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ABSTRACT 

Title of Dissertation: Cardiometabolic Safety of Atypical Antipsychotic Medications 

among Publicly Insured U.S. Youth 

Mehmet Burcu, Doctor of Philosophy, 2017 

Dissertation Directed by: Julie Magno Zito, Ph.D., Professor of Pharmacy and Psychiatry  

 

Background: The use of atypical antipsychotics (AAPs) among publicly insured U.S. 

youth has substantially increased in the past two decades. Furthermore, more than half of 

AAP-treated youth have concomitant antidepressant or stimulant use, although the 

cardiometabolic effects of such combinations are largely unknown. 

 

Methods: The main focus of this dissertation was to evaluate the risk of incident type 2 

diabetes mellitus (T2DM) and adverse cardiovascular events in AAP-treated youth 

according to the concomitant use of stimulants or serotonin reuptake inhibitors 

(SSRI/SNRIs)—the leading antidepressant subclass. The risk of T2DM and adverse 

cardiovascular events were assessed using discrete time failure models. To adjust for 

confounding, disease risk score methodology was employed using >125 baseline and 

time-dependent covariates. Medication use was assessed using four time-varying 

exposure measures: current/former/non-use, duration of use, cumulative dose, and 

average daily dose. 



 
 
 

Results: In a large regionally diverse cohort of Medicaid-insured youth, AAP use was 

associated with an increased risk of T2DM that increased with duration of AAP use and 

cumulative AAP dose. Further, in AAP-treated youth, concomitant SSRI/SNRI use was 

associated with an additional increased risk of T2DM, which intensified with duration of 

SSRI/SRNI use and SSRI/SNRI dose. In a separate set of analyses that focused on youth 

who initiated antidepressant treatment (regardless of AAP use), an increased risk of 

T2DM was also observed for SSRI/SNRIs. Finally, following treatment initiation with 

AAPs, current AAP use was also associated with an increased risk of incident 

cardiovascular events that led to hospitalizations or emergency department visits. This 

increased risk also intensified with increasing AAP dose and when SSRI/SNRIs were 

used concomitantly with AAPs. By contrast, in AAP-treated youth, concomitant use of 

stimulants was not associated with an increased risk of T2DM or cardiovascular events. 

 

Conclusions: In view of the growing complexity of atypical antipsychotic regimens in 

Medicaid-insured youth and low rates of baseline metabolic monitoring in youth 

initiating AAP treatment, these findings suggest that complex AAP regimens should be 

used judiciously with appropriate cardiometabolic monitoring. Continued efforts are 

warranted to support Medicaid oversight policies that assure safe and effective use of 

complex AAP regimens in youth populations. 
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1. Overview 

1.1 Statement of the Problem 

Since the early 1990s, atypical antipsychotics (AAP) have been increasingly used 

to treat children and adolescents for behavioral conditions, despite growing concerns 

about their safety and appropriateness.1-9 These behavioral conditions include attention-

deficit hyperactivity disorder (ADHD),2,10-12 a widely prevalent condition with limited 

evidence of antipsychotic efficacy in children and adolescents. In 2003, in response to the 

cardiometabolic safety concerns surrounding the greatly expanded utilization of 

antipsychotics for behavioral conditions, the United States Food and Drug Administration 

(FDA) issued class warnings for antipsychotic medications on treatment-emergent risks 

such as cardiometabolic syndrome and diabetes.13 Subsequently, the American Diabetes 

Association (ADA) and American Psychiatric Association (APA) published a consensus 

statement with recommendations for laboratory monitoring of antipsychotics.14-16 

Unfortunately, laboratory monitoring continues to be very low,17-20 in particular for 

children and adolescents enrolled in Medicaid programs. Notably, antipsychotic use for 

Medicaid insured youth is five times greater than for privately insured youth.21  

More than half of antipsychotic-treated, Medicaid-insured youth have 

concomitant exposure to other psychotropic medication classes,22-24 e.g., stimulants and 

antidepressants, particularly selective serotonin reuptake inhibitor/serotonin–

norepinephrine reuptake inhibitors (SSRI/SNRIs). Recent population-based studies have 

evaluated and established the independent effect of atypical antipsychotic medications on 

the risk of type 2 diabetes in community-treated youth populations.25-28 However, little 

research attention has been given to the possibility of an increased risk of type 2 diabetes 
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associated with these psychotropic medication classes, alone or in those treated with 

AAPs. While there is no known biological plausibility for stimulant treatment-emergent 

risk of type 2 diabetes, there are a growing number of published studies—almost all 

conducted in adults—that report a substantially increased risk of type 2 diabetes 

associated with antidepressant use.29-36 Little is known about the potential independent 

effect (i.e., additive effect) of antidepressants on treatment-emergent type 2 diabetes in 

youth populations. The potential additive effect of antidepressants on the emergence of 

type 2 diabetes may also intensify the risk in AAP-treated youth when antidepressants are 

used concomitantly. In addition to the risk of type 2 diabetes associated with AAPs, an 

increased risk of serious cardiovascular events was also reported in population-based 

studies in adults.37-40 However, much less is understood about the adverse cardiovascular 

events in youth populations following AAP use, overall or in combination with 

stimulants or SSRI/SNRIs—the leading psychotropic medication classes used 

concomitantly with AAPs. 

This dissertation addresses this major safety knowledge gap in the evidence for 

the benefit-risk assessment of atypical antipsychotic medications among vulnerable 

pediatric populations such as youth who are poor or in foster care, and youth with 

disabilities. At the service delivery level, there are potentially substantial implications of 

the study’s findings. For example, the United States Government Accountability Office 

has called for bold action to implement monitoring for pharmacotherapy in publicly-

insured youth populations and for foster care youth in particular.41,42 Thus, there is a 

compelling need for additional safety research to bolster state Medicaid health system 

requirements for the monitoring of metabolic and cardiovascular adverse events, 



3 
 

particularly for youth with concomitant use of AAPs with other psychotropic medication 

classes. To address this unmet public health need, the dissertation aims to characterize the 

long-term cardiometabolic safety profile (up to 5-years of follow-up) of atypical 

antipsychotics and other leading psychotropic medication classes (stimulants and 

antidepressants) in a geographically diverse sample of publicly insured youth (i.e., 

Medicaid insured youth from the states of California, Florida, Illinois, and New Jersey) 

using Medicaid Analytical eXtract (MAX) data acquired from the Centers for Medicare 

and Medicaid Services (CMS).43 The long-term goal of this research is to enhance patient 

safety and to improve state Medicaid oversight of health status in relation to complex 

medication patterns. This study evaluated the treatment-emergent risk of type 2 diabetes 

mellitus and adverse cardiovascular events in atypical antipsychotic-treated youth who 

are also treated with SSRI/SNRIs or with stimulants.  

 

1.2 Specific Aims 

The specific aims of this dissertation research are as follows:  

 

Aim 1: Concomitant use of atypical antipsychotics with other psychotropic 

medications and the risk of type 2 diabetes mellitus among Medicaid-insured youth 

 The use of atypical antipsychotics among publicly insured U.S. youth has 

substantially increased in the past two decades. Furthermore, more than half of AAP-

treated youth also have concomitant antidepressant or stimulant use, although the 

metabolic effects of such combinations are largely unknown. The primary objective of 

this study was to assess the risk of incident type 2 diabetes associated with concomitant 
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use of AAPs with antidepressant subclasses in Medicaid-insured youth. I hypothesized 

that among AAP-treated youth, concomitant exposure to antidepressants would be 

associated with an increased risk of type 2 diabetes. Also, as a control, I assessed the risk 

of type 2 diabetes associated with the concomitant use of AAPs and stimulants, 

hypothesizing that this combination would not be associated with an increased risk. 

Finally, I evaluated whether the risk of T2DM is affected by the duration of use and the 

cumulative dose exposure to AAPs as well as to antidepressants and stimulants. 

 

Aim 2: Antidepressant medications and the risk of incident type 2 diabetes mellitus 

among Medicaid-insured youth 

Antidepressants are one of the most commonly prescribed psychotropic 

medications in U.S. youth. In adults, there is emerging evidence on the risk of type 2 

diabetes associated with antidepressant use. Yet, little is known about the antidepressant 

treatment-emergent risk of type 2 diabetes in youth. In this aim, I conducted a large 

retrospective cohort study of Medicaid-insured youth who initiated treatment with 

antidepressants and assessed the risk of incident type 2 diabetes by antidepressant 

subclass and according to current vs. former use, duration of use and cumulative dose. 

Subsequently, in a secondary analysis, I assessed the risk of type 2 diabetes according to 

average daily dose and also examined the interaction between the duration of use, and 

average daily dose for selective serotonin reuptake inhibitors/serotonin-norepinephrine 

reuptake inhibitors, the leading antidepressant subclass. 
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Aim 3: Cardiovascular events in Medicaid-insured youth following treatment 

initiation with atypical antipsychotic medications 

The increased use of atypical antipsychotic medications in Medicaid-insured U.S. 

youth has been profound. However, little is known about the AAP-treatment emergent 

risk of adverse cardiovascular events in youth that led to hospitalizations or emergency 

department visits. I conducted a large retrospective cohort study of Medicaid-insured 

youth who initiated treatment with AAPs and assessed the risk of incident cardiovascular 

events identified from hospitalizations or emergency department visits. I examined the 

risk of incident cardiovascular events according to current vs. former AAP use, average 

daily AAP dose, and duration of AAP use. Furthermore, since the majority of AAP 

prescriptions in U.S. youth involve a co-prescription of other psychotropic medication 

classes, mainly stimulants or SSRI/SNRIs, in a secondary analysis, I also assessed the 

risk of cardiovascular events according to stimulant or SSRI/SNRI use concomitant with 

AAPs. 
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2. Introduction 

2.1 Background  

Over the last two decades, a second generation of antipsychotics, atypical 

antipsychotics, reached the market place and gradually replaced first generation 

antipsychotics almost entirely.1,44 The increasing use of atypical antipsychotic 

medications in children and adolescents has been profound,4 outpacing the growth in 

adults,5 in particular for off-label (FDA-unapproved) use in young children with 

behavioral disorders such as attention-deficit/hyperactivity disorder (ADHD).9,21,45,46 

Beginning in 2006, atypical antipsychotic medications received FDA-approval for 

pediatric use for irritability associated with autism, and for schizophrenia and bipolar 

disorder among early adolescents.47 In youth subpopulations lacking clinician-reported 

diagnosis of schizophrenia, psychoses, bipolar disorder or pervasive developmental 

disorder (all of which have FDA labeled indications for antipsychotic use), recent 

observational studies have demonstrated that children with behavioral disorders alone 

constitute the largest group of utilizers of antipsychotic medications.9,45  

 Several government reports41,42,48,49 have raised concerns about pediatric 

antipsychotic use for behavioral disorders and have called for efforts to improve the 

oversight of pediatric psychotropic medication use in state Medicaid programs. More 

recently, the American Psychiatric Association is leading a “Choosing Wisely” campaign 

urging physicians not to routinely prescribe antipsychotic medications to treat behavioral 

disorders in youth “in the absence of approved or evidence supported indications”.50,51 

Although the prevalence of psychotropic medication prescribing to youth in community 
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settings continues to expand, the use of atypical antipsychotic medications for non-

psychotic disorders remains controversial.  

 There is currently limited evidence for the use of atypical antipsychotic 

medications, singly or in complex regimens, to treat youth diagnosed with behavioral 

disorders such as ADHD, particularly those diagnosed with non-comorbid ADHD, i.e., in 

the absence of any other diagnosed psychiatric condition. Unfortunately, atypical 

antipsychotic use for non-comorbid ADHD is prevalent in Medicaid-insured youth, 

particularly among foster care youth.11 A recent study11 of Medicaid-insured youth in a 

mid-Atlantic state has shown that in the absence of any other psychiatric comorbid 

disorders, one-third of ADHD-diagnosed foster care youth had exposures to atypical 

antipsychotic medications in a given year. Such antipsychotic medication utilization 

trends in vulnerable youth populations in the U.S. raise concerns in the face of mounting 

safety data (e.g., weight gain, metabolic syndrome, diabetes),25-27,52-61 coupled with the 

limited efficacy data for antipsychotic treatment regimens for behavioral disorders. 50,62 

 Even in many short-term clinical studies of atypical antipsychotics in youth, 

treatment-emergent cardiometabolic abnormalities were prominent,53,63-68 as shown in 

Table 2.1 below. Within a median of 10.8 weeks of treatment with atypical antipsychotic 

medications,53 children and early adolescents gained up to an average of 8.5 kg (18.7 lbs). 

In addition, marked increases were evident in blood glucose level, liver enzymes, 

prolactin level, pulse rate and systolic blood pressure as well as in lipid profile 

abnormalities, i.e., total cholesterol, non-HDL cholesterol, and triglycerides levels (Table 

2.1). In a prospective cohort study of drug-naïve patients aged 4-17 years, the prevalence 

of obesity increased more than 3-fold from 5.0% to 18.6% within 6 months of treatment 
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with antipsychotic medications while no difference was observed in control subjects.69 

Similarly, in the same study, compared with their baseline assessment, antipsychotic-

treated youth had approximately two-fold greater prevalence of metabolic syndrome at 

the 6-month follow-up, and also many developed hyperglycemia, hypertriglyceridemia, 

dyslipidemia, and insulin sensitivity (measured by homeostatic model assessment-insulin 

resistance [HOMA-IR]).69 Of note, no statistically significant change was observed in 

control subjects in the study for these parameters at the end of 6 months of follow-up.69 

Table 2.1 Summary of the cardiometabolic abnormalities reported in short-term clinical 

studies of atypical antipsychotic medications among children and adolescents 
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Table 2.1 Continued 
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Table 2.1 Continued 

 

Moreover, according to a secondary analysis of published clinical trial data,55 

antipsychotic treatment-related weight gain was found to be substantially greater in youth 

than in adults, suggesting that relative to adults, youth might be subject to greater 

metabolic abnormalities associated with antipsychotic treatment. In another study 

comparing treatment-emergent outcomes with short-term versus long-term antipsychotic 

use,70 children treated with longer durations of atypical antipsychotic agents experienced 

substantially greater metabolic and endocrine side effects as well as more abnormal 

involuntary movements.  

 Recently, in addition to cardiometabolic abnormalities reported in clinical trials, 

there is a growing body of evidence from community-based studies of youth 
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documenting the risk of diabetes associated with antipsychotic treatment,25-27,54,71 with 

the risk being intensified with prolonged use.26 In a retrospective cohort study of 

Medicaid-insured youth, Bobo et al. found more than a three-fold increased risk of type 2 

diabetes in youth who initiated treatment with antipsychotic medications compared with 

youth who initiated treatment with other psychotropic medications.26 Despite these safety 

concerns, metabolic screening, i.e., serum glucose and lipid testing, in children initiating 

treatment with antipsychotic medications continues to be very low17-19,72 even more than 

a decade after the FDA warnings13 and subsequent consensus statements14-16 published by 

the American Diabetes Association (ADA) and American Psychiatry Association (APA). 

 Exposure to atypical antipsychotic medications in foster care youth and other 

Medicaid-insured youth is also not short-term,11,22,73-75 with significantly longer durations 

in children than in adolescents,11 and usually occurs in combination with other 

psychotropic medications.22-24,76,77 In terms of the complexity of the medication regimens, 

studies show that more than half of atypical antipsychotic-treated Medicaid-insured youth 

have concomitant exposures to other psychotropic medication classes, e.g., stimulants 

and antidepressants, mainly selective serotonin reuptake inhibitor/serotonin 

norepinephrine reuptake inhibitors (SSRI/SNRIs).22,24,78,79 In a population-based sample 

of children and adolescents who filled psychotropic medications,80 parental reports 

revealed a greater number of side effects in youth receiving multiple psychotropic 

medications, particularly for combinations involving antipsychotic medications, than in 

youth receiving a single psychotropic medication.  

In the practice parameter for atypical antipsychotic use in youth,81 the American 

Academy of Child and Adolescent Psychiatry calls for a cautious approach in prescribing 
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multiple psychotropic medications concurrently and recommends that antipsychotic 

medications should be prescribed “as a substitute rather than as an adjunct” treatment. By 

contrast, the trend in concomitant use of antipsychotics with other psychotropic 

medications continues to increase in light of the substantial public health and government 

concerns. For example, in a period from 2004 to 2008, the growth in antipsychotic use 

concomitantly with any other psychotropic medication classes increased by 22% in a 

nationally representative sample of Medicaid-insured youth.24 Moreover, the increase in 

concurrent antipsychotic use was greatest with antidepressant and stimulant medications 

and mostly occurred in youth who are relatively less impaired, including income-eligible 

youth (youth eligible for Medicaid coverage due to low-family income) and youth with 

non-comorbid ADHD.24 From a clinical pharmacology standpoint, the combination of 

atypical antipsychotic medications with other psychotropic medications such as 

stimulants or SSRI/SNRIs deserves serious attention.82-84 There is no established 

evidence to strongly support concomitant use of antidepressants or stimulants with AAPs, 

particularly in children and adolescents and in the treatment of behavioral disorders that 

lack cardiometabolic monitoring.85,86  

While antipsychotic treatment-emergent serious cardiovascular risks have been 

well studied and documented in community-treated adults,37,87-90 it is currently not known 

whether antipsychotic medications alone or concurrently with SSRI/SNRI or with 

stimulant medications increase the risk of serious cardiovascular events in youth and 

warrants rigorous assessment. Although treatment-emergent diabetes and weight gain 

following long-term SSRI/SNRI exposure has recently been shown in adults,29-33,35,36,91-93 



13 
 

along with the FDA communication on potential cardiac risks of serotonin reuptake 

inhibitors,94-96 the relationship has not yet been explored in youth. 

 In addition to treating psychiatric disorders, stimulants, particularly 

amphetamines, were historically used to aid in weight loss.97 While there is no known 

clinical and biological rationale why and how stimulants may induce weight gain or type 

2 diabetes, the topic of stimulant treatment-emergent risk of cardiovascular events 

continues to remain controversial,98 with some population-based studies showing an 

increased risk99-102 while the majority demonstrating no increased risk.103-108 

It is important to recall that capturing the experience of a ‘real world’ population 

is necessary if long-term exposures are to be addressed because clinical trials or meta-

analyses of trials are neither feasible nor generalizable to community populations for drug 

risk assessment.109 This dissertation responds to a major knowledge gap in patient safety 

by assessing the risk of adverse cardiometabolic events (i.e., type 2 diabetes and 

cardiovascular events) in a population of Medicaid-insured children and adolescents 

treated with atypical antipsychotics and other leading psychotropic medication classes 

(i.e., stimulants and antidepressants). The dissertation project employed state-of-the-art 

methodology (design and statistical analysis) in a retrospective, longitudinal model to 

capture treatment-emergent diabetes and cardiovascular risks in youth with up to 5 years 

of psychotropic medication exposure. In this dissertation project, my goal was to extend 

the atypical antipsychotic pediatric risk assessment by building upon the sophisticated 

work of Bobo et al.’s recent analysis,26 which originated at the pioneering U.S. 

pharmacoepidemiology training site of Wayne Ray, PhD.  

