 4.2, Appendix 4.6). The HR was increased only among
those with at least tw o days of treatment but not among those with a single-day treatment.
Comparison of HRs betw een patients whow erein the ICU (HR=1.11, 0.68-1.81) on the index
date and whow ereon the medical ward (HR=2.01, 1.44-2.82) suggested effect heterogeneity.
Haloperidol w as associated withincreased risk of death compared to each of olanzapine
(adjusted HR=1.59, 1.13-2.24), quetiapine (adjusted HR=1.79, 1.33-2.41), and risperidone

(adjusted HR=1.51, 1.12-2.03).

Sensitivity analyses including patients w hoinitiated treatment on day 2 or using different
modeling assumptions did not change the results (Appendix 4.7). In addition, w e did not
observe different trends in discontinuation of chronic medications or in use of opioids or
benzodiazepines prior to antipsychotic initiation in patients receiving haloperidol versus atypical

antipsychotics (Appendix 4.8).
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Table 4.1 Selected patient characteristics in the unadjusted and propensity score-matched cohorts

Unadjusted Matched
HDL AAPs HDL AAPs
N = 1668 N = 4910 N=1659 N=1659
% % Std diff % % Std diff

Demographic

Age (mean, SD) 77.0 (11.4) 74.6 (12.8) 0.20 77.0 (11.4) 76.8 (11.8) 0.01

Female 46.6 47.2 0.01 46.6 48.3 0.04

White 68.9 73.0 0.09 69.0 69.6 0.01
ER/urgent admission 91.9 94.2 0.09 91.9 91.7 0.00
MIType

NSTEMI 68.8 67.2 0.02 68.8 68.1 0.01

STEMI 26.4 274 0.03 26.4 27.1 0.02

Unknow n type 4.8 54 0.03 4.8 4.8 0.00

N Baseline Comorbidity and Treatments

Charlson index (mean, SD) 3.4 (1.9) 3.4 (1.9) 0.02 3.4 (1.9) 3.5(1.9) 0.01

Heart failure 57.1 57.5 0.01 57.0 57.4 0.01

Dementia 18.9 20.1 0.03 19.0 17.5 0.04

PCl/Stent 25.5 25.3 0.01 254 25.0 0.01

ICU Stay =1 day 711 71.8 0.02 71.2 70.0 0.03

Antiplatelets® 90.1 86.4 0.11 90.1 90.0 0.00

Anticoagulants® 82.7 79.6 0.08 82.6 82.0 0.02

Heparin, intravenous 34.5 34.5 0.00 34.4 34.0 0.01

Nitrates 26.5 25.3 0.03 26.5 26.7 0.00

Antiarrhythmics 13.4 17.2 0.11 13.3 13.4 0.01

Benzodiazepines 59.7 63.9 0.09 59.7 61.5 0.04

Opioids 64.4 63.4 0.02 64.4 66.7 0.05
Antipsychotic Treatment

Time to initiation (mean, SD) 5.3 (4.8) 5.6 (6.5) 0.05 5.3 (4.8) 5.4 (5.6) 0.02

Treatment duration (mean, SD) 2.4 (34) 3.9 (4.5) 0.38 2.4 (34) 3.7 (4.2) 0.35
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Table 4.1 Selected patient characteristics in the unadjusted and propensity score-matched cohorts (Continued)

Unadjusted Matched
HDL AAPs HDL AAPs
N = 1668 N = 4910 N=1659 N=1659
% % Std diff % % Std diff
Medication sw itch during follow up 16.5 121 0.12 16.5 12.4 0.12
Discharge
Discharged to SNF/hospice 37.6 37.3 0.01 39.2 37.7 0.03
Length of hospital stay (mean, SD) 12.5 (11.9) 13.6 (12.3) 0.09 12.5 (11.9) 13.3 (12.4) 0.06

HDL: haloperidol; AAPs: atypical antipsychotics; Std diff: standardized difference; SD: standard deviation; ER: emergency room; NSTEMI/STEMI:

non/ST-elevation myocardialinfarction; PCIl: percutaneouscoronary intervention; ICU: intensive care unit; SNF: skilled nursing facility

