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Comparative Safety of Antidepressant Agents for
Children and Adolescents Regarding Suicidal Acts

WHAT’S KNOWN ON THIS SUBJECT: Antidepressants may be \
associated with increased risk of suicidality for children, but
variations in risk among individual antidepressant agents are
unknown.

WHAT THIS STUDY ADDS: This study found no significant
variations in rates of suicidal acts among antidepressant agents,
which supports the decision of the Food and Drug Administration
to require a black box warning regarding potentially increased
/

&

o

suicidality risk for all antidepressants.

OBJECTIVE: The objective of this study was to assess the risk of suicide
attempts and suicides after initiation of antidepressant medication
use by children and adolescents, for individual agents.

METHODS: We conducted a 9-year cohort study by using population-
wide data from British Columbia. We identified new users of antide-
pressants who were 10 to 18 years of age with a recorded diagnosis of
depression. Study outcomes were hospitalization attributable to inten-
tional self-harm and suicide death.

RESULTS: Of 20906 children who initiated antidepressant therapy,
16 774 (80%) had no previous antidepressant use. During the first year
of use, we observed 266 attempted and 3 completed suicides, which
yielded an event rate of 27.04 suicidal acts per 1000 person-years (95%
confidence interval [Cl]: 23.9-30.5 suicidal acts per 1000 person-
years). There were no meaningful differences in the rate ratios (RRs)
comparing fluoxetine with citalopram (RR: 0.97 [95% Cl: 0.54—1.761),
fluvoxamine (RR: 1.05 [95% Cl: 0.46—2.43]1), paroxetine (RR: 0.80 [95% Cl:
0.47-1.371), and sertraline (RR: 1.02 [95% Cl: 0.56—1.841). Tricyclic
agents showed risks similar to those of selective serotonin reuptake
inhibitors (RR: 0.92 [95% Cl: 0.43—2.00]).

CONCLUSION: Our finding of equal event rates among antidepressant
agents supports the decision of the Food and Drug Administration to
include all antidepressants in the black box warning regarding poten-
tially increased suicidality risk for children and adolescents beginning
use of antidepressants. Pediatrics 2010;125:876—-888
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In October 2004, the US Food and Drug
Administration issued an advisory that
antidepressants may be associated
with increased risks of suicidal
thoughts and behaviors among chil-
dren and adolescents.! These warn-
ings were prompted by a meta-
analysis of all available randomized
trials of antidepressants in this age
group, in which patients assigned ran-
domly to receive antidepressants had
nearly twice the rate of suicidal ide-
ation or behavior, compared with
those who received placebo.2 However,
the interpretation of the findings of
that meta-analysis is limited by a num-
ber of factors, including the brief dura-
tion of trials, few suicide attempts and
almost no completed suicides, varying
definitions of suicidal ideation, non-
comparable doses, and heteroge-
neous patient populations.

Epidemiological studies of the safety of
antidepressants in pediatric popula-
tions are very limited. Studies compar-
ing antidepressant users with nonus-
ers have generally suggested an
increased risk of suicidal acts associ-
ated with antidepressant use®*% but
these results could be caused by the
channeling of antidepressant agents
to children and adolescents who are
more likely to attempt suicide, leading
to intractable confounding by indica-
tion.” Only 2 studies compared suicide
risk across antidepressant agents,8?
and questions remain regarding
whether those studies had adequate
statistical power or adequately con-
trolled for prescribing biases caused
by preferential avoidance of the use of
tricyclic agents for patients at high
risk for suicidality.

Although they raised important con-
cerns, Food and Drug Administration
meta-analyses and advisories have not
provided patients, clinicians, or policy-
makers with adequate guidance for
the treatment decisions they face. In
the current study, we sought to ad-
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dress whether the putative link be-
tween antidepressants and suicidality
applies equally to all antidepressant
classes, agents, and durations of use
or whether there are particular regi-
mens with safety advantages that
should be prescribed preferentially in
pediatric and adolescent populations.

METHODS

Patients and Data Source

We conducted a cohort study of all Brit-
ish Columbia residents 10 to 18 years
of age who initiated use of an antide-
pressant medication between January
1, 1997, and December 31, 2005. Chil-
dren <10 years of age were excluded
on the basis of the assumption that
they would not attempt suicide.’o!" Ini-
tiation was defined as filling an antide-
pressant prescription without having
filled one in the preceding year. We an-
alyzed only the first treatment episode
for each patient during the study pe-
riod. We required evidence of depres-
sion, as indicated by a diagnosis of de-
pression recorded during 2 office
visits or as a hospital discharge diag-
nosis during the 6 months before
through 2 months after the initiation
date. We allowed subjects with diag-
noses after the initiation date to be in-
cluded in the cohort because some
practitioners may prescribe an antide-
pressant as part of diagnosing the
condition, in which case the diagnosis
may follow the prescription. To ensure
complete ascertainment of previous
drug use, we required that subjects be
residents of British Columbia, as evi-
denced by enrollment in the provincial
Medical Services Plan during the year
before initiation. Bupropion was not
considered because of its potential
use for smoking cessation, and escita-
lopram was not considered because it
was not marketed until December
2004, the end of the study period.

The PharmaNet database (British Co-
lumbia Ministry of Health) used to
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identify antidepressant initiators in-
cludes the name, dose, and dispensed
quantity for all prescription drugs dis-
pensed in British Columbia pharma-
cies. This information is entered by
pharmacists through a province-wide
network that ensures minimal under-
reporting and misclassification, and it
is recorded for all dispensings, inde-
pendent of the payor. The British Co-
lumbia Ministry of Health also main-
tains linkable data on all physician
services and hospitalizations for all
persons in its publicly funded health
care system. Up to 25 diagnoses for
hospital discharges and 1 diagnosis
for each medical service are recorded,
with good specificity and complete-
ness.'? These administrative data were
further linked to vital statistics data
that included information on cause of
death, including suicide.

