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To identify the factors associated with incident neurological and cardiovascu-
lar adverse events in children and adolescents treated with antimanic agents, a
retrospective, longitudinal study was conducted. Medicaid medical and phar-
macy claims between January 1996 and December 2005 were used to identify
3657 children and adolescents prescribed antimanic medications, and a ran-
dom sample of 4500 children not treated with psychotropic medications. All
adverse events examined (sedation/drowsiness, headaches, involuntary move-
ments/extrapyramidal symptoms (EPS), cardiovascular events, hypertension,
and orthostatic hypotension) were more prevalent in the antimanic-treated co-
hort. The odds of developing incident sedation/drowsiness and headaches were
significantly higher for those prescribed carbamazepine, and co-prescribed se-
lective serotonin reuptake inhibitors or antipsychotics. The odds of incident
involuntary movements/EPS were significantly higher for those co-prescribed
antimanic and antipsychotic agents, and those with comorbid central nervous
system (CNS), organic brain disorders/mental retardation, or epilepsy. Inci-
dent cardiovascular events, hypertension, and orthostatic hypotension odds
were significantly higher for those co-prescribed antimanic agents and an-
tipsychotics, or those with comorbid epilepsy or metabolic conditions. Co-
prescription of antimanic and antipsychotic agents is more likely associated
with neurological and cardiovascular adverse reactions, especially in young
patients with preexisting CNS/neurological disorders.

Introduction

For complex mood disorder presentations in children and
adolescents, for example, bipolar disorder, monotherapy
with lithium, two anticonvulsants used as mood sta-
bilizers (valproic acid derivatives and carbamazepine),
or three second-generation antipsychotics (olanzapine,
quetiapine, or risperidone) is considered to be first-line
treatment, with augmentation by another mood sta-
bilizer or second-generation antipsychotic if the first-
line treatment is only partially effective [1]. Moreover,
combinations of medications are increasingly prescribed
for children with bipolar disorder and co-occurring
conditions, e.g., attention-deficit hyperactivity disorder.
However, because long-term side effects are more likely
to occur and to occur more frequently with co-prescribed
psychotropics [1], it is important to monitor the side ef-
fects associated with different prescribing patterns over
time.

In this investigation, the incidence/prevalence of sev-
eral neurological and cardiovascular adverse events in
an antimanic-treated cohort from South Carolina’s Med-
icaid system are compared with a random sample of
children served through Medicaid with no exposure to
psychotropic medications, in order to identify the fac-
tors related to these events, for example, preexisting
medical conditions, the co-prescription of other psy-
chotropic medications, and individual risk factors of age,
gender, and race.

Methods

Cohort Selection

Claims data for South Carolina’s Medicaid program were
obtained through the state’s Office of Research and Statis-
tics. Each Medicaid medical claim identifies a service
encounter and gives the date of service, and the Inter-
national Classification of Diseases (ICD), Ninth Revision,
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Clinical Modification diagnosis codes related to that visit
(Visit file). Pharmacy claims identified the medication dis-
pensed and the date the prescription was filled (Pharmacy
file). A separate data file regarding eligibility was used
to summarize the demographics for each patient (Person
file). The databases are frequently updated prior to be-
ing made available for 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.

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) enrolled in and eligible for Medicaid for a minimum
of 9 months in each calendar year included in this anal-
ysis, who had a service encounter, and who were pre-
scribed any of three medications used as mood stabilizers
between January 1, 1998, and December 31, 2003. The
date of first prescription of an antimanic/mood-stabilizing
medication (i.e., valproic acid derivatives, lithium, and
carbamazepine) in the Medicaid data set was defined as
the selection encounter date. This process resulted in the
identification of 3657 patients for the treated cohort.

Out of the same population and from the same period,
medical and pharmacy claims were also used to identify a
randomly selected group of child and adolescent patients
(0–17 years old) eligible for Medicaid 9 out of 12 months
in all calendar years under study, who had service en-
counters, but no prescriptions in the database for any class
of psychotropic medication (antipsychotics, antidepres-
sants, mood stabilizers, or psychostimulants). This process
resulted in the identification of 40,660 patients who met
the criteria. From this group, a random sample of 4500
patients was selected to use as a representative control
group.¿