@ Antiplatelets= aspirin and other antiplatelet agents

b Anticoagulants=warfarin and other anticoagulants
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Figure 4.1 Kaplan-Meier curve of in-hospital death in the matched cohort up to 30 days of follow -up, comparing haloperidol initiators

to atypical antipsychotic initiators
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Table 4.2 Hazard ratios of in-hospital death comparing haloperidol initiators to atypical antipsychotic initiators, by length of follow -up

period
Unadjusted Matched
HDL AAPs HDL AAPs
Follow -up | Death Rate® | Death Rate HR 95% Cl Death Rate i Death Rate HR 95% Cl
ITT 2 days 52 1.6 67 0.7 230 1.60 3.31 51 1.6 18 06 286 166 4.92
3 days 79 1.8 127 0.9 189 143 250 78 1.7 39 09 {205 139 3.02
5 days 113 1.8 207 1.0 170 135 214 112 1.7 68 1.0 1173 128 234
7 days 131 1.7 278 1.1 151 122 1.85 129 1.7 92 1.1 150 114 1.96
30 days 180 1.6 463 1.2 131 111 1.56 178 1.6 159 1.3 1126 1.01 1.56
AT 2 days 48 1.6 65 0.7 226 155 3.28 47 1.5 18 06 270 156 4.67
3 days 59 1.6 97 0.8 212 153 29 58 1.6 28 07 1242 155 3.79
5 days 68 1.6 128 0.8 205 152 276 67 1.6 41 08 i214 146 3.14
7 days 70 1.5 151 0.8 190 143 253 69 1.5 49 08 1193 134 276
30 days 75 1.5 187 0.8 183 140 241 74 1.5 62 09 i180 129 251

ITT: Intention-to-treat; AT: astreated; HDL: haloperidol, AAPs: atypical antipsychotics; HR: hazard ratio; Cl: confidence interval

@ Rate: number of death per 100 person-days
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Figure 4.2 Subgroup analyses comparing haloperidol initiators to atypical antipsychotic initiators, based on ITT analysis with 7 days

of follow -up

Subgroup

Age

Comorbidity

Exposure

On index day

Each drug

75 or under
Over 75 to 85
Over 85

CCl>4
CCl 4 or under

2 or more days
1 day

In ICU
In Ward

HDL vs. OLZ
HDLvs. QTP
HDL vs. RSP

HR

1.66
1.72
1.59

1.42
1.58

1.75
1.15

1.11
2.01

1.59
1.79
1.51

95% CI

[0.97,2.84]
[1.13,2.62]
[0.99,2.55]

[0.86,2.34]
[1.14,2.19]

[1.10,2.78]
[0.82,1.60]

[0.68,1.81]
[1.44,2.82]

[1.13,2.24]
[1.33,2.41]
[1.12,2.03]

0.50 1.0 2.0
Hazard Ratio

HR: Hazard ratio; Cl: confidence interval; CCl: Charlson Comorbidity index; OLZ: olanzapine; QTP: quetiapine; RSP: risperidone

4.0

For each subgroup category, propensity score was re-estimated and patientswere rematched. The size of each mark represents the relative size

of the numberof people in each group. Analyses were based on intention-to-treat analysiswith 7 days of follow-up. See Appendix 4.6 for more

details.



DISCUSSION

In alarge cohort of AMI patients medically treated in hospital, initiation of oral haloperidol w as
associated withan increase in the risk of in-hospital death compared to the initiation of oral
atypical antipsychotics. The potential adverse effect of haloperidol appeared to be the strongest
during the first few days follow ing initiation, suggesting an acute harmful effectof haloperidol.
Although residual confounding is a possibility, w e adjusted fora large number of potential
confounders and the result w as consistent across a number of subgroup and sensitivity
analyses. Our finding is also consistent with w hathas been reported from outpatient studies on
the comparative safety of antipsychotic medication. Given the insufficient amount of safety
evidence for delirious patients in hospital, our study adds an important piece of evidence that
atypical antipsychotics with comparable efficacy to haloperidol may be a safer option w ith

respect to mortality among patients with cardiac comorbidity.

