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Background: Antidepressant drug therapy can precipi-
tate mania in vulnerable individuals, but little is known
about the elfects of age on this phenomenon.

Objective: To pharmacoepidemiologically evaluate the
risk of conversion to mania by antidepressant class and
patient age.

Design, Setting, and Patients: Using an adminis-
trative national database of more than 7 million pri-
vately insured individuals, linked outpatient and phar-
macy claims were analyzed for mental health users aged

53 to 29 years (N=87920).

Main Outcome Measures: The proportion and cu-
mulative hazard of manic conversion were analyzed by
anlidepressant class and subject age among children, ado-
lescents, and young adults with an anxiety or nonbipo-
lar mood disorder in the United States between January
1,1997, and December 31, 2001, Manic conversion was
defined as a new diagnosis of bipolar illness.

Resvlts: During median follow-up of 41 weeks (range,
8-251 weeks), manic conversion occurred in 4786 pa-

tients (5.4%). Multivariate analyses using time-
dependent Cox proportional hazards models indicated
that an increased visk of manic conversion was associ-
ated with antidepressant category vs no antidepressant
exposure (hazard ratios: 2.1 for selective serotonin re-
uptake inhibitors, P<<.001; 3.8 for “other” antidepres-
sants, P<<.001; and 3.9 for tricyclic antidepressants,
P=.002). Antidepressant < age interactions revealed in-
verse age effects [or selective serotonin reuptake inhibi-
tors and other antidepressants (f=-.03; P<2.001 for both)
but not for tricyclic antidepressants (B=-.02; P=.25). Peri-
pubertal children exposed to antidepressants were at high-
est risk of conversion (number needed 1o harm: 10 [95%
confidence interval, 9-12] among 10- to 14-year-olds vs
23 195% confidence interval, 21-25] among 13- to
29-year-olds).

Conclusions: Patient age is an effect modifier on the
risk of antidepressant-associated manic conversion.
Treatment with antidepressants is associated with
highest conversion hazards among children aged 10 to
14 years.
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T HAS LONG BEEN KNOWN
antidepressant medications can
precipitate mania in vulnerable
individuals. Indeed, the mono-
amine oxidase inhibitor ipronia-

From the Child Study Center

'HAT  serotonin reuptake inhibitors (SSRls), for
which rates were comparable to placebo
(3.7% and 4.2%, respectively). In con-
trast, rates among unipolar depressive pa-
tients were low (approximately 1%).
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zid, one of the first known antidepres-
sants, was serendipitously discovered as
a result of 11s euphoric and mood-
clevating effects on patients treated for w-
berculosis.! Antidepressant-induced
switching (the transition from depres-
sion into mania) has been studied in sev-
eral naturalistic and controlled studies,
with rates ranging from 7% to 10%"* and
as high as 67%’ among hipolar patients. A
meta-analysis® comparing the propensity
of different antidepressant drug classes to
induce mania among bipolar depressive pa-
tients found that tricylic antidepressants
(TCAs) were associated with consider-
ably higher rates {11.2%) than selective

In addition to manic switching, other
antidepressant adverse effects on the nawu-
ral course of mood disorders have been de-
scribed.” Among these, drug-induced (as
opposed to spontaneous) cycling®® and
cycle acceleration'® ' are the most widely
recognized, even in the context of con-
current treatment with mood stabiliz-
ers.'? Switching and cycle acceleration are
characteristics that have been linked to
poor long-term outcome in bipolar disor-
der.”” Despite these lines ol evidence nega-
tively implicating antidepressant drug use
in the long-term course of affective ill-
ness, the issue is far from settled, as ex-
emplified by at least 2 studies” ' that have
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found no evidence supporting TCA use as a contribut-
ing factor to affective instability in bipolar disorder.