 



14 
 

2.2 Significance 

The dissertation addresses a major concern on pediatric drug safety. The study 

goes beyond clinical trial data to understand potential diabetes and cardiovascular risks 

associated with leading psychotropic medications. The findings from this study can 

improve clinical practice for children and adolescents with emotional and behavioral 

disorders, particularly in poor and vulnerable populations of youth, e.g., foster care youth, 

youth with disabilities, and youth with low family income.   

The significance of the proposed dissertation projects is reflected in two major 

ways. First, the approach characterizes a growing aspect of mental health treatment 

practices in primary care and psychiatric specialty care, i.e., the use of combinations of 

major drug classes, e.g., atypical antipsychotics with antidepressants or stimulants.23,57,80 

Psychotropic medication use to treat off-label conditions, e.g., antipsychotics or 

antidepressants in the treatment of behavioral disorders,11,44,110,111 raises pharmacological 

and appropriateness questions regarding the relatively weak justification in terms of 

benefits and risks of such drug therapy.  Studying the cumulative effect of such 

increasingly frequent patterns of multiple exposures in community care will offer 

findings of great relevance to practitioners.  Currently, the medical prescribing 

community tends to use such widespread off-label practices based on practice guidelines, 

which often have evidence derived from short-term clinical trials or case series, and are 

silent on the lack of robust, population-based safety data.112 With the geographically 

diverse findings of the proposed study, policy makers at state Medicaid and foster care 

agencies will be better equipped to implement systematic drug prescribing oversight to 
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assure appropriate use and monitoring of atypical antipsychotic therapy for off-label 

conditions, particularly in complex multiple drug regimens.  

The complexity of psychotropic medication treatment is demonstrated to be 

increasing in numerous pediatric utilization studies.22-24,44,77 The proposed study objective 

to measure risk associated with multiple psychotropic drug exposures is innovative as it 

brings complexity into the safety assessment of prescription drug use, which to our 

knowledge, has not yet been adequately reported to the pediatric literature.26,71,103,105,107 

The added value of such an approach is that the results could avoid the unintended 

consequences of applying the potentially oversimplified results from single drug risk 

studies. For example, if future atypical antipsychotic drug use were switched to other 

psychotropic classes that may pose similar cardiometabolic risk, e.g., antidepressants, the 

resulting treatment guideline would be less than optimal. Secondly, the methodology is 

innovative in that 1) time-dependent statistical methods were employed accounting for 

changes in medication use over time, which has not been fully controlled in prior safety 

studies in youth; 2) from clinical pharmacological standpoint, it is valuable to ascertain 

whether cumulative days of use or cumulative dosage increase the risk. 
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3. Aim 1: Concomitant Use of Atypical Antipsychotics with Other Psychotropic 

Medications and the Risk of Type 2 Diabetes Mellitus among Medicaid-insured 

Youth 

 

3.1 Abstract 

Background: The use of atypical antipsychotics (AAPs) among publicly insured U.S. 

youth has substantially increased in the past two decades. Furthermore, more than half of 

AAP-treated youth also have concomitant antidepressant or stimulant use, although the 

metabolic effects of such combinations are largely unknown.  

Objectives: To assess the association between concomitant use of AAPs with 

antidepressants or stimulants and the risk of incident type 2 diabetes mellitus (T2DM). 

Design: Retrospective cohort study. 

Setting: Administrative Medicaid claims data from 4 geographically diverse large states. 

Participants: Youth (5-20 years) who initiated AAP treatment in 2005-2009.  

Interventions: In this cohort of AAP initiators, we identified youth who also had 

antidepressant (selective serotonin reuptake inhibitors/serotonin-norepinephrine reuptake 

inhibitors [SSRI/SNRIs], tricyclic/other cyclic antidepressants [TCAs], and other 

antidepressants) or stimulant usage. Medication use was assessed using time-varying 

measures: current/former/nonuse, duration of use, and cumulative dose.  

Main outcomes and measures: Incident T2DM was assessed using discrete time failure 

models, adjusting for disease risk score estimated using >125 baseline and time-

dependent covariates. 



17 
 

Results: Among 73,224 AAP initiators (median follow-up=22 months), 43.0% had 

concomitant antidepressant usage (76.4% were SSRI/SNRIs) and 43.8% had concomitant 

stimulant usage. Current AAP users had 3.07-fold increased risk (95% Confidence 

Interval [CI]=2.02-4.65) of T2DM (absolute risk=1.35/10,000 person-months) compared 

with former users. Further, in current AAP-treated youth, concomitant exposure to 

SSRI/SNRIs (relative risk [RR]=1.84, 95% CI=1.30-2.59) or TCAs (RR=2.75, 95% 

CI=1.28-5.87) was associated with an increased risk of T2DM. By contrast, concomitant 

exposure to other antidepressants or stimulants was not associated with an increased risk 

of T2DM. In current AAP users, the risk of T2DM also increased with the duration of 

AAP use (RR=2.21, 95% CI=1.16-4.23 for >365 days and RR=1.83, 95% CI=1.09-3.06 

for 181-365 days vs. 1-90 days) and the cumulative AAP dose (RR=2.67, 95% CI=1.47-

4.85 for >1,000 mg and RR=1.97, 95% CI=1.08-3.61 for 501-1,000 mg vs. 1-100 mg in 

risperidone dose equivalents). Moreover, in concomitant users of AAPs and SSRI/SNRIs, 

the risk of T2DM increased with the duration of SSRI/SNRI use (RR=2.35, 95% 

CI=1.15-4.83 for ≥180 days vs. 1-180 days) as well as with the cumulative SSRI/SNRI 

dose (RR=1.99, 95% CI=1.08-3.67 for >2,700 mg vs. 1-2,700 mg fluoxetine dose 

equivalents)—after adjusting for the duration and cumulative dose of AAP use. By 

contrast, in concomitant users of AAPs and stimulants, neither duration nor cumulative 

dose of stimulants was associated with an increased risk of T2DM. 

Conclusions: In antipsychotic-treated Medicaid-insured youth, concomitant SSRI/SNRI 

use was associated with an increased risk of T2DM, which intensified with the increasing 

duration and dose exposure.  
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3.2 Introduction 

Over the last two decades, second generation of antipsychotics, i.e., atypical 

antipsychotics (AAPs) have largely replaced first generation antipsychotics.1 The 

increasing use of atypical antipsychotic medications in U.S. youth has been profound,5,9 

outpacing the growth in adults,5 particularly for off-label use in the treatment of 

externalizing (behavioral) disorders.5,9,11 Such expanded AAP use was particularly 

notable among Medicaid-insured U.S. youth, whose prevalence of antipsychotic use was 

nearly 6-fold greater than their privately insured counterparts.21 The growth in pediatric 

use of AAPs did not just occur in the U.S. but also in other western countries such as 

France,113 Germany,114 the Netherlands,115 and U.K.116 

 This increased AAP use in youth occurred amidst safety warnings. In 2003, in 

response to emerging cardiometabolic safety concerns, U.S. Food and Drug 

Administration (FDA) issued class warnings for AAPs on their treatment-emergent risks, 

such as metabolic syndrome and diabetes.13 Even in many short-term clinical studies of 

AAPs in youth, the treatment-emergent cardiometabolic abnormalities were prominent.64 

More recently, population-based studies reported increased risk of incident type 2 

diabetes mellitus (T2DM) associated with antipsychotic exposure in community-treated 

youth populations.26,28,71 For example, in a retrospective cohort study of Medicaid-

insured youth,26 Bobo and colleagues showed that youth initiating treatment with 

antipsychotics had a 3-fold increased risk of developing T2DM compared with youth 

who initiated treatment with other psychotropic medication classes. 

 More than half of antipsychotic-treated, Medicaid-insured youth have 

concomitant exposure to other psychotropic medications, most commonly with stimulants 
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or antidepressants,24,44 raising concerns regarding the metabolic effects of such 

combinations in youth. However, little attention has been given to the possibility of an 

increased risk of diabetes in youth populations associated with concomitant use of AAPs 

with other major psychotropic medication classes. While there is no known biological 

plausibility for stimulant treatment-emergent risk of diabetes, there is growing 

evidence—mostly in the adult literature—that antidepressants are independently 

associated with an increased risk of T2DM.29,30,117 The evidence in youth is limited to a 

secondary analysis in a recent study,28 wherein antidepressant use during the period three 

months prior to AAP initiation was associated with an increased risk of T2DM. Thus, 

there is a need for a comprehensive assessment of the T2DM risk for the concomitant use 

of AAPs with major psychotropic medication classes that accounts for time-dependent 

exposure status, duration of use, and cumulative dose exposure.  

 The primary objective of the present study was to assess the risk of incident 

T2DM associated with concomitant use of AAPs with antidepressant subclasses in 

Medicaid-insured youth. We hypothesized that among AAP-treated youth, concomitant 

exposure to antidepressants would be associated with an increased risk of T2DM. Also, 

as a control, we assessed the risk for T2DM with the concomitant use of AAPs and 

stimulants, hypothesizing that this combination would not be associated with an increased 

risk. Finally, we evaluated whether the risk of T2DM is affected by the duration of use 

and the cumulative dose exposure to AAPs as well as to antidepressants and stimulants.  
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3.3 Methods 

Data source 

This study analyzed computerized administrative claims from the Medicaid 

Analytic eXtract database for 4 large geographically diverse states (California, Florida, 

Illinois, New Jersey) for calendar years 2004 through 2009.43 The data included 

enrollment files, and claim files for inpatient, outpatient and physician services, and 

prescription drug dispensings. The enrollment files were used to derive information on 

monthly enrollment and eligibility status, and sociodemographic characteristics of the 

enrollees. An encrypted identification number was assigned to each Medicaid-insured 

youth to link enrollment files to service claims.  

 

Study design and population  

In a retrospective cohort design, the study population was comprised of Medicaid-

insured youth who were 5-20 years of age. Since antipsychotic use in preschool age 

children is not common,118 children <5 years of age were not included. A new-user 

design119 was applied by restricting the study cohort to those who initiated treatment with 

an oral atypical antipsychotic medication. The treatment initiation date served as the 

index date for cohort entry. The inclusion and exclusion criteria for the study cohort were 

summarized in the figure 3.1. There were 73,224 youth who initiated AAP treatment and 

met the other study eligibility criteria (Figure 3.1). 
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Figure 3.1 Flow chart for the study cohort of Medicaid-insured youth (5-20 year olds) 

who were new users of atypical antipsychotic medications, 2005-2009 

 

 

aLife-threatening or serious somatic conditions included sickle cell disease, cystic fibrosis, cerebral palsy, 

cancer, human immunodeficiency virus (HIV) infection, organ transplant, dialysis/end stage renal disease, 

respiratory failure, aplastic anemia, congenital immune deficiencies, Down syndrome, other lethal 

chromosomal anomalies, fatal metabolic diseases, serious neuromuscular disease 

 

In the dataset, before the exclusion criteria were applied, there were 183,263 

youth (5-20 years of age) who had a dispensing of an oral atypical antipsychotic 

medication (aripiprazole, clozapine, olanzapine, paliperidone, quetiapine, risperidone, 

ziprasidone) during 2005 through 2009. Treatment initiation with injectable preparations 

of atypical antipsychotic was not considered as this may indicate a complicated clinical 
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case and may suggest early history of antipsychotic use. We required continuous 

enrollment in Medicaid for 12 consecutive months prior to the first dispensing date 

(index date) of an oral atypical antipsychotic so that recent history of prescription drug 

use, medical and administrative characteristics could be assessed. To qualify for new use, 

we excluded youth with an oral or injectable conventional antipsychotic or atypical 

antipsychotic use during 365 days prior to the first dispensing date of an oral atypical 

antipsychotic during 2005 through 2009. Because of concerns regarding the quality of 

managed care encounter data in Florida Medicaid,120,121 we excluded Florida youth who 

were enrolled in a comprehensive or behavioral managed care plan. To assure that there 

would be adequate health care utilization and active contact with the health care system, 

youth were required to have at least 2 outpatient visits on separate days in the 365 days 

prior to the index date.  

To assure our study findings generalized to community-treated youth populations, 

youth who had an admission to a long-term care facility, regardless of diagnosis, during 

365 days prior to the index date were excluded. Likewise, youth were also excluded if 

there were in hospice care or diagnosed with life-threatening and serious somatic 

conditions during 365 days prior to the index date (Appendix 1).26 Females were 

excluded if they had an inpatient or outpatient encounter or a procedure claim related to 

pregnancy or polycystic ovarian syndrome during 365 days prior to the index date. The 

rationale for this exclusion was to minimize potential misclassification bias since 

elevated blood glucose level during pregnancy (gestational diabetes) is common and 

polycystic ovarian syndrome is usually treated with oral hypoglycemic medications.122 

Finally, since this study aims to assess incident type 2 diabetes, youth were also excluded 
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if they had an inpatient or outpatient claim with a diagnosis of diabetes and if they had a 

prescription dispensing of an antidiabetic medication during 365 days prior to the index 

date.  

 

Incident type 2 diabetes mellitus  

 The main study outcome was incident diagnosis of T2DM, which was expressed 

as the number of new cases of T2DM per 10,000 person-months of follow-up. Incident 

T2DM was ascertained adapting a computerized database algorithm that was previously 

validated in a cohort of Medicaid-insured youth and had a positive predictive value of 

83.9% (Appendix 2).123  

Youth in the study were followed until the incident T2DM. Youth were censored 

if they had a diabetes-related medical care encounter that did not meet the case definition 

of T2DM (i.e., polycystic ovarian syndrome diagnosis, type 1 diabetes, or antidiabetic 

medication use in the absence of diabetes diagnosis). For those without such events, the 

study cohort was followed until their 21st birthday, the end of continuous enrollment in 

the state Medicaid systems, or the end of study (December 31, 2009), whichever came 

first.  

 

Main study exposures 

 In this cohort of AAP initiators, we also identified youth who had an exposure to 

antidepressant subclasses (selective serotonin reuptake inhibitors/serotonin-

norepinephrine reuptake inhibitors [SSRI/SNRIs], tricyclic and other related cyclic 

antidepressants [TCAs], and other antidepressants) or stimulants (Appendix 3).   
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 During follow-up, the usage of study medications was operationalized using three 

time-dependent measures which accounted for exposure status (current use, former use, 

or nonuse), duration of use (in days), and cumulative dose exposure. The exposure status 

was considered current use unless medications were discontinued for more than 90 days. 

The 90-day time window aimed to account for carryover effects124 of recently 

discontinued medications and also to allow for a biologically plausible time for the 

development and detection of treatment-emergent T2DM. Former use was defined as 

having previous use that did not occur within the past 90 days. Otherwise, the exposure 

status during follow-up was categorized as nonuse. Of note, because the study was nested 

in a cohort of AAP initiators, AAP exposure status was never classified as ‘nonuse’ 

throughout follow-up. For antidepressants and stimulants, the exposure status was 

categorized as nonuse if there was no dispensing during follow-up as well as during 365 

days prior to the cohort entry date.  

 The duration of exposure was assessed using the dispensing date and the days of 

supply information available from the prescription drug claims, and it was calculated as 

the sum of total days of supply that were available starting from the cohort entry date. 

Similarly, the cumulative dose exposure was assessed using the dispensing date, strength, 

and quantity supplied information available in the prescription drug claims, and it was 

calculated as the sum of total dosage that were available starting from the cohort entry 

date. The cumulative dose was calculated in risperidone dosage equivalents for AAPs, in 

fluoxetine dosage equivalents for antidepressants, and in methylphenidate dosage 

equivalents for stimulants (Appendix 4). After the dose equivalence conversions were 

completed, the average daily dose was 2.64 mg (median=1.50, interquartile range=1.00-
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3.00 mg) for dispensed AAPs (in risperidone dose equivalents), 24.8 mg (median=20.3 

mg, interquartile range=11.1-35.3 mg) for dispensed SSRI/SNRIs (in fluoxetine dose 

equivalents), and 38.6 mg (median=36.0 mg, interquartile range=20.0-54.0 mg) for 

dispensed stimulants (in methylphenidate dose equivalents).  

 

Analysis 

All analyses were conducted using SAS version 9.3 (SAS Institute, Inc., Cary, 

NC). To estimate the adjusted incidence of T2DM, we conducted several discrete time 

failure models wherein the unit of analysis was person-months. Discrete time analyses 

have been previously used28,107,125 and produce estimates approximately identical to those 

from Cox proportional hazard regression models while providing computational 

efficiency as well as the practical advantages in the presence of time-dependent 

exposures.126,127  

The disease risk score methodology was employed to adjust for confounding. 

Disease risk score, analogous to propensity score, is a summary confounder score that 

allows for parsimonious models. It has advantages over the propensity score in the 

presence of multiple time-dependent exposure groups.128-130 In the current study, to 

estimate the disease risk score, which is the probability of incident T2DM conditional on 

study covariates, we used the Miettinen full-cohort approach.131,132 The study covariates 

(>125 baseline and time-dependent covariates) included a range of sociodemographic, 

administrative, clinical, and other health care utilization characteristics (Appendix 5).  

 The final models that assessed the risk of T2DM according to main study 

exposures included only the variables for the main study exposures, disease risk score 
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(expressed as percentile ranks, Appendix 6) and time from cohort entry. In these models, 

we first compared the risk of T2DM according to current vs. former AAP use. The 

subsequent analyses were restricted to youth with current AAP use (i.e., excluding former 

use) so as to assess the risk according to AAP use concomitant with antidepressant 

subclasses or stimulants.  

 

Duration-response analyses 

 In youth with current AAP use, we assessed the risk of incident T2DM according 

to duration of AAP exposure. Subsequently, we evaluated whether the risk associated 

with concomitant AAP use with SSRI/SNRIs or stimulants differed in youth with long-

term (>180 days) vs. short-term (1-180 days) AAP exposure. In a subset of youth who 

were using AAPs concomitantly with SSRNI/SNRIs, we also assessed the risk of T2DM 

according to duration of SSRI/SNRI use. Likewise, we assessed the risk according to 

duration of stimulant use in youth who were using AAPs concomitantly with stimulants.  

 

Dose-response analyses 

 In youth with current AAP use, we assessed the risk of incident T2DM according 

to cumulative AAP dose (in risperidone dose equivalents). Also, we evaluated whether 

the risk associated with concomitant AAP use with SSRI/SNRIs or stimulants differed in 

youth with high (>500 mg) vs. low (1-500 mg) cumulative AAP dose. In a subset of 

youth who were using AAPs concomitantly with SSRNI/SNRIs, we further assessed the 

risk of T2DM according to cumulative SSRI/SNRI dose (in fluoxetine dose equivalents). 
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Likewise, in youth who were using AAPs concomitantly with stimulants, we assessed the 

risk according to cumulative stimulant dose (in methylphenidate dose equivalents).  

 Of note, the duration-response and dose-response analyses were not conducted for 

TCAs or other antidepressants due to their limited use.  