Antidepressant Medication
Exposure

Antidepressant medications were
grouped into the following categories:
selective serotonin reuptake inhibi-
tors (SSRIs), including citalopram, flu-
oxetine, fluvoxamine, paroxetine, and
sertraline; serotonin-norepinephrine
reuptake inhibitors (SNRIs), including
venlafaxine; tricyclic antidepressants,
including amitriptyline, amoxapine,
clomipramine, desipramine, doxepin,
imipramine, maprotiline, nortriptyline,
protriptyline, and trimipramine; other
newer and atypical agents, including
mirtazapine, nefazodone, and trazo-
done; and monoamine oxidase inhibi-
tors (MAOIs), including moclobemide,
phenelzine, and tranylcypromine. Du-
loxetine, a SNRI, was not marketed in
Canada during the study period.

Exposure status was assigned on the
basis of the initiated medication. We
determined the availability of antide-
pressant supply for each patient day
by combining consecutive antidepres-
sant dispensings for each patient on
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the basis of dispensing dates and re-
ported “days supply.”’®* When a dis-
pensing occurred before the previous
dispensing should have run out, use of
the new dispensing was assumed to
have begun the day after the end of the
old dispensing. Each patient’s expo-
sure risk window ended when the sub-
ject had been without antidepressant
supply for 14 days. Patients underwent
censoring at the end of their exposure
risk window, the date of switching to
or augmenting treatment with another
antidepressant medication, emigra-
tion fromthe province, occurrence of a
study outcome, death, the end of 1
year, or the end of the study period,
whichever came first.

Study End Points

Study outcomes were attempted sui-
cide, completed suicide, and the com-
posite outcome of suicidal acts. Sui-
cide attempt was defined as a
hospitalization with an International
(Classification of Diseases, Ninth Revi-
sion (ICD-9), external-cause-of-injury
code (E-code) for deliberate self-harm
(E950.x—E 958.x). Completed suicides
were deaths with an ICD-9 E-code of
E950.x to E958.x or an International
(Classification of Diseases, 10th Revi-
sion (ICD-10), diagnosis code of X60 to
X84 listed as the cause of death. Violent
suicide attempts (ICD-9 E-codes) and
completed suicides (ICD-10 codes)
were defined as those involving hang-
ing (E953.0; X70), gunshot/explosion
(E955; X72—X75), jJumping/lying in front
of a moving object (E957, £958.0; X80,
X81), stabbing/blunt trauma (E956;
X78, X79), vehicle collision (E958.5,
£958.6; X82), electrocution (E958.4;
X83), or self-immolation (E958.1; X76).
Assignment and recording of an E-code
are mandatory in Canada whenever a
diagnosis of poisoning or injury is cod-
ed." A study of the validity of deliberate
self-harm codes for identifying suicide
attempts reported a positive predic-
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tive value of 86% for deliberate self-
harm E-codes.'

Patient Characteristics

Patient characteristics were assessed
at treatment initiation, on the basis of
medical claims during the year pre-
ceding cohort entry. These character-
istics included age, gender, calendar
year of cohort entry, adjusted family
income  status  (below C$16 000,
$16 000—28 000, or above C$28 000, as
defined by premium subsidy levels),'s
enrollment in an income assistance
plan, number of acute hospitaliza-
tions, Charlson comorbidity score,'”
and number of distinct generic entit-
ies prescribed. Psychiatric disorders
were defined as the presence of 2
recorded outpatient diagnoses or 1
inpatient diagnosis. Diagnoses includ-
ed anxiety and obsessive-compulsive
disorders, sleep disorders, mania,
attention-deficit/hyperactivity disorder
(ADHD), substance abuse, psychotic
disorders, delirium, personality disor-
ders, and other mental disorders (hys-
teria, acute reactions to stress, sexual
deviations, and disturbances of emo-
tions specific to childhood or adoles-
cence). Additional indicators of psychi-
atric severity were the number of
psychiatric hospitalizations, number
of psychiatric visits with a depression
diagnosis, suicide attempt in the past
year, concurrent stimulant use, and
number of psychiatric drug classes
(antipsychotic  agents, benzodiaz-
epines, and other psychotropic drugs)
taken  simultaneously. Concurrent
stimulant use was defined as having
stimulant supply available on the anti-
depressant initiation date. In addition
to psychiatric comorbidities, we mea-
sured a number of general medical
comorbidities, including malignancy,
pain requiring opiates, poisoning or
drug toxicity, injury other than poison-
ing, and seizure disorders. A complete
list of covariates and their definitions
is provided in Appendix 1.

Statistical Analyses

We used Cox proportional-hazards re-
gression analysis to estimate the
effect of antidepressant use on the
composite outcome of suicidal acts
(attempted or completed suicide). Flu-
oxetine was used as the reference
group for comparisons among the SS-
RIs, because this drug is widely used
and has demonstrated efficacy in chil-
dren.’*'> For between-class compari-
sons, SSRIs served as the reference
group. To reduce the potential for con-
founding by indication, a bias that
arises when prognostic factors, such
as a patient’s perceived suicide risk,
influence treatment decisions, we ad-
justed for a number of patient demo-
graphic and clinical characteristics
(Appendix 1).” Methods of adjustment
included traditional, multivariate, ad-
justed outcome models, models ad-
justed for a propensity score includ-
ing the prespecified covariates in
Appendix 1, and models adjusted for a
high-dimensional propensity score in-
cluding empirically identified covari-
ates. These methods are described in
Appendix 2.