The role of age (particularly of young age) on anti-
depressant-induced manic switching has received rela-
tively little attention but is of clinical interest—and of
potential concern—ifor several reasons. First, the preva-
lence of antidepressant drug use among children and ado-
lescents has risen steeply during the past decade, ™" even
among children as young as 2 to 4 years." Second, the
recognition and diagnosis of bipolar disorder, once con-
sidered rare earlier than age 18 years, has steadily in-
creased during the same period,™ as has the use of mood
stabilizers in this age group.’” Although late adoles-
cence is a clear epoch lor the onset of bipolar disorder,
it is not clear whether this or younger ages may be as-
sociated with heightened sensitivity to the untoward el-
fects of antidepressant agents. Third, safety data for the
use of antidepressants in children and adolescents largely
derive from short-term trials (typically 6-12 weeks); ad-
verse events occurring outside of this time window are
not routinely identified.® Finally, there has been recent
controversy over the potential for antidepressants (such
as paroxetine and venlafaxine hydrochloride) to exacer-
bhate suicidal ideation among children.*"*? Such con-
cerns, which have led to action from British and Ameri-
can regulatory agencies,” highlight the fact that serious
adverse effects associated with antidepressant drug use
may be behavioral and potentially life threatening,

Using a large administrative database, we previously
described how, between January 1, 1997, and December
31, 2000, (1) the diagnosis of bipolar disorder increased
among mental health service users aged 6 to 17 years from
a l-year prevalence of 1.2% to 1.8% (a 54% change)* and
(2) the use of antidepressants and mood stabilizers in-
creased from 25% and 5.5% to 28% and 6.2%, respec-
tively (shifts 0f 12.4% and 13.1%, respectively; P<C.001 for
trend for all comparisons).” In this study, we use the same
administrative database to examine age effects on antide-
pressant-associated manic conversion. Given that our main
outcome of interest {defined herein as the onset of a new
bipolar disorder diagnosis) takes place against the back-
drop of these time trends, we used time-lo-event statisti-
cal modeling to track continuously enrolled individuals in
an effort to determine the differential contributions of age,
antidepressant drug exposure, and their interactions over
time on the likelihood of manic diagnostic conversion.

Because our outcome of interest was based on di-
agnostic information of an administrative nature, we use
the term manic conversion throughout rather than the more
narrowly defined term manic switch, which would have
required specific clinical information that is unavailable
in this database.

— T

STUDY POPULATION

Subjects were included in the MarketScan Research Database
(Thomson Medstat, Ann Arbor, Mich), a publicly available fee-
for-service medical and prescription claims resource that con-
tains information for individuals nationwide who are insured
through the benefit plans of large employers and that includes
more than 200 ditferent insurance companies. The working

sample consisted of patients aged 3 to 29 years with a primary
diagnosis of a depressive or anxiety disorder who had phar-
macy claims data available for the 5-year study {January 1, 1997,
to December 31, 2001). Individual information was stripped
of any personal identifiers, stored anonymously, and exclu-
sively relerenced through study-specific unique identifiers, fol-
lowing published guidelines.*

ASCERTAINMENT OF DIAGNOSES, EXPOSURES,

COVARIATES, AND OUTCOMES

Any claim with an International Classification of Discases, Ninth
Revision (ICD-9) % diagnosis code of 290.00 t0 319.99 was con-
sidered a mental health claim, regardless of the setting of care.
Each individual was assigned to a primary diagnostic cat-
egory. defined as the one responsible for most of the mental
health services during follow-up, as measured by the total num-
ber of encounters. We defined 5 mental health disorder cat-
egories based on a modified coding scheme?: (1) severe de-
pression (ICD-9 codes 296.20-296.39 and 296.82), (2) mild
depression (ICD-9 codes 300.40-300.59, 301.10, 309.00-
309.19, 309.28, 301.12, and 311.00-311.99), (3) anxiety dis-
orders (ICD-9 codes 300.00-300.39, 307.20-307.23, 308.00-
308.99.309.20-309.24, and 313.00-313.29), (4) bipolar disorder
(ICD-9 codes 296.00-296.19, 296.40-296.81, and 296.89-
296.99), and (3) other mental health conditions {the remain-
ing ICD-9 codes in the mental health range).

Independent variables included patient demographic char-
acteristics (sex and age grouped into five 5-year categories) and
3 measures of illness severity: (1) primmary diagnosis (severe de-
pression, mild depression, or anxiety), (2) number of differ-
ent mental diagnoses in the year, and (3) whether inpatient men-
tal health episodes were incurred during the period of
observation.

