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Epidemiology and Economic Burden of Serotonin Syndrome
With Concomitant Use of Serotonergic Agents:
A Retrospective Study Utilizing Two Large US Claims Databases
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ABSTRACT

Objective: Serotonin syndrome (SS) is an adverse drug reaction
occurring among patients receiving serotonergic agents (SAs), and
although SAs are commonly prescribed, the epidemiology and
economic burden of SS with concomitant SA use have not been
comprehensively examined. The objective of this study was to
investigate the prevalence, incidence, and economic burden of SS
with SA use.

Methods: A retrospective cohort study was conducted using
Veterans Health Administration (VHA) records (identification
period: October 1, 2008-September 30, 2012) and commercially
insured patient records (Intercontinental Marketing Services
PharMetrics Plus; identification period: January 1, 2010-December
31,2013). Cohorts were based on drug classification and exposure:
single monoamine oxidase inhibitor (MAOI), MAOIs in combination
with SAs, single non-MAOI SA, and multiple non-MAOI SAs (2, 3, 4,
>5). Participants were aged > 18 years with continuous health plan
enrollment for 12 months prior to the first SA claim. Outcomes were
SS events (ICD-9-CM: 333.99), annual incidence and prevalence,
related health care utilization and costs, and SS incidence relative
risk.

Results: Over 15 million patients were identified and categorized
by SA prescription type. SS incidence in both populations
decreased: 0.19%-0.07% (VHA) and 0.17%-0.09% (commercially
insured). Overall SS prevalence decreased during the study period.
Compared to single non-MAOI SA patients, SS incidence relative
risk was highest among patients prescribed >5 non-MAOI SAs.
Inpatient stays accounted for 4.35% (VHA) and 0.88% (commercially
insured) of all SS events. Of SS-related inpatient stays, median costs
were $8,765 (VHA) and $10,792 (commercially insured).

Conclusions: SS incidence and prevalence and SS-related
hospitalization risk among patients prescribed SAs were low in both
populations This study provides additional information regarding
SS risk associated with SA use.
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Serotonin syndrome (SS) is an adverse drug reaction
thought to occur as a result of an increase in the
postsynaptic concentrations of serotonin.! Characterized
by mental status changes (eg, anxiety, delirium, confusion,
drowsiness, seizures, coma), autonomic instability (eg,
hyperthermia, sinus tachycardia, blood pressure changes,
flushing, diarrhea, vomiting), and neuromuscular
hyperactivity (eg, akathisia, myoclonus, tremor, nystagmus,
shivering), the symptoms of SS can range from mild to fatal.>*
Most reported cases of SS are in patients using multiple
serotonergic agents (SAs) or those who have had considerable
exposure to a single serotonin-augmenting drug.’

Serotonin syndrome has been associated with certain
pathophysiologic mechanisms, such as inhibition of
serotonin reuptake, as seen in the use of selective serotonin
reuptake inhibitors (SSRIs), serotonin-norepinephrine
reuptake inhibitors (SNRIs), and tricyclic antidepressants.
Other mechanisms linked to SS include decrease in the
breakdown of serotonin (as observed in monoamine oxidase
inhibitors [MAQIs]), increase in serotonin precursors or
agonists such as triptans, enhancement of serotonin release
(eg, stimulants),® or interference with the breakdown of
SAs.” Many medications approved by the US Food and Drug
Administration (FDA) carry warnings for SS, including
commonly prescribed medications such as antidepressants,
antipsychotics, antimigraine medications, or medications
prescribed for the management of Parkinson’s disease and
Alzheimer’s disease.® 10