 

Subgroup and sensitivity analyses 

We assessed the risk of T2DM according to concomitant use of SSRI/SNRIs or 

stimulants with AAPs in youth only enrolled in fee-for-service programs (i.e., excluding 

managed care enrollees in all 4 states), in older youth (10-20 years) whose antipsychotic 

use was most prevalent,118 and in youth without a clinician-reported diagnosis of a FDA-

labelled/evidence-based indication for AAPs.50 Also, we assessed the T2DM risk within 

the first-year of follow-up (to assure that baseline covariates remained unchanged). In 

another analysis, we did not require the 90-day time window that could account for carry-

over effects. Additionally, we conducted analyses excluding youth who had exposures to 

antidepressant or stimulant medications prior to the index date (cohort entry) so as to 

attenuate prevalent user bias.119  

3.4 Results 

Characteristics of the study cohort 

 The study cohort largely comprised youth between ages 5 and14 (68.6%), males 

(64.6%), and non-Caucasian youth (55.5%) (Table 3.1). More than half of the study 

youth were eligible for Medicaid due to low family income (55.7%) or enrolled in fee-

for-service programs (57.6%). The vast majority (92.2%) had a clinician-reported 

psychiatric diagnosis. The leading clinician-reported psychiatric diagnoses, in rank order, 
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were attention-deficit/hyperactivity disorder (42.9%), depressive disorders (34.4%), and 

disruptive behavioral disorders (29.7%). In the year prior to AAP treatment initiation, 

more than half (56.8%) of the study youth had exposure to at least one other psychiatric 

medication class. Only one-quarter (28.5%) of youth had a baseline metabolic 

monitoring-related procedure.  

Table 3.1 Baseline characteristics of Medicaid-insured youth (5-20 years) who initiated 

treatment with atypical antipsychotic medications, 2005-2009, N=73,224 
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Table 3.1 Continued 

 
aOther (race/ethnicity) includes youth of Asian, Native Hawaiian or other Pacific Islander race/ethnicity, 

and youth with more than one race or unknown race/ethnicity  
bSSI: Supplemental Security Income (youth with disabilities) 
cTANF/CHIP: Temporary Assistance for Needy Families/Children’s Health Insurance Program (youth 

eligible for Medicaid based on low family income) 
dPDD/ID: Pervasive developmental disorder/Intellectual disability 
eADHD: Attention-deficit/hyperactivity disorder 
fSSRI/SNRI: Selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor 
gTCA: Tricyclic and other related cyclic antidepressant 
hMetabolic panel includes testing for blood glucose level  

 

The study cohort had an average follow-up of 24.8 months (median=22.0 months, 

interquartile range (IQR)=10.0-38.0 months). During follow-up, 43.8% of the study 

cohort had concomitant use of stimulants, and 34.4% had concomitant use of 

SSRI/SNRIs (Table 3.2). Far fewer had concomitant use of TCAs (2.6%) and other 

antidepressant medications (16.4%). The average duration of AAP use was 294.2 days 

(median=154.0 days, IQR=60.0-403.0 days) (Table 3.3) 

 

 

 

 

Characteristic N % 

Age group    

Psychiatric medications   

  Any psychiatric medication use 41,555 56.8 

  ADHD
e
 drugs 29,361 40.1 

      Atomoxetine 5,069 6.9 

      Central alpha agonists 8,478 11.6 

      Stimulants 25,536 34.9 

  Anticonvulsant-mood stabilizers 6,880 9.4 

  Antidepressants 18,015 24.6 

      SSRI/SNRI
f 

12,954 17.7 

      TCA
g 

1,436 2.0 

      Other antidepressants
 

6,493 8.9 

  Anxiolytic/hypnotics 2,590 3.5 

  Lithium 557 0.8 

Metabolic screening procedures 20,840 28.5 

  Diabetes screening  3,258 4.5 

  Hyperlipidemia screening  7.884 10.8 

  Metabolic panel
h 

18,646 25.5 
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Table 3.2 Atypical antipsychotic, antidepressant, and stimulant medication use during the 

follow-up among Medicaid-insured youth (5-20 years) who were new users of atypical 

antipsychotic medications, 2005-2009 

 

 
aSSRI/SNRI: Selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor 
bTCA: Tricyclic and other related cyclic antidepressant 

 

 

Table 3.3 Duration of atypical antipsychotic, antidepressant, and stimulant medication 

during follow-up 

 
aIQR: Interquartile range; Q1: First quartile; Q3: Third quartile 
bSSRI/SNRI: Selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor 
cTCA: Tricyclic and other related cyclic antidepressant 

 

The risk of incident type 2 diabetes mellitus 

 There were 182 incident cases of T2DM, most of which occurred during current 

AAP use (Table 3.4). Current AAP use was associated with a 3.07-fold increased risk 

 N % 

Atypical antipsychotics (AAPs) 73,224 100 

Antidepressants   

  Total 33,024 45.1 

  Concomitantly with AAPs 31,452 43.0 

  SSRI/SNRI
a   

    Total 25,195 34.4 

    Concomitantly with AAPs 24,014 32.8 

  TCA
b   

    Total 2,256 3.1 

    Concomitantly with AAPs 1,934 2.6 

  Other antidepressants
   

    Total 13,077 17.9 

    Concomitantly with AAPs 11,982 16.4 

Stimulants    

  Total 33,052 45.1 

  Concomitantly with AAPs 32,069 43.8 
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(95% Confidence Interval [CI]=2.02-4.65) of incident T2DM (absolute risk=1.35/10,000 

person-months) compared with former use. 

 Among AAP-treated youth, concomitant exposure to SSRI/SNRIs (relative risk 

[RR]=1.84, 95% CI=1.30-2.59) or to TCAs (RR=2.75, 95% CI=1.28-5.87) was 

associated with increased risk of T2DM (Table 3.4). By contrast, concomitant use of 

other antidepressants (RR=1.42, 95% CI=0.92-2.18) or stimulants (RR=0.71, 95% 

CI=0.46-1.08) were not associated with an increased risk.  

Table 3.4 The risk of incident type 2 diabetes and concomitant use of atypical 

antipsychotics with antidepressant and stimulant medications  

 

 
aAdjusted for disease risk score (expressed as percentile ranks) and time from cohort entry (i.e., follow-up 

month) 
bSSRI/SNRI: Selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor 
cTCA: Tricyclic and other related cyclic antidepressant  

*One of the cells may have <11 cases. To protect the patient confidentiality, the current policy by the 

Centers for Medicare and Medicaid Services stipulates that no cell (e.g., admissions, discharges, patients, 

services) 10 or less may be displayed. Also, no use of other data or other mathematical formulas may be 

used if they result in the display of a cell 10 or less 
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Duration-response relationship 

 Among current AAP users, the risk of T2DM increased with the duration of AAP 

use, resulting in a relative risk of 2.21 (95% CI=1.16-4.23) for >365 days of exposure and 

a RR of 1.83 (95% CI=1.09-3.06) for 181-365 days of use compared to those with 1-90 

days of use (Table 3.5). The risk of incident T2DM associated with concomitant AAP 

and SSRI/SNRI use varied according to the duration of AAP use. Concomitant use of 

SSRI/SNRIs was associated with an increased risk of T2DM in youth with >180 days of 

AAP use (RR=2.21, 95% CI=1.42-3.44), but not in youth with 1-180 days of AAP use 

(RR=1.34. 95% CI=0.77-2.35). By contrast, concomitant use of stimulants with AAP use 

was not associated with an increased risk of T2DM, regardless of duration of AAP use.  

 Subsequently, we assessed whether the increased risk of T2DM associated with 

concomitant SSRI/SNRI use was dependent on the duration of SSRI/SNRI use. In youth 

with concomitant AAP and SSRI/SNRI use, the risk of incident T2DM increased 

significantly with the duration of SSRI/SNRI use (Table 3.6). After adjusting for the 

duration of AAP use and other study covariates, youth with ≥180 days of SSRI/SNRI use 

had a 2.35-fold increased risk of T2DM (95% CI=1.15-4.83) compared to those with  

1-180 days of SSRI/SNRI use. Conversely, in youth with concomitant AAP and stimulant 

use, the duration of stimulant use was not significantly associated with an increased risk 

of incident T2DM (Table 3.6).  
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Table 3.5 The risk of incident type 2 diabetes according to duration of atypical 

antipsychotic (AAP) use and concomitant exposure to SSRI/SNRIs or stimulants  

 

 
aAll models were adjusted for disease risk score (expressed as percentile ranks), time from cohort entry 

(i.e., follow-up month), and exposures to tricyclic and other related cyclic antidepressants and other 

antidepressant medications. In the first model that assessed the risk according to duration of AAP use (main 

independent variable), the model was also adjusted for exposure to SSRI/SNRIs and stimulants. 

SSRI/SNRI use and stimulant use were the main independent variables in the other 2 models that were 

stratified by duration of AAP exposure (≤180 vs. >180 days of exposure)  
bSSRI/SNRI: Selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor 
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Table 3.6 The risk of incident type 2 diabetes according to duration of SSRI/SNRI 

(selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor) or 

stimulant exposure in concomitant users of atypical antipsychotic (AAP) medications 

with SSRI/SNRIs or stimulants 

 

 
aBoth models were adjusted for disease risk score (expressed as percentile ranks), time from cohort entry 

(i.e., follow-up month), duration of AAP exposure, and exposures to tricyclic and other related cyclic 

antidepressants and other antidepressant medications. In concurrent users of SSRI/SNRIs and AAPs, the 

regression model was also adjusted for exposure to stimulants. Likewise, in concurrent users of stimulants 

and AAPs, the regression model was also adjusted for exposure to SSRI/SNRIs 

 

Dose-response relationship 

 Among current AAP users, the risk of T2DM increased with the cumulative AAP 

dose (in risperidone dose equivalents), with a RR of 2.67 (95% CI=1.47-4.85) for >1000 

mg and a RR of 1.97 (95% CI=1.08-3.61) for 501-1000 mg compared with 1-100 mg 

cumulative AAP dose (Table 3.7). In youth with current AAP use, concomitant 

SSRI/SNRI use was associated with an increased risk of T2DM in youth who had >500 

mg cumulative AAP dose (RR=1.95, 95% CI=1.24-3.05) but not in youth with 1-500 mg 

cumulative AAP dose (RR=1.58, 95% CI=0.92-2.71). Concomitant stimulant use was not 

significantly associated with an increased risk of T2DM regardless of cumulative AAP 

dosage. 
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Table 3.7 The risk of incident type 2 diabetes according to cumulative dose of atypical 

antipsychotic (AAP) exposure and concomitant exposure to SSRI/SNRIs or stimulants  

 

 
aAll models were adjusted for disease risk score (expressed as percentile ranks), time from cohort entry 

(i.e., follow-up month), and exposures to tricyclic and other related cyclic antidepressants and other 

antidepressant medications. In the first model that assessed the risk according to duration of AAP use (main 

independent variable), the model was also adjusted for exposure to SSRI/SNRIs and stimulants. 

SSRI/SNRI use and stimulant use were the main independent variables in the other 2 models that were 

stratified by duration of AAP exposure (≤180 vs. >180 days of exposure)  
bCumulative atypical antipsychotic dose was calculated in risperidone equivalents 
cSSRI/SNRI: Selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor 

 

 Subsequently, we assessed whether the increased risk of T2DM associated with 

concomitant SSRI/SNRI use was dependent on the cumulative SSRI/SNRI dosage (in 

fluoxetine dose equivalents). In youth with concomitant AAP and SSRI/SNRI use, the 

risk of incident T2DM increased significantly with the cumulative SSRI/SNRI dosage 

(Table 3.8). After adjusting for the cumulative AAP dosage and other study covariates, 

youth who had >2,700 mg (median) cumulative SSRI/SNRI dose had a 1.99-fold 

increased risk of T2DM (95% CI=1.08-3.67) compared to youth who had ≤2,700 mg 

cumulative SSRI/SNRI dose. By contrast, in youth with concomitant AAP and stimulant 
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use, cumulative stimulant dose was not significantly associated with an increased risk of 

incident T2DM (Table 3.8).  

Table 3.8 The risk of incident type 2 diabetes according to cumulative SSRI/SNRI 

(selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor) or 

stimulant dose exposure in concomitant users of atypical antipsychotic (AAP) 

medications with SSRI/SNRIs or stimulants 

 

 
aBoth models were adjusted for disease risk score (expressed as percentile ranks), time from cohort entry 

(i.e., follow-up month), cumulative AAP dosage exposure, and exposures to tricyclic and other related 

cyclic antidepressant and other antidepressant medications. In concurrent users of SSRI/SNRIs and AAPs, 

the regression model was also adjusted for exposure to stimulants. Likewise, in concurrent users of 

stimulants and AAPs, the regression model was also adjusted for exposure to SSRI/SNRIs 
bCumulative SSRI/SNRI dose was calculated in fluoxetine dose equivalents (median=2,700 mg, 

interquartile range [IQR]= 900-7,436 mg) 
cCumulative stimulant dose was calculated in methylphenidate dose equivalents (median=8,450 mg, 

interquartile range [IQR]=2,700-21,708 mg) 

 

 

Sensitivity and subgroup analyses 

 Among current AAP users (Appendix 7), the risk of incident T2DM remained 

elevated in youth with concomitant SSRI/SNRI use in the following circumstances: a) 

when the study cohort was restricted to fee-for-service enrollees (RR=1.68, 95% 

CI=1.10-2.57); b) among older youth, i.e., 10-20 year olds (RR=1.85, 95% CI=1.30-

2.63); c) in youth without a clinician-reported diagnosis of an FDA-labelled/evidence-

based indication for AAPs (RR=2.40, 95% CI=1.51-3.84); d) during the first year of 

follow-up (RR=1.92, 95% CI=1.18-3.12); e) when there was no time window allowance 

for carry-over effects (RR=2.13, 95% CI=1.46-3.11); f) when youth with SSRI/SNRI use 
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prior to cohort entry were excluded in a cohort of AAP initiators (new use of both AAPs 

and SSRI/SNRIs) (RR=1.58, 95% CI=1.04-2.41); and g) when youth with SSRI/SNRI 

use prior to cohort entry were excluded in a cohort that also included prevalent AAP 

users (RR=2.02, 95% CI=1.45-2.81). By contrast, in youth with current AAP use, 

concomitant stimulant use was not associated with an increased risk of incident T2DM 

across similar sensitivity and subgroup analyses.  

 

3.5 Discussion 

In this cohort of Medicaid-insured youth who initiated treatment with atypical 

antipsychotics (AAPs), a major finding on concomitant AAP use with SSRI/SNRIs—the 

most commonly used antidepressant subclass—was the 1.84-fold increased risk of 

incident type 2 diabetes mellitus. Moreover, the increased risk intensified markedly with 

increasing duration of SSRI/SNRI use and cumulative SSRI/SNRI dose. There was a 

2.35-fold increased risk of T2DM for youth with >180 days of exposure compared youth 

with 1-180 days of exposure and a nearly 2-fold increased risk of T2DM for youth with 

>2,700 mg cumulative SSRI/SNRI dose (in fluoxetine dose equivalents) compared with 

youth 1-2,700 mg cumulative SSRI/SNRI dose. By contrast, as hypothesized, stimulant 

use concomitant with AAP use was not associated with an increased risk of T2DM. 

Given the recent growth in concomitant AAP use with antidepressants among Medicaid-

insured youth,23,24 these findings merit attention.  

 To our knowledge, this is the first comprehensive study that assesses the risk of 

T2DM associated with concomitant use of AAPs with the other leading psychotropic 

medication classes. As a recently published systematic review revealed,133 the risk of 
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T2DM associated with antidepressant use in AAP-treated youth has been thus far 

reported in a single study.28 In that large retrospective cohort study of Medicaid-insured 

youth,28 Rubin and colleagues reported that antidepressant use in the month of AAP 

initiation or in the 3 months prior was associated with 54% increased risk of incident 

T2DM compared to youth who did not have antidepressant exposure in that time window. 

Our study corroborates and strengthens this finding by providing a comprehensive 

analysis examining the T2DM risk according to antidepressant subclass use, duration of 

use, and cumulative dose exposure in a cohort of AAP-treated youth.  

While pediatric safety data on AAP and antidepressant combinations are scarce, 

there is a growing body of research reporting antidepressant treatment-emergent risk of 

T2DM in adult populations.29,30,117 For example, in a case-control study nested in a large 

cohort of adults who were new users of antidepressants,29 long-term use of SSRIs and 

TCAs were, respectively, associated with 1.77- and 2.06-fold increased risk of incident 

T2DM. Several reasons have been postulated to explain the association between 

antidepressant exposure and the risk of T2DM. These include significant weight gain 

associated with long-term antidepressant use;30,91 altered glucose metabolism through 

insulin resistance and inhibition of insulin secretion;117,134 hyperglycemia, particularly 

with antidepressants that have high affinity for norepinephrine reuptake transporter, 5-

HT2c (serotonin) receptor, and H1 (histamine) receptor.92 Additionally, several serotonin 

reuptake inhibitors are known to inhibit certain cytochrome P450 enzymes,135 thereby 

potentially slowing AAP metabolism and prolonging their treatment-emergent metabolic 

effects. 
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Further research is warranted to better elucidate the underlying biological 

mechanism for the incidence of T2DM associated with concomitant AAP and 

antidepressant exposure in youth populations. At the service delivery level, there are 

potentially substantial implications of the study findings. In response to serious public 

health and government concerns,41,48-50 several state Medicaid agencies have 

implemented oversight policies targeting pediatric use of AAP medications.136 However, 

many of these programs do not have cardiometabolic monitoring criteria for complex 

AAP use and do not apply to older youth who exhibit high rates of AAP use with other 

psychotropic medication classes.118 Additional efforts are needed to implement 

systematic drug prescribing oversight to assure appropriate use and monitoring of 

atypical antipsychotic therapy for off-label conditions, particularly in complex multiple 

drug regimens. 

 

Strengths and limitations 

 Rigorous statistical methods were employed to control for a wide range of 

potential confounders at baseline as well as over the course of follow-up, and the drug 

exposures were operationalized using multiple measures (i.e., current/former/nonuse, 

duration of use, and cumulative dose) to assess the risk of T2DM. In addition, we 

conducted several sensitivity/subgroup analyses to examine the robustness of the study 

design/results. Nevertheless, several limitations should be noted. First, unmeasured 

confounding cannot be completely eliminated in observational studies, but in the present 

study, we used a “new user” design119 and nested our study in a cohort of AAP initiators. 

This design has strengths in mitigating potential bias due to unmeasured confounding 
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(e.g., disease severity, differential metabolic monitoring/surveillance between AAP users 

and non-users).137,138 Of note, sociodemographic characteristics of current and former 

users were similar but the cumulative duration of AAP use was longer in youth with 

current AAP use (data not shown). Second, medication dispensings from administrative 

claims do not always equate with actual consumption. However, the focus on long-term 

use and cumulative dose exposures increases the likelihood of actual consumption. Third, 

the data cannot rule out missing diagnoses, but our study outcome (T2DM) was 

ascertained using a computerized algorithm that was previously validated against medical 

records of Medicaid-insured youth.123 Fourth, duration-response and dose-response 

analyses were not conducted for non-SSRI/SNRI antidepressants due to inadequate 

exposure, but our study provided a comprehensive analysis by featuring the major 

antidepressant subclass, duration of use, and cumulative dose. 

