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Two propensity score-based strategies
for a three-decade observational study:
investigating psychotropic medications
and suicide risk
Andrew C. Leon,a Hakan Demirtas,b Chunshan Lia and
Donald Hedekerb*†

The US Food and Drug Administration issued separate warnings for suicidality with antidepressants and
antiepileptic drugs in the past 5 years. This study describes methods for examining the association of these
agents with suicide attempts and suicide deaths in more broadly generalizable samples than examined by the
US Food and Drug Administration. An observational study of mood disorders was examined that includes three
decades of prospective assessments. Because of sample size differences, two distinct longitudinal implementations
of the propensity adjustment are used in separate analyses of antidepressants and antiepileptic drugs. Propensity
score quintile-stratified safety analyses were used with the large antidepressant data set; whereas, propensity
score matched safety analyses were used with the smaller antiepileptic drug data because stratification was
not feasible. In each case, mixed-effects survival models compared the safety of participants when receiving
the respective class of medication to periods when they did not receive that medication. When participants
were more severely ill, they were significantly more likely to receive either class of psychotropics. Propensity
quintile-stratified safety analyses found that risk of suicide attempts or suicides was significantly reduced when
participants received antidepressants. In contrast, propensity score matched safety analyses found neither sig-
nificant risk nor protection from suicidality among participants receiving antiepileptics. Copyright © 2012 John
Wiley & Sons, Ltd.
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1. Introduction

The US Food and Drug Administration (FDA) issued separate warnings of suicidality with antidepres-
sants and antiepileptic drugs [1,2] Each warning was based on meta-analyses of hundreds of randomized
controlled trials (RCTs). For instance the antidepressant warning was based on analyses that focused on
295 RCTs that included 77,382 participants with major depression or other psychiatric disorders [3].
The risk of suicidality (i.e., suicidal ideation or behavior) on antidepressants decreased and the benefits
increased with age. There was a significant twofold risk of suicidality among children and adolescents
randomized to antidepressants; whereas there was a statistically significant protective effect of antide-
pressants among those 65 and older in that the risk was reduced by about 60%. In May 2007 the FDA
issued a boxed warning for antidepressants. The warning was unique in that it warned of risks of antide-
pressants and risks of untreated depression. Its primary message states, ‘Patients of all ages who are
started on antidepressant therapy should be monitored appropriately and observed closely for clinical
worsening, suicidality, or unusual changes in behavior’ [1].
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Antiepileptic drugs are FDA approved for the treatment of three conditions that are each associated
with an elevated risk of suicide: epilepsy, neuropathic pain, and bipolar disorder [4–8]. The FDA
examined data from 199 placebo-controlled RCTs for 11 antiepileptic medications that included
43,892 participants [9]. Risk of suicidal ideation or behavior was significantly elevated among sub-
jects randomized to receive an antiepileptic medication compared with a placebo (0.37% vs 0.24%;
odds ratioD1.87; 95% CI: 1.24–2.66). The majority (67.6%) of the suicidality was suicidal ideation. In
analyses that focused on suicide attempts and suicides (i.e., suicidal behavior), the antiepileptic arm had
a significantly elevated risk, nearly threefold that of placebo. As a result, the FDA issued an antiepileptic
drug class warning, but not a boxed warning, that states, ‘All patients who are currently taking or starting
on any antiepileptic drug for any indication should be monitored for notable changes in behavior that
could indicate the emergence or worsening of suicidal thoughts or behavior or depression’ [2].

There are limitations to the results that serve as the basis for the FDA warnings. Most importantly,
the results do not generalize to many patients treated with antidepressants and antiepileptic drugs. For
instance, many are prescribed these drugs for chronic conditions and are treated for months to years.
However, the data examined by the FDA were primarily from short-term trials. Furthermore, a major-
ity of patients with major depression, for example, do not qualify for such clinical trials [10] because
exclusion criteria typically prohibit enrollment of patients who were recently or currently psychotic or
suicidal, patients with medical or psychiatric comorbidity or patients taking concomitant medications.
Also, the trials submitted to the FDA tend to have inclusion criteria that are restrictive with regard
to illness severity. Thus, from a public health perspective, it is not clear that the results of the FDA
meta-analyses apply to many of the patients who are prescribed the medications in question.