Relation to previous studies

Due to difference in the indications for antipsychotic use, evidence from outpatient studies is not
directly applicable to inpatients. Moreover, the duration of antipsychotic treatment in hospital is
short and treatment is often prescribed ‘as necessary’,' unlike outpatient prescriptions that last
several w eeks to months.” According to a recent review,'" there are 6 randomized trials that
compared typical and atypical antipsychotic in hospitalized patients with delirium w ith regard to
mortality.2"°°1981%° The |argest treatment arm among these trials included 45 patients. The

authors also conducted a meta-analysis but did not find an association betw een any

antipsychotic use and 30-day mortality (OR 0.90, 0.62-1.29). How ever this analysis merged
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delirium prevention trials with treatment trials due to limited sample size. The heterogeneous
populations and methodologies may explain this null finding. Tw o of the larger observational
studies in hospitalized patients (n=2,453 and 244) w ere not able to examine comparative safety

because there wereno or too few deaths.**""°

Interpretation of results and implications

The as-treated analysis is potentially subject to informative censoring and to time-dependent
confounding bias because treatment discontinuation or switching can be associated withthe
prognosis of the patient. It was done to examine the degree to whichresults from [TT analysis
may be affected by exposure status misclassification. The slightly larger HRs in as-treated
analyses suggests that the potential adverse effect of haloperidol is more pronounced w hile
patients are taking the drug compared to the time after they discontinue or switch. This is
supported by the fact that w e observe the largest HR for a 2-day follow -up w hen the majority of
patients is still taking the drug. In our analyses PS matching sometimes resulted in strengthened
associations, in contrast to our initial expectation based on previous studies. The baseline
characteristics before matching w as very similar betw een the tw o groups, so itis possible that in
some instances the confounding in the unmatched population w as in the direction that favored
haloperidol. The atypical antipsychotic initiators w how ere matched had a slightly low er rate of

7-day mortality (5.55%) than those whow ere matched (5.72%), supporting this argument.

There w as evidence of effect heterogeneity w ith increased HR among patients whow erein the
medical wardon the index date compared to those whow erein the ICU. Patients in the ICU are

under a greater surveillance for any change in health status; so one possible explanation cuould
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be that potential adverse effects of haloperidol such as arrhythmia are more quickly taken care

of in the ICU and less likely to lead to death.

Cardiovascular death w as suggested as the explanation for half of the excess deaths
associated w ith typical antipsychotics in outpatients.’' Whether the cardiac side effects also
explain the increased in-hospital mortality remains unclear. The Cochrane review recommends
using atypical antipsychotics rather than haloperidol if the patient is likely to develop cardiac

toxicity from the use of antipsychotics.'®

While our study cannot explain the reason for
potentially increased risk of death, atypical antipsychotic may be considered as a safer option if

patients already have underlying cardiac comorbidity.

Strengths and w eaknesses of the study

This study utilized a large nationw ide hospital database, so the interpretation of the results is not
limited to specific practices or hospitals. The large cohort size provided sufficient statistical

pow er to detect a modest difference in mortality, w hichw as not possible in earlier studies witha
much smaller sample size. We w ere able to adjust for a large number of variables related to the

treatments and procedures for each patient, reducing the concern for residual confounding.