We plotted Kaplan-Meier curves for
suicide attempt—free survival as a
function of the duration of continuous
antidepressant use. We also created
multivariate, adjusted, Kaplan-Meier
plots by weighting data for each sub-
ject by the inverse of his or her proba-
bility for treatment, as estimated in the
propensity score analysis described
above.'®

RESULTS

From 1997 to 2005, a total of 20906
children and adolescents initiated an-
tidepressant therapy. As shown in
Table 1, girls accounted for 63% of
the population. ADHD (5.1%), manic-
depressive illness (2.1%), substance
abuse (1.7%), and other mental disor-
ders (8.1%) were the most commonly
recorded psychiatric comorbidities;
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7.1% of the population had been hospi-
talized with a psychiatric condition,
2.0% had attempted suicide, and 2.6%

were using stimulants at the time of
initiation of antidepressant use. SSRIs
were the most common class of anti-
depressants prescribed, accounting
for 78% of antidepressant use. Parox-

most commonly prescribed drugs, ac-
counted for 25%, 17%, and 17% of over-
all use, respectively. A total of 16 774

etine, citalopram, and sertraline, the
subjects (80%) had no antidepressant

use inthe past 3 years and contributed

tothe treatment-naive main analysis.

Children and adolescents taking flu-
voxamine (5.1%), MAOIs (0.2%), and
tricyclic drugs (7.2%) were more
likely to be male, to have a diagnosis
of ADHD, and to be taking stimulants

dren and adolescents given other

concurrently, compared with chil-
agents. There were no other mean-

differences between treat-

ment groups.
During the first year of use, we identi-

fied a total of 268 children and adoles-

ingful

3) suicide, which

yielded a rate of 27.0 suicidal acts (at-
tempted and completed suicides) per

cents who attempted (n = 266) or

completed (n

1000 person-years (95% confidence in-
terval [Cl]: 23.9-30.5 suicidal acts per

1000 person-years) (Table 2). The sui-

act rates for subgroups of
without a previous suicide attempt
were similar to the overall rate (Table
2). Although the hazards were propor-
tional throughout the 1-year follow-up

cidal
treatment-naive subjects and subjects

period, most of the events occurred in
the first 6 months after initiation (Figs

1 and 2). We identified a total of 43 vio-

sulted in a rate of 4.3 cases per 1000

person-years (95% Cl: 3.1-5.8 cases

per 1000 person-years).
In our primary analysis of treatment-

naive children and adolescents, there

lent suicide attempts or suicides dur-
ing the follow-up period, which re-
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TABLE 2 Suicide and Attempted Suicide Counts and Rates During 1-Year Follow-up Period

N No. of Suicides Suicide Attempts Suicidal Acts? Violent Suicidal Acts?
Person N No.per1000  No.  No.per1000  No.  No.per1000  No.  No.per 1000
Years
Person-Years, Person-Years, Person-Years, Person-Years,
Estimate (95% CI) Estimate (95% CI) Estimate (95% CI) Estimate (95% CI)
All children and adolescents
SSRIs
Gitalopram 3518 1733 0 0.00(0.00-2.11) 39 2250 (16.00-30.76) 39 22.50 (16.00-30.76) 2 1.15(0.14-4.14)
Fluoxetine 2922 1385 0  0.00(0.00-2.64) 42 30.32 (21.86-40.99) 42 30.32 (21.86—40.99) 6 4.30(1.58-9.36)
Fluvoxamine 1068 496 1 1.98(0.05-11.05) 18 36.29 (21.51-57.35) 19  38.31 (23.06-59.82) 2 3.98(0.48-14.36)
Paroxetine 5221 2417 0  0.00(0.00-1.51) 71 29.38(2294-37.05) 71 29.38(22.94-37.05) 17 6.98 (4.06—11.17)
Sertraline 3489 1630 1 0.61(0.02-3.39) 45 27.61(20.14-36.94) 46 2822 (2066-37.64) 10 6.09 (2.92-11.21)
Class
SSRI total 16 218 7661 2 0.26 (0.03-0.93) 215 28.06 (24.44-32.08) 217 28.33 (24.68-32.36) 37 4.79 (3.37-6.61)
SNRIs 2197 1126 1 0.88(0.02-4.90) 34 3020 (20.91-42.20) 34 30.20 (20.91-42.20) 2 1.76(0.21-6.36)
MAOIs 37 20 0  0.00(0.00-184.44) 0 0.00(0.00-184.44) 0  0.00(0.00-184.44) 0 0.00(0.00-184.44)
Other newer and atypical 940 409 0  0.00(0.00-8.95) 10 2445 (11.72-44.96) 10 2445 (11.72-44.96) 3 7.30(1.51-21.33)
agents
Tricyclic drugs 1514 695 0  0.00(0.00-5.28) 7 10.07 (4.05-20.75) 7 10.07 (4.05-20.75) 1 1.43(0.04-7.98)
Total (excluding SSRI total) 20 906 9911 3 0.30(0.06-0.88) 266 26.84 (23.71-30.27) 268 27.04 (23.90-30.48) 43 4.31(3.12-5.80)
Children and adolescents with no
antidepressant use in
past 3y
SSRIs
Citalopram 3447 1698 0 0.00(0.00-2.16) 39 2297 (16.33-31.40) 39 22.97 (16.33-31.40) 2 1.17(0.14-4.23)
Fluoxetine 2144 1044 0  0.00(0.00-3.51) 28 26.82(17.82-38.76) 28 26.82 (17.82-38.76) 6 5.72(2.10-12.45)
Fluvoxamine 682 325 1 3.05(0.08-17.0) 10 30.77 (14.76-56.59) 11  33.85 (16.90-60.56) 0 0.00 (0.00-11.25)
Paroxetine 4041 1911 0  0.00(0.00-1.92) 48 2512 (18.52-33.30) 48 25.12(18.52-33.30) 12 6.24 (3.22-10.90)
Sertraline 2591 1244 0 0.00(0.00-2.94) 33 26.53 (18.26-37.25) 33  26.53 (18.26-37.25) 7 5.59(2.25-11.52)
Class
SSRI total 12905 6221 1 0.16 (0.00-0.89) 158 25.40(21.59-29.68) 159 25.56 (21.74-29.85) 27 4.31(2.84-6.27)
SNRIs 2019 1047 1 095(0.02-5.27) 32 30.56 (20.91-43.15) 32 30.56 (20.91-43.15) 1095 (0.02-5.27)
MAOIs 17 10 0  0.00(0.00-368.89) 0 0.00(0.00-368.89) 0  0.00 (0.00-368.89) 0 0.00(0.00-368.89)
Other newer and atypical 796 351 0 0.00(0.00-10.48) 7 19.94 (8.02—41.09) 7 19.94 (8.02—-41.09) 2 5.70 (0.69-20.58)
agents
Tricyclic drugs 1037 492 0  0.00(0.00-7.47) 7 1423 (5.72-29.31) 7 1423 (5.72-29.31) 1 2.02(0.05-11.28)
Total (excluding SSRI total) 16 774 8120 2 0.24(0.03-0.88) 204 25.12(21.79-28.82) 205 25.25(21.91-28.95) 31 3.79 (2.58-5.38)
Children and adolescents with no
previous suicide attempt
SSRIs
Citalopram 3452 1699 0  0.00(0.00-2.16) 38 22.37(15.83-30.70) 38 22.37 (15.83-30.70) 2 1.17(0.14-4.23)
Fluoxetine 2874 1361 0  0.00(0.00-2.69) 42 30.86 (22.24—41.71) 42 30.86 (22.24-41.71) 6 4.38(1.61-9.53)
Fluvoxamine 1037 479 1 2.05(0.05-11.44) 18 37.58(22.27-59.39) 19 39.67 (23.88-61.94) 2 4.12(0.50-14.87)
Paroxetine 5121 2377 0  0.00(0.00-1.54) 68 28.61(2221-36.27) 68 28.61(22.21-36.27) 16 6.68 (3.82-10.84)
Sertraline 3399 1599 1 0.62(0.02-3.46) 44 2752 (19.99-36.94) 45 2814 (20.53-37.66) 10 6.22 (2.98-11.43)
Class
SSRl total 15883 7515 2 0.26 (0.03-0.95) 210 27.94 (24.29-31.99) 212 28.21(24.54-32.27) 36 4.75(3.33-6.58)
SNRIs 2152 1101 1 0.90(0.02-5.01) 33 29.97 (20.63-42.09) 33 29.97 (20.63-42.09) 2 1.80(0.22-6.50)
MAOIs 36 19 0  0.00(0.00-194.15) 0 0.00(0.00-194.15) 0  0.00(0.00-194.15) 0 0.00(0.00-194.15)
Other newer and atypical 923 402 0 0.00(0.00-9.11) 10 2488 (11.93-45.75) 10 24.88 (11.93-45.75) 3 7.43(1.53-21.70)
agents
Tricyclic drugs 1500 689 0 0.00(0.00-5.34) 7 10.16 (4.08-20.93) 7 7.88(3.17-16.24) 1 1.45(0.04-8.06)
Total (excluding SSRI total) 20 494 9726 3 0.31(0.06-0.89) 260 26.73 (23.58-30.19) 262 26.94 (23.77-30.41) 42 4.29 (3.09-5.79)