 Overall, the absolute risk for incident T2DM was low and the relative risk 

estimates should be interpreted with caution by considering the available evidence for 

both benefits and risks of complex AAP combinations in youth. However, in a sensitivity 

analysis, the risk remained elevated for concomitant AAP and SSRI/SNRI exposure in 

youth without a clinician-reported diagnosis of a FDA-labelled/evidence-based indication 

for AAPs.50 Also, metabolic adverse effects may not be limited to T2DM. Finally, the 

findings may not necessarily apply to privately-insured or uninsured U.S. youth, but 

published utilization studies21,44 indicate that the relatively greater prevalence of AAP use 

in the Medicaid population warrants an emphasis on this group. Of note, Medicaid-

insured youth from the 4 large geographically diverse study states represent more than 

one-quarter of the total Medicaid-insured youth in the U.S.139  
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3.6 Conclusions 

In a large cohort of Medicaid-insured youth between the ages of 5 and 20, 

concomitant use of SSRI/SNRIs with AAPs was associated with an increased risk of type 

2 diabetes mellitus, which intensified significantly with the increasing duration of 

SSRI/SNRI use and cumulative SSRI/SNRI dose. In view of the growing complexity of 

atypical antipsychotic regimens in Medicaid-insured youth23,24 and low rates of baseline 

metabolic monitoring in youth initiating AAP treatment,72 the study findings suggest that 

complex AAP regimens should be used judiciously with appropriate cardiometabolic 

monitoring. Continued efforts are warranted to support Medicaid oversight policies136 to 

assure safe and effective use of complex AAP regimens in youth populations.  
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4. Aim 2: Antidepressant Medications and the Risk of Incident Type 2 Diabetes 

Mellitus among Medicaid-insured Youth 

 

4.1 Abstract 

Background: Antidepressants are one of the most commonly prescribed psychotropic 

medications in U.S. youth. In adults, there is emerging evidence on the risk of type 2 

diabetes associated with antidepressant use. Yet, little is known about the antidepressant 

treatment-emergent risk of type 2 diabetes (T2DM) in youth.  

Objectives: To assess the association between antidepressant use and the risk of incident 

T2DM in youth by antidepressant subclass and according to duration of use, cumulative 

dose, and average daily dose. 

Design: Retrospective cohort study. 

Setting: Medicaid claims data from 4 geographically diverse large states. 

Participants: Youth (5-20 year olds) who initiated antidepressant treatment. 

Interventions: Antidepressant use (selective serotonin reuptake inhibitors/serotonin-

norepinephrine reuptake inhibitors [SSRI/SNRIs], tricyclic/other cyclic antidepressants 

[TCAs], and other antidepressants) was assessed using four time-varying measures: 

current/former use, duration of use, cumulative dose, and average daily dose. 

Main outcomes and measures: Incident T2DM was assessed using discrete time failure 

models, adjusting for disease risk score estimated using >125 baseline and time-

dependent covariates. 

Results: In this cohort of 119,608 antidepressant initiators (mean follow-up=22.8 

months), 66.3% had a SSRI/SNRI exposure. Compared to former users, there was an 
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increased risk of T2DM for current users of SSRI/SNRIs (Relative Risk [RR]=1.88, 95% 

CI=1.34-2.64) and TCAs (RR=2.15, 95% CI=1.06-4.36), but not for current users of 

other antidepressants (RR=0.99, 95% CI=0.66-1.50). The risk of T2DM increased with 

duration of SSRI/SNRI use (RR=2.66 [95% CI=1.45-4.88] for >210 days and RR=2.56 

[95% CI=1.29-5.08] for 151-210 days compared with 1-90 days) and cumulative 

SSRI/SNRI dose (RR=2.44 [95% CI=1.35-4.43] for >4,500 mg and RR=2.17 [95% 

CI=1.207-4.40] for 3,001-4,500 mg compared with 1-1,500 mg in fluoxetine dose 

equivalents). By contrast, neither duration nor cumulative dose of other antidepressants 

was associated with an increased risk of T2DM. Overall, in current SSRI/SNRI users, the 

T2DM risk increased significantly with average daily dose. Moreover, the increased risk 

was particularly prominent in youth with long-term SSRI/SNRI use (>150 days) at higher 

average daily doses. 

Conclusions: In a large cohort of Medicaid-insured youth, SSRI/SNRI use—the most 

commonly used antidepressant subclass—was associated with an increased risk of type 2 

diabetes which intensified with increasing duration of use, cumulative dose, and average 

daily dose.  
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4.2 Introduction  

Antidepressants are one of the most commonly prescribed psychotropic 

medication class in U.S. youth.140,141 In the past two decades, there has been a marked 

increase in the percentage of U.S. children and adolescents with antidepressant usage—

from 1.5% in 1996-1998 to 2.6% in 2010-2012.140  This expansion in youth was largely 

driven by a significantly more rapid increase in antidepressant prescribing by 

pediatricians and other primary care physicians than psychiatrists.142 For youth, several 

antidepressants have evidence-based indications approved by the U.S. Food and Drug 

Administration (FDA), such as major depressive disorder, obsessive-compulsive 

disorder, and childhood enuresis,110 but their off-label use in youth is also not 

uncommon—a subject of concern and debate.111,143 

 Over the past 15 years, following the FDA’s “black-box” warning on 

antidepressants in 2004, much public health and research attention has been drawn to 

examine the potential increased risk of suicidality in children and adolescents treated with 

antidepressants.144 More recently, there are a growing number of published studies—

almost all conducted in adults—that report a substantially increased risk of type 2 

diabetes (T2DM) associated with antidepressant use.29-36 By contrast, evidence in youth 

is scarce and limited to only one study28 wherein antidepressant use concomitant with 

antipsychotics was associated with an additive increased risk of T2DM. To our 

knowledge, no population-based study exists that comprehensively examines the 

independent effect of antidepressants on the risk of incident T2DM in youth.  

In the present study, we conducted a large retrospective cohort study of Medicaid-

insured youth who initiated treatment with antidepressants and assessed the risk of 
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incident T2DM by antidepressant subclass and according to duration of use and 

cumulative dose. Subsequently, in a secondary analysis, we assessed the risk of T2DM 

according to average daily dose and also examined the interaction between the duration 

of use and average daily dose for selective serotonin reuptake inhibitors/serotonin-

norepinephrine reuptake inhibitors (SSRI/SNRIs), the leading antidepressant subclass.145  

 

4.3 Methods 

Data source 

The Medicaid Analytic eXtract (MAX) database was obtained to analyze 

computerized administrative claim files from four large geographically diverse states—

California, Florida, Illinois, New Jersey—for calendar years 2004 through 2009.43 

Medicaid administrative claims data include enrollment files and claim files for inpatient 

and outpatient services and prescription drug dispensings. The enrollment files contain 

data on monthly enrollment and eligibility status and sociodemographic characteristics. 

An encrypted identification number was assigned to each enrollee to link enrollment files 

to inpatient, outpatient, and prescription drug claim files. The inpatient and outpatient 

claim files contain information at the claim-level including diagnosis and procedure 

codes. The prescription drug claim file includes information on dispensing date, days of 

supply, quantity of supply, and national drug code, which was used to identify the name, 

strength, dosage form, and formulation of dispensed products.  
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Study design and population  

In this retrospective cohort study, the study population comprised Medicaid-

insured youth who were 5-20 years of age. To attenuate prevalent user bias,119,146 a new-

user design was applied by restricting the study cohort to those who initiated treatment 

with antidepressant medications (SSRI/SNRIs, tricyclic/other cyclic antidepressants 

[TCAs], and other antidepressants) during calendar years 2005 through 2009 (Appendix 

3).   

The flow chart in Figure 4.1 illustrates the inclusion/exclusion criteria that were 

applied to define the study cohort of 119,609 antidepressant initiators. Antidepressant 

initiation date served as the index date for cohort entry. We excluded youth who were 

partially enrolled during 365 days preceding the index date. Youth were also excluded if 

they had an enrollment in a comprehensive or behavioral managed care plan in Florida 

due to the quality concerns of managed care data from Florida. To assure that there would 

be an active contact with the health care system, youth were required to have at least 2 

outpatient visits (on separate days) in the 365 days prior to the index date. Other criteria 

(an admission to a long-term care facility or hospice care, and a diagnosis of a life-

threatening/serious somatic condition [Appendix 1]) were applied to exclude youth who 

might have received frequent care in non-community settings. Because gestational 

diabetes is common during pregnancy and oral antidiabetic medications, e.g., metformin, 

are frequently used to treat polycystic ovarian syndrome,122 these cases were excluded. 

Finally, since the main objective of the study was to assess incident T2DM, youth were 

excluded if they had a diabetes-related inpatient or outpatient claim or prescription drug 

dispensing during the 365-day period prior to the index date. 
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Figure 4.1 Flow chart for the study cohort of Medicaid-insured youth (5-20 year olds) 

who were new users of antidepressant medications, 2005-2009 

 

 
aLife-threatening or serious somatic conditions included sickle cell disease, cystic fibrosis, cerebral palsy, 

cancer, human immunodeficiency virus (HIV) infection, organ transplant, dialysis/end stage renal disease, 

respiratory failure, aplastic anemia, congenital immune deficiencies, Down syndrome, other lethal 

chromosomal anomalies, fatal metabolic diseases, serious neuromuscular disease 

 

Incident type 2 diabetes mellitus  

The main study outcome was incident diagnosis of T2DM, which was identified 

by the use of a validated computerized database algorithm. This algorithm—validated in 

a cohort of Medicaid-insured youth—had a positive predictive value of 83.9%.123 Briefly, 

new cases of diabetes were identified from inpatient stays or outpatient visits with a 
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diabetes diagnosis (ICD-9-CM codes 250, 250.0, 250.1, 250.2, 250.3, 250.9) as well as 

dispensings of antidiabetic medications (insulin, insulin adjuncts, or oral hypoglycemic 

agents). To meet the case definition of diabetes, we required an inpatient stay with a 

primary diagnosis of diabetes or a combination of ≥2 different diabetes-related medical 

care encounters (i.e., an outpatient visit with a primary diagnosis of diabetes, an inpatient 

stay with a diagnosis [any] of diabetes, or a dispensing of an antidiabetic medication) 

within a 120-day period. The initial diagnosis date of diabetes was recorded as the date 

for the initial diabetes-related medical care encounter. Youth were excluded from 

meeting the case definition if they had a polycystic ovarian syndrome related medical 

encounter within 120 days of the diagnosis date of diabetes. Cases were considered type 

1 diabetes if insulin was the sole treatment within 120 days of the diagnosis date of 

diabetes. Otherwise, the cases were considered T2DM.  

The incidence of T2DM was expressed as the number of new cases of T2DM per 

10,000 person-months of follow-up. Youth in the study were followed until the incident 

T2DM, the 21st birthday, the end of continuous enrollment in the state Medicaid 

programs, or the end of study (December 31, 2009), whichever came first.  

 

Antidepressant medication use 

In this cohort of antidepressant initiators, medication use was operationalized 

using four time-dependent measures, which accounted for usage status (current vs. 

former use), duration of use (in days), cumulative dose exposure, and average daily dose. 

Medication use was considered current if medications were not discontinued for 

more than 90 days. The rationale for the 90-day time period was to account for carryover 
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effects124 and to allow a reasonable time window for the latency/detection of 

antidepressant treatment-emergent T2DM. Medication use was considered ‘former’ if 

medications were discontinued for more than 90 days. Of note, we also conducted a 

sensitive analysis wherein we did not require the 90-day time window to account for the 

carry-over effects.  

 The duration of use was calculated in each month of follow-up as the sum of total 

days of supply that were available starting from the cohort entry date (index date). 

Similarly, the cumulative dose was calculated as the sum of total dosage that were 

available starting from the index date. To set comparable doses across antidepressant 

medications, the cumulative dosage was calculated in fluoxetine dosage equivalents (in 

mg) (Appendix 8).147,148 Finally, average daily dose (mg/day) in current users was 

calculated as cumulative dose divided by duration of use (in fluoxetine equivalents).  

 

Analysis 

All analyses were conducted using SAS version 9.3 (SAS Institute, Inc., Cary, 

NC). Discrete time failure models were used to assess the adjusted incidence of T2DM. 

The unit of analysis in these models was person-months. Discrete time analyses provide 

computational efficiency and practical advantages over Cox proportional hazard 

regression models when there are multiple time-dependent medication exposure groups to 

account for.126,127  

To adjust for confounding, we identified >125 baseline and time-dependent 

covariates that encompassed a wide range of sociodemographic, administrative and 

regional characteristics, psychiatric and non-psychiatric clinical characteristics, and 
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health care utilization characteristics (Appendix 5). Because of the high volume of study 

covariates, we employed the disease risk score methodology to generate a confounder 

summary score. The disease risk score methodology—like propensity score 

methodology—allows for parsimonious models, but provides advantages over the 

propensity score when multiple time-dependent main exposure groups are present.128-130 

Because the study cohort was nested in a cohort of antidepressant initiators, we used the 

Miettinen full-cohort approach131,132 to calculate the disease risk score, which was 

estimated as the probability of incident T2DM conditional on study covariates. 

The final regression models that assessed the risk of T2DM according to 

antidepressant exposure groups were adjusted for disease risk score, expressed as 

percentile rank groups (Appendix 9), and time from the index date. First, we assessed the 

risk of T2DM in current vs. former users of antidepressants as well as each antidepressant 

subclass. Subsequent analyses were restricted to current users so as to evaluate the risk of 

T2DM according to duration of use and cumulative dose.  

The duration-response and cumulative dose-response analyses were not conducted 

for TCAs due to their limited use. In current users of SSRI/SNRIs, we assessed the risk of 

T2DM according to duration of SSRI/SNRI use and cumulative SSRI/SNRI dose. 

Similarly, in current users of other antidepressants, we assessed the risk of T2DM 

according to duration of use and cumulative dose of other antidepressants. 

Further, we conducted secondary analyses to explore whether average daily dose 

would be associated with the risk of T2DM for SSRI/SNRIs—the leading antidepressant 

subclass. Also, we assessed whether the risk of T2DM associated with the average daily 
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dose differs according to duration of use (i.e., interaction of average daily dose and 

duration of use).  

We conducted several subgroup and sensitivity analyses. We assessed the risk of 

T2DM in older youth (10-20 year olds) wherein antidepressant use was most 

prevalent.140,145 In another analysis, we did not require the 90-day time window to 

account for the carry-over effects. Finally, we excluded youth who had usage of any other 

psychotropic medication prior to the index date. The latter analysis (in psychotropic 

medication naïve youth) attempted to attenuate confounding by disease severity since the 

prior use of other classes of psychotropic medications may reflect on the seriousness of 

psychiatric condition.  

 

4.4 Results 

Characteristics of the study cohort 

 The study cohort comprised 119,609 youth (5-20 year olds) who initiated 

treatment with antidepressants during 2005 through 2009 (Table 4.1). The study cohort 

largely represented youth who were between ages 10 and 17 (69.5%), non-Caucasian 

(53.7%), eligible for Medicaid due to low family income (67.9%), and enrolled in fee-

for-service programs (55.5%).  Males and females were equally distributed.  

 In rank order, the most commonly clinician-reported psychiatric diagnoses were 

depressive disorders (37.4%), attention-deficit/hyperactivity disorder (25.9%), anxiety 

disorders (17.7%), disruptive behavior disorders (17.0%), and adjustment disorders 

(11.8%). The majority of the study cohort (64.5%) did not have a dispensing of any other 
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psychiatric medication class in the year prior to antidepressant initiation. Moreover, less 

than one-third (28.1%) had a baseline metabolic monitoring-related procedure.  

Table 4.1 Baseline characteristics of Medicaid-insured youth (5-20 year olds) who 

initiated treatment with antidepressant medications, 2005-2009, N=119,608 
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Table 4.1 Continued 

 

 
aOther (race/ethnicity) includes youth of Asian, Native Hawaiian or other Pacific Islander race/ethnicity, 

and youth with more than one race or unknown race/ethnicity  
bSSI: Supplemental Security Income (youth with disabilities) 
cTANF/CHIP: Temporary Assistance for Needy Families/Children’s Health Insurance Program (youth 

eligible for Medicaid based on low family income) 
dPDD/ID: Pervasive developmental disorder/Intellectual disability 
eADHD: Attention-deficit/hyperactivity disorder 
fMetabolic panel includes testing for blood glucose level  

 

The study cohort had an average follow-up of 22.8 months (median=19.0 months, 

interquartile range [IQR]=9.0-35.0 months). During follow-up, SSRI/SNRIs (66.3%) 

were the most commonly used antidepressant subclass with an average duration of 179.7 

days (median=90.0 days, IQR=30.0-213.0 days) (Table 4.2). The use of non-SSRI/SNRI 

antidepressants, particularly TCAs (18.5%), was less common.  

Table 4.2 Exposure to antidepressant subclasses during follow-up among Medicaid-

insured youth (5-20 year olds) who initiated treatment with antidepressant medications, 

2005-2009 

 

 
aIQR: Interquartile range; Q1: First quartile; Q3: Third quartile 
bSSRI/SNRI: Selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor 
cTCA: Tricyclic and other related cyclic antidepressant 

   Cumulative duration of use (days) 

 N % Mean Median IQR (Q1-Q3)
a 

Antidepressants      

  SSRI/SNRI
b 

79,285 66.3 179.7 90.0 30.0-213.0 

  TCA
c 

22,143 18.5 101.7 44.0 30.0-100.0 

  Other antidepressants
 

37,609 31.4 171.3 88.0 30.0-204.0 
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The risk of incident T2DM 

 During follow-up, there were 233 incident cases of T2DM, of which 156 occurred 

in current users (absolute risk=1.16/10,000 person-months) and 77 occurred in former 

users of antidepressants (absolute risk=0.56/10,000 person-months) (Table 4.3). Overall, 

when compared with former users, current users of antidepressants (as a class) had a 

1.92-fold increased risk of T2DM (95% Confidence Interval [CI]=1.43-2.57). The risk of 

T2DM according to current vs. former use differed by antidepressant medication 

subclass. While current use of SSRI/SNRIs (relative risk [RR]=1.88, 95% CI=1.34-2.64) 

and TCAs (RR=2.15, 95% CI=1.06-4.36) was associated an increased risk of T2DM, 

current use of other antidepressants was not significantly associated with an increased 

risk of T2DM (RR=0.99, 95% CI=0.66-1.50) compared with former use.  