In July 2006, the FDA issued a warning that the use of
a triptan in combination with an SSRI or SNRI may result
in a potentially life-threatening problem known as SS.!1:12
Clinicians were cautioned to monitor for potential risk
of serotonin toxicity.!*> However, in 2010, the American
Headache Society'® published a position paper stating that
the basis of the 2006 FDA warning—a collection of case
studies—was conflicting and inadequate to determine
the risk of SS with SA use.!* Although the quantity and
extent of concomitant use of a triptan and an SSRI or SNRI
within the United States can be approximated, the quantity
of cases of SS associated with the concomitant use of SAs
is still lacking in the literature.!> A significant gap remains
in the literature between the actual incidences of SS cases
and resulting clinical and economic consequences due to
concomitant SA use.'®> Without these data, it remains difficult
to assess the risk-benefit associated with the use of SAs. A
study'® of elderly Australian veterans and dependents showed
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B Current research supports evidence that, using Veterans
Health Administration (VHA) and IMS PharMetrics Plus
(IMS) databases across 24 million (VHA) and 40 million
(IMS) patients, overall serotonin syndrome (SS) incidence
and prevalence were low among patients prescribed
serotonergic agents (SAs) in the United States and
trending to decline between years studied.

B Severe SS events leading to emergency department visits
or hospitalizations were rare with no death reports; in
both VHA and general (IMS) populations, the proportion
of patients with SS-related hospitalizations increased as
the number of non-MAOI SAs increased.

B This study provides practical information that can help
health care professionals better understand the benefit
and risk of SA use in their prescribing practices.

widespread use of serotonergic medications. Approximately
42% of the study population was prescribed at least 1 SA, 8%
was prescribed a combination of SAs, and roughly 0.7% was
prescribed MAOIs in combination with SAs. Despite these
data, the authors failed to report the actual incidence of SS.'¢

The goal of this study was to examine the prevalence and
incidence of SS over time and the economic impact of SS with
concomitant use of SAs in clinical practice in 2 different US
populations using large, nationally representative databases.
To our knowledge, this is the first large-scale study assessing
the prevalence, incidence, and economic impact of SS with
concomitant use of SAs.

METHODS

Data Source

This was a retrospective claims data study using
medical, pharmacy, and enrollment information to identify
epidemiologic patterns and prescribing practices associated
with SS using 2 US national datasets: the Veterans Health
Administration (VHA) dataset from October 1, 2007-
September 30, 2012 and commercially insured patients in
the Intercontinental Marketing Services PharMetrics Plus
(IMS) dataset from January 1, 2009-December 31, 2013.

The VHA dataset contains data for VHA-provided health
care utilized primarily by US military veterans and a small
number of nonveterans (eg, employees, eligible family
members, research participants). In the VHA dataset, costs
for utilization are based on payments from the government.

The commercially insured patient dataset (IMS) contains
information for more than 71 million patients using over 103
health plans across the United States. The State Children’s
Health Insurance Program, Medicaid, Medicare Advantage,
self-insured, and Medicare supplemental health plans are
also available in the commercially insured patient dataset.
Institutional review board approval was not required for
this retrospective study as its undertaking involved no
collection or use of personally identifiable information.!” In
the commercially insured patient dataset, cost of utilization
is based on the amount paid by the health plan.

Patient Identification

SS prevalence and incidence. SS was identified using
the International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) diagnosis code 333.99.
As ICD-10 had not yet been implemented during the study
period, ICD-9 was the diagnostic tool used during the study
period analyses. Primary and secondary diagnoses were used
to calculate incidence and prevalence of SS for the overall
population represented by each dataset and among patients
prescribed SAs.

Patients included in the SS prevalence analysis had
continuous health plan enrollment for the entire fiscal year
(VHA: 2008-2012) or calendar year (commercially insured
patients: 2009-2013). The prevalence of SS was calculated by
dividing the number of patients with at least 1 medical claim
for SS by the number of patients in the overall population or
those with > 1 pharmacy claim for an SA.

Patients were included in the SS incidence analysis if they
had continuous health plan enrollment for the entire fiscal
year (VHA: 2009-2012) or calendar year (commercially
insured patients: 2010-2013) and the prior year. The
incidence of SS was calculated by dividing the number of
patients with at least 1 new medical claim for SS by the
number of patients in the overall population and in those
with >1 SA prescription.