a Suicidal acts included suicides and suicide attempts.
b Codes for violent suicide attempts (ICD-9 E-codes) and violent completed suicides (ICD-10 codes) included hanging (E953.0; X70), gunshot/explosion (E955; X72-X75), jumping/lying in front
of a moving object (E957, £958.0; X80, X81), stabhing/blunt trauma (E956; X78, X79), vehicle collision (E958.5, E958.6; X82), electrocution (E958.4; X83), and self-immolation (E958.1; X76).

were no clinically meaningful differ- ated with a reduced risk of attempted 10 0.71 (95% Cl: 0.33—1.52) in a propen-
ences between fluoxetine and the or completed suicide, compared with sity score-adjusted analysis and was
other SSRIs (Table 3). In unadjusted SSRIs (rate ratio [RR]: 0.59 [95% Cl:  further reduced to 0.92 (95% Cl: 0.43—
analyses, tricyclic agents were associ- 0.28—1.27]). This effect was attenuated 2.00) after adjustment for the high-
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dimensional propensity score. MAOIs
were not investigated because of the
small numbers of exposed subjects.
Truncation of follow-up time at 6
months after initiation of antidepres-
sant use yielded quantitatively simi-
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lar results (Appendix 3). Citalopram
seemed to be associated with a
lower risk of violent suicides and at-
tempts (RR:0.23 [95% Cl: 0.04—-1.29]),
but the estimate was unstable be-
cause of few violent events.

We did not find evidence of multiplica-
tive effect-measure modification by
concurrent stimulant use. There was
some evidence of sertraline effect-
measure modification by ADHD status.
The presence of ADHD among sertra-
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TABLE 3 Event RRs for Suicidal Acts and Violent Suicidal Acts During 1-Year Follow-up Period

RR (95% ClI)