This study is not without limitations, how ever. We did not have information on patients before
they were admitted to hospitals, so some comorbid conditions may be misclassified depending
on the completeness of coding in the hospital. The availability of confounder information is
potentially associated w ith mortality if diagnoses are more likely to be recorded if a patient dies.
But it is likely non-differential with respect to the type of antipsychotic that the patient had
received, thus unlikely to cause bias from differential misclassification of confounder. The true

indication for antipsychotic use is unknow n, and bias can be present if the true prevalence of
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delirium w as differential betw een haloperidol and atypical antipsychotics because non-delirious
patients are likely to have a low errisk of death compared to delirious patients. It should be
noted, how ever, that the prevalence of recorded diagnoses of delirium based on ICD-9 codes
w as similar across the four antipsychotics examined in this study (19.6% for haloperidol, 19.6%
for olanzapine, 20.5% for quetiapine, and 18.5% forrisperidone). A previous validation study
show ed that the positive predictive value (PPV) of antipsychotic prescription among geriatric
hospitalizations to predict delirium is over 80%.%' We expect a higher PPV in this study since all
patients had an AMI so the baseline mortality is probably higher. The duration of treatment was
shorter for haloperidol compared to atypical antipsychotics, w hich may reflect a difference in
usage of these drugs that is not captured by our data and can lead to differential censoring bias.
How ever, sensitivity analyses using a conditional model to account for this difference show ed
consistent, even stronger, effects. Due to the short treatment duration and follow -up, w e could
not examine a long-term effectin hospital. Confounding due to impending death can be an

alternative explanation forthe observed result,'®

if haloperidol is used preferentially among
terminally ill patients. How ever, w e did not find strong evidence of confounding based on a large
number of measured covariates, or based on the trend of care before antipsychotic initiation
such as opioid use or discontinuation of chronic disease care. In addition, PS matching did not
change the crude estimates much. This implies that either there was not much confounding
before matching, or that our covariates w ere not good measures of the true confounders. While
the latter is alw ays a possibility, it is unlikely that close to 80 variables used in PS would fail to

adjust for confounding to alarge extent. Lastly the mechanism of the increased risk of death is

unknow n since wedid not have information on cause of death.
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CONCLUSION

In alarge, nationwide cohort of hospitalized patients, wefound an increased risk of death during
the w eek follow ing treatment associated w ith the initiation of haloperidol compared to the
initiation of atypical antipsychotics. These findings are consistent with a higher risk of mortality
associated withinitiation of a typical versus atypical antipsychotic in the large body of evidence
from outpatient studies. How ever, residual confounding cannot be completely excluded as a
possible alternative explanation despite careful study design and adjustment fora widerange of
potential confounders. In conclusion, atypical antipsychotics may be a safer therapeutic option

than haloperidol forthe treatment of delirium for older populations w ith cardiac morbidity.
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4.1 Flow chart of study cohort creation

Hospitalized patients with
age 18 or older who
received any antipsychotic
2003-2014
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/

85



98

4.2 Variables included in the propensity score

Category

Variables

Demographics and other
clinical characteristics

Age, gender, race, marital status, Ml type (ST-elevation, non ST-elevation M, or unknow n), admission
source (emergency/urgent admission vs.others), admission year, payer (Medicaid, Medicare, etc.)

Facility

Region (Midw est, northeast, south, west), number of beds, teaching status, location (urban vs. rural)

Chronic comorbidity

Charlson comorbidity index, chronic heart failure, chronic angina, other chronic ischemic heart diseases,
diabetes, cancer, chronic obstructive pulmonary disease, dementia, depression, hypertension,
atherosclerosis, chronic liver disease, chronic renal disease, epilepsy, Parkinson’s disease, obesity,
dyslipidemia, smoking status, alcohol or drug abuse/dependence, hemostatic disorder, endocarditis,
peripheral vascular disease, records of previous coronary artery bypass graft, previous M, previous
stroke, previous valve replacement

Medications received
before antipsychotic
initiation

Antiplatelets (aspirin, other antiplatelets), anticoagulants (w arfarin, other anticoagulants), intravenous
heparin, nitrates, antiarrhythmics, angiotensin-converting-enzy me inhibitors, angiotensin Il receptor
blockers, beta-blockers, calcium-channel blockers, statins, fibrates, bronchodilators (beta-agonists,
ipratropium, theophylline), insulin, diuretics (loop, thiazide), benzodiazepines, tricyclic antidepressants,
other sedatives or hypnotics (z-drugs, barbiturates), opioids, digoxin, aldosterone agonists, fibrinolytics,
antihistamines, systemic steroids, leukotriene inhibitors