SA prescribing practices. An analysis of the prescribing
patterns of concomitant medications associated with SS
(Supplementary Table 1) was also conducted. All patients
were required to have an SS diagnosis. Patients were
identified from January 1, 2010-December 31, 2013, in the
commercially insured patient dataset and from October
1, 2009-September 30, 2012, in the VHA dataset. Patients
aged 18 years or older with >1 prescription claim for SAs
and with continuous medical and pharmacy benefits for
at least 12 months preindex date were included. The first
SA prescription date was designated as the index date, and
patient data were observed until either the earliest date of
health plan disenrollment, the end of the study period, or
death.

Cohort assignment. Patients prescribed at least 1 SA
and diagnosed with SS were categorized into cohorts on the
basis of their treatment initiation (Supplementary Figure 1).
If there were multiple prescriptions, an overlap period of
at least 1 day for each drug was required for all medication
combinations. Combinations were defined as a pharmacy
claim for 1 drug on or before the run-out date (prescription
date + number of days’ supply) of the other drug. New
pharmacy prescriptions were checked as were the number
of drugs in supply at the time of the new prescription. A
new prescription with or without an overlap period with
another previous prescription was considered the start of a
new observation period.

Based on their relevant medication exposure during the
follow-up period, patients were assigned to 1 of 7 cohorts.
Cohorts were assigned and categorized by number and
type of medication. The 1-drug cohort included patients
prescribed 1 SA, excluding MAOIs. The 1 MAOI drug
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Figure 1. Serotonin Syndrome (SS) Incidence and Prevalence Trends: Commercially Insured Patients and US Veteran Patients

A.SS Prevalence in Commercially Insured Patients (IMS Data)
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Abbreviations: IMS =Intercontinental Marketing Services, SA=serotonergic agent, VHA =Veterans Health Administration.

cohort included those who were prescribed 1 MAOI agent.
The MAOI combination cohort described those prescribed
a combination of MAOIs or any other SAs. The remaining
cohorts were enumerated according to the number of SAs
prescribed, excluding MAOISs: the 2-drug combination cohort
included patients prescribed a combination of 2 SAs, except
MAOIs; the 3-drug combination cohort, a combination
of 3 SAs, except MAOIs; the 4-drug combination cohort,
a combination of 4 SAs, except MAOIs; and the >5-drug
combination cohort, a combination of >5 SAs, except
MAOIs.

Baseline variables. Baseline demographic variables
included age, sex, and US region (Northeast, North Central,
South, and West). The Charlson Comorbidity Index
(CCI)!8-20 score, a weighted summation of 23 comorbid
conditions and warfarin use, was also calculated. Some SAs
in combination with warfarin are known to increase the risk
of bleeding in some patients.?!

Outcome variables. All outcomes were evaluated for both
populations overall by dataset. The prevalence and incidence
of SS were calculated for the overall population and for
patients with > 1 pharmacy claim for an SA and were reported
as a percentage. The SS incidence rate was calculated as the
incidence rate (per 1,000 person-years) using the number of
new SS cases divided by the total person-years at risk.

Health care costs and utilization per SS event were
calculated and defined as the health care costs and utilization
associated with a primary SS diagnosis. Health care
utilization per SS event was estimated, and the SS-associated
visits were reported: inpatient stays, emergency department
(ED) visits, office and outpatient visits, and length of
stay. One event was considered as >1 SS diagnosis claim
occurring within + 1 day. SS-related health care costs were
also estimated, including inpatient, ED, office, outpatient,
and total medical (inpatient + outpatient) costs.