Only patients with linked pharmacy data were included
in the study. Patients with any claims for psychotropic drugs
were identified from a comprehensive National Drug Code reg-
istry. Psychotropics were assigned to 1 of 6 drug classes {ol-
lowing a previous classification scheme.~*# For each patient,
start and end dates (the latter based on the prescription’s day
supply) were calculated for all medications. Finally, the sum
of different medication categories used (range, 0-8) served as
a fourth proxy of illness severity.

The primary outcome of interest was a new diagnosis of
bipolar disorder as assessed by 2 or more claims. Whenever the
outcome was preceded by the introduction of a mood stabi-
lizer (lithium or an antiepileptic drug other than phenytoin},
the earlier event was used to mark the conversion date in sub-
sequent time-dependent analyses. Patients with either out-
come occurring within the first 2 months of observation were
dropped from the working sample based on the rationale that
we were interested in only 1 of 2 main types of adverse behav-
ioral reactions to antidepressant drug treatment that have been
described in youngsters.” The first type occurs early in treat-
ment (median onset, 28 days), is characterized by anxiety or
akathisia, and dissipates soon after drug discontinuation; the
second type occurs later in treatment (median onset. 91 days),
can more closely resemble manic activation, and often lags af-
ter drug discontinuation. By excluding from analysis individu-
als who converted within the first 2 months of observation, we
sought a more stringent delinition centered on the latter type,
thus minimizing misclassification errors, for example, of aka-
thisia into mania.

STATISTICAL ANALYSIS

Standard univariate analyses (x* and 2-tailed, unpaired t tests)
were performed for descriptive purposes. The interval be-
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tween study entry (the first visit or pharmacy claim available)
and diagnostic conversion or last censored study observation
was caleulated and expressed in weeks or years. Observations
that did not meet the end point definition were censored for
analytic purposes. Conversion rates were calculated by divid-
ing the number of outcome events by the number of person-
years of observation. Confidence intervals (Cls) for conver-
ston rates were calculated using standard epidemiologic
formulas,™ and the dilference in conversion rates across groups
was expressed using the evidence-based metrics of number
needed to harm (NNH) and associated Cls.*

The Kaplan-Meier method was used to examine crude sur-
vival rates. and Cox proportional hazards regression analysis
was used 1o adjust for potential confounders. Because of the
changing nature of the medications used during the observa-
tion period, time-dependent covariates were created for these
variables, using prescription start and end dates to construct
the required intervals *! yielding a total of 397987 observation
periods in the final working data set, a mean of 4.4 per partici-
pant. In this way, adjusted hazard ratios and 95% Cls were cal-
culated to establish the contribution of ditferent autidepres-
santagents on conversion (compared with a nonantidepressant
reference category) while controlling for age and confound-
ers, especially illness severity. The stratified nature of the Kaplan-
Meier and NNH analyses dictated that only individuals pre-
scribed a single antidepressant class could be included in them,
but the Cox models provided adjusted estimates for all indi-
viduals, including those taking 2 or more antidepressants dur-
ing their time of observation.

Given our a priori hypothesis that the efllects of antide-
pressant drug use on manic conversion would differ accord-
ing to patient age, we included interaction terms to ascertain
the role of age as an effect modifier on conversion hazards. To
that end, in addition to the main effect models (ol age and
antidepressant class, models 1 and 11, respectively), anti-
depressant X age terms were added 1o interaction models. Age
in years was first used in interaction terms for all antidepres-
sants and for each class (models 1lla and 1Va, respectively), test-
ing for signilicance using the Wald x* test. Interactions were
then deconstructed by using age as a 5-year category rather than
a continuous variable (models HIb and [Vb, respectively). The
oldest age group (24-29 vears) was selected as the reference
category.

—

There were 4786 converters among the 87920 patients
in the sample, an overall period prevalence of 5.4%. Par-
ticipants were {ollowed during the 5-year study for a tme-
dian of 41 weeks (range, 8-251 weeks). for a cumulative
total of 79408 person years and a conversion rate of 6.0%
per year (95% CI, 3.9%-6.2%). The primary outcoine was
preceded by t the mnodumon of a mood stabilizer in 2766
converters (57.8%), but, as noted earlier, all converters
went on to have 2 o1 more claims with a dmgnosxs ol bi-
polar disorder.

