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Abstract
Context—The US Food and Drug Administration issued a black box warning for antidepressants
and suicidal thoughts and behavior in children and young adults.
Objective—To determine the short-term safety of anti-depressants by standard assessments of
suicidal thoughts and behavior in youth, adult, and geriatric populations and the mediating effect
of changes in depressive symptoms.
Data Sources—All intent-to-treat person-level longitudinal data of major depressive disorder
from 12 adult, 4 geriatric, and 4 youth randomized controlled trials of fluoxetine hydrochloride
and 21 adult trials of venlafaxine hydrochloride.
Study Selection—All sponsor-conducted randomized controlled trials of fluoxetine and
venlafaxine.
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Data Extraction—The suicide items from the Children’s Depression Rating Scale–Revised and
the Hamilton Depression Rating Scale as well as adverse event reports of suicide attempts and
suicide during active treatment were analyzed in 9185 patients (fluoxetine: 2635 adults, 960
geriatric patients, 708 youths; venlafaxine: 2421 adults with immediate-release venlafaxine and
2461 adults with extended-release venlafaxine) for a total of 53 260 person-week observations.
Data Synthesis—Suicidal thoughts and behavior decreased over time for adult and geriatric
patients randomized to fluoxetine or venlafaxine compared with placebo, but no differences were
found for youths. In adults, reduction in suicide ideation and attempts occurred through a
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reduction in depressive symptoms. In all age groups, severity of depression improved with
medication and was significantly related to suicide ideation or behavior.
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Conclusions—Fluoxetine and venlafaxine decreased suicidal thoughts and behavior for adult
and geriatric patients. This protective effect is mediated by decreases in depressive symptoms with
treatment. For youths, no significant effects of treatment on suicidal thoughts and behavior were
found, although depression responded to treatment. No evidence of increased suicide risk was
observed in youths receiving active medication. To our knowledge, this is the first research
synthesis of suicidal thoughts and behavior in depressed patients treated with antidepressants that
examined the mediating role of depressive symptoms using complete longitudinal person-level
data from a large set of published and unpublished studies.
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In 2004, the US Food and Drug Administration (FDA) issued a black box warning for
antidepressants and risk of suicide in children and adolescents. No actual suicides occurred
in these trials with either antidepressant or placebo, so this concern was based primarily on
suicide ideation and attempts.1 In 2006, the FDA extended the warning to young adults aged
18 to 25 years.2 The original warning was based on a meta-analysis of adverse event reports
(AERs) of suicidal thoughts and behavior from 25 clinical randomized controlled trials
(RCTs) conducted by the pharmaceutical companies in pursuit of approval of antidepressant
medications. These trials were typically short term and limited to the newer antidepressant
classes of selective serotonin reuptake inhibitors and serotoninnorepinephrine reuptake
inhibitors. Results of the analysis revealed an overall odds ratio (OR) of 1.78 (95% CI, 1.14–
2.77), indicating that the rate of suicidal thoughts and behavior from AERs was significantly
higher in children randomized to active antidepressant treatment relative to placebo. The
extension of the warning to young adults was based on a second meta-analysis of AERs in
372 RCTs in 99 839 adult patients. The FDA found a result that approached significance for
young adults aged 18 to 24 years (OR=1.62; 95% CI, 0.97–2.71) and, in contrast, a
significantly decreased risk in adults aged 25 to 64 years (OR=0.79; 95% CI, 0.64–0.98) and
geriatric patients aged 65 years and older (OR=0.37; 95% CI, 0.18–0.76).
A similar analysis conducted by the FDA on prospectively measured suicidal thoughts and
behavior in the youth studies failed to detect any evidence of increased risk of antidepressant
treatment in these same studies.1 Their analysis focused on study end point and did not make
use of the full longitudinal data that were available in these studies. No analysis of the
prospective rating scale data was presented by the FDA for studies of adults.