Adverse Event Coding

Cardiovascular or neurological medical conditions that
were detected in the 24 months prior to each patient’s
selection date into the treated cohort were coded as
“preexisting” for this study. If the patient developed a
medical condition subsequent to the prescription of the
antimanic medication, new variables were created for
these “incident” events. In the control group, detec-
tion of any of the cardiovascular or neurological med-
ical conditions in a service billing record was coded.
The following categories of conditions and events were
evaluated in both the treated cohort and the con-
trol sample: cardiovascular events (ICD-9 codes: my-
ocardial infarction 410-412; ischemic/pulmonary heart
disease 413-416, 428-429; arrhythmias 426-427; and
cardiomyopathy 425), cerebrovascular events (ICD-9

codes: cerebrovascular disease 436-437; cerebrovascu-
lar accident 435; cerebrovascular hemorrhage 430-
434; and peripheral vascular disease 440-448), ortho-
static hypotension/syncope (ICD-9 codes: 458, 780.2),
hypertension (ICD-9 codes: 401-405), involuntary move-
ments/extrapyramidal symptoms (EPS) (including neu-
roleptic malignant syndrome) (ICD-9 codes: 333 to
333.99, 781.0), headaches (ICD-9 codes: 784.0), and
sedation/somnolence/drowsiness (ICD-9 codes: 780.09,
780.54, 780.89).

For the cardiovascular adverse event analyses, pre-
existing congenital heart defects were coded as ICD-9:
747.0-747.9; comorbid type 2 diabetes mellitus and dys-
lipidemia were coded as ICD-9: 272, 288.0, 285.9 and
250, 250.00-251.92 with 5th digit = 0,2; and a substance-
related disorder was coded as ICD-9: 304 and 305. Co-
morbid medical conditions for the neurological adverse
events analyses were coded as preexisting epilepsy (ICD-
9 codes: 340-345.9), preexisting central nervous system
disorders (ICD-9 codes: 320-389.9), preexisting organic
brain damage and moderate to profound mental retar-
dation (ICD-9 codes: 310.x, 318.x), preexisting cardio- or
cerebrovascular conditions, or comorbid obstructive sleep
apnea (ICD-9 codes: 770.82 or 780.57).

Statistical Analysis

To address research questions regarding differences in
the incidence/prevalence of the cardiovascular or neu-
rological conditions/events in the treated cohort versus
control sample, six multiple logistic regression equations
were constructed to assess the relative odds associated
with developing each adverse event, using the control
sample as the primary comparator, and controlling for
three individual risk factors (i.e., gender, ethnicity,
and age), dichotomously coded as male/female, African
American/other, and age 12 or less/age 13 or more.

Then, to identify factors associated with the cardio-
vascular or neurological events in the treated cohort of
pediatric patients prescribed antimanic agents, includ-
ing the role of comorbid medical conditions and co-
prescribed psychotropic medications on the development
of these conditions, five separate multiple logistic regres-
sion equations (one combining cardio- and cerebrovascu-
lar events) were constructed to assess the relative odds
associated with developing each adverse event under
scrutiny, using the lithium and carbamazepine as the
main antimanic agent covariates (compared to valproic
acid derivatives), and co-prescriptions of selective sero-
tonin reuptake inhibitor (SSRI) antidepressants, psychos-
timulants, or antipsychotics as additional covariates of
interest, controlling for three dichotomously coded indi-
vidual risk factors (i.e., gender, ethnicity, and age).
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To each logistic regression equation for the cardiovas-
cular equation, the presence of several comorbid condi-
tions were added as independent variables: “comorbid
type 2 diabetes mellitus and dyslipidemia,” “congenital
heart conditions,” and a “substance-related disorder” sig-
nifying conditions shown in previous studies to pose ad-
ditional risk factors for patients prescribed these medica-
tions [2]. To each logistic regression equation for the neu-
rological equations, variables coded for the presence of
several comorbid conditions were added as independent
variables: “preexisting cardio- or cerebrovascular condi-
tions,” “comorbid organic brain damage/mental retarda-
tion,” “comorbid central nervous system disorders,” and
“comorbid obstructive sleep apnea” (for sedation only)
[3–6].

Co-prescribed antidepressants were coded as SSRIs
for citalopram, escitalopram, fluoxetine, fluvoxamine,
paroxetine, and sertraline [7]. Co-prescribed psychostim-
ulants coded in the analyses were methylphenidate, dex-
troamphetamine, and amphetamine salts. Co-prescribed
antipsychotics coded in the analyses were aripipra-
zole, ziprasidone, quetiapine, risperidone, olanzapine, or
haloperidol.