The study sqmple was predominantly female (60%)
and older (72% of participants were aged 15-29 years).
Mild depression was the most common diagnosis (in 54%
ol participants), followed by anxiety (in 28%), and se-
vere depression (in 19%). Only 201 individuals (2.3 per
1000) had had an inpauent psychiairic hospitalization.
A otal of 32864 patients (37.4%) were treated with at
least 1 antidepressant medication; although the modal
use among the medication- upOsed group was ol asingle
antidepressant, 9093 of themn (27.7%) used 2 or more dif-

Table 1. Demographic and Clinical Characteristics
of the 87 920 Study Participants*
Converlers  Nonconverters P
Characteristic {n'=4786) (n=83134) ' Value}
Sex, No. (%)
M 1835 (38) 32832 (39) :] 1
F 2951 (62) 50302 (1) ‘
Age category, No. (%)
5-9y 210 (4) 9600 (12) 7
10:14y 884 (18) 14111 (17)
15-19y 1791 (37)  22785(27) <001
20-24y 981 (20) 15776 (19)
25-29y 920 (19) 20862 {25} 1
Diagnosis, No. (%)
Severe.depression 2026-(42) ~ 14534.(17)
Mild depression 1988 (42) ... 45107 (54) <001
Anxiety disorder 772.(16) 23493 (28) 4
Inpatient hospitalization, 72(2) 129 (< 1) <.001
No. (%)
Antidepressant drug use,
No. (%)
None 934 (20) 50610(61)
Any 2932 (61) 29932 (36}
SSRI 2329(49) 24136 (29) <001
Other 1268 (26) 9887 (12)
Tricyclic 389 (8} 2638 (3)
Qtherpsychotropic drug use,
No. (%)
o-Agonist 145(3) 710 (1)
Antipsychatic
Atypical 462 (10) 1272 (2)
Typical 87 (2) 308 (<1) <001
Sedative hypnotic 1038 (22) 9955 {12)
Stimulant 5537(12) 5689 (7)
Mood stabilizer 2769 (58) ] =
Psychotropic drugs, 1.3 (1:3) 0.7 (0.9) <.001
mean (SD); No.
Diagnoses, mean (SD), No. 26:(1.0) 21(0.7) <,001
Follow-up, mean (SD), wk 41 (43) 47.(39) <.001

Abbreviation: SSRI, selective serotonin reuptake inhibitor.

*Conversion was defined as a new diagnosis of bipolar disorder as
assessed by 2 or more claims. Because of rounding, not alt percentages total
100. Psychotropic drug percentages sum to greater than 100 because some
patients were prescribed more than 1 class ot drug.

1P values for the comparison between converters and nonconverters were
calculated using x* or unpaired ttests for categorical or continuous
variables, respectively.

ferent medications (antidepressant or other psychotropic).
Demographic and clinical characteristics of the study
sample according 10 conversion status are summarized
in Table 1.

There were clear differences in age composition be-
tween converters and nonconverters. In unadjusted analy-
ses, and as depicted in Kaplan-Meier curves, converters
were most likely to belong to the 13- to 19-year-old age
category and least likely to belong to the youngest group
(rate ratio, 3.2; 95% CI, 3.1-3.4) (Figure 1).

The conversion rate among antidepressant-treated
patients (7.7% per vear) was 3-fold that among unex-
posed patients (2.5% per year; rate ratio, 3.1; 95% CI,
3.0-3.2). Conversion rates dilfered by medication type:
higher [or TCAs and other antidepressants and lower
for SSRIs (rate ratios vs the no-antidepressant category:
3.7 and 3.0, respectively) (Figure 2). Although the
TCA and other antidepressant categories did not differ
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Figure 1. Kaplan-Msier estimates of the cumulative hazard of conversion
according to age category at study entry. An outcome event {manic
conversion) was defined as a new diagnosis of bipolar disorder as assessed
by 2 or more claims. Whenever the outcome was preceded by the
introduction of a mood stabilizer (lithium or an antiepileptic drug other than
phenytoin}, the earlier event was used to mark the conversion date. There
was a significant difference in hazard rates across the age groups (P<.001,
tog-rank test). Cl indicates confidence interval.

significantly from one another, they were kept separate
rather than combined into a single category in subse-
quent analyses.

