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A BSTRACT
In pediatric patients, we examined the association between exposure to five second generation antipsychotics (SGAs) and incident
cardiovascular events (arrhythmic or ischemic/myocardial) over time using marginal structural models (MSM), while controlling
for salient comorbid conditions and co-prescribed psychotropic medications. A retrospective cohort, longitudinal/observational
study design was used to evaluate Medicaid medical and pharmacy claims in 4,140 children and adolescents prescribed SGAs
from South Carolina USA’s Medicaid program covering outpatient and inpatient medical services and medication prescriptions
between January, 1996 and December, 2005. Exposure to multiple SGAs (Risk Ratio [RR]=2.37; 95% CI=1.17-4.83), coprescribed psychostimulants (RR=1.37; CI=1.03-1.81), and comorbid hypertension (RR=2.23; CI=1.28-3.89) were associated
with a significantly increased risk of arrhythmias compared to those not exposed, whereas exposure to co-prescribed serotonin
norepinephrine reuptake inhibitor/heterocyclic compounds was associated with a significantly decreased risk of arrhythmias
(RR=0.59; CI=0.35-0.99). The risk of incident ischemic/myocardial events was significantly associated with the co-prescription of
mood stabilizers (RR=1.68; CI=1.06-2.68) or selective serotonin reuptake inhibitors (RR=1.91; CI=1.18-3.09), and the presence
of comorbid hypertension (RR=3.97; CI=1.96-8.07) and obesity (RR=2.21; CI=1.34-3.67). MSM analyses comparing multiple
treatments while controlling for confounding variables in an observational, longitudinal data set provide important, differential
estimates of outcome, when randomized, controlled trials estimating low-incidence outcomes such as cardiovascular adverse
events in large pediatric patient populations are not feasible.
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1. I NTRODUCTION