Results

Patients

The antimanic-treated cohort was primarily male
(63%) and white (43%), and being treated primarily
for bipolar disorder (37%), attention-deficit hyperac-
tivity disorder (65%), and conduct disorder (45%),
with comorbid psychotic (20%) or depressive dis-
orders/features (24%). The mean age of the cohort
was 9.6 (SD = 4.1) years at the time of mood stabi-
lizer initiation (selection date into the treated cohort)
(Table S1). Valproic acid derivatives were prescribed to
83% of these children and adolescents, along with the
newest antidepressant agents (serotonin norepinephrine
reuptake inhibitor/heterocyclic compounds) (51%),
psychostimulants (61%), and antipsychotics (46%).
Larger percentages of the treated cohort had diagnosed
comorbid organic brain damage/mental retardation
(16.4% vs. 3.6% in the control group), central nervous
system disorders (6.7% vs. 5.1% in the control group),
epilepsy (36.2% vs. 1.0% in the control group), obe-
sity/weight gain (11.6% vs. 8.6% in the control group),
metabolic disruption (type 2 diabetes and dyslipidemia
13.5% vs. 10.8% in the control group), and obstructive
sleep apnea (10.5% vs. 1.9% in the control group).

The control sample demographics were somewhat dif-
ferent: 43.8% male, 75.7% African American, and 18.7%
Caucasian, with a mean age of 7.6 years at selection

into the random sample. Although the clients in the
antimanic-treated cohort were about 2 years older at
selection into the cohort (start date of the antimanic
medication) than those in the control sample, data were
compiled on the treated cohort for 2 years prior to their
selection date for analysis of the preexisting conditions,
making their average age at start date in the data set com-
parable to that of the control group (7.6 years).

Comparison of Treated Cohort and Untreated
Control Sample

The incidence/prevalence rates for the neurological and
cardiovascular conditions in the treated cohort and un-
treated control sample are shown in Table S2. Table
S3 presents statistical comparisons of the treated cohort
and untreated control sample, controlling for individ-
ual risk factors (i.e., age, gender, and ethnic). The co-
hort treated with antimanic medications and other psy-
chotropic agents was more likely to have been diag-
nosed with sedation/somnolence (odds ratio, OR = 3.23),
involuntary movements/EPS (OR = 9.09), headaches
(OR = 1.59), cardiovascular events (OR = 2.78),
hypertension (OR = 1.61), and orthostatic hypoten-
sion/syncope (OR = 2.78).

Treated Cohort Analyses

The odds of developing sedation/somnolence/drowsiness
(Table S4) were significantly higher for those prescribed
carbamazepine (OR = 1.48), and those co-prescribed
SSRIs (OR = 1.46) and antipsychotics (OR = 1.29). There
were also differences in the risk of developing seda-
tion/somnolence due to comorbid obstructive sleep ap-
nea (OR = 2.06), controlling for the significant influence
of individual risk factors, with females and adolescents
being more likely to have incident sedation/somnolence
(OR = 1.61; OR = 1.35).

The odds of developing involuntary movements/EPS
were significantly higher for those co-prescribed antipsy-
chotics (OR = 1.82; 95% confidence interval, CI =
1.22,2.72), and for those with preexisting central ner-
vous system conditions (OR = 2.25; CI = 1.22,4.13), or-
ganic brain syndromes or mental retardation (OR = 2.35;
CI = 1.64,3.37), and comorbid seizures (OR = 2.19;
CI = 1.37,3.50), with no antimanic medication group dif-
ferences.

In the treated cohort, the odds of developing headaches
were significantly higher for those prescribed carba-
mazepine (OR = 1.32), and co-prescribed SSRI antide-
pressants (OR = 1.22) and psychostimulant medications
(OR = 1.36), and females (OR = 1.39) (Table S5).

CNS Neuroscience & Therapeutics 16 (2010) 25–31 c© 2009 Blackwell Publishing Ltd 27



Neurological and Cardiovascular Adverse Events J. M. Jerrell

Incident cardiovascular events were predominantly ar-
rhythmias (N = 169; 4.6%) and ischemic/pulmonary
heart disease (N = 77; 2.1%). The odds of developing
cardio- and cerebrovascular events were higher for those
co-prescribed antipsychotic medications (OR = 1.55;
CI = 1.12,2.13) regardless of the prescribed antimanic
medications, and those with epilepsy (OR = 1.93; CI =
1.41,2.64), and comorbid metabolic disorders (OR = 2.16;
CI = 1.53,3.07).