Age X medication interactions were {irst apparent in
unadjusted analyses stratified by age category and anti-
depressant medication exposure (Figure 3). The con-
version ratio hetween the antidepressant-exposed and an-
tidepressant-unexposed groups was significantly higher
in the younger age group (5- to 14-year-olds; rate ratio,
2.9:95% CI, 2.8-3.1) than in the older age group (15-to
29-year-olds; rate ratio, 1.4;95% Cl, 1.3-1.5; log-rank test,
160.8; P<C.001). This difference was largely due to the
low conversion rate among the younger patients in the
antidepressant-unexposed group.

The effects ol age and antidepressant exposure on
conversion status were [urther examined through ad-
justed models that controlled for confounding vari-
ables. In all final time-dependent Cox proportional haz-
ards models, there were no sex dilferences (P=.08), but
main effects emerged {or the diagnoses of severe and mild
depression (hazard ratios compared with the anxiety
group: 3.4 and 1.3, respectively) and for inpatient sta-
ws, number of diagnoses, and number of different medi-
cations (hazard ratios: 6.7, 1.3, and 1.1, respectively;
P<C.001 for all except where noted otherwise). In paral-
lel to results from the unadjusted analyses, main effects
of medication use were highest {for TCAs (hazard ratio,
3.9; P=.002)}, followed by other antidepressants (haz-
ard ratio, 3.8) and SSRIs (hazard raiio, 2.1) (Table 2,
model IVa). Although in all models there was a main effect
of age (hazard ratio, 1.1 for cach 5-year increase) that

Figure 2. Kaplan-Meier estimates of the cumulative hazard of conversion
according to medication category. An outcome event (manic conversion)
was defined as a new diagnosis of bipolar disorder as assessed by 2 or more
claims. Whenever the outcome was preceded by the introduction of a mood
stabilizer (lithium or an antiepileptic drug other than phenytoin), the earlier
event was used to mark the conversion date. There was a significant
difference in hazard rates across the antidepressant categories (P+<.001,
lag-rank test). Patients taking more than 1 antidepressant agent were
excluded from analysis. yielding smailer totals for number at risk and
number of converters. Clindicates confidence interval; SSRI. selective
serotonin reuptake inhihitor; TCA, tricyclic antidepressant.

was consistent with the unadjusted analyses, several
age X medication interactions were also apparent (Table
2, models Hla-1Vh).

Significant negative interactions for age on conver-
sion hazards emerged for the pooled antidepressant, SSRI,
and other categories (§=-.03; P<.001 for all). Within
each group, age was inversely related to conversion haz-
ards, reaching maximum values in the 10- to 14-year-
old category. In contrast, age effects were not apparent
in the adjusted analyses for the TCA group at either stra-
tum-specific or overall age levels. The ellect of age on con-
version status was also seen in the medication- and age-
stratified calculations of NNHs (Table 3). To assess the
risks of antidepressant-associated manic conversion on
the least vulnerable patients, we repeated these analyses
using only individuals with diagnoses in either the “mild
depression” or “anxiety disorders” clusters. In these analy-
ses, values for 3- to 14-vear-olds remained at low levels
for SSRIs (NNH, 13:95% CI, 11-15) and the other anti-
depressants (NNH, 10; 95% (I, 8-11).

B COMMENT ey

This study revealed that age is an effect modifier on anti-
depressant-associated manic conversion. Specifically, af-
ter adjusting for potential confounders, there was an in-
verse relationship between age and relative hazards of
conversion. The hazard was highest {or the peripubertal
group of 10- 1o 14-year-old patients, such that treating as
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few as 10 (95% CI1.9-12) children with an antidepressant
agent could result inat least 1 conversion event(, compared
with 23 (95% CI. 21-25) among 15- to 29-year-olds.