Data analysis. Seven cohorts were compared based on
drug exposure: 1 non-MAOI drug, 1 MAOI drug, MAOI
combination, 2-drug combination, 3-drug combination,
4-drug combination, and >5-drug combination cohorts.
Descriptive analyses were performed for comparisons of
all baseline and outcome variables. Percentages and counts
were provided for dichotomous and polychotomous
variables. Means and standard deviations (SDs) were
calculated for continuous variables. Student ¢ tests were
used to examine differences in continuous variables
of interest between study cohorts. Chi-square tests of
proportion were used to examine bivariate associations
for categorical variables. Effect size (ES)—defined as the
absolute difference in sample means divided by an estimate
of the pooled ES of each variable—was provided. The ES
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helps'to distinguish practical (ie, clinical) versus

between groups as seen in this study. The ES
was reported as 100 times the absolute value of
the actual ES to allow for an easy interpretation.

there are very large differences in sample size
Any ES > 10 was considered significant.??

statistical significance in situations in which

Poisson regression was used to evaluate SS
incidence trends among the cohorts. Adjusted
incidence relative risk (IRR) for SS was
estimated using the 1 non-MAOI drug cohort
as the reference group, and corresponding
P values and 95% confidence intervals (ClIs)
were calculated. All statistical analyses were

conducted in SAS version 9.3.

Similarly, in the commercially insured

In the VHA population, a decrease occurred
in the SS prevalence rate from 2009 to 2012 for
the overall population (0.06%-0.02%) and for
population, a decrease occurred in the SS

Patient characteristics are summarized in
Table 1. Compared to the commercially insured

Figure 1 shows the SS incidence and
patients prescribed SAs (0.19%-0.07%). The

A total of 3,349,984 US veterans and
11,818,956 commercially insured patients were
identified for this study.
prevalence trends in the overall population
and in patients prescribed SAs during the study
period.
incidence of SS also decreased from 2008 to
2012 in the overall population (0.13%-0.07%)
and in patients prescribed SAs (0.47%-0.23%).
incidence rate from 2010 to 2013 for the overall
population (0.06%-0.03%) and for patients
prescribed SAs (0.17%-0.09%). A decrease
from 2009 to 2013 in the overall population
(0.10%-0.05%) and in patients prescribed SAs

(0.28%-0.14%).
patients, US veterans were mostly male and

had higher mean CCI scores, indicating a less
older than commercially insured patients. In

the VHA population, those patients who were
insured patients prescribed MAOI drug

in the SS prevalence rate was also observed
healthy population. Overall, US veterans were
prescribed 1 MAOI SA were also the oldest
(aged 67 years). Likewise, the commercially
combinations were the oldest in that population
(aged 54 years). In both populations, patients

SS Incidence and Prevalence Trends
Patient Characteristics

RESULTS
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Risk and Economic Impact of Serotonin Syndrome

Table 2. Serotonin Syndrome (SS) Incidence Among Patients Prescribed Different Combinations of Serotonergic Agents (SAs)

US Veterans (VHA Data) Commercially Insured Patients (IMS Data)
No. of SS Incidence Rate P No. of SS Incidence Rate P

Cohorts Observations per 1,000 PY IRR*  95%Cl  value Observations per 1,000 PY IRR®  95%Cl  value
1 non-MAOI 8,286,045 1.28 Reference 22,688,723 1.38 Reference

1 MAOI 9,531 1.30 0.83 0.43-1.60 .58 15,547 297 163 1.13-2.34 .009
MAOI-SA combination 21,426 522 337 247-460 <.001 27,851 10.25 549 433-697 <.001
2 Non-MAOI combination 5,970,127 243 197 1.90-2.04 <.001 10,544,544 337 220 2.15-225 <.001
3 Non-MAOI combination 2,813,929 3.55 2.88 2.75-3.03 <.001 3,935,264 4.60 291 2.81-3.00 <.001
4 Non-MAOI combination 1,016,749 4.87 397 3.69-426 <.001 1,250,898 6.32 3.84 3.64-405 <.001
>5 Non-MAOI combination 367,013 6.70 549 493-6.11 <.001 442,633 10.50 5.77 5.30-6.28 <.001

@Poisson regression adjusted for age group, sex, race, US geographic region, and Charlson Comorbidity Index score in the Veterans Health Administration

dataset.

bPoisson regression adjusted for age group, sex, US geographic region, Charlson Comorbidity Index score, payment type, and health plan type in the

commercially insured patient dataset.