Here, we describe analyses of longitudinal, observational data that examine the risk of suicide attempt
or suicide deaths in a less restrictive group of individuals with psychiatric disorders. Separate analyses
examine antidepressant risks in a group who initially presented with affective disorders and antiepilep-
tic drug risks in those who have bipolar disorder. (The results were published in the clinical literature
[11, 12].) We contrast the two distinct statistical strategies used for the respective data sets that differ in
their structures.

2. Application: the collaborative depression study

The National Institute of Mental Health Collaborative Depression Study (CDS) recruited 955 partic-
ipants seeking treatment for affective disorders from 1978 to 1981 at five academic medical centers
(Boston, Chicago, Iowa City, New York and St. Louis) [13]. Semi-annual or annual assessments were
conducted for up 31 years of prospective follow-up. The study provides a unique opportunity to examine
risk of suicidal behavior with the two classes of psychotropic medications, because of the combination
of methodological strengths of the study, including frequent follow-up assessments, standardized diag-
nostic and follow-up instruments, and direct participant interviews. Separate analyses were conducted
for antidepressants and antiepileptic drugs. To correspond with FDA indications, the former included all
available subjects; whereas the latter was restricted to those with bipolar disorder. On the basis of the
FDA findings, we hypothesized: (1) There would be an elevation in suicidal behavior among participants
when they were exposed to an antidepressant compared with periods when they did not. (2) There would
be an elevation in suicidal behavior among participants when they were exposed to an antiepileptic drug
compared with when they were not.

The common features of the two analyses are described in Section 2.1. This is followed by a descrip-
tion and rationale for the fundamental distinction, the method to implement the propensity adjustment.
Because of the longitudinal observational nature of the study, there are two key aspects of the CDS
accounted for in data analyses: nonrandomized treatment assignment and multiple intervals of drug
exposure per participant over decades of follow-up. These aspects call for a description of the unit of
analysis, which is discussed below along with commonalities between the two analytic strategies

2.1. The unit of analysis: exposure interval

The unit of analysis in these studies was not the participant per se, but instead ‘exposure interval’, defined
as a period of consecutive weeks during which psychotropic drug exposure classification remained
unchanged. Each week of follow-up for each participant was classified into one of two categories depend-
ing on whether or not they received the psychotropic medication. Dosage had no bearing on weekly
classification of exposure. A switch from one antidepressant (or antiepileptic) to another did not start a
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new exposure interval; instead it extended the length of the current interval. Each exposure interval ended
in one of three ways: (1) a suicide attempt or suicide death, (2) a change in exposure status (exposure
versus no exposure), or (3) end of follow-up. (The latter two were classified as censored in the survival
analyses, below). New exposure intervals began in the week following a suicide attempt or in the week
exposure status changed.

2.2. Methods

2.2.1. Propensity models. Propensity score adjustments were implemented in an effort to reduce the
selection bias that accompanies nonrandomized treatment assignment. The propensity score, e.x/
represents the conditional probability of assignment to treatment given observed covariates [14]

e.x/D pr.T D 1jX D x/;

where X represents covariates; T D 1 if receiving treatment, T D 0 otherwise. Because subjects could
have multiple exposure intervals, in which during each interval they either received treatment or did not,
a longitudinal implementation of the propensity score that has been shown to reduce selection bias [15]
was applied here:

e.xij /D pr.Tij D 1jX D xij / for subject i; observation j

Propensity scores were calculated using parameter estimates from mixed-effects logistic regres-
sion analyses, which included a random subject effect to account for the multiple observations within
each subject.

2.2.2. Safety models. To account for wide variation in exposure interval duration, safety models exam-
ined risk from the start of an interval until suicidality. For the multiple exposure intervals from subjects,
mixed-effects grouped time survival analysis [16] was used to model the time until suicide attempt/death,
with a complementary log–log link function

Pijt D P.tij < t/D 1� exp.� exp.˛t C x
0
ijˇC �i //;

where i D subjects, j D observations, Pijt D probability of failure up to time t; ˛t D intercept for time
t (which characterizes the baseline hazard), xij D covariates, and �i D subject-specific random effect
that is assumed to follow a normal distribution.

2.3. Antidepressants and the risk of suicidal behavior

The classification of exposure intervals involved 25 antidepressants [11]. Analyses included 757 subjects
with 6716 exposure intervals: 3433 were antidepressant positive and 3283 were antidepressant negative.
The Supermix program [17] was used for both propensity and safety analyses.