Suicidal Acts Violent Suicidal Acts
Unadjusted Adjusted for Age, Adjusted for Adjusted for Adjusted for Adjusted for
Gender, and Propensity High-Dimensional Propensity Score High-Dimensional
Calendar Year Score Decile? Propensity Score Decile? Propensity Score
DecileP DecileP
Children and adolescents with no
antidepressant use in past 3y
SSRIs
Citalopram 0.88 (0.54-1.42) 0.86 (0.51—1.45) 0.87 (0.51-1.48) 0.97 (0.54-1.76) 0.23 (0.04—1.29) 0.25 (0.04-1.52)
Fluvoxamine 1.28 (0.64-2.57) 1.18 (0.57-2.43) 1.10 (0.53-2.27) 1.05 (0.46—-2.43) 0.00 (0.00-0.00) 0.00 (0.00-0.00)
Paroxetine 0.94 (0.59-1.50) 0.76 (0.46—1.24) 0.76 (0.46—1.24) 0.80 (0.47-1.37) 1.41(0.48-4.13) 2.19 (0.57-8.43)
Sertraline 1.00 (0.61-1.66) 0.86 (0.52—1.45) 0.81(0.48-1.37) 1.02 (0.56—1.84) 1.10 (0.34-3.53) 1.19 (0.32—4.43)
Class
SNRIs 1.25 (0.86—1.83) 1.31 (0.89-1.92) 1.28 (0.87—1.88) 1.36 (0.89-2.08) 0.29 (0.04—-2.12) 0.30 (0.04—2.26)
Other newer and atypical 0.82 (0.38—1.75) 0.86 (0.40—1.83) 0.81(0.38-1.73) 1.11(0.49-2.54) 1.37 (0.32-5.87) 1.11(0.15-8.42)
agents

Tricyclic drugs
All children and adolescents
SSRIs
Citalopram
Fluvoxamine
Paroxetine
Sertraline
Class
SNRIs
Other newer and atypical agents
Tricyclic drugs
Children and adolescents with no
previous suicide attempt
SSRIs
Citalopram
Fluvoxamine
Paroxetine
Sertraline
Class
SNRIs
Other newer and atypical agents
Tricyclic drugs

0.59 (0.28-1.27)

0.76 (0.49-1.18)
1.28 (0.74-2.20)
0.97 (0.66—1.43)
0.94 (0.62-1.42)

1.12 (0.78-1.61)
0.90 (0.48-1.70)
0.37 (0.18-0.79)

0.75
1.30
0.93
0.92

0.48-1.16)
0.76-2.23)
0.63-1.37)
0.60—-1.40)

1.11(0.77-1.61)
0.92 (0.49-1.74)
0.38 (0.18-0.80)

0.66 (0.31-1.42)

0.77 (0.46-1.29)
1.23 (0.70-2.14)
0.88 (0.59-1.31)
0.85 (0.56—1.31)

1.22 (0.85-1.77)
0.95 (0.51-1.80)
0.41(0.19-0.86)

0.76 (0.45-1.27)
1.25 (0.72-2.18)
0.84 (0.56—1.25)
0.84 (0.54-1.28)

1.22 (0.84-1.77)
0.97 (0.52-1.84)
0.42 (0.20-0.89)

0.71(0.33-1.52)

0.79 (0.47-1.33)
1.08 (0.62—1.89)
0.89 (0.59-1.32)
0.80 (0.52-1.22)

1.20 (0.83-1.74)
0.88 (0.47-1.67)
0.44 (0.21-0.94)

0.78
1.06
0.85
0.79

0.46-1.32)
0.60-1.85)
0.57-1.27)
0.51-1.22)

1.20 (0.82-1.74)
0.91(0.48-1.72)
0.45 (0.21-0.95)

0.92 (0.43-2.00)

0.87 (0.49-1.53)
1.01(0.52-1.98)
0.88 (0.57-1.35)
0.87 (0.54-1.40)

1.29 (0.86-1.94)
0.68 (0.28—1.65)
0.53 (0.24-1.13)

0.77
1.08
0.81
0.85

0.43-1.37)
0.56-2.07)
0.53-1.25)
0.53-1.39)

1.34 (0.90-2.00)
0.71(0.29-1.73)
0.49 (0.22-1.13)

0.56 (0.07-4.17)

0.23 (0.04-1.30)
1.12 (0.21-5.95)
2.14 (0.78-5.86)
1.62 (0.56-4.66)

0.50 (0.12-2.10)
1.61 (0.49-5.30)
0.35 (0.05-2.60)

0.22
0.97
1.99
1.56

0.04-1.22)
0.18-5.30)
0.72-5.50)
0.54-4.49)

0.53 (0.13-2.21)
1.57 (0.48-5.18)
0.35 (0.05-2.57)

0.59 (0.08-4.50)

0.25
0.90
3.25
2.01

0.04-1.63)
0.10-8.18)
0.89-11.88)
0.57-7.10)

0.57 (0.13-2.41)
0.82 (0.11-6.05)
0.37 (0.05-2.75)

0.28
1.00
245
1.94

0.04-1.74
0.11-9.27
0.76-7.91
0.52-7.23

)
)
)
)

0.56 (0.13-2.39)
0.82 (0.11-6.08)
0.38 (0.05-2.87)

The reference group for the SSRI comparison was fluoxetine; the reference group for the antidepressant drug class comparisons was SSRIs. MAOIs were not investigated because of the

small numbers of exposed subjects.

aThe propensity score is a patient’s estimated probability of treatment with another SSRI versus fluoxetine or a non-SSRI antidepressant versus an SSRI and was estimated with a logistic
regression model including the demographic, psychiatric, and general clinical covariates listed in Appendix 1.
bThe high-dimensional propensity score includes the 500 empirically identified covariates most likely to be confounders, as well as the demographic, psychiatric, and clinical covariates in

Appendix 1.

line users increased the rate of sui-
cidal acts substantially, relative to the
rate observed for fluoxetine users.
Sertraline was associated with a
22% reduced risk (RR: 0.68 [95% Cl:
0.39-1.18]), compared with fluoxetine,
among subjects  without ADHD,
whereas it was associated with a large
increase in risk (RR: 4.70 [95% CI:
0.56—-39.25]) among subjects with
ADHD, although both estimates lacked
precision. Similarly, we found some in-
dication that the initiation of tricyclic
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antidepressant use increased the risk
of suicide and suicide attempt more
among patients with previous psychi-
atric hospitalization (RR: 2.80 [95% Cl:
0.84-9.27]) than among those with no
such hospitalization (RR: 0.45 [95% Cl:
0.17-1.22]).