Abbreviations: IMS =Intercontinental Marketing Services, IRR=incidence relative risk, MAOl=monoamine oxidase inhibitor, PY = patient years, VHA =Veterans

Health Administration.

Table 3. Serotonin Syndrome (SS) Event-Related Health Care
Resource Utilization Among Commercially Insured Patients
and US Veteran Patients

Commercially
Insured Patients VHA Patients

Health Care Utilization? (SS events=17,972) (SS events=4,118)

Any inpatient visit 158 (0.88) 179 (4.35)

Any emergency department 338(1.88) 258 (6.27)
visit

Any office visit 15,412 (85.76) 4,045 (98.23)

Any other outpatient visit 7,822 (43.52) 111 (2.70)

Any outpatient visit 17,834 (99.23) 4,088 (99.27)

Length of stay for SS events with 5.11 (4.98) 8.32(17.76)

inpatient visit, mean (SD)

2All values are n (%) unless otherwise noted.
Abbreviation: VHA =Veterans Health Administration.

prescribed 1 non-MAOI SA had the lowest CCI scores
(Table 1).

SS Incidence Rate

The SS incidence rate per 1,000 person-years and the IRR
for the 7 cohorts are shown in Table 2. The highest incidence
rate (per 1,000 person-years) was observed in patients who
were prescribed MAOIs in combination with SAs (5.22, 5.49)
and patients with =5 non-MAOI SAs (6.70, 10.50) for VHA
and commercially insured patients, respectively. The lowest
SS incidence rate was seen among those prescribed a single
non-MAOI SA. Furthermore, a corresponding increase
occurred in the SS incidence rate as the number of drugs in
the combination increased in the absence of MAOIs. Within
the VHA population, patients prescribed > 5 non-MAOI SAs
had the highest adjusted IRR (IRR=5.49; 95% CI, 4.93-6.11).
Analysis of the commercially insured patient dataset revealed
the same trend as the VHA dataset.

Health Care Resource Utilization and Cost Per SS Event
Claims with SS as the primary diagnosis were used to
calculate health care resource utilization and costs per SS
event. Table 3 displays the health care resource utilization
per SS event for both patient populations. Within the veteran
population, 4.35% of all SS events led to a hospitalization, and
6.27% led to an ED visit. The mean length of stay was 8.32

days for SS hospitalization (Table 3). For the commercially
insured patient population, 0.88% of all SS events led to
a hospitalization and 1.88% led to an ED visit. The mean
length of stay was 5.11 days for SS involving an inpatient stay
(Table 3). In both populations, the proportion of patients
with SS-related hospitalizations increased as the number of
non-MAOI SAs increased.

Figure 2 shows the health care costs per SS event for both
patient populations. In the VHA population, the mean total
health care costs per SS event were the highest for patients
in the 25 non-MAOI drug combination cohort ($3,837).
Approximately 84% of the mean total health care costs for
patients prescribed =5 non-MAOI drugs in combination
were due to inpatient stay costs. The mean total health care
costs per SS event within the MAOI combination cohort were
$2,896 (Figure 2). The median costs per SS-related inpatient
stay, regardless of SA category, were $8,765 (Supplementary
Table 2).

For commercially insured patients, total health care costs
per SS event were, on average, the highest for patients in
the MAOI combination cohort at $2,474. Similarly, the main
cost driver was inpatient care costs. For the >5 non-MAOI
drug combination cohort, the mean total health care costs
per SS event were $1,167. The median cost per SS-related
inpatient stay was $10,792 (Supplementary Table 2).

Overall, the mean total health care costs were higher
in the VHA population compared to the commercially
insured population (Figure 2). No deaths were observed in
association with SS events in either patient population.

DISCUSSION

The goal of this study was to establish the epidemiologic
and prescription patterns along with the economic impact
of SS, using large-scale, diverse datasets from VHA
and commercially insured patient data with potentially
generalizable sampling. We believe this goal is meaningful
and pragmatic in light of established multiple SA prescribing
practices across clinical settings.