The odds of developing incident hypertension were sig-
nificantly higher for children 13 years of age and older
(OR = 1.75; CI = 1.10,2.78), and those co-prescribed an-
tipsychotics (OR = 1.90; CI = 1.33,2.70) regardless of the
prescribed antimanic medications, but significantly lower
for those prescribed psychostimulants (OR = 0.54; CI =
0.38,0.76).

The odds of developing orthostatic hypoten-
sion/syncope were significantly higher for those taking
SSRI antidepressants (OR = 1.32; CI = 1.01,1.73), those
co-prescribed antipsychotics (OR = 2.19; CI = 1.45,3.32)
regardless of the prescribed antimanic medications,
and those with comorbid epilepsy (OR = 2.09; CI =
1.40,3.12), controlling for the significant influence of
individual risk factors, with females and adolescents
being more likely to have incident orthostatic hypoten-
sion/syncope (OR = 1.40; CI = 1.10,1.79; OR = 1.70;
CI = 1.16,2.49, respectively).

Discussion

The results of this retrospective, longitudinal investi-
gation indicate that, compared to youth not treated
with any psychotropic medications, those treated with
antimanic medications were significantly more likely
to demonstrate all the neurological and cardiovascular
adverse events examined: sedation/somnolence, in-
voluntary movements/EPS, headaches, hypertension,
orthostasis/syncope, and cardio- and cerebrovascular
events. However, since many of these young patients
had comorbid medical conditions that would predispose
them to neurological and cardio-/cerebrovascular adverse
events (i.e., epilepsy 36%, central nervous system dis-
orders 7%, and organic brain/pervasive developmental
disorders 16%), and were in long-term treatment, dur-
ing which they were exposed to multiple psychotropic
medications, including antimanic, antipsychotic, and an-
tidepressant agents, the higher prevalence of all neuro-
logical and cardiovascular conditions might be expected
[1].

The main factors mitigating against the development
of adverse events in this clinical context were the ex-
tensive use of valproic acid derivatives (83%), as well as
the use of newer antidepressant agents (serotonin nore-

pinephrine reuptake inhibitor/heterocyclic compounds)
(51%), psychostimulants (61%), and second-generation
antipsychotics (36%), all of which are associated with
fewer or less severe neurological and cardiovascular ad-
verse effects [1,7–23].

Those at significantly higher risk of incident seda-
tion/somnolence were prescribed carbamazepine and co-
prescribed SSRIs and/or antipsychotics, as were those
with preexisting obstructive sleep apnea or central ner-
vous system disorders. Incident headaches were more
likely to be reported for those prescribed carbamazepine
and co-prescribed SSRIs. Incident involuntary move-
ments/EPS (including neuroleptic malignant syndrome,
since it could not be distinguished in the ICD codes) were
found for those co-prescribed antipsychotics, as well as
those with preexisting central nervous system, organic
brain/mental retardation, and epilepsy/seizure disorders.
The association between carbamazepine or co-prescribed
antipsychotic or SSRI usage and neurological adverse
events, such as sedation, involuntary movements/EPS,
and headaches, comports with the results of several
previous investigations [7,9,10]. Sedation/somnolence is
more likely to develop in patients prescribed both lithium
and an antipsychotic or SSRIs [7,24,25] or prescribed
both valproate and quetiapine [8], but in this data set
there were too few cases with those combinations of
medications to statistically explore the effect of the med-
ication interaction on each adverse event. The significant
relationship between several preexisting central nervous
system or organic brain conditions and a heightened risk
of some neurological adverse effects, regardless of the
psychotropic medication prescribed, also reflects some
previous clinical trial results and case reports [3,5,6,26].
However, these findings provide additional evidence that
children with certain pervasive developmental, central
nervous system, or metabolic medical conditions are at
increased risk for adverse events when exposed to multi-
ple psychotropics.