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To help determine what impact antidepressants have on the course of depression and
suicidal thoughts and behavior in different age groups, we obtained complete longitudinal
data for RCTs of fluoxetine hydrochloride conducted by Eli Lilly and Co, the Treatment for
Adolescents With Depression Study of fluoxetine in children by the National Institute of
Mental Health,3 and adult studies for venlafaxine hydrochloride conducted by Wyeth. These
patient-level data allow us to do the following: (1) estimate rates of change in suicidal
thoughts and behavior during the course of treatment; (2) study the relationship between
depression severity and suicidal thoughts and behavior; and (3) determine the extent to
which changes in depressive symptoms mediate the relationship between antidepressant
treatment and suicidal thoughts and behavior. These analyses substantially expand the
original analyses conducted by the FDA in children by including the complete longitudinal
record for each patient and provide similar analyses for adult and geriatric populations,
which were not previously reported by the FDA. This approach seeks to provide the
clinician with a more accurate risk-benefit estimation for using antidepressants for major
depressive disorder at all ages.
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METHODS
STUDY DATA
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A detailed description of the study data is available on request from the authors and will be
available in a related publication.4
Our measures of suicide ideation and behavior were item 3 of the Hamilton Depression
Rating Scale (HAM-D; used in adult and geriatric patients) and item 13 of the Childhood
Depression Rating Scale–Revised (CDRS-R; used in children and adolescents). These
measures were obtained on a weekly basis. The original response categories are provided in
Table 1.
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Our primary analyses used these as ordinal scales after collapsing the first 2 categories for
the HAM-D and for the CDRS-R. These categories (feels life is not worth living [HAM-D]
or sharp denial of suicidal thoughts [CDRS-R]) do not meet the threshold for suicide
ideation (ie, passive thoughts about wanting to be dead or active thoughts about killing
oneself)5 and have not been found to be predictive of later suicide in psychiatric out-patient
clinic patients6 or nonfatal suicide attempts in RCTs.7 Descriptive analyses of suicide
ideation and behavior were also provided. Suicide ideation and behavior were operationally
defined as a HAM-D item 3 score greater than 2 (a score of 3 indicates suicide ideas or
gestures) or a CDRS-R item 13 score greater than 2 (a score of 3 indicates that the patient
has thoughts about suicide, usually when angry), based on the definitions in the article by
Posner et al.5 For completeness, we augmented these measures with AERs of suicide
attempts and suicide, which were available for the studies by Eli Lilly and Co and the
Treatment for Adolescents With Depression Study. These AERs were coded as 7 for
children and 4 for adults; timing was coded by date at onset. These collapsed ordinal scales
are referred to later as suicide risk measures. For an overall measure of depressive
symptoms, we summed all remaining HAM-D or CDRS-R items, excluding the item related
to suicide to avoid bias in estimating the relationship between depression severity and
suicide risk. This overall measure of depressive symptoms was used to assess the mediating
effect of an antidepressant on suicide risk reduction.