studies, cardiovascular safety concerns associated with the
use of SGAs in younger patients include tachycardia, QTc
Investigators have monitored the substantial increase in the prolongation and other arrhythmias, myocarditis, and sudden
use of second generation antipsychotic medications (SGAs) cardiac death.[1, 5, 6] Moreover, SGAs are associated with
in child and adolescent patients for more than a decade.[1–4] clinically significant weight gain and alterations in metabolic
Based on more recent controlled trials and observational
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indices (e.g., type 2 diabetes mellitus, dyslipidemia) in young
populations, especially adolescents, which in turn may be
associated with the earlier onset of cardiovascular disease in
adulthood[7, 8] Similar cardiovascular events have also been
associated with other classes of psychotropic agents frequently co-prescribed with antipsychotics in younger populations, such as several selective serotonin reuptake inhibitors
(SSRIs), serotonin norepinephrine reuptake inhibitor/ heterocyclic compounds (SNRIs),[9–11] psychostimulants,[12–14]
and mood stabilizers.[7, 15] However, cardiovascular disorders
have never been linked directly to the underlying psychiatric
conditions.
Managing these myriad potential risks in clinical practice requires specific estimates of the relative contribution of each
risk factor. Such studies have not been available because
cardiovascular events are rare in children, except in those
with congenital heart disorders or chromosomal syndromes,
and these investigations require very large numbers of representative patients. Major barriers to conducting informative,
randomized controlled trials (RCTs) evaluating cardiovascular safety concerns across multiple SGAs and co-prescribed
psychotropic medications relate to cost, ethics, and identifying large numbers of representative subjects. Alternatively,
longitudinal observational data sets are more representative,
readily available, and may complement results from RCTs.
However, such studies are vulnerable to confounding and
some loss of internal validity.[16] Estimation of the causal effect of an exposure on an outcome may be biased because of
time-varying confounders, where exposure to each treatment
(e.g., antipsychotic, other psychotropic agents, medication
switches, etc.) varies over time, the development of potential
adverse responses (e.g., adverse events or comorbid conditions) also varies over time, and the observed response
differences may not be attributed directly to a particular
treatment exposure.[17] In observational studies, marginal
structural modeling (MSM) allows for more precise estimation of treatment effects by providing statistical controls
for potentially confounding conditions or treatments, and
for selection bias.[18–21] Furthermore, MSM techniques can
be used in analyzing multiple treatment effects and adjusting for treatment group differences in observational studies
through the use of time-dependent inverse-probability treatment weights.[16, 22, 23]
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2. M ATERIALS AND METHODS
2.1 Study cohort, medications, and outcomes
Access to healthcare in South Carolina (SC) USA is funded
predominantly by public (for low-income families) or private
insurance payers, which cover over 99% of the children and
adolescents residing in the state. Once a child is diagnosed
with a serious or disabling condition, including psychiatric
disorders, the family can apply for Medicaid coverage of
his/her special medical needs regardless of income.
Medical and pharmacy claims for the calendar years January
1, 1996 through December 31, 2005 were used to identify a
cohort of child and adolescent patients ages 17 and under enrolled in and eligible for Medicaid coverage for a minimum
of 9 months in each calendar year included in this analysis,
who had a service encounter, and who were prescribed any of
five SGAs (i.e. aripiprazole, ziprasidone, quetiapine, risperidone, olanzapine) being used in routine practice during this
epoch. For each service encounter, the date of service and
the International Classification of Diseases (ICD) Ninth Revision Clinical Modification diagnosis codes related to that
visit were obtained. Pharmacy claims identified the medication dispensed, and the date the prescription was filled. A
separate eligibility file was used to obtain the demographics
for each patient served. For each patient in the data set, 24
months of services prior to the start date of the antipsychotic
medication were captured to identify pre-existing or comorbid cardiovascular or metabolic conditions and to serve as
the “no-exposure to antipsychotic medications” baseline period in the MSM analyses. These Medicaid databases are
frequently updated and cleaned prior to being made available for research analysis. This study was approved by the
University of South Carolina Institutional Review Board as
exempt from human subject research guidelines under 45
Code of Federal Regulations part 46.
Since acquired cardiovascular events/conditions are relatively rare in children, individual cardiovascular events using the diagnostic codes reported for each service visit
were combined into two primary outcome variable categories for these analyses: cumulative incidence of ischemic/myocardial events and cumulative incidence of cardiac conduction/arrhythmia events. Ischemic/myocardial
events were defined as the reporting of at least one of the following ICD-9 codes: 410.xx-414.xx (ischemic heart disease);
422.xx (myocarditis); 428.xx-429.xx (heart failure/other conditions); or 425.xx (cardiomyopathy). Cardiac conduction
disorders/arrhythmias were defined as the reporting of at
least two ICD-9 codes (426.xx-427.xx) at least 30 days apart,
but the first reported code was used as the index event.