In contrast to previous studies, which focused on SS
incidence analysis relevant to a specific medication, our
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Figure 2.'Health Care Costs Per Serotonin Syndrome Event Among Commercially
Insured Patients (IMS Data) and US Veteran Patients (VHA)?

IMS Total Medical Costs

MAOI-SA Combination $2474
Cohort (n =20) !
> 5 Non-MAOI Cohort

(n=202)

1 MAOI Only Cohort
(n=17)

4 Non-MAOI Cohort
(n=491)

3 Non-MAOI Cohort
(n=1,648)

2 Non-MAOI Cohort
(n=4,586)

1 Non-MAOI Cohort
(n=11,008)

MAOI-SA Combination

VHA Total Medical Costs

> 5 Non-MAOI Cohort

Cohort (n = 82) $3,837

Cohort (n=8) 52,89

4 Non-MAOI Cohort
(n=171) 52801
3 Non-MAOI Cohort

(n=401)

2 Non-MAOI Cohort
(n=999)

1 Non-MAOI Cohort
(n = 2456)

1 MAOI Only
Cohort(n=1)

2Total medical costs include outpatient and inpatient costs.
Abbreviations: IMS =Intercontinental Marketing Services, MAOI =monoamine oxidase inhibitor,

VHA =Veterans Health Administration.

study encapsulated the overall incidence and prevalence
of SS by examining several medications.'** Patient data
samples used for this study were vastly different from each
other. The commercially insured patients had lower mean
CCI scores, indicating a healthier population compared
to the VHA population. Commercially insured patients
had a higher proportion of females compared to the VHA
population. The study results revealed corresponding trends
in incidence, prevalence, and economic burden among the
2 populations, but the numbers were different, particularly
for the ED visits and SS event-related hospitalizations, which
were higher within the VHA population.

As expected, the incidence and prevalence of SS were low
among patients prescribed SAs. Over the study period, the
incidence and prevalence of SS in both populations using
SAs consistently decreased. This finding is perplexing given
that the total number of SAs prescribed (antidepressants
included) has increased over time.?* A possible explanation
is that the SS warning issued by the FDA in 2006'?> may
have led to an initial increase in the incidence of SS due
to heightened awareness and possible overdiagnosis of SS
by physicians who prescribed SAs. After the SS warnings
were removed from electronic health records,'! SS incidence
decreased gradually, as indicated by the current study.
Another hypothetical explanation of this decrease is that it
is a result of more physicians with a better understanding of
SS and its association with concomitant SAs. Following this
reasoning, physicians may be taking preventative measures
before prescribing SAs to vulnerable patients.

Furthermore, the IRR associated with the use of SAs, such
as fluoxetine and paroxetine, was examined. Fluoxetine and

paroxetine inhibit the cytochrome P450 2D6 enzyme that
metabolizes other SAs. This inhibition leads to increased
levels of SAs in the body and theoretically may eventually
lead to an increased risk of $S.%%° Despite a heightened risk
of SS associated with use of either fluoxetine or paroxetine
in combination with other SAs, our study found that the
>5 non-MAOI drug combination and MAOI combination
cohort had the highest IRR associated with SS.

After adjusting for demographic and clinical
characteristics, patients prescribed multiple drugs in
combination were more likely to be diagnosed with SS
compared to those prescribed 1 SA. Moreover, a direct
increase in IRR with an increase in SA use was noted. This
correlational relationship may have occurred as a result of
the dose-response effect of the SAs in the body, increasing
the risk of serotonin toxicity.!?

The use of nondisclosed over-the-counter medication
such as St John’s Wort, a complementary and alternative
medicine used to treat depression, has been known to interact
with some SAs, resulting in SS.?” In other cases, SS may
result from noncompliance with medication instructions
or unintentional overdose of serotonergic medication.?® SA
prescriptions filled over-the-counter or provided as samples
by physicians were not included in the datasets. In addition,
the presence of a claim for a filled prescription did not signify
whether the medication was taken as prescribed.