DISCUSSION

In a population of 20 906 children and
adolescents 10 to 18 years of age who
were beginning antidepressant ther-
apy in British Columbia between 1997

and 2005, we observed no clinically
meaningful variation in the risk of sui-
cidal acts according to antidepressant
agent within the class of SSRIs or be-
tween antidepressant classes. We ob-
served some numeric variations in the
effect sizes between individual agents,
but the 95% Cls were substantially
overlapping. Because of the small
number of patients receiving MAOIs,
we did not attempt to compare the risk
of suicidal acts between MAOIs and
SSRIs. Sertraline might have demon-
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strated an increased risk of suicidality
among children with a recorded diag-
nosis of ADHD, although this finding
was very unstable because of the few
events. The majority of events oc-
curred inthe first half-year after treat-
ment initiation. Our results are consis-
tent with the findings of several other
observational studies that reported
small or no differences in rates of sui-
cides and suicide attempts between
antidepressant classes,®® as well as
meta-analyses of randomized, con-
trolled trial data that found no hetero-
geneity among SSRIs. 1921

Studies that do not find statistically
significant differences merit special
attention to their statistical power to
detect a clinically meaningful differ-
ence.?2 Because of sample size, we had
the greatest power to detect a differ-
ence in suicidal act rates between ven-
lafaxine and the SSRI drug class. We
could exclude a hazard reduction of
>11% and an increase of >108% with
a confidence level of 95% for venlafax-
ine users versus SSRI users. Qur esti-
mates of the comparative safety of flu-
voxamine versus fluoxetine were the
least precise. For the fluvoxamine ver-
sus fluoxetine comparison, we could
exclude a hazard reduction of >54%
and an increase of >143%.

During the 9-year study period, the sui-
cide risk among all British Golumbia
residents 13 to 17 years of age, as re-
ported by the British Columbia Coro-
ner’'s Office and British Columbia
Statistics, averaged ~0.052 suicide
deaths per 1000 people.2-2 The rate we
observed after initiation of antidepres-
sant use was o times higher, which likely
reflects the current depressed state and
greater degree of psychiatric comorbid-
ity in our population.

A major strength of our study is that
the large, stable, study population al-
lowed us to examine a variety of medi-
cations and important subgroups. We
had an adequate sample size to re-
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strict our study to new initiators of an-
tidepressants with documented diag-
noses of depression. An incident user
design reduces the likelihood of miss-
ing early adverse events, allows for an
evaluation of risks over time, ensures
that the assessment of patient base-
line characteristics is not influenced
by effects of antidepressant treat-
ment, and reduces the likelihood that
current treatment assignment is influ-
enced by past drug-related experi-
ences, such as adverse affects and re-
fractory symptoms. Our decision to
censor data for subjects at treat-
ment discontinuation and to use a
proportional-hazards analysis inher-
ently controls for differences in treat-
ment persistence. To obtain clearly
identified exposure groups, we com-
pared monotherapies and censored
patient follow-up data as soon as the
patient switched drugs or augmented
therapy. This analytic strategy makes
treatment groups more comparable
with respect to initial health state and
avoids analytic difficulties associated
with comparisons of patients who es-
calate or change treatment in re-
sponse to treatment failure or adverse
effects with patients who do not. This
reduces the generalizability of our
findings to patients receiving mono-
therapy; however, this reduction in
generalizability is outweighed by the
improvement in validity. The extent of
generalizability would depend on the
extent to which prescribing by British
Columbia physicians and underlying
suicide risk and comorbidity patterns
among British Columbia children and
adolescents are similar to those in
other regions and health care settings.

Nonrandomized studies using health
care utilization data are particularly
scrutinized for their control of con-
founding and the potential for misclas-
sifying  diagnoses.?®  GConfounding
would occur if certain antidepressants
were more likelyto be givento patients
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with a greater background risk of sui-
cide. Therefore, we controlled for so-
ciodemographic, clinical, and health
care utilization factors likely to be in-
dependent predictors of suicidality, by
using traditional multivariate and
high-dimensional propensity score
techniques. However, our ability to ad-
just fully for mental health status was
limited by the measurement and re-
porting of mental health conditions as
ICD-9 codes on insurance claims to the
provincial government. Random mis-
classification of confounders in health
care utilization databases leads to in-
complete adjustment of confounding
bias.?” For example, our finding that ex-
panding the population to include
non—treatment-naive  subjects in-
creased the apparent protective effect
of tricyclic antidepressants, compared
with SSRIs, suggests that there may be
residual confounding by the presence
of treatment-resistant depression or
other suicide risk factors in this
analysis.

In terms of the validity of our suicide
attempt definition, intentional self-
harm E-codes do not distinguish be-
tween suicidality and self-harm with-
out suicidal intent, despite their
widespread use in research and sur-
veillance to identify suicide attempts.
However, a study of the validity of de-
liberate self-harm E-codes to identify
suicide attempts reported a positive
predictive value of 86% for these
codes, relative to the standard method
of medical chart review.” To the extent
that suicide attempts are assigned the
correct E-codes, these admissions
should be captured in the British Co-
lumbia hospital discharge database,
because this database had an E-coding
completeness rate of >95% for the
years evaluated. Although it is possible
that some suicide attempts were re-
corded as unintentional injuries or in-
juries of unknown intent, a Canadian
study found that E-codes and medical
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chart review yielded consistent esti-
mates of the proportions of poisoning-
related hospitalizations among sub-
jects 18 to 24 years of age that were
attributable to intentional self-harm,
and a US study reported 95% agree-
ment between E-codes and physician
opinions regarding the intent of inju-
ries that resulted in hospitalization. We
did not have data on suicide attempts
that were treated in an emergency de-
partment without inpatient admission.
However, the majority of pediatric and
adolescent patients with nonfatal self-
harm seen in the emergency depart-
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APPENDIX 1 Baseline Govariates and Definitions

Nonpsychiatric Disorders?