Procedures received
before antipsychotic
initiation

Percutaneous coronary intervention/stent, intra-aortic balloon pump, mechanical ventilation, oxygen use,
transfusion, intensive care unit utilization, cardiac resuscitation, cardioversion, dialysis, electrocardiogram,
use of bilevel or continuous positive airw ay pressure

Others

Length of the baseline period (i.e., number of days from admission to the day before initiation of
antipsychotics)
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4.3 All patient characteristics in the unadjusted and propensity score-matched cohorts

Unadjusted Matched
HDL AAPs HDL AAPs
N = 1668 N = 4910 N=1659 N=1659
% % Std Diff % % Std Diff

Demographic

Age (mean, SD) 77.0 (11.4) 74.6 (12.8) 0.20 77.0 (11.4) 76.8 (11.8) 0.01

Female 46.6 47.2 0.01 46.6 48.3 0.04

White 68.9 73.0 0.09 69.0 69.6 0.01

Black 10.8 9.0 0.06 10.7 9.9 0.02

Other race 20.3 18.0 0.06 20.5 204 0.00
MIType

NSTEMI 68.8 67.2 0.02 26.4 271 0.01

STEMI 26.4 27.4 0.03 68.8 68.1 0.02

Unknow n type 4.8 54 0.03 4.8 4.8 0.00
ER/urgent admission 91.9 94.2 0.09 91.9 91.7 0.00
Payor

Medicare 81.7 79.2 0.06 814 27.6 0.01

Medicaid 4.0 5.3 0.06 4.0 1.5 0.02

Others 14.3 15.5 0.03 141 4.7 0.01
Baseline Procedures

PCl/Stent 25.5 25.3 0.01 254 25.0 0.01

Intraaortic balloon pump 7.3 8.8 0.05 7.3 6.8 0.02

Mechanical ventilation 44 4.2 0.01 44 4.2 0.01

Oxygen Use 53.5 52.9 0.01 53.5 54 .4 0.02

Transfusion 10.5 12.4 0.06 10.5 10.8 0.01

ICU Stay =1 day 71.1 71.8 0.02 71.2 70.0 0.03

Cardiac resuscitation 2.1 3.0 0.06 2.1 1.7 0.03

Cardioversion 0.3 0.5 0.03 0.3 0.2 0.03

Dialysis 4.4 4.6 0.01 4.4 4.8 0.02
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4.3 All patient characteristics in the unadjusted and propensity score-matched cohorts (Continued)

Unadjusted Matched
HDL AAPs HDL AAPs
N = 1668 N = 4910 N=1659 N=1659
% % Std Diff % % Std Diff
Electrocardiogram 1.0 0.2 0.1 0.5 0.6 0.01
BIPAP/CPAP use 10.0 10.3 0.01 9.9 9.8 0.00
Comorbidity and Disease History
Charlson index (mean, SD) 3.4 (1.9) 3.4 (1.9) 0.02 3.4 (1.9) 3.5(1.9) 0.01
Heart failure 57.1 57.5 0.01 57.0 57.4 0.01
Chronic angina 04 0.7 0.05 04 0.7 0.05
Other heart diseases® 74.7 72.0 0.06 74.6 74.6 0.00
Diabetes 38.1 40.9 0.06 38.1 39.8 0.04
Cancer 15.1 12.8 0.07 15.1 154 0.01
COPD 29.1 30.9 0.04 29.2 294 0.00
Dementia 18.9 20.1 0.03 19.0 17.5 0.04
Depression 10.1 10.8 0.02 10.1 9.8 0.01
Hypertension 73.4 71.6 0.04 73.3 74.2 0.02
Chronic liver disease 1.7 1.8 0.00 1.7 1.9 0.01
Chronic renal disease 28.2 249 0.07 28.0 27.9 0.00
Epilepsy 4.2 4.5 0.02 4.2 4.4 0.01
Parkinson’s Disease 1.8 2.2 0.03 1.8 1.7 0.01
Obesity 6.4 8.7 0.09 6.4 5.7 0.03
Dyslipidemia 41.8 41.8 0.00 41.8 41.4 0.01
Past current smoking 29.3 28.6 0.02 29.2 28.3 0.02
Alcohol/drug abuse/dependence 6.7 6.4 0.01 6.7 6.3 0.02
Peripheral vascular disease 10.4 11.4 0.03 10.4 11.5 0.03
Previous CABG/PCI 17.6 18.6 0.03 17.6 17.1 0.01
Previous M 11.6 1.4 0.01 11.6 11.9 0.01
Previous stroke 10.5 10.8 0.01 10.4 10.1 0.01
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4.3 All patient characteristics in the unadjusted and propensity score-matched cohorts (Continued)