Table 4.3 The risk of incident type 2 diabetes according to exposure to antidepressant 

subclasses among Medicaid-insured youth (5-20 year olds) who initiated treatment with 

antidepressant medications, 2005-2009 

 

 
aAdjusted for disease risk score (expressed as percentile ranks) and time from cohort entry (i.e., follow-up 

month) 
bSSRI/SNRI: Selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor 
cTCA: Tricyclic and other related cyclic antidepressant  
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 Further, in current users of SSRI/SNRIs, the risk of T2DM intensified with 

increasing duration of SSRI/SNRI use, exhibiting a RR of 2.66 (95% CI=1.45-4.88) for 

>210 days of use and a RR of 2.56 (95% CI=1.29-5.08) for 151-210 days of use 

compared with 1-90 days of use (Table 4.4). By contrast, in current users of other 

antidepressants, the duration of use was not significantly associated with the risk of 

T2DM. Similar findings were also observed when the risk of T2DM was assessed 

according to the cumulative dose.  

 In current users of SSRI/SNRIs, the risk of T2DM also intensified with increasing 

cumulative dose (in fluoxetine dose equivalents) (Table 4.4). Compared to youth with 1-

1,500 mg cumulative SSRI/SNRI dose exposure, there was a 2.44-fold (95% CI=1.35-

4.43) increased risk of T2DM in youth with >4,500 mg cumulative SSRI/SNRI dose and 

a 2.17-fold (95% CI=1.07-4.40) increased risk of T2DM in youth with 3,001-4,500 mg 

cumulative SSRI/SNRI dose. By contrast, in youth who were current users of other 

antidepressants, the cumulative dose was not significantly associated with an increased 

risk of T2DM.   
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Table 4.4 The risk of incident type 2 diabetes according to cumulative duration and 

cumulative dose (in fluoxetine dose equivalents) among Medicaid-insured youth (5-20 

year olds) who initiated treatment with antidepressant medications, 2005-2009 
 

 
aRegression models were adjusted for disease risk score (expressed as percentile ranks), time from cohort 

entry (i.e., follow-up month), and exposure to tricyclic and other related cyclic antidepressants. In current 

users of SSRI/SNRIs, other antidepressant use was also adjusted. Likewise, in current users of other 

antidepressants, SSRI/SNRI use was also adjusted 
bSSRI/SNRI: Selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor 

 

Finally, because both the duration and the cumulative dose were associated with 

an increased risk of T2DM in current SSRI/SNRI users, we also explored the interaction 

between the duration of use and the average daily dose on the risk of T2DM (Figure 4.2). 

Overall, in current SSRI/SNRI users, the risk of T2DM increased significantly with the 

average daily dose (in fluoxetine dose equivalents), with a RR of 1.96 (95% CI=1.05-

3.64) for >30.0 mg/day and a RR of 1.83 (95% CI=1.04-3.24) for 15.1-30.0 mg/day 

compared to ≤15.0 mg/day. But, the risk of T2DM associated with the average daily dose 
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differed according to the duration of SSRI/SNRI use. In youth with >150 days of 

SSRI/SNRI use, >15.0 mg/day was associated with a 2.39-fold (95% CI=1.04-5.52) 

increased risk of T2DM compared with ≤15.0 mg/day. By contrast, in youth with 1-150 

days of SSRI/SNRI use, the average daily dose was not significantly associated with an 

increased risk of T2DM (RR=1.22, 95% CI=0.57-2.63). 

 

Figure 4.2 The risk of incident type 2 diabetes (T2DM) according to average daily dose 

(in fluoxetine dose equivalents) among Medicaid-insured youth (5-20 year olds) who 

were current users of SSRI/SNRIs, 2005-2009 

 

 
SSRI/SNRI: Selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor 

RR: Relative risk, adjusted for disease risk score (expressed as percentile ranks), time from cohort entry 

(i.e., follow-up month), and exposures to tricyclic and other related cyclic antidepressants and other 

antidepressants 

95% CI: 95% Confidence Interval 

 

The risk of incident T2DM remained elevated in youth with current SSRI/SNRI 

use across all the subgroup and sensitivity analyses (Appendix 10): a) in older youth 

(RR=1.85, 95% CI=1.32-2.60); b) when 90-day time window was not allowed to account 

for carry-over effects (RR=1.78, 95% CI=1.30-2.43); and c) when youth with any 

psychotropic medication use prior to the index date were excluded (RR=1.88, 95% 
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CI=1.18-2.99). By contrast, current use of other antidepressants was not associated with 

an increased risk of incident T2DM in all these analyses. 

 

4.5 Discussion 

In a large cohort of Medicaid-insured youth who initiated treatment with 

antidepressant medications, our main finding shows that current use of SSRI/SNRI 

medications—the leading antidepressant subclass—was associated with an increased risk 

of incident T2DM, which intensified with increasing duration of use, cumulative dose, 

and average daily dose. The increased risk was most apparent in youth with long-term 

SSRI/SNRI use at higher average daily doses. Current use of TCAs was also associated 

with an increased risk of T2DM. By contrast, current use of other antidepressants was not 

associated with an increased risk of T2DM. Moreover, in current users of other 

antidepressants, neither duration nor cumulative dose was associated with an increased 

risk of T2DM. 

There is a dearth of published reports examining the risk of T2DM associated 

with pediatric use of antidepressants. To our knowledge, this is the first population-based 

study in youth that comprehensively examines the risk of incident T2DM following 

treatment initiation with an antidepressant. One previous population-based study reported 

that among Medicaid-insured antipsychotic-treated youth, concomitant antidepressant 

use (as a class) was associated with a 54% increased risk of incident T2DM.28 In another 

study also focused on antipsychotics,25 there was a statistically increased risk of incident 

T2DM in youth treated with antipsychotics when compared to psychotropic medication 

non-users but not when compared to youth treated with antidepressants.  
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There is a growing number of studies29-36 in adults that corroborate the increased 

risk observed in our study. For example, long-term adult use of SSRIs in moderate to 

high daily doses was associated with an increased risk of T2DM.29 Adult studies also 

suggest that long-term use of antidepressants, particularly those with high affinity for 

serotonin receptors, may be associated with increased weight gain—albeit not 

substantially.30,91,149 Mechanisms other than weight gain may play a greater role in 

serotonin reuptake inhibitor treatment-emergent T2DM, including disturbances in 

glucose homeostasis,92 decreased pancreatic insulin secretion,34,134 and increased cellular 

insulin resistance.150 However, much remains to be elucidated about the biological 

pathway for incident T2DM following antidepressant use in youth.  

 

Strengths and limitations 

In a large cohort of Medicaid-insured youth, we employed a ‘new-user’ design to 

mitigate prevalent user bias,119 and used a previously validated algorithm to assess 

incident T2DM.123 Also, we nested our study solely in a cohort of antidepressant 

initiators wherein the incidence of T2DM was assessed according to current vs. former 

use (rather than non-users). This approach aimed to attenuate bias due to unmeasured 

confounding since current users should be more similar to former users than non-users 

regarding factors associated with antidepressant use.137,138,151 Additionally, in current 

users, we conducted duration-response and dose-response analyses, all of which provided 

consistent estimates for SSRI/SNRIs (significantly increased risk) and other 

antidepressants (no increased risk). Several limitations should also be noted. First, 

causality cannot be inferred from observational studies, and thus, the study findings 
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should be interpreted with caution. Nevertheless, the study employed rigorous design and 

statistical approaches to account for confounding and provides new information on the 

risk of a rare, but serious, adverse outcome that is often difficult to assess in randomized 

clinical trials due to limited sample size and inadequate follow-up.152 Second, drug 

dispensing claims are not commensurate with actual usage but the emphasis on duration 

and cumulative dose increases the likelihood of actual usage. Third, duration-response 

and dose-response analyses could not be conducted for TCAs or individual drugs due to 

limited exposure, but the study provides compelling safety information for SSRI/SNRIs, 

the major antidepressant subclass. Finally, previous research in adults suggests that 

depression, in itself, may be associated with weight gain which may in turn increase the 

likelihood of developing T2DM.30 However, in the current study, a large majority of 

antidepressant initiators (62.6%) had a clinician-reported psychiatric diagnosis other than 

depression. Also, compared with antipsychotics, SSRI/SNRI treatment-emergent weight 

gain is more limited.30,91 Furthermore, a post-hoc analysis revealed that there was no 

significant difference in the incidence of T2DM in youth with and without a diagnosis of 

depression (RR=1.02, 95% CI=0.78-1.33). 

 

4.6 Conclusions 

 In a large cohort of Medicaid-insured youth, current SSRI/SNRI use (compared 

with former SSRI/SNRI use) was associated with an increased risk of T2DM which 

intensified with the increasing duration of use, cumulative dose, and average daily dose. 

The increased risk was particularly prominent for long-term use of SSRI/SNRIs in greater 

daily doses. In the face of recent growth in the pediatric use of antidepressants in the U.S. 
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as well as other western countries,145,153 the findings from this study support further 

research to shed light on the underlying biological mechanism of antidepressant 

treatment-emergent T2DM. Also, given that more than half of antidepressant 

prescriptions to U.S. youth occur in outpatient visits to pediatricians and other primary 

care physicians,142 the study findings provide an impetus for policy development to 

improve monitoring for benefit-risk of antidepressant use in pediatric care models—

specifically for SSRI/SNRIs, the most commonly used antidepressant subclass.  
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5. Aim 3: Cardiovascular Events Following Treatment Initiation with Atypical 

Antipsychotic Medications in Medicaid-insured Youth 

 

5.1 Abstract 

Background: The increased use of atypical antipsychotic (AAP) medications in 

Medicaid-insured U.S. youth has been profound. However, little is known about the 

AAP-treatment emergent risk of adverse cardiovascular events in youth that led to 

hospitalizations or emergency department visits.  

Objectives: To assess the risk of incident adverse cardiovascular events in youth who 

initiated AAP treatment.  

Design: Retrospective cohort study. 

Setting: Computerized claims data from 4 large state Medicaid programs. 

Participants: Youth (5-20 year olds) who initiated treatment with AAPs.  

Interventions: AAP use was operationalized in a time-dependent manner according to 

current vs. former use, average daily dose (in risperidone dose equivalents), and duration 

of use. In a secondary analysis, the use of stimulants or serotonin reuptake inhibitors 

(SSRI/SNRIs) concomitant with AAPs was also assessed.  

Main outcomes and measures: The study outcome was the first cardiovascular event 

defined from hospitalizations or emergency department visits. To account for 

confounding, we used the disease risk score methodology in discrete time failure models.  

Results: There were 74,700 youth who initiated treatment with AAPs (average duration 

of AAP use=293.5 days, average follow-up=24.8 months). Compared to former users, 

there was an increased risk of cardiovascular events for current users of AAPs (Relative 
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Risk [RR]=1.55, 95% CI=1.09-2.21). In current users of AAPs, the risk of cardiovascular 

events increased further with average daily dose, exhibiting a RR of 2.04 (95% CI=1.11-

3.77) for >3.75 mg/day compared to ≤1.25 mg/day. The risk of cardiovascular events did 

not significantly differ according to duration of AAP use. Also, in AAP-treated youth, 

concomitant use of SSRI/SNRIs was associated with an increased risk of cardiovascular 

events (RR=1.61, 95% CI=1.01-2.57). By contrast, stimulant use concomitant use with 

AAPs was not significantly associated with an increased risk of cardiovascular events. 

Conclusions: In Medicaid-insured youth, current AAP use was associated with an 

increased risk of incident adverse cardiovascular events, which intensified with 

increasing dose and SSRI/SNRI use concomitant with AAPs. The findings support 

baseline assessment of cardiovascular health status prior to AAP treatment initiation. 

Prudent interpretation of these findings suggests that further research is needed to identify 

youth subpopulations with the greatest risk of developing AAP treatment-emergent 

adverse cardiovascular events.  

 

 

 

 

 

 

 

 

 



64 
 

5.2 Introduction 

 With the introduction of second generation antipsychotics, i.e., atypical 

antipsychotics (AAPs), in the early 1990s, antipsychotic use has expanded among adults 

as well as youth in the United States.1,4,9 The increased use of antipsychotic medications 

over the last 2 decades has, however, occurred at a greater rate for youth than adults.5 For 

example, in a nationally representative survey of physician office-based visits,5 from 

1993-1998 to 2005-2009, antipsychotic-prescribed visits—as a proportion of total 

outpatient visits—grew more than 6-fold for youths (from 0.16% to 1.07%), as opposed 

to the less than 2-fold growth in adults (from 0.88% to 1.73%). 

Off-label treatment—indications that are not approved by the U.S. Food and Drug 

Administration—accounts for much of this increase: attention-deficit/hyperactivity and 

other behavioral disorders such as conduct disorder now constitute the largest proportion 

of youth treated with AAPs.11,21,45,154 While antipsychotic use has increased dramatically 

in both privately and publicly insured youth,5,21 the increase was also more prominent in 

Medicaid-insured youth, with a 5-6 fold greater prevalence of use.21 This trend has 

occurred in the face of mounting reports of cardio-metabolic adverse events.53  

The results from meta-analyses of randomized clinical trials and population-based 

studies show that AAP-treatment emergent abnormalities in youth include 

hyperlipidemia, hyperglycemia, type 2 diabetes, hyperprolactinaemia, and weight gain—

for which children are at greater risk.25,26,28,52,53,55,64,71,155,156 In addition to these risks, an 

increased risk of serious cardiovascular events was also reported in population-based 

studies—mostly in adults.37-40 In these population-based studies in adults, AAPs have 

been linked to stroke, acute myocardial infarction, ventricular and other arrhythmias, and 
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sudden cardiac death.37-40 Several AAP medications are associated with the potassium ion 

channel inhibition and prolongation of QT interval—surrogate measures for the risk of 

torsades de pointes.157-160 However, much less is understood about the adverse 

cardiovascular events in youth populations following AAP use.  

We conducted a large retrospective cohort study of Medicaid-insured youth who 

initiated treatment with AAPs and assessed the risk of incident cardiovascular events 

identified from hospitalizations or emergency department visits. We examined the risk of 

cardiovascular events according to average daily AAP dose and duration of AAP use. 

Furthermore, since the majority of AAP prescriptions in US youth involve a co-

prescription of other psychotropic medication classes, mainly stimulants or selective 

serotonin reuptake inhibitor/serotonin–norepinephrine reuptake inhibitors 

(SSRI/SNRIs),23,24,44 in a secondary analysis, we also assessed the risk of cardiovascular 

events according to stimulant or SSRI/SNRI use concomitant with AAPs. 

 

5.3 Methods 

Data source 

This retrospective cohort study utilized computerized data from the 2004-2009 

Medicaid administrative claim files (Medicaid Analytic eXtract [MAX] data) from four 

large geographically diverse states, namely California, Florida, Illinois, and New 

Jersey.43,161 Administrative Medicaid claims data are often used in population-based 

studies of adverse drug events and consist of the person-level enrollment files, and claim-

level files for inpatient hospital, outpatient and physician services, and prescription drug 

dispensings (i.e., filled prescriptions). The enrollment files provide data on 
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sociodemographic characteristics and monthly enrollment status for each Medicaid 

enrollee. An encrypted identification number was assigned to each Medicaid enrollee to 

link enrollment files to inpatient, outpatient, and prescription drug claims. The inpatient 

and outpatient claims files provide data on services rendered during inpatient and 

outpatient medical encounters, including service beginning and end dates as well as the 

ICD-9-CM (International Classification of Diseases and Related Health Problems, Ninth 

Revision, Clinical Modification) diagnosis codes and procedure codes (e.g., CPT 

[Current Procedural Terminology] and ICD-9-CM procedure codes). In the prescription 

drug claim files, the dispensing date, days of supply, strength, and national drug code 

(NDC) information were available for each dispensed medication to youth.                 

          

Study population 

 The study cohort comprised 74,700 youth between ages 5 and 20 who recently 

initiated treatment with an oral form of AAP medication (aripiprazole, clozapine, 

olanzapine, paliperidone, quetiapine, risperidone, or ziprasidone). AAP treatment 

initiation date served as the index date for cohort entry. A ‘new-user’ design119,146 

approach was applied to identify youth who initiated treatment with AAPs by requiring 

no antipsychotic (conventional or atypical) medication use during 365 days prior to the 

index date. Additional cohort selection criteria were applied to define the final study 

cohort (Figure 5.1).  
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Figure 5.1 Flow chart for the study cohort of Medicaid-insured youth (5-20 year olds) 

who were new users of atypical antipsychotic medications, 2005-2009 

 

aLife-threatening or serious somatic conditions included sickle cell disease, cystic fibrosis, cerebral palsy, 

cancer, human immunodeficiency virus (HIV) infection, organ transplant, dialysis/end stage renal disease, 

respiratory failure, aplastic anemia, congenital immune deficiencies, Down syndrome, other lethal 

chromosomal anomalies, fatal metabolic diseases 
bAcute myocardial infarction, stroke, ventricular arrhythmia, cardiac arrest, respiratory arrest, aortic or 

thoracic aneurysm, transient cerebral ischemia, ischemic heart disease, heart failure, cardiomyopathy, 

angina, and hypertensive disease 

 

Continuous enrollment for 12 months prior to the index date was required to ensure the 

availability of adequate data to assess prescription drug use and medical diagnoses. We 

excluded youth who were enrolled in Florida Medicaid managed care programs because 

of concerns over the quality and completeness of claim records from the Florida 

Medicaid managed care data.120,121 To ensure active interaction with the health care 

system, youth who had less than 2 outpatient visits (on separate days) in the year prior to 

the index date were excluded. In addition, youth were excluded if they had an admission 
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to a long-term care facility or hospice care or if they were diagnosed with a life-

threatening or serious somatic illness during 365 days preceding the index date. These 

conditions included sickle cell disease, cystic fibrosis, cerebral palsy, cancer, human 

immunodeficiency syndrome, organ transplant, dialysis/end stage renal disease (ESRD), 

respiratory failure, aplastic anemia, congenital immune deficiencies, Down syndrome, 

other lethal chromosomal anomalies, fetal metabolic disease (Appendix 1). Finally, 

because the study objective was to assess the incidence of cardiovascular events 

following AAP treatment initiation, youth were excluded if there was an outpatient or 

inpatient diagnosis of a study cardiovascular event in the 365-day period prior to the 

index date.  

 

Cardiovascular events 

 The primary study outcome was the incidence of cardiovascular events following 

treatment initiation with AAP medications. Cardiovascular events were adopted from 

previously published population-based studies102,105 in youth and were expressed as a 

composite outcome and defined by an inpatient stay or an emergency department visit 

with a primary or secondary diagnosis of acute myocardial infraction (ICD-9-CM 410.x), 

stroke (ICD-9-CM 430.x, 431.x, 433.x, 434.x, and 436),  ventricular arrhythmia (ICD-9-

CM 427.1, 427.4, 427.41, 427.42), cardiac arrest (ICD-9-CM 427.5), respiratory arrest 

(ICD-9-CM 799.1), aortic or thoracic aneurysm (ICD-9-CM 441.0, 441.1), transient 

cerebral ischemia (ICD-9-CM 435.x), ischemic heart disease (ICD-9-CM 411.8), heart 

failure (ICD-9-CM 428.x), cardiomyopathy (ICD-9-CM 425.x), or angina (ICD-9-CM 

413.x). The composite outcome also included severe/serious hypertension that led to 
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hospitalizations or emergency department visits defined as an inpatient or emergency 

department claim with a primary diagnosis of hypertensive disease (ICD-9-CM 401.x-

405.x). We also conducted a post-hoc analysis wherein only the primary diagnoses were 

used to define all of the inpatient or ED-related cardiovascular events described above.  