Definition

Chronic lung disease

Diabetes mellitus

Gastrointestinal hemorrhage

Ventricular arrhythmia
Other arrhythmia

427.69
Congenital heart diseases 745.xx, 746.xx
Other congenital anomalies of T47 xx
cardiovascular system
Cardiomyopathy 425 .xx

Rheumatic heart diseases
Hypertensive heart and kidney diseases

Nonrheumatic valve
Endocarditis, pericarditis, and

Rheumatic fever

Essential hypertension
Secondary hypertension
Hypothyroidism

Injury other than poisoning
Colorectal cancer

491.xx
492 x
493.xx
494 x
495.xx
496
250.xx
357.2
362.0
362.07

Plus =1 prescription for any of the following: insulin, acarbose,
miglitol, metformin, acetahexamide, chlorpropamide,
glimepiride, glipizide, glyburide, repaglinide, tolazamide,
tolbutamide, pioglitazone, rosiglitazone, troglitazone, or

nateglinide

578.x

531.0,531.2,531.4,531.6
532.0, 532.2,532.4, 532.6
533.0, 533.2, 533.4, 533.6
534.0,534.2,534.4, 534.6

427.4x, 427.41, 42742, 427.5x, 427 .1x, 427.69
427 xx or 426.xx except for 427.4x, 427.41, 42742, 427.5x, 427.1x,

393.xx—398.xx except for 398.91
402 xx—404.xx except for 402.01, 402.11, 402.91, 404.01, 404.11,

404.91, 404.03, 404.13, 404.93

424 xx

myocarditis

405.xx
243, 244 x

800.xx—959.xx
153.xx, 230.3x, 154 xx(except 154.2, 154.3 and 154.4), 230.4

420.xx, 421.xx, 422 .xx

390.xx, 391.xx, 392.xx
401.xx or use of thiazide

Lung cancer 162.xx, 231.2
Breast cancer 174 xx, 233.0
Prostate cancer 185.xx, 233.4

Other malignancy 140.xx—208.xx (hospital diagnosis), excluding lung cancer,
breast cancer, prostate cancer, and colorectal cancer codes

Other heart disease 411 xx—414.xx
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APPENDIX 1 Continued

Nonpsychiatric Disorders? Definition
Pain requiring high-potency opiates Use of diacetylmorphine HCI, fentanyl, hydromorphone,
hydroxyephedrine/normethadone, meperidine, methadone,
or morphine

Pain requiring middle-potency opiates  Use of codeine, hydrocodone, oxycodone, pseudoephedrine,
drocodone, or propoxyphene
Peptic ulcer disease and related 531.1,531.3, 531.5, 531.7, 531.9
conditions (without 532.1,532.3, 532.5, 532.7, 532.9
hemorrhage) 533.1, 533.3, 533.5, 533.7, 533.9
534.1, 534.3, 534.5, 534.7, 534.9
Pneumonia 480.x, 481, 482.xx, 483.x, 484 .x, 485, 486
Poisoning or drug toxicity 960.xx—979.xx
980.xx—989.xx
Rheumatoid arthritis 714 x plus disease-modifying antirheumatic drug or steroid use
Seizure disorders 345, 345 xx
780.3x
Sepsis 038.xx
995.91
Psychiatric disorders®
Depressive illnesses 293.83
296.2x
296.3x
296.90
298.0x
300.4x
309.0x
309.1x
309.28
311
Anxiety disorders 300.0x
300.2x
300.3x
Sleep disorders 307.4x
347, 347 xx
780.5x
Manic-depressive illness 296.0x
296.1x
296.4x
296.5x
296.6x
296.7x
296.8x
296.99
ADHD 312.xx, 314.xx
Alcohol abuse 291.0x
291.1x
291.2x
291.3x
291.4x
291.5x
291.8x
291.9x
303, 303.xx
305.0x
Drug abuse or dependence 292.0x
292.1x
292.2x
292.8x
292.9x
304, 304 xx
305.2x—-305.9x
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APPENDIX 1 Continued

Nonpsychiatric Disorders?

Definition

290.8x
290.9x
295, 295.xx
297, 297 xx

Psychotic disorders

298, 298.1x—298.9x

299, 299.xx
780.1x

Other psychiatric disorders

Delirium 290.11
290.3x
290.41
291.0x
292.81
293
293.0x
293.1x
293.8x
293.9x
348.3x
349.82
301, 301.xx
300.1x
300.5x—300.9x
302, 302.xx
308, 306.xx
307.0x-307.3x
308, 308.xx
309.2x-309.9x
310, 310.xx
313, 313.xx
315, 315.xx
316, 316.xx

Personality disorders
Other mental disorders

, 307.5x—307.9x

aDefined as having =1 hospitalization with the condition as any diagnosis or =1 physician claim with the condition

recorded unless otherwise noted.

b Defined as having =1 hospitalization with the condition as any diagnosis or =2 physician claims with the condition

recorded.

APPENDIX 2: STATISTICAL METHODS

To reduce the potential for confound-
ing by indication, a bias that arises
when prognostic factors, such as a pa-
tient’s perceived suicide risk, influ-
ence treatment decisions, we adjusted
for a number of patient demographic
and clinical characteristics (Appendix
1).” Because of the anticipated small
number of outcomes, we reduced
these potential confounders into an ex-
posure propensity score.?® A propen-
sity score is a patient’s probability of
receiving treatment (in this case, an-
other SSRI versus fluoxetine or a non-
SSRIversus a SSRI), adjusted for his or
her measured characteristics, and
typically is estimated by using a logis-
tic regression model.3® Treatment ef-
fects can be estimated within propen-

PEDIATRICS Volume 125, Number 5, May 2010
Downloaded fro

sity score levels, which define groups
of patients who are similar in their
probabilities of having received treat-
ment. We estimated propensity scores
by using logistic regression models in-
cluding the patient covariates in Ap-
pendix 1; no further variable selection
was performed. After plotting and
comparing the distribution of propen-
sity scores for the exposed and unex-
posed patients, we truncated our
study population to the area of over-
lap. Because relative risk estimates
varied within deciles of propensity
scores, we used exposure propensity
score decile as a categorical variable in
the Cox proportional-hazards models.