2.3.1. Results: propensity model. The propensity model included several demographic and clinical vari-
ables: gender, study site, education, marital status, social class, depression, age, prior suicide attempt,
severity of affective symptoms and the trajectory of symptom severity. (The latter four are time-varying.)
Overall, the model indicated that when participants were more severely ill they were more likely to
commence antidepressant exposure. An examination of the cross-classification of exposure status by
propensity score quintiles (Table I) reveals that there is sufficient representation in all cells and, therefore,
the propensity adjustment was implemented with quintile stratification. That is, separate mixed-effects
survival analyses of safety were conducted for each quintile.

Table I. Antidepressant exposure by status propensity for antidepressant quintiles.

Quintile

Antidepressant 1 2 3 4 5 Total

Unexposed 857 789 672 580 535 3433
Exposed 486 554 672 763 808 3283
Total 1343 1343 1344 1343 1343 6716
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2.3.2. Safety model. Unadjusted rates of suicidal behavior were 11.3% among unexposed intervals and
10.1% among exposed intervals (Table II). Quintile-specific parameter estimates from the mixed-effects
grouped-time survival models were pooled using the Mantel–Haenszel procedure [18] because the treat-
ment by propensity quintile interaction was not statistically significant (�2 D 1:90, df D 4, p D 0:755).
The results indicate that antidepressants convey a protective effect. The risk of suicide attempts or
suicides was reduced by 20% when participants were taking antidepressants (hazard ratio: 0.80; 95%
CID 0.68–0.95; ´D�2:54; p D 0:011).

2.4. Antiepileptic drugs and the risk of suicidal behavior

Exposure intervals included the three antiepileptics approved by the FDA for bipolar disorder (carba-
mazapine, lamotrigine or valproate). We excluded intervals with exposure to other antiepileptics or
antidepressants because of the potential confounding of risk. These analyses involved 1077 exposure
intervals from 199 subjects with bipolar I disorder [12]. The majority of intervals were unexposed to
antiepileptic drugs (exposed: N D 216; 20.1%; unexposed: N D861; 79.9%).

2.4.1. Propensity model. The propensity model included several demographic and clinical variables:
gender, study site, education, marital status, social class, age, prior suicide attempt antipsychotic use,
severity of mania, severity of hypomania, and cumulative affective morbidity. (the latter six are time-
varying). The results indicate that when participants were more severely ill they were more likely to
receive one of the three antiepileptics approved for bipolar disorder. However, here the exposure sta-
tus by propensity score quintile contingency table reveals sparse representation in two cells (Table III).
Therefore, in contrast to quintile stratification for antidepressants, propensity score matching was used
for analyses of the antiepileptics.

Full matching was used in that each matched set included at least one unexposed and one exposed
interval. Furthermore optimal matching was used to minimize the total of propensity score differences
within matched sets [19–21]. Our matching criteria required that, within a matched set, propensity
scores could differ by no more than a caliper of 0.10 propensity score standard deviation units.
This was implemented with the Optmatch (http://cran.r-project.org/web/packages/optmatch/index.html)
package (Version 0.7–1) [21, 22] for R (cran.r-project.org) (Version 2.12.2). The safety model included
antiepileptic exposure status as a covariate and two crossed random effects, the matched-set and subject-
specific intercepts. Of the 1077 exposed and unexposed intervals, 79% (N D 852) were matched based
on the caliper of 0.10 and included in the primary safety model.

2.4.2. Safety model. A mixed-effects grouped time survival model, with a complementary log–log
function, examined time until suicidality

Pijkt D P.tij < t/D 1� exp.� exp.˛t C x
0
ijˇC �i C �k//

Table II. Antidepressant exposure and risk of suicidal behavior.

# Suicidal Unadjusted Propensity
Antidepressant # Intervals events rate adjusted hazard 95% CI ´ (p)

Not exposed 3433 (51.1%) 3871 11.3% 1.00
Exposed 3283 (48.9%) 3302 10.1% 0.80 (.68–0.95) –2.54 (0.011)

1Seventeen suicide deaths; 370 suicide attempts.
2Nine suicide deaths; 321 suicide attempts.

Table III. Antiepileptic drug exposure status by propensity for antiepileptic quintiles.

Quintile

Antiepileptic drugs 1 2 3 4 5 Total

Unexposed 215 213 196 156 81 861
Exposed 0 3 19 60 134 216
Total 215 216 215 216 215 1077
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where i D subject, j D observation, k denotes matched sets, ˛t D intercept, xij D covariates, �i D
random subject-specific intercept, and �k D random matched-set intercept.