Unadjusted Matched
HDL AAPs HDL AAPs
N = 1668 N = 4910 N=1659 N=1659
% % Std Diff % % Std Diff
Previous valve replacement 0.5 04 0.01 0.5 04 0.02
Baseline Medication
Antiplatelets® 90.1 86.4 0.11 90.1 90.0 0.00
Anticoagulants® 82.7 79.6 0.08 82.6 82.0 0.02
Heparin, V 345 345 0.00 34.4 34.0 0.01
Nitrates 26.5 25.3 0.03 26.5 26.7 0.00
Fibrinolytics 1.8 2.3 0.03 1.8 1.7 0.01
Antiarrhythmics 13.4 17.2 0.11 13.3 13.4 0.01
ACE/ARB 53.5 46.3 0.15 53.4 54.0 0.01
Beta-blockers 84.9 79.6 0.14 84.9 85.2 0.01
Calcium channel blockers 26.9 24.2 0.06 26.8 28.8 0.05
Statins 65.3 58.8 0.14 65.3 65.3 0.00
Fibrates 2.1 1.8 0.02 2.1 25 0.02
Bronchodilators 37.9 38.6 0.01 37.9 38.9 0.02
Insulin 35.0 38.5 0.07 35.0 36.8 0.04
Loop Diuretics 60.0 58.0 0.04 59.9 62.0 0.04
Thiazide Diuretics 5.9 6.2 0.01 5.9 5.5 0.02
Benzodiazepines 59.7 63.9 0.09 59.7 61.5 0.04
Tricyclic antidepressants 1.7 1.8 0.01 1.7 1.7 0.00
Other sedative/hypnotics® 104 12.9 0.08 104 104 0.00
Opioids 64.4 63.4 0.02 64.4 66.7 0.05
Digoxin 14.9 14.4 0.01 14.9 14.5 0.01
Systemic steroids 19.8 22.2 0.06 19.8 20.3 0.01
Facility Characteristics
Teaching (Y/N) 50.0 47.6 0.05 50.2 49.2 0.02
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4.3 All patient characteristics in the unadjusted and propensity score-matched cohorts (Continued)

Unadjusted Matched
HDL AAPs HDL AAPs
N = 1668 N = 4910 N=1659 N=1659
% % Std Diff % % Std Diff
Urban 90.5 89.0 0.05 90.4 91.0 0.02
Antipsychotic Treatment
Time to initiation (mean, SD) 5.3 (4.8) 5.6 (6.5) 0.05 5.3 (4.8) 5.4 (5.6) 0.02
Treatment duration (mean, SD) 24 (3.4) 3.9 (4.5 0.38 24 (3.4) 3.7 (4.2) 0.35
Medication sw itch during follow up 16.5 121 0.12 16.5 12.4 0.12
Discharge
Discharged to SNF/hospice 37.6 37.3 0.01 39.2 37.7 0.03
Length of stay (mean, SD) 12.5 (11.9) 13.6 (12.3) 0.09 12.5 (11.9) 13.3 (12.4) 0.06