STATISTICAL ANALYSIS
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We first examined the observed distribution of suicide ideation or behavior as a function of
time, treatment, and age group (Table 2). After 8 weeks the data were sparse and were
therefore combined into a single category (≥9 weeks). The maximum length of follow-up
was 130 days. The observed proportions were based on numbers of patients at risk in each
condition. Unlike our companion study4 where we restricted analysis to the first 6 weeks of
treatment so that all studies included all time points (ie, study and time are unconfounded),
in this study we used all available data during active treatment so that we did not miss any
adverse events. Second, we examined how antidepressant treatment affected suicide risk
over time, using a 3-level mixed-effects ordinal logistic regression model in SuperMix.8 As
in the companion article,4 we conducted an overall analysis of both drugs in adult and
geriatric patients (ie, all trials using the HAM-D) followed by separate analyses for adult,
geriatric, and youth trials of fluoxetine and adult trials of immediate-release and extendedrelease venlafaxine. These analyses accounted for exact days of assessment and controlled
for individual-level covariates of age and sex. Random effects were included at both the
patient and trial levels to account for the correlation of repeated measurements within
patients and the correlation of patients within studies. Incomplete data were treated as
missing at random in these analyses.9 To test the hypothesis that suicide risk is mediated by
changes in depression severity, a second mixed-effects ordinal logistic regression model was
used in which depression severity (HAM-D or CDRS-R total scores eliminating the suicide
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item) and the treatment×depression severity interactions were added to the model as timevarying covariates predicting suicide risk status. The interaction term allows the relationship
between depression severity and suicide risk to be different for treated and control
patients.10 We then conducted a mediational analysis to determine the extent to which
reduction in the time-dependent depressive symptom score accounted for the effect of
treatment on concurrent suicide risk. In addition, we fit a 3-level mixed-effects linear
regression model to evaluate the effect of treatment on depression severity (HAM-D or
CDRS-R scores independent of the suicide items) using all available data. The following are
key requirements for a variable to be a mediator: (1) the putative mediator is affected by
treatment; (2) the mediator is related to the outcome, either as a main effect or in interaction
with treatment10; and (3) the mediator contribution reduces the effect of the treatment on
suicide risk status. In the companion article,4 we have demonstrated that treatment is
significantly related to the mediator (change in depression severity) for both drugs and all 3
age groups through 6 weeks; for these mediational analyses, we report effects on depression
severity through 12 weeks. In this article, we test the hypothesis that the mediator
(depression severity) is related to the outcome (suicide risk) and accounts for a significant
proportion of the observed reduction in suicide ideation or behavior. The difference in rates
of change (ie, slopes) in suicide risk between treated and control patients is measured by the
treatment×time interaction. Comparison of models with and without the mediator effects
allows us to determine the extent to which the effect of treatment on suicide risk is mediated
by the effect of treatment on depression severity. Because these models are on a logit scale,
a calibration of variances for these coefficients is necessary to compare them directly.11 The
proportion of the mediation was then computed as 1 minus the ratio of the treatment×time
interactions for the model with the mediator to the model without the mediator.11
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Results are reported as marginal maximum likelihood estimates (MMLEs), standard errors,
and probability values (P values) of the treatment×time interaction, main effect of
depression severity, and treatment×severity interaction. Estimates of marginal (populationaveraged) ORs9 were then used to describe the percentage reduction in the probability of
suicide risk following 8 weeks for treated vs control patients. We evaluated models with
nonlinear time trends; however, the linear models provided the best overall fit.
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There were relatively few suicide attempts and suicides (a total of 20 attempts and 2 suicides
in 21 patients among 9185 patients across all age cohorts and drugs), allowing limited power
to detect potential differences. Overall, a total of 16 suicide attempts were identified through
the standardized CDRS-R or HAM-D measures. An additional 6 suicidal events were
identified from AERs, 4 attempts and 2 suicides. These additional 6 AERs were coded using
the Columbia Classification Algorithm of Suicide Assessment.5 Of the 2 suicides, one was
by an adult receiving fluoxetine and the other was a geriatric patient receiving placebo. Of
the 22 suicidal events, 9 were recorded at baseline (prior to initiation of treatment), 3 in
week 1, 3 in week 2, 5 in week 3, 1 in week 4, and 1 in week 5.

RESULTS
The reported rates of suicide risk at baseline were 5% for adults, 3% for geriatric patients,
and 20% for youths. In general, rates of suicide risk were reduced by 50% or more for both
treated and control groups over time. Table 2 illustrates how suicide risk varies from
baseline, where randomization produced virtually identical rates. For all ages and both
drugs, rates of suicide risk among patients were not markedly different from those of control
patients but were generally lower in treated patients than in control patients over time
(starting from the second week). We note, however, that the simple observed proportions in
Table 2 may be biased because they are restricted to patients with data at each week, and
these patients may not be representative of all randomized patients, especially at later times.