A significantly higher risk for incident cardiovascular
events was identified for those exposed to co-prescribed
antipsychotics, as well as those with preexisting epilepsy
and metabolic conditions. This higher risk of cardio-
vascular adverse events, notably arrhythmias and is-
chemic events, has been previously noted in clinical
trials, case reports, and pharmacoepidemiologic studies
[1,2,9,10,19]. The inability to detect an association be-
tween antimanic usage and hypertension in this analy-
sis diverges from clinical trial studies, which have found
a relationship between mood-stabilizing medications and
hypertension [7]. However, an association between co-
prescribed antipsychotic agents and the development of
hypertension, regardless of the antimanic agent pre-
scribed, was identified. The age-related finding of an
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increased risk for hypertension in adolescents co-
prescribed mood-stabilizing and antipsychotic agents
comports with a previous finding of increased risk of hy-
pertension in adolescents predominantly prescribed an-
tipsychotics over extended periods [2].

A significantly higher risk for incident orthostatic hy-
potension was found for those co-prescribed antipsy-
chotics or SSRIs, but not for any particular antimanic
agent, which partially diverges from previous findings.
However, this result underscores the importance of
knowing the relative safety profiles of the individual an-
timanic, SSRI, and antipsychotic agents, as well as un-
derstanding that there is an increased probability of ad-
verse events associated with the co-prescription of these
classes of medications [1,9,10,19,27,28]. Both psychiatric
and primary care practitioners need to familiarize them-
selves with the potential for central nervous system tox-
icity associated with antimanic and antipsychotic agents
in pediatric populations, and use them sparingly in chil-
dren already displaying early-onset risk factors for neu-
rological or cardiovascular adverse events [2,3,5,9,10,
28,29].

Strengths and Limitations

The perspective provided by the longitudinal database has
several strengths:

(1)The cohort represents a large, heterogeneous group of
children and adolescents with varying periods of ex-
posure to antimanic agents and other psychotropics.

(2)There is sufficient power in the treated cohort and
untreated sample sizes to detect somewhat low-
incidence conditions and combine these conditions
into related groupings.

(3)Previous studies have found that although Medicaid
databases provide much less detailed information on
individuals than a structured research interview, the
physician diagnoses and utilization data are more re-
liable than client or family self-reports [30,31].

(4)The outcomes of disparate neurological and car-
diovascular events related to antimanic and con-
comitant medication use are clinically relevant and
of substantial public health importance in pediatric
populations.

These results also need to be interpreted with several
limitations in mind:

(1)The data were not based on controlled trial methods
but, instead, we used secondary administrative data
and observational techniques in a retrospective co-
hort design.

(2)Structured research and clinical interviews were not
employed to confirm any of the assigned medical dis-
orders.

(3)The reporting of adverse events was based on sponta-
neous reporting to a physician and is, consequently,
likely to be an underestimate.

(4)The detection of any adverse event was also depen-
dent on the ICD-9 codes being properly submitted to
Medicaid and is also likely to be an underestimate.

(5)These results report associations and, as a result, direc-
tions of causality cannot be inferred.

(6)Key risk factors such as family history of specific
cardiovascular disorders were not available in the
database and are not modeled in these analyses.

(7)The representativeness of this Medicaid cohort in re-
lation to those in other states and service systems can-
not be estimated from our data set.

In order to provide a more refined estimate of the neu-
rological or cardiovascular risk attributable to long-term
exposure to antimanic agents or various co-prescribed
antipsychotics or antidepressants, pragmatic and random-
ized, controlled efficacy, and effectiveness studies of an-
timanic therapy in combination with other psychotropic
agents need to be conducted. Urgently needed, as well,
are studies that draw further attention to the safety pro-
file of antimanic agents in young populations and help
develop an empirical foundation to guide clinical decision
support, since there is only limited long-term safety in-
formation available regarding the use of these antimanic
medications for pediatric patients. These results confirm
findings from many previous short-term, clinical trial and
case studies of the tolerability and safety of these an-
timanic agents, while demonstrating their development
and prevalence in community-based practice settings, es-
pecially when multiple classes of psychotropic agents are
co-prescribed. These findings are germane to the over-
all appraisal of the benefits and risks of this class of psy-
chotropic agents. When evaluating the overall benefit–
risk ratio of antimanic agents in children and adolescents,
the practitioner needs to give careful consideration to a
range of possible neurological and cardiovascular adverse
reactions, especially in individuals receiving concomitant
psychotropic medications, and to children with preexist-
ing or comorbid epilepsy, or developmental/central ner-
vous system disorders, which might further increase their
risk of adverse reactions.
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