HDL: haloperidol; AAPs: atypical antipsychotics; Std diff: standardized difference; SD: standard deviation; ER: emergency room; NSTEMI/STEMI:

non/ST-elevation myocardialinfarction; PCIl: percutaneouscoronary intervention; ICU: intensive care unit; BIPAP/CPAP: bilevel orcontinuous



4.4 Propensity score distribution
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Propensity score distribution in haloperidol initiators and atypical antipsychotic initiators (reference). C-statistic w as 0.65.
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4.5 Log of negative log of estimated survivor function plot to assess proportional hazard assumption, in crude and in matched cohort

A. Intention-to-treat analyses

a. In unmatched cohorts b. In matched cohorts
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B. As-treated analyses

a. In unmatched cohorts b. In matched cohorts
Log of Negative Log of Estimated Survivor Functions Log of Negative Log of Estimated Survivor Functions
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If the twolines cross each other, the proportional hazard (PH) assumption is likely violated. During the initial 7 days (i.e. up to

log(Follow -up days) = 2), the PH assumption does not appear to be completely violated.
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4.6 Detailed table for subgroup analyses, based on ITT analysis with7 days of follow -up

Unadjusted Matched
HDL AAPs HDL AAPs

Subgroups N Death Rate?! N Death Rate: HR 95% ClI N Death Ratei N Death Ratei HR 95% ClI
Age

75 or under 603 33 111 2124 102 0.9:1.21 0.82 1.79] 593 33 1.1: 593 21 0.7i1.66 0.97 2.84

Over 75 to 85 582 52 2.0; 1606 101 1.3: 1,57 1.12 219 557 49 1.9: 557 32 1.1i1.72 113 2.62

Over85 483 46 2.3 1180 75 1.5: 1,57 1.09 227 450 45 2.4: 450 30 1.5:i1.59 0.99 255
Comorbidity level

CCl >4 419 37 1.8: 1189 97 1.6:1.18 0.81 1.72| 402 36 1.8: 402 27 13i1.42 0.86 2.34

CCI 4 orunder 1249 94 1.7 3721 181 1.0: 1.68 1.31 2.15] 1237 90 1.6: 1237 61 1.0i1.58 1.14 2.19
Exposure duration

2 or more days 667 47 14: 3036 145 09:162 1.16 2.25| 664 47 1.4 664 29 0.8i1.75 1.10 2.78

1 day 1001 84 2.0: 1874 133 1.7: 112 085 1.48| 920 77 2.0: 920 65 1.7{1.15 0.82 1.60
On index date

ICU 401 34 1.5: 1487 129 15:1.04 0.71 152]| 381 30 1.4: 381 29 13i1.11 0.68 1.81

Ward 1267 97 1.81 3423 149 1.0: 1.87 1.45 241] 1254 96 1.8: 1254 51 0.9:i2.01 1.44 2382
Individual drug

HDL vs. OLZ 1668 131 1.7: 995 63 1.2:1.38 1.02 1.86| 866 79 1.9: 866 54 1.2i1.59 1.13 2.24

HDL vs. QTP 1668 131 1.7: 2333 123 1.1:i1.60 1.25 2.05| 1430 117 1.8: 1430 69 1.0i1.79 1.33 2.41

HDL vs. RSP 1668 131 1.7: 1582 92 12:145 111 1.89| 1236 102 1.8: 1236 73 1.2i11.51 1.12 2.03

HDL: haloperidol; AAPs: atypical antipsychotics; CCl: Charlson Comorbidity index; ICU: Intensive care unit; OLZ: olanzapine; QTP: quetiapine;

RSP: risperidone

@ Rate: number of death per 100 person-days
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4.7 Detailed table for sensitivity analyses, based on ITT analysis with 7 days of follow -up

Crude result Main result Random Effects Model Conditional Cox Model
Follow up HR 95% ClI HR 95% ClI HR 95% ClI HR 95% ClI
Including day 2 initiators