In this re-analysis of a longitudinal observational data set,
we sought to demonstrate the added value of using MSM
by comparing the cumulative incidence of various cardiovascular events across SGA agents in an SGA-treated cohort
of one USA state’s Medicaid system, controlling for salient
confounders such as co-prescribed psychotropic medications
and comorbid metabolic disorders.
The following categories of comorbid medical conditions
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and co-prescribed psychotropic medications were also coded
and controlled for in the analyses because they have been
previously associated with cardiovascular events. The timedependent (coded as a yes/no occurrence of each condition
for each person-month of the study), comorbid medical conditions included: obesity/overweight (278.00; 278.01; 783.1x,
783.2x), dyslipidemia (272.xx, 288.0x, 285.9x), either Type 1
or Type 2 diabetes mellitus (250.00-251.92), essential hypertension (401.xx), congenital heart defects (747.0x-747.9x),
cerebrovascular disorders (436.xx-437.xx), or a substancerelated disorder (304.xx and 305.xx). Each covariate medical condition was defined by the reporting of at least two
visits with that diagnostic code that were at least 30 days
apart to mitigate the risk of misclassification due to erroneous coding. Prescription medications were also coded
as time-dependent covariates, i.e., their use might change
over time. Co-prescribed antidepressants were categorized
as SSRIs for citalopram, escitalopram, fluoxetine, fluvoxamine, paroxetine, and sertraline, or as SNRIs/heterocyclics/
others for duloxetine HCl, mirtazapine, bupropion HCl, venlafaxine HCl, trazadone, and nefazodone. Mood stabilizers
coded in the regression equations were divalproex, lithium,
carbamazepine, lamotrigine, and oxcarbazepine. Psychostimulants coded in the analyses were methylphenidate, dextroamphetamine, and amphetamine salts. Co-prescribed first
generation antipsychotics haloperidol or fluphenazine given
orally or as intramuscular injections for acutely psychotic
or aggressive behavior were also used as covariates in the
analyses. The time independent (fixed) covariates included:
age at entry into the cohort, gender, and race/ethnicity. These
diagnoses and pharmacotherapies contained in the Medicaid
billing system have been compared with information available in the clinical records of 300-400 children treated with
antipsychotics or other psychotropic medications to provide
validation of the secondary source data[24, 25]
2.2 Statistical analysis
First, the stabilized, inverse-propensity treatment weights
were calculated to estimate the probability of receiving each
SGA depending on previous exposure history to no SGA
during the 2-year baseline period or to other SGAs during
the treatment period and the probability of censoring (i.e.,
leaving the data set) during the study treatment observation
period, and to balance the treatment groups with respect to
baseline confounders.[16, 17, 22] Multivariable logistic regression was used to calculate these weights[26] and we verified
that the mean of these weights was close to 1.0.[21]
In the second step, two weighted Cox proportional hazard
MSM models were created using each cumulative incident
ischemic/myocardial or arrhythmia event as the dependent
Published by Sciedu Press
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variable and time-dependent exposure to each SGA or no
SGA in each person-month (dichotomized as a yes/no occurrence) as a predictor variable. Each weighted Cox proportional hazard MSM model also controlled for other timedependent covariates, including exposure to SSRIs, SNRIs,
mood stabilizers, psychostimulants, and first generation antipsychotics (haloperidol or fluphenazine), the diagnosis of
comorbid conditions of congenital heart defect, hypertension, obesity/overweight, diabetes mellitus, dyslipidemia,
and substance-related disorders, and for time-independent individual risk factors of gender, race/ethnicity and age-group
at study entry. This design enabled us to estimate the probability of incident cardiovascular events occurring in relation
to whether or not a person received an SGA or a particular
SGA during each month of the study period after controlling
for simultaneous exposure to other SGAs or psychotropic
medications, and related comorbid conditions. A critical
assumption of MSM is that the probability of treatment must
be nonzero, so the use of a no-treatment group in this analysis would substantially bias the results,[23] and, therefore,
was not warranted. Results comparing incident outcomes between the cohort exposed to antipsychotic treatment and a notreatment control group have been presented elsewhere.[27]
In the multivariable Cox proportional hazards models, interaction terms with a time variable were included if the
proportional hazards condition was not met.
The measure of association reported is the adjusted rate ratio
(RR) with a corresponding 95% confidence interval. P values of less than 0.05 (two-sided tests) were considered
statistically significant, and all statistical analyses were performed in SAS software, version 9.2 (SAS Institute, Cary,
North Carolina).