Another facet of our study examined and described
health care costs and utilization related to SS events among
the US veteran and commercially insured patients. To our
knowledge, this is the first study to assess the economic
burden and health resource utilization of SS using real-world
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data. In this analysis, we observed fewer cases of sévere SS
events as indicated by a very low percentage of ED visits and
hospitalizations due to an SS event. The median inpatient
cost for SS was highest for those prescribed more than 5
combinations of non-MAOI SAs or an MAOI combination
compared to those prescribed 1 non-MAOI SA. We
hypothesize this difference to be the result of a higher level
of serotonin within these patients, leading to more severe
overall clinical presentations of SS and, ultimately, a higher
economic burden.

Limitations

Claims data are valuable for the efficient and effective
examination of real-world health information but possess
inherent limitations. The ICD-9 code used to identify SS
is also used for other conditions, such as drug-induced
akathisia; therefore, the study results for prevalence and
incidence of SS may have been overestimated.?”” A diagnosis
code on a medical claim is not indicative of a positive disease

Risk and Economic Impact of Serotonin Syndrome

presence as it may have been incorreetly coded orincluded
as rule-out criteria rather than actual disease. Data entry
errors also may have occurred. Patients’ use of multiple
health systems could potentially lead in some cases to
misclassification of SS patients prescribed SAs.

In conclusion, SS incidence and prevalence were low
among patients prescribed SAs in the US veteran and
commercially insured populations. Severe SS events
leading to emergency room visits or hospitalizations are
rare. However, study findings suggest that relative risk of
SS or SS-related hospitalization increases as the number of
concomitant SAs increases.

CONCLUSION

This study provides practical information and may be
useful to practitioners in the revision of current and future
prescribing practices. Future research is needed to better
understand potential predisposing factors leading to SS.
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Supplementary Table 1. List of Serotonergic Agents

: : - : . - Lo I Selective Serotonin
Typical Antipsychotics Long-Acting Antipsychotic | Antimigraine Medication Reuptake Inhibitors
Serotonin/Norepinephrine Monoamine Oxidase Central Nervous Antiemetic Adents
Reuptake Inhibitors Inhibitors System Stimulants 9
Atypical Antipsychotics Tricyclic Antidepressants Opioids Other Antidepressants
Other Drugs, Including
Mood Stabilizer Partial Serotonin Agonist | Antiretroviral Medication Chlorpheniramine and
Levodopa
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Supplementary Table 2. Health Care Costs of SS Events Among Commercially Insured Patients

and US Veteran Patients

4,118 Events for 17,972 Events for Commercially
VHA Patients Insured Patients
Health Care Costs Per Event Mean SD Median | Mean SD Median
Inpatient Costs S707 | $6,125 SO $152 $2,811 SO
Inpatient Costs for SS Events with
Inpatient Visit | $16,273 | $24,758 | $8,765 | $17,269 | $24,642 | $10,792
ED Costs $39 $180 SO $14 $161 S0
ED Costs for SS Events with ED Visit $623 $394 $547 $740 $921 S508
Office Costs $477 $524 $359 $99 S74 $92
Other Outpatient Costs sS4 S40 SO $133 S675 SO
Outpatient Costs* $520 $556 $384 $246 $725 $117
Total Medical Costs $1,227 | $6,200 $393 $398 $2,893 $118

ED: emergency department, MAOI

VHA: Veterans Health Affairs.

: monoamine oxidase inhibitor, SS: serotonin syndrome,

* Qutpatient costs include ED, office, and other outpatient costs. Office costs are physician

office visit costs. Other outpatient costs include any outpatient costs that are not ED or physician

office visit costs and consist of other outpatient costs that may include laboratory or surgical

procedures.




Supplementary Figure 1. Serotonergic Agent Prescribing Patterns and Cohort Classification
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