ITT 7 daysi 1.53 1.30 1.80 1.46 1.18 1.81 1.57 1.22 2.02 1.49 1.20 1.86
AT 7 daysi 1.78 1.43 2.21 1.96 1.47 2.60 2.58 1.72 3.85 1.97 1.46 2.66

Different modeling assumptions
ITT 2 daysi 2.30 1.60 3.31 2.86 1.66 4.92 2.86 1.67 4.90 2.78 1.62 4.76
3 daysi 1.89 1.43 2.50 2.05 1.39 3.02 2.07 1.41 3.05 2.25 1.48 3.41
5daysi 1.70 1.35 2.14 1.73 1.28 2.34 1.77 1.30 2.40 2.00 1.41 2.83
7 daysi 1.51 1.22 1.85 1.50 1.14 1.96 1.54 1.17 2.02 1.67 1.22 2.30
30daysi 1.31 1.11 1.56 1.26 1.01 1.56 1.30 1.04 1.63 1.55 1.15 2.10
AT 2daysi 2.26 1.55 3.28 2.70 1.56 4.67 2.70 1.57 4.65 2.65 1.52 4.63
3daysi 2.12 1.53 2.94 2.42 1.55 3.79 2.43 1.54 3.83 2.55 1.52 4.28
5daysi 2.05 1.52 2.76 2.14 1.46 3.14 217 1.45 3.23 2.62 1.58 4.33
7 daysi 1.90 1.43 2.53 1.93 1.34 2.76 1.96 1.34 2.85 2.50 1.53 4.10
30daysi 1.83 1.40 2.41 1.80 1.29 2.51 1.83 1.29 2.61 2.50 1.53 4.10

ITT: Intention-to-treat; AT: as-treated; HR: hazard ratio; Cl: confidence interval
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4.8 Trends of medication use before initiation of antipsychotic treatment

A. Chronic medication use B. Opioid and benzodiazepine use
Proportion receiving each medication Proportion receiving each medication
1 1
0.9 0.9
0.8 0.8
e 0.7
————————— ——BBs (H) ——Benzodiazepines (H)
0.6 =" 0.6
_______ ——Statins (H) Short-acting opioids (H)
05 e eemmmTTTTT ——ACE/ARB (H) 0.5 —— Long-acting opioids (H)
------ -==-BBs (A) -==--Benzodiazepines (A)
0.4 SN : o4 == ) .
__________ -=-=-Statins (A) =T Short-acting opioids (A)
0.3 e ----ACE/ARB (A) 03 // ----Long-acting opioids (A)
0.2 0.2 ———
0.1 0.1
0 0
Index-2 days Index-1 day Index day Index-2 days Index-1 day Index day

BB: beta-blockers; ACE/ARB: angiotensin-converting-enzyme inhibitors/angiotensin |l receptor blockers

Each figure show s the proportion of patients before matching w horeceived each medication from tw odays prior to the initiation of

antipsychotic to the index date. Solid lines represent haloperidol initiators (H) and dotted lines represent atypical antipsychotic

initiators  (A).




Chapter 5. Conclusion

In light of the increasing use of antipsychotic medication and of its potential adverse effects on
patients, the use of these drugs should be based on careful trade-offs betw een risks and
benefits. Extrapolating safety evidence from clinical trials may not be feasible for special patient
groups such as pregnant women or hospitalized elderly. This dissertation adds important pieces
of scientific evidence for such patient groups. We show ed how antipsychotics are utilized and
how the use of antipsychotics may be associated with an increased risk of GDM in women in
Medicaid. Descriptive information can help us to better understand the characteristics of
patients w ho are using antipsychotic and also provide backgrounds for potential safety signals.
We also show ed that the use of haloperidol in patients with severe cardiac comorbidity could be
associated withan increased risk of death in hospital compared to the use of alternative atypical
antipsychotics, using a nationw ide inpatient cohort. The study provides evidence to a question
that had not been examined in a large inpatient cohort and borrow ed information from either
outpatient studies or small-scale studies. With careful interpretation and acknow ledgement of

limitations, these studies can help treatment decision-making in vulnerable patient groups.
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