Our findings are consistent with earlier, although
far from definitive, studies describing ditferential liabil-
ity to manic induction according to antidepressant class
(I\pl(_du\‘ lng,hu{ for TCAs, 10\\ est [or bupropion
hydrochloride}.®** They are also in keeping with stud-
ies documenting a peak age at onset of bipolar disorder
of 15 1o 19 years in recent cohorts,” and younger age at
first treatment as a predictor of vulnerability to antide-
pressant-induced cyele acceleration.'” Given that haz-
ard rates in this 5tudy peaked in the next younger age
group (10- to I4-year-olds), our findings suggest that peri-
pubertal children may be especially vulnerable to anti-
depressant-associated conversion,

Also consistent with our findings, there is an emerg-
ing preclinical body of literature that suggests differing
vulnerability to the adverse effects of antidepressants ac-
cording to the developmental stage during which expo-
sure occurs. For example, rodents administered SSRIs pre-
pubertally develop an increased density of serotonin
transporters in the frontal cortex that persists into adult-
hood, and their prepubertal (as opposed to adult) re-
sponse to serotonergic and noradrenergic probes is dra-
matically dilferent.**

In light of this evidence, lack of information regard-
ing puberral status limited our study. A [urther limita-
tion was its reliance on administrative rather than clini-
cal data, especially around diagnostic classification and
the definition of switching, a shortcoming inherent to
other studies that rely on secondary analyses to secure
large sample sizes. Other limitations include lack of ran-
dom assignment in this large sample of convenience, no
informarion on medication compliance, and the poten-
tial for confounding by indication, that is, depressed chil-
dren who are more likely to “naturally” become manic
are also those more likely to be prescribed antidepres-
sant drugs. Perhaps the largest limitation and potential
threat to the study’s validity has to do with the funda-
mental difficulty in disentangling what may be natural
progression of the illness from larger secular trends (such
as the more pervasive use of antidepressants and mood
stabilizers and of diagnosing bipolar disorder, espe-
cially among youths) from true induction of constitu-
tionally vulnerable individuals by means of a pharma-
cologic “irritant.”

Although we cannotentirely rule out the role of these
underlying secular trends on our results, the fact that on
average subjects were followed for less than 1 year sug-
gests that such effects were probably small. Further-
more, we introduced a variety of measures into our analy-
ses to adjust for confounding, particularly of illness
severity, given that the earlier the age at onset, the more
severe the iliness course is likely to be, and the greater
the illness severity, the higher the risk of conversion. De-
spite these eftorts, some residual confounding may well
have persisted.

Residual confounding and sample size consider-
ations may explain the lack of a clear conversion age effect
for TCAs, in contrast to SSRIs and other antidepres-
sants. Alternative ly, the lack of TCA effect modification
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Figure 3. Kaplan-Meier estimates of the cumulative hazard of conversion
according to age category and antidepressant exposure. An outcome event
{manic conversion) was defined as a new diagnosis of bipolar disorder as
assessed by 2 or more claims. Whenever the outcome was preceded by the
introduction of a mood stabilizer (lithium or an antiepileptic drug other than
phenytoin), the earlier event was used {o mark the conversion date. There
were significant differences in hazard rates (1) across the
antidepressant-exposed and antidepressant-unexposed categories;

(2) among the antidepressant-unexposed group, across those younger than
14 years/older than 15 years; and (3) across the 4 categories (P<.001,
log-rank test for each comparison). Gl indicates confidence interval.

may not be an artifact. Ithas been demonstrated that TCAs
are no better than placebo in the treatment of depres-
sion in children and adolescents,”* a negative finding
not likely due to failed studies, given an adequately pow-
ered recent study.*” Preclinical studies with nonhuman
primates have shown different timelines in the matura-
tion of central nervous system pathways, with adult pat-
terns of serotonergic innervation reached by child-
hood™ as opposed to noradrenergic and dopaminergic
pathways, which continue to develop through puberty®!
and well into young adulthood.* Given that most TCAs
have predominant effects on adrenergic pathways, the un-
availability of a fully marture neural substrate on which
to act may explain their lack of eflicacy—or of height-
ened liability to behavioral toxicity—among children and
adolescents.