 The study cohort was followed until incident cardiovascular events, the 21st 

birthday, end of study (i.e., December 31, 2009), or end of continuous enrollment in 

Medicaid, whichever came first. 

 

Atypical antipsychotic use 

Because the study was nested in a cohort of youth who initiated treatment with 

AAPs, there were no AAP non-users in the study. In each month of follow-up, AAP use 

was categorized as either current or former use in a time-dependent manner. The 

comparison of current to former users rather than to non-users attempted to mitigate 

potential unmeasured confounding151 since former AAP users are more comparable to 

current AAP users than nonusers with respect to clinical and other characteristics 

associated with AAP use.  

The monthly use status was considered current if there were days of supply 

available (allowing a 30-day lag for carry-over effects124) in the month of follow-up. 

Otherwise, AAP use was considered former. We also conducted a sensitivity analysis by 

not allowing the 30-day lag to account for carry-over effects.   

 In each month of follow-up, we also calculated average daily AAP dose as well as 

cumulative duration of AAP use (in days). The average daily dose was estimated as total 

AAP dosage dispensed (in risperidone dosage equivalents) divided by duration of AAP 
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use. The dose equivalence conversion factors for AAPs were adopted from a previously 

published population-based study in youth (Appendix 4).26 After the dose equivalence 

conversions were completed, the average daily dose for dispensed atypical antipsychotics 

(in risperidone dose equivalents) was 2.65 mg (median=1.50 mg, interquartile 

range=1.00-3.00 mg). The cumulative duration of AAP use was estimated as the sum of 

total days of supply available beginning from the index date. 

 

Analysis 

All statistical analyses were conducted using SAS version 9.3 (SAS Institute, Inc., 

Cary, NC). We employed discrete time failure models to estimate the incidence of 

cardiovascular events. The unit of analysis was person-months. Compared to the 

traditional Cox proportional hazard regression models, these discrete time models 

provide computational efficiency as well as practical advantages, especially when there 

are several time-varying exposure groups.126,127,162  

To adjust for confounding, we utilized the disease risk score methodology using 

the Miettinen full-cohort approach.128,130-132 Similar to the propensity score, the disease 

risk score is a summary confounder score which attempts to help build parsimonious 

models (and to improve the performance of the models) especially when there is a large 

number of study covariates. The disease risk score in this study was estimated as the 

probability of incident cardiovascular events conditional on study covariates. The study 

covariates included psychiatric, cardiovascular and other clinical characteristics, 

sociodemographic and administrative characteristics as well as health care utilization 

characteristics (Appendix 11). Rather than adjusting for all the study covariates, the final 
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regression models were adjusted only for the estimated disease risk score, which was 

expressed as percentile rank groups (Appendix 12), and time from the index date.  

First, we assessed the risk of incident adverse cardiovascular events in current vs. 

former AAP users. Subsequently, in current AAP users only, we assessed the risk of 

cardiovascular events according to 1) average daily AAP dose and 2) duration of AAP 

use. In a sensitivity analyses, we excluded youth who had a diagnosis of any 

cardiovascular condition or who had a dispensing of any cardiovascular medications in 

the year prior to the index date.  

Also, since stimulants and SSRI/SNRIs were the leading psychotropic medication 

classes used concomitantly with AAPs, we conducted a secondary analysis to assess the 

risk of adverse cardiovascular events according to stimulant or SSRI/SNRI use 

concomitant with AAPs. The use of stimulants and SSRI/SNRIs were categorized as 

current/former/nonuse in each month of follow-up. In these secondary analyses, because 

stimulant or SSRI/SNRI use became main exposure variables (rather than study 

covariates/confounding variables), the disease risk scores were re-calculated for the study 

cohort accordingly. In examining the risk of cardiovascular events according to use of 

stimulants or SSRI/SNRIs concomitant with AAPs, sensitivity analyses were conducted 

by excluding youth who had usage of stimulants or SSRI/SNRIs in the year prior to AAP 

treatment initiation to attenuate prevalent user bias.119 

 

 

 

 



72 
 

5.4 Results 

Characteristics of youth who initiated treatment with AAPs 

There were 74,700 youth (5-20 year olds) who initiated treatment with AAPs 

between 2005 and 2009 and were eligible for the study (Table 5.1). A large majority of 

the study cohort was between ages 5 and 14 (67.7%), male (63.3%), non-White (55.3%), 

eligible for Medicaid coverage due to low family income, i.e., TANF/CHIP (55.8%), or 

enrolled in fee-for-service programs (57.6%). There was at least one clinician-reported 

psychiatric diagnosis in 92.1% of the study cohort. Attention-deficit hyperactivity 

disorder (42.3%), depressive disorders (34.7%), and disruptive behavioral disorders 

(29.4%) were the leading clinician-reported psychiatric diagnostic groups. More than half 

of the study cohort (56.7%) had a psychiatric medication use prior to initiating treatment 

with AAPs, most commonly stimulants (34.4%) and antidepressants (24.9%). 

SSRI/SNRIs were by far the most commonly used antidepressant subclass.  

Table 5.1 Baseline characteristics of Medicaid-insured youth (5-20 year olds) who 

initiated treatment with atypical antipsychotic medications, 2005-2009, N=74,700 
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Table 5.1 Continued 

 

 
aOther (race/ethnicity) includes youth of Asian, Native Hawaiian or other Pacific Islander race/ethnicity, 

and youth with more than one race or unknown race/ethnicity  
bSSI: Supplemental Security Income (youth with disabilities) 
cTANF/CHIP: Temporary Assistance for Needy Families/Children’s Health Insurance Program (youth 

eligible for Medicaid based on low family income) 
dPDD/ID: Pervasive developmental disorder/Intellectual disability 
eADHD: Attention-deficit/hyperactivity disorder 
fSSRI/SNRI: Selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor 
gTCA: Tricyclic and other related cyclic antidepressant  
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Risk of incident cardiovascular events  

 

 Following treatment initiation with AAPs, the average follow-up was 24.8 months 

(median=22.0 months, interquartile range [IQR]=10.0-38.0 months) and the average 

duration of AAP use was 293.5 days (median=151.0 days, IQR=60.0-401.0 days) (data 

not shown).   

There were 142 incident adverse cardiovascular events that resulted in a 

hospitalization or an emergency department visit (Table 5.2). The absolute risk for 

incident cardiovascular events was greater during current than former use (0.84 vs. 0.67 

per 10,000 person-months of follow-up). Compared to former use, current use of AAPs 

was associated with a 55% increased risk of cardiovascular events (relative risk 

[RR]=1.55, 95% Confidence Interval [CI]=1.09-2.21). Also, in current users of AAPs, 

the risk of cardiovascular events intensified further with increasing average daily dose, 

with a RR of 2.04 (95% CI=1.11-3.77) for >3.75mg/day compared with ≤1.25 mg/day (in 

risperidone dose equivalents). However, in current AAP users, the risk of cardiovascular 

events did not significantly differ according to the duration of AAP use.  

In a post-hoc analysis, when only the primary (not secondary) diagnoses from 

inpatient or emergency department claims were used to define the study outcome, there 

were 114 incident cases of cardiovascular events (Appendix 13). Consistent with the 

findings from the main analysis, the risk of incident cardiovascular events also intensified 

with increasing average daily dose (RR=2.17, 95% CI=1.11-4.25 for >3.75 mg/day 

compared to ≤1.25 mg/day) but did not significantly differ according to the duration of 

AAP use (Appendix 13). The findings were also similar in the sensitivity analyses: 1) 

when the 30-day lag was not used to allow for AAP carry-over effects, or 2) when youth 
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were excluded if they had a diagnosis of any cardiovascular condition or had a dispensing 

of any cardiovascular medication in the year prior the index date (Appendix 13).  

Table 5.2 The risk of incident cardiovascular events according to atypical antipsychotic 

exposure status, average daily dose, and duration of use among Medicaid-insured youth 

(5-20 year olds) who initiated treatment with atypical antipsychotics, 2005-2009 

 

 
aAdjusted for disease risk score (expressed as percentile ranks) and time from cohort entry (i.e., follow-up 

month) 
bAverage daily dose was calculated in risperidone dose equivalents 

 

 In AAP-treated youth, concomitant use of SSRI/SNRIs (RR=1.61, 95% CI=1.01-

2.57) was associated with an increased risk of cardiovascular events (Table 5.3). The 

increased risk of cardiovascular events associated with SSRI/SNRI use concomitant with 

AAPs also remained elevated when youth with SSRI/SNRI use prior to the index date 

were excluded (RR=1.83, 95% CI=1.06-3.15) (Appendix 13). By contrast, stimulant use 

concomitant with AAPs (RR=0.76, 95% CI=0.44-1.29) was not significantly associated 

with an increased risk (Table 5.3). There was also no increased risk of cardiovascular 

events associated with concomitant use of stimulants with AAPs (RR=0.79, 95% 
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CI=0.33-1.88) when youth with stimulant use prior to the index date were excluded 

(Appendix 13). 

Table 5.3 The risk of incident cardiovascular events according to stimulant or 

SSRI/SNRI use concomitant with atypical antipsychotics among Medicaid-insured youth 

(5-20 year olds) who initiated treatment with atypical antipsychotics, 2005-2009 

 

 
aAdjusted for disease risk score (expressed as percentile ranks) and time from cohort entry (i.e., follow-up 

month) 
bSSRI/SNRIs: Selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitors 

 

 

 

5.5 Discussion 

In a large retrospective cohort study among Medicaid-insured youth who initiated 

treatment with AAP medications, we found that there was a 55% increased risk of 

cardiovascular events for current AAP users compared with former AAP users. In current 

AAP users, the risk of cardiovascular events increased further with the average daily dose 

but not with the duration of AAP use. Finally, in AAP-treated youth, concomitant use of 

SSRI/SNRIs was associated with an increased risk of cardiovascular events. By contrast, 

stimulant use concomitant use with AAPs was not significantly associated with an 

increased risk of cardiovascular events.  
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Comparison to other studies in youth  

To our knowledge, this is the first population-based study in youth that assesses 

the risk of adverse cardiovascular events that led to hospitalizations or emergency 

department visits following treatment initiation with AAPs. In our study, cardiovascular 

events were assessed from hospitalizations and emergency department visits to better 

reflect on the seriousness of the events and to avoid outpatient visit claims that may be 

related to monitoring or diagnostic work-up. Nevertheless, our findings are consistent 

with a previous study that compared 4,140 youth treated with antipsychotics 

(conventional or atypical antipsychotics) to a random sample of 4,500 youth not treated 

with psychotropic medications with respect to the receipt of a cardiovascular diagnosis.54 

In that study, antipsychotic use was associated with an increased risk of being diagnosed 

with cardiovascular disorders.54 While pediatric data from population-based studies are 

scarce, the increases in cardio-metabolic parameters in short-term clinical studies 

following AAP use in youth were also noteworthy. For instance, in a small cohort of 338 

children and adolescents who were new users of AAPs, substantial elevations were 

observed in weight, non-high-density lipoprotein (non-HDL) cholesterol, and 

triglycerides over a median of 11 weeks of follow-up.53  

 

Dose and duration response findings  

There is no population-based data in youth that assess the risk of cardiovascular 

events according to dose and duration of AAP use. However, our finding that the 

cardiovascular risk increases with the increasing AAP dose mirrors findings from adult 

studies. For example, in a large cohort of Medicaid-insured adults, compared to nonusers, 
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current users of AAPs had a significantly increased risk of cardiac death, which increased 

significantly with the increasing dose.37 In another study of adults that used a case-

crossover design, AAP use was associated with 2.74-fold increased risk of myocardial 

infraction (compared with non-use), which also increased with the increasing dose.39  

With respect to the duration-response findings in our study, the risk of 

cardiovascular events did not increase with the increasing duration of AAP use—also 

consistent with several studies in adults. For example, the increased risk of myocardial 

infraction in AAP-treated adults was significantly greater within the earlier periods of 

treatment.39 In a self-controlled case series study, the use of AAPs was associated with a 

2.32-fold increased risk of stroke, which was also more apparent within the early course 

of treatment.40 In another study, the risk of ventricular arrhythmia or cardiac death was 

greater in adults with short-term antipsychotic use compared with those with long-term 

use.38 A lack of increased risk of cardiovascular with the increasing duration of AAP use 

can be explained by two possible reasons. For one, physiological adaptation to the drug-

induced cardiovascular effects may develop over the course of AAP treatment. Second, 

an early experience of adverse cardiovascular symptoms following AAP initiation may 

result in treatment discontinuation, thereby potentially eliminating susceptibles in long-

term treatment.  

 

Concomitant use of SSRI/SNRIs or stimulants 

 Concomitant use of antidepressants or stimulants with AAPs increased 

substantially in the past decade among Medicaid-insured youth.24 In current AAP users, 

we observed a significantly increased risk of cardiovascular events with concomitant use 
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of SSRI/SNRIs but not with concomitant use of stimulants. Several AAP medications are 

metabolized by cytochrome P-450 (CYP) enzyme system, and several SSRI/SNRI 

medications are potent inhibitors of CYP enzymes.163-165 Concomitant use of 

SSRI/SNRIs with AAPs may therefore increase serum concentrations of AAPs, which 

may in turn increase AAP-treatment emergent adverse cardiovascular events.165 In 

addition, between 2011 and 2013, FDA issued safety warnings for three serotonin 

reuptake inhibitors (i.e., fluoxetine, citalopram, and escitalopram) based on several case 

reports of abnormal hearts rhythms, QT prolongation, and ventricular arrhythmia 

associated with the use of these antidepressant medications.94-96  

The risk of adverse cardiovascular events associated with pediatric use of 

stimulants remains controversial, with some population-based studies showing an 

increased risk while the majority demonstrating no increased risk.98 The underlying 

mechanisms by which stimulant medications may induce serious cardiovascular events 

are not fully understood.  

 

Strengths and limitations  

Our study has several strengths. For one, we employed a “new-user” design to 

mitigate bias due to unmeasured confounding and compared current to former AAP users 

rather than to non-users.119,137,138,151 Compared to non-users, former users share more 

common characteristics (measured or unmeasured) with current users.137,151 We also 

conducted several sensitivity analyses to assess the robustness of the main study findings. 

Our study also has limitations. First, drug use was defined from dispensings and may not 

necessarily reflect the actual usage (ingestion of the drug). However, medication use 
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defined from administrative claims have high agreement with self-report.166,167 Second, in 

the current study, we created a composite outcome measure for cardiovascular events and 

were unable to examine individual cardiovascular events (e.g., stoke, myocardial 

infarction) due to infrequent occurrence of those events. Nevertheless, the cardiovascular 

events were ascertained from hospitalizations or emergency department visits to identify 

acute serious events. Also, the current study focused on assessing the risk of adverse 

cardiovascular events associated with drug classes, and future research is needed to 

assess the comparative cardiovascular safety of individual AAP medications. In addition, 

the relative risk estimates for the cardiovascular events should be interpreted with caution 

given the low incidence of these events following AAP initiation (0.84 cases/10,000 

months of follow-up during current AAP use). Furthermore, the study findings should be 

interpreted in a broader context of available evidence on both benefits and risks of AAP 

treatment in children and adolescents. Finally, the study findings may not be 

generalizable to privately insured U.S. youth. However, the prevalence of AAP use is 

markedly greater in Medicaid-insured than privately insured youth.21,44 

 

5.6 Conclusions 

In Medicaid-insured youth, current AAP use was associated with an increased risk 

of incident adverse cardiovascular events that led to hospitalizations or emergency 

department visits. This increased risk also intensified with the increasing AAP dose and 

when SSRI/SNRI medications were used concomitantly with AAPs. The findings support 

assessment of cardiovascular health status prior to AAP treatment initiation and during 

AAP treatment, particularly in youth with high dose AAP use and concomitant 



81 
 

SSRI/SNRI use. Further research is warranted to support current oversight policies136 to 

improve benefit-risk monitoring that encapsulates metabolic and cardiovascular 

parameters and to identify youth subpopulations with the greatest risk of developing AAP 

treatment-emergent adverse cardiovascular events.  
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6. Overall Conclusions, Future Research, and Implications for Policy and Practice 

 

6.1 Overall Conclusions 

While many classes of psychotropic drugs have had expanded use in children and 

adolescents in the past 25 years,140,142,168 atypical antipsychotics (AAP) remain one of the 

most problematic in terms of public health. Since the early 1990s, the use of atypical 

antipsychotics among U.S. children and adolescents has increased substantially—from 

0.2% in 1996-1998 to 1.2% in 2010-2012.140 The increased use of antipsychotics is 

particularly prominent among youth enrolled in Medicaid programs where antipsychotic 

use is five-to-six-fold greater than in privately insured youth.21 

  A recently published study9 showed a doubling of annual prevalence of 

antipsychotic use across 10 years in Medicaid enrollees in a mid-Atlantic state, and 

consistent with national patterns, the increased use was associated mainly with 

externalizing disorders such as attention-deficit/hyperactivity disorder.4,5,45,118 

Compellingly, antipsychotic growth was greatest in those least expected—the least 

impaired, i.e., those who entered the Medicaid system based on family income at the 

poverty or near poverty level, Temporary Assistance for Needy Families (TANF) or 

Children’s Health Insurance Program (CHIP),9 respectively—who together represent the 

vast majority of youth enrollees across Medicaid programs in the U.S. Consequently, a 

much larger pool of youth had exposure to these potent medications for off-label uses 

wherein the evidence-base for antipsychotic use is limited.50  

Furthermore, in Medicaid, nearly half of antipsychotic-treated youth have 

concomitant exposure to other psychotropic medication classes,23,24 a growing practice 
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pattern with substantial public health and government concerns.49 Stimulants and 

antidepressant medications, primarily serotonin reuptake inhibitors (SSRI/SNRIs), 

represent the leading psychotropic medication classes used concomitantly with AAP 

medications in Medicaid-insured youth.24,44 Because there is scarcity of published 

research on the potential risk of adverse cardiometabolic effects of such combinations in 

youth,133 the main focus of this dissertation was to evaluate the risk of incident type 2 

diabetes mellitus (T2DM) and adverse cardiovascular events in AAP-treated youth 

according to the concomitant use of stimulants or serotonin reuptake inhibitors 

(SSRI/SNRIs). The overall conclusions based on the findings from this dissertation are 

summarized below.  

In a large regionally diverse youth population representing more than a quarter of 

U.S. Medicaid-insured youth, current use of AAP medications was associated with an 

increased risk of T2DM that increased with the increasing duration of AAP use and 

increasing cumulative AAP dosage. Further, in AAP-treated youth, concomitant 

SSRI/SNRI use was associated with an additional increased risk of T2DM, which also 

intensified with the increasing duration of SSRI/SRNI use and increasing SSRI/SNRI 

dose. By contrast, stimulant use concomitant with AAPs was not associated with an 

increased risk of T2DM.  