In addition to constructing a pro-
pensity score that included the co-

variates described above, in a sec-
ondary analysis we constructed a
high-dimensional propensity score
that included empirically identified co-
variates. Thistechnique examined all dis-
pensed drugs, recorded diagnoses, and
performed procedures reported for
a patient before the initiation of antide-
pressant therapy and identified codes
that might potentially bias the exposure
and outcome in question. All identified
codes were sorted according to their po-
tential for confounding and were used to
create a propensity score that was
based on the top 500 identified variables
in addition to the variables identified by
the investigators (Appendix 1). This new
technique has been shown to improve
adjustment for confounding 5!
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We also conducted a multivariate
adjusted analysis. This model was con-
structed by using a backward selec-
tion algorithm with the P value for co-
variate exclusion criteria set to .2, as
recommended by simulation studies
on variable selection in epidemiolo-
gy.%2To decrease further the likelihood
of confounding by indication,” we per-

formed the primary analysis among
treatment-naive subjects initiating
antidepressant use, defined as chil-
dren and adolescents with no antide-
pressant use inthe past 3 years. This
design reduces the likelihood that
we analyzed data for children and
adolescents initiating use of a medi-
cation for recurrent depression. We

conducted a subgroup analysis with
children and adolescents without a
previous suicide attempt. In addition,
we tested for effect-measure modifi-
cation by various covariates, such as
concurrent use of stimulants, previ-
ous ADHD diagnosis, previous psychi-
atric hospitalization, and previous
suicide attempt.

APPENDIX 3 Event RRs for Suicidal Acts and Violent Suicidal Acts During 6-Month Follow-up Period
RR (95% Cl)

Suicidal Acts Violent Suicidal Acts
Unadjusted Adjusted for Age, Gender, Adjusted for Propensity Adjusted for Propensity
and Calendar Year Score Decile Score Decile
Children and adolescents with no
antidepressant use in past 3y
SSRIs
Citalopram 1.02 (0.62—1.70) 1.00 (0.58—1.74) 1.02 (0.58—1.80) 0.23 (0.04—1.29)
Fluvoxamine 1.36 (0.65—-2.84) 1.29 (0.60—-2.79) 1.16 (0.54-2.51) 0.00 (0.00-0.00)
Paroxetine 1.07 (0.66—1.76) 0.88 (0.52—1.48) 0.86 (0.51-1.45) 1.41(0.48-4.13)
Sertraline 1.14 (0.67-1.93) 1.01 (0.58—1.74) 0.95 (0.55-1.65) 1.10 (0.34-3.53)
Class
SNRIs 1.07 (0.71-1.62) 1.12 (0.74-1.70) 1.09 (0.72—-1.67) 0.29 (0.04-2.12)

0.37 (0.12-1.17)
0.63 (0.29-1.34)

0.39 (0.12-1.21)
0.70 (0.33-1.51)

0.36 (0.11-1.14)
0.75 (0.35-1.62)

1.37 (0.32-5.87)
0.56 (0.07-4.17)

Other newer and atypical agents
Tricyclic drugs
All children and adolescents

SSRIs
Citalopram 0.87 (0.56-1.37) 0.90 (0.53—1.53) 0.91 (0.53-1.58) 0.23 (0.04-1.30)
Fluvoxamine 1.38 (0.79-2.43) 1.34 (0.75-2.40) 1.15(0.64-2.07) 1.12 (0.21-5.95)
Paroxetine 1.06 (0.71-1.58) 0.97 (0.64—1.47) 0.96 (0.63—1.47) 2.14 (0.78-5.86)
Sertraline 1.02 (0.66—1.58) 0.94 (0.60-1.48) 0.88 (0.56—1.38) 1.62 (0.56—4.66)
Class
SNRIs 0.98 (0.66—1.45) 1.07 (0.72—1.60) 1.05 (0.70—-1.57) 0.50 (0.12-2.10)

0.58 (0.26-1.30)
0.40 (0.19-0.84)

0.61(0.27-1.37)
0.43 (0.20-0.92)

0.56 (0.25-1.27)
0.48 (0.22-1.02)

1.61(0.49-5.30)
0.35 (0.05-2.60)

Other newer and atypical agents
Tricyclic drugs
Children and adolescents with no
previous suicide attempt

SSRIs
Citalopram 0.85 (0.54—1.34) 0.88 (0.52-1.51) 0.89 (0.51-1.55) 0.22 (0.04—1.22)
Fluvoxamine 1.40 (0.80—2.46) 1.37 (0.77-2.44) 1.12 (0.62—-2.02) 0.97 (0.18-5.30)
Paroxetine 1.01 (0.68—1.52) 0.92 (0.60—1.40) 0.91 (0.60—1.40) 1.99 (0.72-5.50)
Sertraline 1.00 (0.65—1.56) 0.92 (0.59-1.45) 0.86 (0.55—1.36) 1.56 (0.54—4.49)
Class
SNRIs 0.97 (0.65—1.45) 1.06 (0.70—1.59) 1.04 (0.69—-1.57) 0.53 (0.13-2.21)

0.59 (0.26-1.33) 0.62 (0.27-1.40) 0.58 (0.26—1.30)
0.40 (0.19-0.85) 0.45 (0.21-0.95) 0.49 (0.23-1.04)

The reference group for the SSRI comparison was fluoxetine; the reference group for the antidepressant drug class comparisons was SSRIs.

1.57 (0.48-5.18)
0.35 (0.05-2.57)

Other newer and atypical agents
Tricyclic drugs
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