The large sample size of our study allowed us 1o in-
vestigate the effects of age on antidepressant-associated
manic conversion and revealed strong age X medication
interactions. Children and adolescents younger than 15
years, especially those treated with SSRIs or other anti-
depressants, are at heightened risk of manic conversion,
cautions to be evaluated clinically, scientifically, and ethi-
cally® in the context of a growing evidence base for their
use.* " Further pharmacoepidemiologic, pharma-
covigilance, and long-term prospective studies are needed
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Table 2. Adjusted Hazard Raties (HRs) for Manic Conversion: Effects of Age Group, Antidepressant {AD) Category,
and Their Inferactions {4786 Converters)*
—— e ————
Main Effects Only Main Effects and Interactions
! Medels aand th Models lla:and lib b Madels 1lla and Hlib Models IVa and Vb
Hierarchical Modelst IHR (95%Cl) =P \IalueI 'HR {95%Chy - P \IalueI 'HB {95%¢€) P Valuel 'HR {85%¢Cl) P Value‘
Modet la
Age {(per 5-y increment) 1.2{1.1-1.2) <0
Model 1b
Age group, y
59 0.5 (0.4-0.8) <001
10-14 1.0 (03-1.1) 90
15-18 1.2 {1.1-1.3) <001
20-24 121113 <001
25-28 1 (Reference
category)
Model lla
Any AD {n = 2932 exposed) 1.8(13-2.6) <001
Model {1t
AD catagory
SSRI{n = 2329) 120112 «<.001
Other AD (n = 1268) 15(13-1.7) <001
Tricyclic AD-{n = 389) 20(1.6-24) <001
Mode! Hia
Any AD » age
Any AD 23(1.8:28) <001
AD > age (-0.05)55.5 <.001
Model 11ib
Any:AD X age group
AD X 5-9.(n =109) 15(1.2:1.9) <.001
AD x age 10-14 {n = 552) 1801521} <0
AD x age 15-19'{n = 1093) 1.5 {1,317} <001
AD X ags 20-24 {n= 591) 12{1:1-1.4) <001
AD x ags 25-28 (n = 587) 1 (Reference
' category)
Model 1Va
AD category: X age
SSR} 211531 <001
SSRI % age -005)64.5 <001
Cther AD ; 38{20-7.1) <.001
OtherAD % age (-0.05)224 <0
Tricyetic AD 39414-11.0) 002
Tricyclic AD < age (-0.02)1.3 25
Model b
AD category X age group, v
SSRE X age 5-9 {n = 86} 2 {1.6-3.2) <001
SSRIx age 10-14 (n = 458) 241929 <00
SSRI < age 15-18 {n = 879) BU521Y =001
SSRI X age 20-24 (n =460) 14012-1.70) <001
SSRi X age 25-29 {n = 446) 1 {Reference
. category)
Other AD age 5-9 (n = 34) 20(07-56) 37
Other AD age 10-14 (n = 210) 22{153.1) <001
Other AD age 15-19 (n = 484} 18{1.4-2.3) <.001
Other AD age 20-24-{n = 262) 1.4.{1.04-1.8) 03
Other AD age 25-29 (n = 278) 1 {Reference
category):
Tricyclic AD.x age 5-9 (n=20) 1.4.(08-3.1) 43
Tricychic AD = age 10-14{(n = 66) 1.7.(0.95-3.1) 07
Tricyclic AD X age 15-19 (= 127) 1.4 (08-2.4) 24
Tricyclic AD X age 20-24 (n=74) 16(0.9-29) R
Tricyclic AD X age 25-29 (n =102} 1 (Reference
category)

Abbreviations: C1, confidence interval; SSRI, selective serotonin reuptake inhibitor.