In a separate set of analyses that focused on youth who initiated antidepressant 

treatment (regardless of AAP use), consistent findings were observed. There was a 

substantially increased risk of T2DM associated with current SSRI/SNRI use, which 

increased with the increasing duration of SSRI/SNRI use and SSRI/SNRI dosage. By 

contrast, current use of other antidepressants was not associated with an increased risk of 
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T2DM. In addition, neither duration nor cumulative dose of other antidepressants was 

associated with an increased risk of T2DM. 

Finally, following treatment initiation with AAPs, current AAP use was also 

associated with an increased risk of incident adverse cardiovascular events that led to 

hospitalizations or emergency department visits. This increased risk also intensified with 

increasing AAP dose and when SSRI/SNRI medications were used concomitantly with 

AAPs. By contrast, in AAP-treated youth, concomitant use of stimulants was not 

associated with an increased risk of adverse cardiovascular events. Moreover, though not 

statistically significant, incident cardiovascular events were more common during the 

early phase of AAP treatment.  

 

6.2 Future Research and Implications for Policy and Practice 

Future research  

While pediatric safety data on AAP combinations are scarce, there is a growing 

body of research reporting antidepressant treatment-emergent risk of T2DM in adult 

populations.29,30,117 Several reasons have been postulated to explain the association 

between antidepressant exposure and the risk of T2DM. These include significant weight 

gain associated with long-term antidepressant use;30,91 altered glucose metabolism 

through insulin resistance and inhibition of insulin secretion;117,134 hyperglycemia, 

particularly with antidepressants that have high affinity for norepinephrine reuptake 

transporter, 5-HT2c (serotonin) receptor, and H1 (histamine) receptor.92 Additionally, 

several serotonin reuptake inhibitors are known to inhibit certain cytochrome P450 

enzymes,135 thereby potentially slowing AAP metabolism and prolonging their treatment-
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emergent metabolic effects. There also is recent regulatory communication on adverse 

cardiovascular events associated with the use of several serotonin reuptake inhibitors.94-96 

Nevertheless, more research is needed to shed light on the underlying biological 

mechanism for the incidence of T2DM and adverse cardiovascular events associated with 

concomitant AAP and antidepressant exposure in youth populations.  

The lack of an increased risk of T2DM associated with stimulant use concomitant 

with AAPs was not surprising since there is no known clinical and biological rationale 

why and how stimulants may induce type 2 diabetes. However, whether or not stimulant 

treatment can induce adverse cardiovascular events in pediatric populations remains a 

controversial topic.98,169 In the current study, while stimulant use concomitant with AAPs 

was not associated with an increased risk of T2DM or adverse cardiovascular events, 

these findings should be interpreted in a broader context of available evidence of benefit-

risk of concomitant use of stimulants and AAPs. Stimulants are dopamine receptor 

agonists and atypical antipsychotics are dopamine receptor antagonists.82,170,171 The 

widespread use of these two psychotropic medication classes concomitantly with 

pharmacologically opposing effects necessitates outcomes research on long-term benefits 

and risks.82,170,171  

Reviewing the current data more broadly suggests the need to examine outcomes 

in the context of the developing child—his/her family, school, and sociocultural 

environments. A large bulk of AAP use in children and adolescent occurs in the treatment 

of externalizing behavioral disorders.5,11,45 While symptoms of severe aggression may be 

improved in the short-run with AAP treatment,172,173 critically important pediatric 

outcomes require long-term assessment of functional outcomes, e.g., educational, 
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occupational, social, and family functioning. For example, in a 9-week randomized study 

among ADHD-diagnosed children with comorbid severe aggression, risperidone add-on 

to stimulant treatment and parent training resulted in a moderate reduction in peer 

aggression but showed no significant benefit in terms of parent- and teacher-rated ADHD 

symptoms, except for teacher-rated impulsivity symptoms.172  

 

Implications for Policy and Practice 

In the practice parameter for atypical antipsychotic use in youth,81 the American 

Academy of Child and Adolescent Psychiatry calls for a cautious approach in prescribing 

multiple psychotropic medications concurrently and recommends that antipsychotic 

medications should be prescribed “as a substitute rather than as an adjunct” treatment. By 

contrast, the findings from this dissertation showed that nearly half of atypical 

antipsychotic-treated Medicaid-insured youth had a concomitant exposure to stimulants 

or to antidepressants. Also, exposure to AAP medications, overall or concomitant with 

stimulants or antidepressants, was not short-term.  

Recent federal reports41,42,48,49 have raised concerns about the inappropriate use of 

psychotropic medications in foster care youth and other Medicaid-insured youth and have 

called for efforts to improve the oversight of pediatric psychotropic medication use in 

state Medicaid programs. As such, prior authorization policies targeting the use of AAPs 

among very young children in Medicaid have risen in recent years.136,174,175 The 

incorporation of a clinical peer-review process into prior authorization mechanisms for 

pediatric AAP prescribing is an emerging trend in state Medicaid programs,136 and 

responds to calls from academic psychiatry for greater AAP oversight in the pediatric 
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population.85,86 However, many of these programs do not have cardiometabolic 

monitoring criteria for complex AAP use and do not apply to older youth who exhibit 

high rates of AAP use with other psychotropic medication classes.118,136 Additional 

efforts are needed to implement systematic drug prescribing oversight to assure 

appropriate use and monitoring of atypical antipsychotic therapy for off-label conditions, 

particularly in complex multiple drug regimens. Moreover, there is as yet little published 

empirical evidence to assess the impact of these novel prior authorization policies on 

reducing the unnecessary use of AAPs in pediatric populations.176  

Although several atypical antipsychotic medications have received FDA labeling 

for indications in youth since 2006 (e.g., schizophrenia and bipolar disorder among early 

adolescents, and irritability associated with autism), none of these labeled indications 

cover behavioral disorders, which encompasses more than half of youth with 

antipsychotic use.9,45 Further, federal agencies, e.g., Government Accountability Office, 

Administration for Children and Families, have focused on alerting professionals and 

public agencies to the need for guidance on the use of monitoring of atypical 

antipsychotics. Previous studies overwhelmingly showed that the widely publicized FDA 

warnings13 and recommendations by professional associations14-16 (American Psychiatric 

Association and American Diabetes Association) on metabolic monitoring of AAP 

treatment had minimal impact on clinical practice patterns.17-20,72 The inertia in adopting 

clinical guidelines for cardiometabolic monitoring signals the urgent need to develop an 

evidence-based and caregiver-centered clinical monitoring approach to improve pediatric 

safety monitoring of AAP treatment. 
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In view of the growing complexity of atypical antipsychotic regimens in 

Medicaid-insured youth and low rates of baseline metabolic monitoring in youth 

initiating AAP treatment, the findings from this dissertation suggest that complex AAP 

regimens should be used judiciously with appropriate cardiometabolic monitoring. 

Continued efforts are warranted to support Medicaid oversight policies that assure safe 

and effective use of complex AAP regimens in youth populations. 
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APPENDICES 

Appendix 1 Operational definitions of life-threatening or serious somatic conditions used 

to exclude youth 

 

 
aICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification 
bCPT-4: Current Procedural Terminology, 4th Revision 
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Appendix 2 Operational definition of incident type 2 diabetes  

 

 
 

Incident type 2 diabetes was ascertained adapting a computerized database 

algorithm that was previously validated in a cohort of Medicaid-insured youth and had a 

positive predictive value of 83.9%.123  

First, new cases of diabetes (type 1 or 2) were identified using diabetes-related 

medical care encounters, including hospitalizations and outpatient visits [ICD-9-CM 

(International Classification of Diseases, Ninth Revision, Clinical Modification) codes: 

250, 250.0, 250.1, 250.2, 250.3, 250.9] as well as prescription dispensings (insulin, 

insulin adjuncts, or oral hypoglycemic agents). These new cases of diabetes were then 

classified according to subclass type (type 1 or 2). Other ICD-9-CM diabetes codes 

(250.4-250.8) were not considered as they reflect chronic complications of diabetes and, 

therefore, are not likely to capture new cases of diabetes in youth.  

An inpatient stay with a primary diagnosis of diabetes, in itself, met the case 

definition of diabetes. Otherwise, to meet the case definition, we required a combination 

of at least 2 different diabetes-related medical care encounters (i.e., an outpatient visit 

with a primary diagnosis of diabetes, an inpatient diagnosis (any) of diabetes, or a 
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dispensing of a diabetes medication) within a period of 120 days. A single outpatient 

diagnosis of diabetes might indicate elevated blood sugar levels (i.e., hyperglycemia) or 

treatment monitoring visits rather than type 2 diabetes. Also, the use of oral 

hypoglycemic agents (e.g., metformin) in the absence of a diagnosis of diabetes might 

indicate treatment of polycystic ovarian syndrome,122 or prophylactic treatment to 

attenuate weight gain associated with antipsychotics in youth.117,177  

For youth who met the case definition of diabetes, the diagnosis date for diabetes 

was assigned as the date for the initial diabetes-related medical care encounter. We 

excluded youth from meeting the case definition if they had a medical care encounter 

with a diagnosis of polycystic ovarian syndrome within 120 days of the diagnosis date of 

diabetes.  The rationale for this exclusion was to minimize potential misclassification bias 

since polycystic ovarian syndrome is usually treated with oral hypoglycemic 

medications.122 The cases were considered type 1 diabetes if insulin was the sole 

treatment within 120 days of the diagnosis date of diabetes. Otherwise, the cases were 

considered type 2 diabetes. Because the fourth and fifth digits of the ICD-9-CM codes 

were not always reported, it was not possible to subclassify diabetes according to type 1 

or type 2 using diagnostic codes alone.  
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Appendix 3 Antidepressant subclasses and stimulant medications 

 

 
aStimulant medication group included stimulant agents that are indicated for the treatment of attention- 

deficit/hyperactivity disorder (ADHD) in youth 
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Appendix 4 Dose equivalence conversion factors for atypical antipsychotics, 

SSRI/SNRIs, and stimulants 

 

 

 

 

The cumulative dose was calculated in risperidone dosage equivalents for atypical 

antipsychotics (AAPs), in fluoxetine dosage equivalents for selective serotonin reuptake 

inhibitor/serotonin-norepinephrine reuptake inhibitors (SSRI/SNRIs), and in 

methylphenidate dosage equivalents for stimulants. The dose conversion factors were 

adapted from previously published studies or clinical guidelines.26,147,148,178-181 

 

 

 

 

 

 

 

 

 

 

 

AAPs 

Conversion 

factor 

  

SSRI/SNRIs 

Conversion 

factor 

  

Stimulants 

Conversion 

factor 

Risperidone 1  Fluoxetine 1  Methylphenidate 1 

Aripiprazole 0.267  Citalopram 1.111  Dexmethylphenidate 2.000 

Clozapine 0.040  Escitalopram 2.222  Amphetamine products 2.000 

Olanzapine 0.400  Desvenlafaxine 0.400    

Paliperidone 0.667  Duloxetine 0.333    

Quetiapine 0.027  Fluvoxamine 0.279    

Ziprasidone 0.033  Paroxetine 1.176    

   Sertraline 0.406    

   Venlafaxine 0.268    
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Appendix 5 Operational definition of study covariates that included a range of 

sociodemographic, administrative, clinical, and other health care utilization 

characteristics (aim 1 & aim 2) 

Note: Consistent with previous studies,26,28 most study covariates were assessed at 

baseline (during the 365 day time window prior to the cohort entry date [index date]) to 

have a general understanding of the health status, clinical complexity, and medical 

intensity. Time-dependent covariates included follow-up time, age, and exposure status 

(current/former/nonuse) to other psychotropic medications.  

a. Covariates for sociodemographic and administrative characteristics 

 

aSSI: Supplemental Security Income 
bTANF: Temporary Assistance for Needy Families 
cCHIP: Children’s Health Insurance Program 
dAssessed by linking enrollees’ zip-code of residence information available in the Medicaid enrollment 

files to the publicly-available U.S. Census bureau information 
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b. Covariates for clinician-reported psychiatric diagnoses  

 

 
aICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification 

 

c. Other psychotropic medication groupsa expressed as time-dependent covariates 

(current, former, or nonuse) 

 

 
aAtypical antipsychotics (aripiprazole, clozapine, olanzapine, paliperidone, quetiapine, risperidone, 

ziprasidone) and stimulants (amphetamine salts, dextroamphetamine, lisdexamfetamine, 

dexmethylphenidate, methylphenidate, pemoline) were also included as covariates in the aim 2 study 
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d. Covariates for metabolic conditions and related medical services 

 

 
aICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification 
bCPT-4: Current Procedural Terminology, 4th Revision 
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e. Covariates for cardiovascular conditions and related medical services 

 

 
aICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification 
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f. Covariates for cardiovascular medications 
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g. Covariates for reproductive, obstetric and gynecologic conditions and related 

medical services 

 

 
aICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification 
bCPT-4: Current Procedural Terminology, 4th Revision 

 

h. Covariates for contraceptive medications and devices 
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i. Covariates for respiratory/allergy conditions and related medical services 

 

 
aICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification 
bCPT-4: Current Procedural Terminology, 4th Revision 

 

j. Covariates for respiratory/allergy medications 

 

 

 

 

Covariate 

 

Generic name
 

Antihistamine acrivastine, azatadine, brompheniramine, 

carbinoxamine, cetirizine, chlorphenir, 

chlorpheniramine, clemastine, 

cyproheptadine, desloratadine, 

dexbrompheniramine, dexchlorpheniramine, 

diphenhydramine, doxylamine, fexofenadine, 

levocetirizine, loratadine, pheniramine, 

phenindamine, phenyltoloxamine, pyrilamine, 

phenyltoloxamine, triprolidine            

Hydroxyzine hydroxyzine 

Inhaled corticosteroid beclomethasone, budesonide, ciclesonide, 

flunisolide, fluticasone, mometasone, 

triamcinolone 

Other corticosteroid hydrocortisone, methylprednisolone, 
prednisolone, prednisone 

Bronchodilator albuterol, arformoterol, formoterol, 

levalbuterol, metaproterenol, pirbuterol, 

salmeterol, terbutaline 

Other asthma medications ipratropium,  tiotropium, omalizumab, 

cromolyn, montelukast, nedocromil, 

zafirlukast, zileuton 
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k. Covariates for digestive system/liver related conditions and related medical 

services 

 

 
aICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification 
bCPT-4: Current Procedural Terminology, 4th Revision 
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l. Covariates for other conditions and related medical services 

 

 
aICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification 
bCPT-4: Current Procedural Terminology, 4th Revision 
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m. Covariates for other medications 
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n. Covariates for medical care utilization (outpatient visits, emergency department 

[ED] visits, and hospitalizations) 

 

aCPT-4: Current Procedural Terminology, 4th Revision 
bICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification 

 

 

Covariate 

CPT-4
a
/ICD-9-CM

b 
procedure or diagnosis codes 

 

Psychiatric outpatient visit ICD-9-CM diagnosis codes: 290-319, V40, V66.3, V67.3 

Psychiatric ED visit 

Psychiatric hospitalization  

Injury-related outpatient visit ICD-9-CM diagnosis codes: 800-999, E800-E999 

ICD-9-CM procedure codes: 79.0, 79.1, 79.2, 79.3, 78.1 

Fracture-related CPT-4 procedure codes: 23500, 23505, 

23515, 23520, 23570, 23615, 23665, 23670, 23675, 24500, 

24505, 24515, 24516, 24530, 24535, 24538, 24545, 24546, 

24560, 24565, 24566, 24575, 24576, 24577, 24579, 24582, 

24586, 24620, 24635, 24650, 24655, 24665, 24666, 24670, 

24675, 24685, 25500, 25505, 25515, 25520, 25525, 25526, 

25530, 25535, 25545, 25560, 25565, 25574, 25575, 25600, 

25605, 25606, 25607, 25608, 25609, 25622, 25624, 25628, 

25630, 25635, 25645, 25650, 25651, 25652, 25680, 25685, 

26600, 26605, 26607, 26608, 26615, 26645, 26650, 26665, 

26720, 26725, 26727, 26735, 26740, 26742, 26746, 26755, 

26756, 26765, 27230, 27232, 27235, 27236, 27238, 27240, 

27244, 27245, 27246, 27248, 27254, 27500, 27501, 27502, 

27503, 27506, 27507, 27508, 27509, 27510, 27511, 27513, 

27514, 27520, 27524, 27530, 27532, 27535, 27536, 27538, 

27540, 27750, 27752, 27756, 27758, 27759, 27760, 27762, 

27766, 27780, 27784, 27786, 27788, 27792, 27808, 27810, 

27814, 27816, 27818, 27822, 27823, 27824, 27825, 27826, 

27827, 27828, 28400, 28405, 28406, 28415, 28420, 28430, 

28435, 28436, 28445, 28450, 28455, 28456, 28465, 28470, 

28475, 28476, 28485, 28490, 28495, 28496, 28505, 28510, 

28515, 28525, 28530, 28531, 29000-29799, 29846, 29850, 

29851, 29855, 29856, 29892 

Dislocation-related CPT-4 procedure codes: 23525, 23530, 

23532, 23540, 23545, 23550, 23552, 23650, 23655, 23660, 

23665, 23700, 24600, 24605, 24615, 25660, 25670, 25671, 

25675, 25676, 25690, 25695, 26641, 26670, 26675, 26676, 

26685, 26686, 26700, 26705, 26706, 26715, 26770, 26775, 

26776, 26785, 27250, 27252, 27253, 27256, 27257, 27258, 

27259, 27265, 27266, 27550, 27552, 27556, 27557, 27558, 

27560, 27562, 27566, 27830, 27831, 27832, 27840, 27842, 

27846, 27848, 28540, 28545, 28546, 28555, 28570, 28575, 

28576, 28585, 28600, 28605, 28606, 28615, 28630, 28635, 

28636, 28645, 28660, 28665, 28666, 28675 

Injury-related ED visit 

Injury-related hospitalization 

Other outpatient visit All outpatient visits except psychiatric or injury-related 

outpatient visits 

Other ED visits All ED visits except psychiatric or injury-related ED visits 

Other hospitalization All hospitalizations except psychiatric or injury-related 

hospitalizations 
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Appendix 6 Incidence of type 2 diabetes per 10,000 person-months according to disease 

risk score, expressed as percentile ranks (aim 1) 

 

 

 

 

Note: After disease risk score was estimated for each person-month of follow-up, we 

grouped the person-months into discrete groups, expressed as percentile ranks of the 

estimated disease risk score distribution. To check for the validity of the disease risk 

score estimation, we assessed the incidence of type 2 diabetes in these groups (from the 

lowest to the highest risk group). The figure above shows that the risk of incident type 2 

diabetes increased with increasing disease risk score.  
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Appendix 7 Subgroup and sensitivity analyses assessing the risk of incident type 2 

diabetes according to concomitant use of SSRI/SNRIs (selective serotonin reuptake 

inhibitor/serotonin–norepinephrine reuptake inhibitors) or stimulants with atypical 

antipsychotic medications  

a. Among Medicaid-insured youth enrolled in fee-for-service programs only (i.e., 

excluding managed care enrollees in all 4 states) 

aAdjusted for disease risk score (expressed as percentile ranks), time from cohort entry (i.e., follow-up 

month), and exposures to tricyclic and other related cyclic antidepressants and other antidepressant 

medications (current/former/nonuse)  
bSSRI/SNRI: Selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor 