These safety analyses involved person-period data and were estimated using SAS Proc GLIMMIX
(SAS Institute Inc., Cary, NC, USA).

2.4.3. Results. The mixed-effects model provides no evidence of elevation in risk of suicidal behav-
ior among subjects while receiving antiepileptics (hazard ratio (HR) D 0.93; 95% CI D 0:45 � 1:92;
´ D �0:20; p D 0:841), controlling for demographic and clinical variables through propensity score
matching (Table IV). Sensitivity analyses examined an alternative caliper of 0.40, which allowed for
matching of a greater proportion of observations (1063 of 1077 intervals; 98.7%). The sensitivity analysis
results were similar to the primary results in that risk of suicidal behavior was not significantly elevated
when participants were exposed to antiepileptics (HR D 0.87; 95% CI D 0:42 � 1:79; ´ D �0:38;
p D 0:707).

3. Discussion

The risks of suicidal behavior associated with antidepressants and with antiepileptic drugs were
evaluated separately in more broadly generalizable samples than were used as the basis for the respec-
tive FDA warnings. The analyses did not support the hypotheses that antidepressants or antiepileptics
conveyed a risk of suicidal behavior. Although the results reported here differ from those of the FDA
meta-analyses [2,9], they do not necessarily contradict each other. The present analyses were conducted
in a sample that had less restrictive inclusion criteria and, importantly, involved as much as 31 years
of follow-up assessments. Furthermore, because the CDS did not assess suicidal ideation as frequently
as necessary for analyses, we focused on suicidal behavior, the more severe aspect of the suicidality
spectrum. In contrast, the vast majority of suicidality in the FDA data was ideation.

The two longitudinal observational safety analyses adjusted for pretreatment group differences in
different manners. Propensity score quintile-stratified safety analyses were implemented with the large
antidepressant data set. In contrast, propensity score matched safety analyses were used with the smaller
antiepileptic drug data because stratification was not feasible.

There are limitations to the observational study design described here. First, the propensity scores
included an array of possible confounding demographic and clinical variables. Nevertheless, the propen-
sity adjustment assumes that all confounding variables have been observed and accounted for. With
propensity model misspecification biased estimates could result [23, 24]. Second, the analyses did
not distinguish the risk among the drugs within a class. Instead, in an attempt to mirror the FDA
meta-analyses strategy, we examined the class risks. Third, exposure intervals varied widely in length.
Therefore, survival analyses were used to examine time until suicidal behavior. Those models assumed
conditional independence of the censoring mechanism and suicidal behavior, given the variables
included in the model.

In conclusion, two methods for longitudinal observational safety evaluations were described here.
These approaches provide options for data sets of various sizes that do not have randomized treatment
assignment. In contrast to the FDA meta-analyses of clinical trials, we found that antidepressants low-
ered the risk of suicidal behavior and antiepileptic drugs did not elevate that risk. Because the data come
from a study with broad inclusion criteria and long term follow-up data, the safety evaluations presented
here are more applicable to the respective patient populations than those of the FDA.

Table IV. Antiepileptic drug exposure and risk of suicidal behavior.

#Suicidal Unadjusted Propensity
Antiepileptic #Intervals events rate adjusted hazard 95% CI ´ (p/

Not exposed 847 (79.7%) 531 6.3% 1.00
Exposed 216 (20.3%) 112 5.1% 0.87 (0.42–1.79) –0.38(0.707)

1Suicide death; 52 suicide attempts.
2Suicide deaths; 9 suicide attempts.

Copyright © 2012 John Wiley & Sons, Ltd. Statist. Med. 2012, 31 3255–3260

3259



A. C. LEON ET AL.

References
1. United States Food and Drug Administration. Antidepressant use in children, adolescents, and young adults. 2007 Revi-

sions to product labeling. http://www.fda.gov/downloads/Drugs/DrugSafety/InformationbyDrugClass/UCM173233.pdf
(Accessed September 18, 2011).

2. United States Food and Drug Administration. Antiepileptic drugs and suicidality, 2009. http://www.fda.gov/CDER/Drug/
infopage/antiepileptics/default.htm (Accessed September 18, 2011).

3. United States Food and Drug Administration. Briefing document for Psychopharmacologic Drugs Advisory Com-
mittee, December 13, 2006. page 38. www.fda.gov/ohrms/dockets/ac/06/briefing/2006-4272b1-01-FDA.pdf (Accessed
September 2, 2010).