*Hazard ratios were calculated with the final time-dependent Cox proportional hazards mode! and are adjusted for sex, diagnosis, number of mental health diagnoses.
other antidepressant use. overall number of psychotropic medications used, and inpatient hospitalization status. For models with any given x X y interaction term. the
main effect terms xand y are also included.

tModels | and U include main effects oniy; models {1 and 1V, main effects and their interactions. Data are presented as (B coefficients) x* values for the interaction
terms of modeds itia and IVa; the interactions are then deconstructed in models b and Vb, respectively.
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Tabie 3. Number Needed to Harm (NNH),
by Antidepressant Class and Age Category*®
—— —
Converiers, No. (%)
Age, ¥ !Nut Exposed Exposed ] NNH {85% 1)
Any Antidepressant
All ages 1854 (3.4) 2932 (8.9) 18{16-20)
59 101 (1.2 109 (8.1) 13 {11-149)
10-14 33231 562-(12.7) 1048-12)
15-19 698 (4.8) 1093 (10.9) 16{15-18)
20-24 390 (4.3) 591 (7.8) 31(29-33)
25-29 33327 587 (6.2) 28 {27-31)
15-29 1421 (4.1) 2271(8.3) 23 {21-25)
Selective Serotonin Reuplake inhibitors
Alf ages 2457 {40) 2323 (838) 21 {19:23)
5-9 124 (1 4; 86.(9.6) 12.{(11-14)
10-14 426 (3.7 458 (13.1) 11{9-12)
15-19 912 (5. ) 879 (10.7) 20 (18-21)
20-24 521 (5.0) 460 (7.3) 43 {41-45)
25-29 474 (3.3) 446 (5.9} 30 (37-41)
Other Anlidepressants
All ages 3518 (4.6} 1268 (11.4) 15 {(13-16)
5-9 176 (1.8) 34(11.9) 10°(8-11)
10-14 L G74{49) 210 {15.8) 9{8-11)
15-19 1307 (62) 484 (13. 9) 13(12:14}
20:24 719 (5.1) 262( 21(20-23)
2528 642 (3 5) 818 ) 21 {(19-23)
Tricyclic Anfidepressants
All ages 4397.05.2) 389 (12.9) 13:{12-14)
5-9 190¢2.0) 20 (8.2) 16 (14-18)
10-14 818 (5.0 66{13.0) 14 (12-15)
15-19 1664 (7.0 127 {16.3) 11(10-12)
20-24 907 (5.6 74 (12.7) 14.(18:15)
25-29 R 102 {11.2) 14 {12-15)
*Abbreviation: CF

conddence it he' Ja!

*Values we tormulas of Sackett et a1, and are

to conhm’» o‘n" cudings and to establish the long-term
safety prolile of those drugs. ™ Our findings must be con-
sidered prefiminary associations and must not be taken
to equate direct catsulity, especially in light of the limi-
tations we outhined carlier. Despiie this important ca-
veal, judicious prescription practices and thorough risk-
benefit analvsis at the level of the individual patient are
warranted for the age-specific use of antidepressant agents.
Caution and restraint may be especially pertinent when
treating children whose sympioms are not a major source
ol impairment, those with a strong family history of bi-
polar disorder, or those who have not yet tried (and fdlltd)
psychotherapeutic interventions of proven efficacy. "™
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What This Study Adds

+ It has long been known that antidepressant medi-
cations can precipitate mania in vulnerable individuals,
but little is known about the effects of age on this clini-
cal phenomenon.

* Differing response and adverse etfect profiles ac-
cording to developmental stage have been clinically de-
scribed for antidepressant medications, and a preclini-
cal body of literature suggests that the prepubertal (as
opposed to the aduly) response to serotonergic and nor-
adrenergic probes can dramatically differ from each other.

¢ This study replicates earlier (although still in-
conclusive) findings that antidepressant drug therapy can
induce manic conversion among vulnerable individu-
als and that antidepressant categories differ in their manic
induction propensities (highest for TCAs and the other
antidepressants and lowest for SSR1s).

* To the best of our knowledge, this is the first study
to specifically address age elfects on antidepressant-
induced mania. Significant inverse effects between age
and manic induction were found for SSRIs and other an-
tidepressants but not for TCAs.

« Peripubertal children were found to be at high-
est risk for conversion (NNH: 10 [95% C1, 9-12] among
10- 1o 14-year-olds vs 23 [95% Cl, 21-25] among 15-to
20-year-olds).

+ Until clinical and prospective studies confirm or
refute these findings, judicious prescription practices may
be especially pertinent when treating children whose
symptoms are not a major source of impairment, those
with a strong family history of bipolar disorder, or those
who have not yet tried {(and lailed) psychotherapeutic
interventions of proven efficacy.
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