 

b. Among Medicaid-insured 10-20 year olds 

aAdjusted for disease risk score (expressed as percentile ranks), time from cohort entry (i.e., follow-up 

month), and exposures to tricyclic and other related cyclic antidepressants and other antidepressant 

medications (current/former/nonuse)  
bSSRI/SNRI: Selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor 

 

Exposure status 

Absolute risk per  

10,000 person-months 

Adjusted 

relative risk
a
  

 

95% Confidence 

Interval 

Among current users of 

atypical antipsychotics
 

   

SSRI/SNRIs
b    

  Never use 1.21 1 Reference 

  Former use 1.49 0.86 0.49-1.52 

  Current use 3.06 1.85 1.30-2.63 

Stimulants    

  Never use 2.34 1 Reference 

  Former use 1.69 0.96 0.56-1.63 

  Current use 0.93 0.75 0.49-1.15 
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c. Among Medicaid-insured youth without a clinician-reported diagnosis of FDA-

labelled/evidence-based indicationa for atypical antipsychotic medications  

 

aIn this subgroup analyses, youth were excluded if there was a clinician-reported diagnosis of schizophrenia 

or other psychoses, pervasive developmental disorder (including autism spectrum disorders) or intellectual 

disability, tic disorders, and bipolar disorder 
bAdjusted for disease risk score (expressed as percentile ranks), time from cohort entry (i.e., follow-up 

month), and exposures to tricyclic and other related cyclic antidepressants and other antidepressant 

medications (current/former/nonuse)  
cSSRI/SNRI: Selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor 

 

d. During 1-year of follow-up only (i.e., excluding person-times after 1-year of 

follow-up) 

aAdjusted for disease risk score (expressed as percentile ranks), time from cohort entry (i.e., follow-up 

month), and exposures to tricyclic and other related cyclic antidepressants and other antidepressant 

medications (current/former/nonuse)  
bSSRI/SNRI: Selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor 

 

 

Exposure status 

Absolute risk per  

10,000 person-months 

Adjusted 

relative risk
b
  

 

95% Confidence 

Interval 

Among current users of 

atypical antipsychotics
 

   

SSRI/SNRIs
c    

  Never use 0.58 1 Reference 

  Former use 0.90 0.86 0.39-1.90 

  Current use 2.51 2.40 1.51-3.84 

Stimulants    

  Never use 1.56 1 Reference 

  Former use 1.30 1.43 0.76-2.71 

  Current use 0.55 0.87 0.51-1.48 
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e. Not allowing for the 90-day time window to account for carry-over effects 

aAdjusted for disease risk score (expressed as percentile ranks), time from cohort entry (i.e., follow-up 

month), and exposures to tricyclic and other related cyclic antidepressants and other antidepressant 

medications (current/former/nonuse)  
bSSRI/SNRI: Selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor 

 

f. Excluding Medicaid-insured youth who had exposures to SSRI/SNRIs or 

stimulants prior to the index date (cohort entry) in a cohort of AAP initiatorsa  

 

aIn this analysis, the study cohort comprised youth who initiated treatment with AAPs. Additionally, youth 

who had exposures to SSRI/SNRIs or stimulants prior to cohort entry were excluded to assess the risk of 

incident type 2 diabetes associated with new use of SSRI/SNRIs or stimulants concomitantly with AAPs  
bAdjusted for disease risk score (expressed as percentile ranks), time from cohort entry (i.e., follow-up 

month), and exposures to tricyclic and other related cyclic antidepressants and other antidepressant 

medications (current/former/nonuse)  
cSSRI/SNRI: Selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor 

 

Exposure status 

Absolute risk per  

10,000 person-months 

Adjusted 

relative risk
a
  

 

95% Confidence 

Interval 

Among current users of 

atypical antipsychotics
 

   

SSRI/SNRIs
b    

  Never use 0.91 1 Reference 

  Former use 1.78 1.12 0.68-1.84 

  Current use 3.26 2.13 1.46-3.11 

Stimulants    

  Never use 2.25 1 Reference 

  Former use 1.48 1.00 0.62-1.62 

  Current use 0.69 0.74 0.47-1.17 

 

 

Exposure status 

Absolute risk per  

10,000 person-months 

Adjusted 

relative risk
b
  

 

95% Confidence 

Interval
 

Among current users of 

atypical antipsychotics
 

   

SSRI/SNRIs
c    

  Never use 0.89 1 Reference 

  Former use 0.42 0.23 0.06-1.00 

  Current use 2.46 1.58 1.04-2.41 

Stimulants    

  Never use 2.01 1 Reference 

  Former use 1.80 0.99 0.42-2.33 

  Current use 0.74 0.67 0.33-1.33 
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g. Excluding Medicaid-insured youth who had exposures to SSRI/SNRIs or 

stimulants prior to the index date (cohort entry) in a cohort of prevalent AAP 

usersa  

 

aIn this analysis, the study cohort was not restricted to youth who were new users of AAPs. Youth with 

prevalent AAP use was also included. However, youth who had exposures to SSRI/SNRIs or stimulants 

prior to cohort entry were excluded to assess the risk of incident type 2 diabetes associated with new use of 

SSRI/SNRIs or stimulants concomitantly with AAPs 
bAdjusted for disease risk score (expressed as percentile ranks), time from cohort entry (i.e., follow-up 

month), and exposures to tricyclic and other related cyclic antidepressants and other antidepressant 

medications (current/former/nonuse)  
cSSRI/SNRI: Selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor 

 

 

 

 

 

 

 

 

 

 

 

 

 

Exposure status 

Absolute risk per  

10,000 person-months 

Adjusted 

relative risk
b
  

 

95% Confidence 

Interval
 

Among current users of 

atypical antipsychotics
 

   

SSRI/SNRIs
c    

  Never use 0.87 1 Reference 

  Former use 1.56 1.13 0.65-1.96 

  Current use 2.43 2.02 1.45-2.81 

Stimulants    

  Never use 1.80 1 Reference 

  Former use 2.18 1.24 0.72-2.15 

  Current use 0.71 0.63 0.35-1.11 
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Appendix 8 Antidepressant dose equivalence conversion factors 

 

 

The cumulative dose was calculated in fluoxetine dosage equivalents for selective 

serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitors (SSRI/SNRIs) 

and other antidepressants. The dose conversion factors were adapted from previously 

published clinical research. Of note, the duration-response and cumulative dose-response 

analyses were not conducted for tricyclic and other related cyclic antidepressants (TCAs) 

due to their limited use. 
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Appendix 9 Incidence of type 2 diabetes per 10,000 person-months according to disease 

risk score, expressed as percentile ranks (aim 2) 

 

 

 

 

Note: After disease risk score was estimated for each person-month of follow-up, we 

grouped the person-months into discrete groups, expressed as percentile ranks of the 

estimated disease risk score distribution. To check for the validity of the disease risk 

score estimation, we assessed the incidence of type 2 diabetes in these groups (from the 

lowest to the highest risk group). The figure above shows that the risk of incident type 2 

diabetes increased with increasing disease risk score. 
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Appendix 10 Subgroup and sensitivity analyses assessing the risk of incident type 2 

diabetes according to exposure to antidepressant subclasses among Medicaid-insured 

youth (5-20 years) who initiated treatment with antidepressant medications, 2005-2009 

 

a. Among Medicaid-insured 10-20 year olds 

aAdjusted for disease risk score (expressed as percentile ranks), time from cohort entry (i.e., follow-up 

month), and exposure to tricyclic and other related cyclic antidepressants 
bSSRI/SNRI: Selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor 

 

 

 

b. Not allowing for the 90-day time window to account for carry-over effects 

aAdjusted for disease risk score (expressed as percentile ranks), time from cohort entry (i.e., follow-up 

month), and exposure to tricyclic and other related cyclic antidepressants 
bSSRI/SNRI: Selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor 

 

 

 

 

 

 

 

 

 

 

 

 

Exposure status 

Absolute risk per 

10,000 person-months 

Adjusted 

relative risk
a
  

 

95% Confidence 

Interval 

SSRI/SNRIs
b    

  Former use 0.69 1 Reference 

  Current use 1.42 1.85 1.32-2.60 

Other antidepressants
    

  Former use 1.23 1 Reference 

  Current use 1.31 0.95 0.63-1.44 

 

 

Exposure status 

Absolute risk per 

10,000 person-months 

Adjusted 

relative risk
a
  

 

95% Confidence 

Interval 

SSRI/SNRIs
b    

  Former use 0.72 1 Reference 

  Current use 1.39 1.78 1.30-2.43 

Other antidepressants
    

  Former use 1.09 1 Reference 

  Current use 1.22 1.06 0.70-1.62 
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c. Excluding Medicaid-insured youth who had usage of any psychotropic 

medication in the year prior to treatment initiation with antidepressants  

aAdjusted for disease risk score (expressed as percentile ranks), time from cohort entry (i.e., follow-up 

month), and exposure to tricyclic and other related cyclic antidepressants 
bSSRI/SNRI: Selective serotonin reuptake inhibitor/serotonin-norepinephrine reuptake inhibitor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Exposure status 

Absolute risk per 

10,000 person-months 

Adjusted 

relative risk
a
  

 

95% Confidence 

Interval 

SSRI/SNRIs
b    

  Former use 0.53 1 Reference 

  Current use 1.19 1.88 1.18-2.99 

Other antidepressants
    

  Former use 0.90 1 Reference 

  Current use 1.32 1.22 0.66-2.26 
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Appendix 11 Operational definition of study covariates that included a range of 

sociodemographic, administrative, clinical, and other health care utilization 

characteristics (aim 3) 

Note: Most of the study covariates were assessed at baseline (during the 365-day time 

window prior to the cohort entry date [index date]) to have an understanding of the health 

status, clinical complexity, and medical intensity. Time-dependent covariates included 

follow-up time, age, and exposure status (current/former/nonuse) to other psychotropic 

medications.  

a. Covariates for sociodemographic and administrative characteristics 

 

 
aSSI: Supplemental Security Income 
bTANF: Temporary Assistance for Needy Families 
cCHIP: Children’s Health Insurance Program 
dCounty- and zip-code level population characteristics were assessed by linking enrollees’ zip-code of 

residence information available in the Medicaid enrollment files to the publicly-available U.S. Census 

bureau information 
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b. Covariates for clinician-reported psychiatric diagnoses  

 

 
aICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification 
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c. Other psychotropic medication groups expressed as time-dependent covariates 

(current, former, or nonuse) 
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d. Covariates for metabolic conditions and related medical services 

 

 
aICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification 
bCPT-4: Current Procedural Terminology, 4th Revision 
cIn addition to clinician-reported diagnoses, antidiabetic mediation use (insulin, insulin adjuncts, and oral 

hypoglycemic agents, e.g., metformin) was also captured from prescription drug claims. 

 

e. Covariates for cardiovascular conditions and related medical services 

 

 

aICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification 
bYouth with an inpatient or outpatient diagnosis of acute myocardial infraction (ICD-9-CM 410.x), stroke 

(ICD-9-CM 430.x, 431.x, 433.x, 434.x, and 436),  ventricular arrhythmia (ICD-9-CM 427.1, 427.4, 427.41, 

427.42), cardiac arrest (ICD-9-CM 427.5), respiratory arrest (ICD-9-CM 799.1), aortic or thoracic 

aneurysm (ICD-9-CM 441.0, 441.1), transient cerebral ischemia (ICD-9-CM 435.x), ischemic heart disease 

(ICD-9-CM 411.8), heart failure (ICD-9-CM 428.x), cardiomyopathy (ICD-9-CM 425.x), angina (ICD-9-

CM 413.x), or hypertensive disease (ICD-9-CM 401.x-405.x) were excluded from the study cohort 

 

 

 

Covariate 

 

ICD-9-CM
a 
diagnosis codes

 

Congenital anomalies of heart 

and circulatory system 

745-747 

Renal insufficiency 582-588 

Cardiovascular disease 390-459 (except for the diagnoses of the study 

outcome
b
) 

Cardiovascular symptoms 780.2, 785.0, 785.1, 785.2, 785.3, 785.50, 

785.51, 785.9, 786.5 
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f. Covariates for cardiovascular medications 
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g. Covariates for contraceptive medications and devices 

 

 
 

 

h. Covariates for respiratory/allergy conditions and related medical services 

 

 
aICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification 
bCPT-4: Current Procedural Terminology, 4th Revision 
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i. Covariates for respiratory/allergy medications 
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j. Covariates for other conditions and related medical services 

 

 
aICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification 
bCPT-4: Current Procedural Terminology, 4th Revision 
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k. Covariates for other medications 
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l. Covariates for medical care utilization (outpatient visits, emergency department 

[ED] visits, and hospitalizations) 

 

 
aCPT-4: Current Procedural Terminology, 4th Revision 
bICD-9-CM: International Classification of Diseases, Ninth Revision, Clinical Modification 
cYouth with an inpatient or outpatient diagnosis of acute myocardial infraction (ICD-9-CM 410.x), stroke 

(ICD-9-CM 430.x, 431.x, 433.x, 434.x, and 436),  ventricular arrhythmia (ICD-9-CM 427.1, 427.4, 427.41, 

427.42), cardiac arrest (ICD-9-CM 427.5), respiratory arrest (ICD-9-CM 799.1), aortic or thoracic 

aneurysm (ICD-9-CM 441.0, 441.1), transient cerebral ischemia (ICD-9-CM 435.x), ischemic heart disease 

(ICD-9-CM 411.8), heart failure (ICD-9-CM 428.x), cardiomyopathy (ICD-9-CM 425.x), angina (ICD-9-

CM 413.x), or hypertensive disease (ICD-9-CM 401.x-405.x) were excluded from the study cohort 
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Appendix 12 Incidence of adverse cardiovascular events per 10,000 person-months 

according to disease risk score, expressed as percentile ranks (aim 3) 

 

 

 

Note: After disease risk score was estimated for each person-month of follow-up, we 

grouped the person-months into discrete groups, expressed as percentile ranks of the 

estimated disease risk score distribution. To check for the validity of the disease risk 

score estimation, we assessed the incidence of adverse cardiovascular events in these 

groups (from the lowest to the highest risk group). The figure above shows that the risk 

of adverse cardiovascular events that led to hospitalizations or emergency department 

visits increased with increasing disease risk score. 
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Appendix 13 Sensitivity analyses examining the risk of cardiovascular events among 

Medicaid-insured youth (5-20 years) who initiated treatment with atypical antipsychotic 

medications, 2005-2009 

 

a. Using only the primary (not secondary) diagnoses from inpatient or emergency 

department claims to define the study outcome (cardiovascular events) 

 

aAdjusted for disease risk score (expressed as percentile ranks) and time from cohort entry (i.e., follow-up 

month) 
bAverage daily dose was calculated in risperidone dose equivalents 

 

b. Not allowing for the 30-day time window to account for carry-over effects 

  

aAdjusted for disease risk score (expressed as percentile ranks) and time from cohort entry (i.e., follow-up 

month) 
bAverage daily dose was calculated in risperidone dose equivalents 

 

 

Absolute risk per  

10,000 person-months 

Adjusted 

relative risk
a
  

 

95% CI 

Exposure status
    

  Former use 0.55 1  Reference 

  Current use 0.67 1.45 0.98-2.15 

Among current users of 

atypical antipsychotics    

Average daily dose
b    

  ≤1.25 mg/day 0.38 1 Reference 

  1.26-3.75 mg/day 0.62 1.25 0.66-2.35 

  >3.75 mg/day 1.43 2.17 1.11-4.25 

Duration of use    

  ≤60 days 0.85 1 Reference 

  61-150 days 0.70 0.80 0.39-1.63 

  151-240 days 0.71 0.77 0.34-1.75 

  >240 days 0.56 0.47 0.19-1.16 

 

 

 

Absolute risk per  

10,000 person-months 

Adjusted 

relative risk
a
  

 

95% CI 

Exposure status
    

  Former use 0.71 1  Reference 

  Current use 0.82 1.41 1.01-1.99 

Among current users of 

atypical antipsychotics    

Average daily dose
b    

  ≤1.25 mg/day 0.39 1 Reference 

  1.26-3.75 mg/day 0.84 1.60 0.85-3.01 

  >3.75 mg/day 1.74 2.44 1.25-4.78 

Duration of use    

  ≤60 days 0.94 1 Reference 

  61-150 days 0.79 0.79 0.39-1.63 

  151-240 days 0.70 0.66 0.29-1.53 

  >240 days 0.82 0.55 0.24-1.28 
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c. Excluding Medicaid-insured youth who had a diagnosis of any cardiovascular 

condition or who had a dispensing of any cardiovascular medications 

 

aAdjusted for disease risk score (expressed as percentile ranks) and time from cohort entry (i.e., follow-up 

month) 
bAverage daily dose was calculated in risperidone dose equivalents 

 

 

d. Excluding Medicaid-insured youth who had usage of stimulants in the year prior 

to treatment initiation with atypical antipsychotics (index date) 

  

 

aAdjusted for disease risk score (expressed as percentile ranks) and time from cohort entry (i.e., follow-up 

month) 

 

 

 

 

 

 

 

 

 

 

 

Absolute risk per  

10,000 person-months 

Adjusted 

relative risk
a
  

 

95% CI 

Exposure status
    

  Former use 0.60 1  Reference 

  Current use 0.69 1.49 1.01-2.22 

Among current users of 

atypical antipsychotics    

Average daily dose
b    

  ≤1.25 mg/day 0.39 1 Reference 

  1.26-3.75 mg/day 0.66 1.31 0.68-2.51 

  >3.75 mg/day 1.47 2.16 1.08-4.35 

Duration of use    

  ≤60 days 0.74 1 Reference 

  61-150 days 0.61 0.76 0.34-1.70 

  151-240 days 0.63 0.71 0.29-1.75 

  >240 days 0.73 0.54 0.22-1.35 

 

 

 

Absolute risk per  

10,000 person-months 

Adjusted 

relative risk
a
  

 

95% CI 

Among current users of 

atypical antipsychotics    

Stimulants
    

  Nonuse 1.12 1 Reference 

  Former use 0.54 0.51 0.12-2.15 

  Current use 0.58 0.79 0.33-1.88 
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e. Excluding Medicaid-insured youth who had usage of selective serotonin reuptake 

inhibitor/serotonin-norepinephrine reuptake inhibitors (SSRI/SNRIs) in the year prior to 

treatment initiation with atypical antipsychotics (index date)  

 

 

aAdjusted for disease risk score (expressed as percentile ranks) and time from cohort entry (i.e., follow-up 

month) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Absolute risk per  

10,000 person-months 

Adjusted 

relative risk
a
  

 

95% CI 

Among current users of 

atypical antipsychotics    

SSRI/SNRIs
    

  Nonuse 0.64 1 Reference 

  Former use 1.15 1.18 0.49-2.86 

  Current use 1.62 1.83 1.06-3.15 
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