3. R ESULTS
Characteristics of the cohort of 4140 children are presented
in Table 1. Ischemic/myocardial events identified in these
children were: ischemic heart disease in 1.3%, heart failure
in 2.7%, cardiomyopathy in 0.2%. Conduction/arrhythmia
events were identified in 7.5% of the cohort. The prevalence
of all covariates are also presented. During the study period,
12 individuals who died had a diagnosed cardiovascular condition (i.e., myocarditis and cardiomyopathy) after initiation
of an antipsychotic and a cardio- or cerebrovascular condition was noted as their cause of death. However, because
these numbers were very small and we could not directly
associate the incident cardiovascular event with death using
this dataset, only the incident cardiovascular condition was
included in the MSM analyses. Moreover, significantly more
individuals who died also had brain damage or severe mental
retardation (n = 15; χ2 = 32.58; p < .0001) or a seizure
7
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disorder (n =13; χ2 = 11.89; p = .0006), but significantly Table 3. Adjusted Risk Ratios for Incident Arrhythmia
fewer were taking concomitant SSRIs (n=7; χ2 = 8.74; p = Events Related to SGAs, Comorbid Conditions, or
.003), or psychostimulants (n =11; χ2 = 14.87; p = .0001) Co-prescribed Medications
Parameter
aRisk Ratio
95% Confidence Intervals
than the children who did not die.
Table 1. Descriptive Analysis of the Cohort of 4140 Youths
Prescribed Antipsychotic Medications
Indicator
Gender: Male
Race: Caucasian
African American
Other non-white (Hispanic, Asian, Unknown,
Mixed)
Mean Age at Start of Antipsychotic
Cumulative Cardiovascular Events/Disorders
Died during study period
Comorbid Medical Conditions
Overweight/Obesity
Type 1 or Type 2 Diabetes Mellitus
Dyslipidemia
Primary Hypertension
Congenital Heart Defects
Cerebrovascular Disorders
Epilepsy
Substance-related Disorder

N (%)
2825 (68.2)
1722 (41.6)
1680 (40.6)
738 (17.8)
10.4 years (SD: ±3.6)
418 (10.1)
25 (0.6)
839 (20.3)
210 (5.1)
175 (4.2)
290 (7.0)
146 (3.5)
91(2.2)
621(15.0)
490 (11.8)

Rates of exposure to each SGA and to the co-prescribed
psychotropic medications are noted in Table 2.
Table 2. Prescribed Antipsychotic and Co-Prescribed
Psychotropic Medications
Antipsychotic Medication
Aripiprazole
Ziprasidone
Quetiapine
Olanzapine
Risperidone
Haloperidol or Fluphenazine
Prescribed Multiple SGAs
Co-prescribed Psychotropic Medications
SSRIs
SNRIs
Psychostimulants
Mood Stabilizers

N of Patients
Prescribed
Medication (%)
601 (14.5)
597 (14.4)
1201 (29.0)
1206 (29.1)
3123 (75.4)
188 (4.5)
1756 (42.4)
2367 (57.2)
2002 (48.4)
3170 (76.6)
1898 (45.9)

Compared to “no exposure” to SGAs, the use of multiple
SGAs, co-prescribed psychostimulants, and comorbid hypertension were associated with a significantly increased
risk of arrhythmia events, whereas co-prescribed SNRI compounds were associated with a significantly decreased risk
of arrhythmia events (see Table 3). An increased risk of
having ischemic/myocardial events was significantly associated with the co-prescription of mood stabilizers or SSRIs,
and the presence of comorbid hypertension and obesity (see
Table 4), but not with the use of a specific SGA.
8

Female
Age
African American
Other, non-white race
Comorbid Hypertension
Aripiprazole
Ziprasidone
Quetiapine
Olanzapine
Risperidone
Multiple SGAs
SNRIs/other
Mood Stabilizer
Psychostimulants

1.30
1.00
0.86
1.22
2.23
1.43
0.79
1.46
0.92
1.13
2.37
0.59
1.31
1.37

0.99-1.70
0.96-1.04
0.65-1.15
0.88-1.69
1.28-3.89*
0.49-4.18
0.27-2.26
0.82-2.61
0.44-1.89
0.79-1.62
1.17-4.83*
0.35-0.99*
0.95-1.81
1.03-1.81*

*p < .05

Table 4. Adjusted Risk Ratios for Incident
Ischemic/Myocardial Events Related to SGAs, Comorbid
Conditions, or Co-prescribed Medications
Parameter

aRisk Ratio

Female
Age
African American
Other, non-white race
Comorbid Hypertension
Comorbid Obesity/Overweight
Aripiprazole
Ziprasidone
Quetiapine
Olanzapine
Risperidone
Multiple SGAs
SSRIs
Mood Stabilizer
Psychostimulants