4. Christensen J, Vestergaard M, Mortensen PB, Sidenius P, Agerbo E. Epilepsy and risk of suicide: a population-based
case-control study. Lancet-Neurolology 2007; 6:693–698.

5. Nilsson L, Ahlbom A, Farahmand BY, Asberg M, Tomson T. Risk factors in suicide in epilepsy: a case-control study.
Epilepsia 2002; 43:644–651.

6. Ratcliffe GE, Enns MW, Belik SL, Sareen J. Chronic pain conditions and suicidal ideation and suicide attempts: an
epidemiologic perspective. Clinical Journal of Pain 2008; 24:204–210.

7. Tsai SY, Kuo CJ, Chen CC, Lee HC. Risk factors for completed suicide in bipolar disorder. Journal of Clinical Psychiatry
2002; 63:469–476.

8. Simon GE, Hunkeler E, Fireman B, Lee JY, Savarino J. Risk of suicide attempt and suicide death in patients treated for
bipolar disorder. Bipolar Disorders 2007; 9:526–30.

9. United States Food and Drug Administration. Antiepileptic drugs and suicidality: Statistical review and evaluation. 2008.
http://www.fda.gov/ohrms/dockets/ac/08/briefing/2008-4372b1-01-FDA.pdf Accessed April 19, 2011.

10. Keitner GI, Posternak MA, Ryan CE. How many subjects with major depressive disorder meet eligibility requirements of
an antidepressant efficacy trial? Journal of Clinical Psychiatry 2003; 64:1091–1093.

11. Leon AC, Solomon DA, Li C, Fiedorowicz JG, Coryell WH, Endicott J, Keller MB. Antidepressants and Risks of Suicide
and Suicide Attempts: A 27-Year Observational Study. Journal of Clinical Psychiatry 2011; 72:580–586.

12. Leon AC, Solomon DA, Li C, Fiedorowicz JG, Coryell WH, Endicott J, Keller MB. Antiepileptic Drugs for Bipolar
Disorder and the Risk of Suicidal Behavior: A 30 Year Observational Study. American Journal of Psychiatry 2012;
169(3):285–291.

13. Katz MM, Klerman GL. Introduction: Overview of the clinical studies program of the NIMH clinical research branch
collaborative study on psychobiology of depression. American Journal of Psychiatry 1979; 136:49–51.

14. Rosenbaum P, Rubin DB. The central role of the propensity score in observational studies for causal effects. Biometrika
1983; 70:41–55.

15. Leon AC, Hedeker D, Teres JJ. Bias Reduction in Effectiveness Analyses of Longitudinal Ordinal Doses with a
Mixed-Effects Propensity Adjustment. Statistics in Medicine 2007; 26:110–123.

16. Hedeker D, Siddiqui O, Hu FB. Random-effects regression analysis of correlated grouped-time survival data. Statistical
Methods in Medical Research 2000; 9:161–179.

17. Hedeker D, Gibbons RD, Du Toit SHC, Patterson D. SuperMix - A program for mixed-effects regression models. Scientific
Software International: Chicago, 2008.

18. Mantel N, Haenszel W. Statistical aspects of the analysis of data from retrospective studies of disease. Journal of the
National Cancer Institute 1959; 22:719–748.

19. Gu X, Rosenbaum PR. Comparison of Multivariate Matching Methods: Structures, Distances, and Algorithms. Journal of
Computational and Graphical Statistics 1993; 2:405–420.

20. Hansen BB. Full matching in an observational study of coaching for the SAT. Journal of the American Statistical
Association 2004; 99:609–618.

21. Hansen BB, Klopfer SO. Optimal full matching and related designs via network flows. Tech. Rep. 416, Statistics
Department, University of Michigan, 2005.

22. Kleyman Y, Hansen B. Basic uses of the optmatch package. R documentation, 2005. http://www.stat.lsa.umich.edu/~bbh/
optmatch/doc/optmatch.pdf.

23. Drake C. Effects of misspecification of the propensity score on estimators of the treatment effect. Biometrics 1993;
49:1231–1236.

24. Leon AC, Hedeker D. Quintile Stratification Based on a Misspecified Propensity Score in Longitudinal Treatment
Effectiveness Analyses of Ordinal Doses. Computational Statistics and Data Analysis 2007; 51:6114–6122.

3260

Copyright © 2012 John Wiley & Sons, Ltd. Statist. Med. 2012, 31 3255–3260