1.28
1.00
1.18
1.29
3.97
2.21
1.30
1.69
0.52
0.29
1.00
1.17
1.91
1.68
1.24

95% Confidence
Intervals
0.87-1.89
0.94-1.05
0.78-1.79
0.78-2.14
1.96-8.07*
1.34-3.67*
0.18-9.16
0.50-5.69
0.12-2.18
0.04-2.07
0.60-1.66
0.43-3.20
1.18-3.09*
1.06-2.68*
0.93-1.78

* p < .05

4. D ISCUSSION
In this population-based investigation, exposure to multiple SGAs and co-prescribed psychostimulants was associated with an increased risk of arrhythmia events, whereas
co-prescribed SNRI compounds were associated with a significantly decreased risk of arrhythmia events. Although the
number of RCTs involving pediatric patients with mental
illness has increased over the past decade, no comparative
RCTs have yet addressed the relative safety associated with
individual antipsychotic agents, the co-prescription of two
or more SGAs, or the co-prescription of multiple classes of
psychotropic medications which were evident in this heterogeneous patient cohort.[28] Based on the published safety profiles for agents in each class of medication, SGAs as a drug
ISSN 2377-9306
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class are documented to prolong corrected QT intervals,[12]
but relatively few SGAs used as monotherapy prolong QT
intervals at a rate known to be associated with subsequent
cardiovascular adverse events.[6, 28, 29] However, the risk attributable to individual SGAs appears to be increased when
multiple SGAs are prescribed as polypharmacy and over
prolonged periods.

2015, Vol. 1, No. 1

low-incidence cardiovascular events/conditions, and combine these conditions into related groupings for investigation.
Previous studies have also found that although observational
(Medicaid) databases provide much less detailed information on individuals, the physician diagnoses and utilization
data are valid and more reliable than client or family selfreports.[31] However, several limitations must also be kept in
mind. No structured research and clinical interviews were
employed to confirm any of the coded medical diagnoses,
although independent investigations have been conducted
to validate the psychiatric diagnoses and pharmacotherapy
used.[24, 25] The reporting of non-psychiatric adverse events
and comorbid cardio-metabolic or congenital conditions was
based on reporting to or observation by a primary care physician and is, consequently, likely to be an under-estimate.
These results report associations and, as a result, directions
of causality cannot typically be inferred; however, MSM analyses are designed to better estimate “causal” associations by
overcoming many sources of bias in non-randomized and
controlled datasets. Key risk factors such as family history
of obesity, metabolic disorders, and cardiovascular disorders
were not available in the database and are not modeled in
these analyses. Finally, although many significant covariates
have been controlled for, other unmeasured differences in
patients may have explained the findings.

Consistent with our results, psychostimulants have also previously been found to be associated with an increased incidence
of arrhythmias.[13, 14, 30] Moreover, the risk of developing ischemic/myocardial events was significantly associated with
the co-prescription of mood stabilizers or SSRIs, but not
with the use of SGAs which comports with some previous
findings but not others.[5, 10] The protective effect of SNRI
compounds has been previously identified[10] as well and
may be related to briefer periods of drug exposure or to a
practice transition during the study period in which many
pediatric patients were switched from SSRIs and to SNRIs.
MSM analyses employing time-varying, monthly coding
of medication exposure were sensitive to these medication
changes and the resulting changes in documented adverse
events. Finally, other factors bridging or mediating exposure to the psychotropic drugs evaluated and cardiovascular
toxicity are also associated with cardiometabolic parameters (i.e., blood pressure, obesity).[7, 8] Comorbid hypertension was significantly associated with an increased risk for
ischemic/myocardial events and for arrhythmias, whereas 5. C ONCLUSION
obesity/overweight was only associated with an increased In summary, MSM analyses have again demonstrated their
utility for comparing multiple treatment effects, enhancing
risk of ischemic/myocardial events.
the results obtained from observational, longitudinal data
Comparing our MSM results with previous analyses using
sets, controlling for confounding variables, and yielding
conventional logistic regression methods in this data set, submore precise estimates of treatment effects when randomized,
stantial agreement exists regarding the negative effects of
controlled trials are not feasible.
patient exposure to multiple antipsychotics, i.e., a significantly higher risk for incident cardiovascular events, inci- ACKNOWLEDGEMENTS
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