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The mixed-effects model results described later (summarized in Table 3) make use of all
available data for each subject in constructing the average time trends and therefore are
unbiased in this respect.
OVERALL ANALYSIS OF ADULT AND GERIATRIC PATIENTS
We found a statistically significant difference in the reduction in suicide risk over time
between treated patients and those receiving placebo (MMLE=−0.2091; SE=0.0289; P<.
001) (Figure 1). Thus, treated patients had a greater reduction in suicide risk over time
relative to control patients receiving placebo. The rate of change was 58% faster in treated
patients relative to control patients, which results in an estimated 78.9% decrease in the
probability of suicidal risk for control patients after 8 weeks of study participation and a
90.5% decrease for treated patients. Figure 1 displays the estimated probabilities for each of
the 3 ordinal response categories in treated and control patients and reveals that most
suicidal events (19% at baseline) were of low severity (thoughts of death), followed by
ideation with a baseline rate of 3% and suicide attempts or completion at 0.1% at baseline.
The beneficial effect of treatment on the probability of suicide risk is apparent
approximately 2 weeks following treatment initiation.
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The mediation model of all adult and geriatric patients revealed the following. First, there
was a significant overall faster reduction in depressive symptoms (excluding suicidal
thoughts and behavior) over time for treated patients vs control patients (treatment
difference at 12 weeks: MMLE=−4.0337; SE=0.2730; P<.001), as we found in the
companion study.4 This estimate indicates an average estimated difference in depression
severity of 4.03 HAM-D units between treated and control patients at 12 weeks. Second, we
found a statistically significant main effect of depression severity on contemporaneous
suicide risk (MMLE=0.3070; SE=0.0094; P<.001), indicating that depression severity is
positively associated with suicide risk. The treatment×depression severity interaction was
not statistically significant, indicating that the relationship between depression severity and
suicide risk was similar for treated and control patients (MMLE=0.0159; SE=0.0127; P=.
21). Following adjustment for depression severity (Figure 2), the treatment×time interaction
was still statistically significant (MMLE=−0.0620; SE=0.0314; P=.048); however, it was
dramatically reduced from the model that did not adjust for depression severity. The
percentage of the overall treatment effect attributable to mediation was 77%. This finding
reveals that most of the beneficial effect of antidepressant treatment on suicide risk is
mediated through the effect of antidepressant treatment on depression severity.
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To interpret these findings in terms of population-averaged effects, we transformed these
individual-level effect parameters for models into population rates of suicide ideation or
attempts over time, adjusted for the mediator. Figure 2 illustrates this mediational effect by
plotting the marginal probability of suicide risk for each threshold in treated and control
patients, adjusting for depression severity. In terms of depression severity, we have selected
a hypothetical patient who begins the trial severely depressed (HAM-D total score=30) and
improves at a rapid rate of 0.35 HAM-D units per day through 12 weeks. In contrast to the
clear intervention differences in Figure 1, Figure 2 reveals that there is essentially no
difference in suicide risk attributable to treatment once the effect of depression severity is
controlled, illustrating the previous mediational analysis result.
ADULT FLUOXETINE STUDIES
A statistically significant treatment×time interaction was found in adult fluoxetine studies
(MMLE=−0.1689; SE=0.0644; P=.009), indicating that treated patients had a significantly
greater reduction in suicide risk over time relative to control patients receiving placebo. The
rate of change was 57% faster in treated patients relative to control patients, resulting in an
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83.0% decrease in the probability of suicide risk for control patients after 8 weeks of study
participation and a 91.6% decrease for treated patients. Fluoxetine produced a faster decline
in depressive symptoms over time compared with placebo (treatment difference at 12 weeks:
MMLE = −4.2882; SE=0.5645; P<.001). The mediation model revealed a statistically
significant main effect of depression severity (MMLE=0.3091; SE=0.0206; P<.001),
indicating that depression severity is positively associated with suicide risk. The
treatment×depression severity interaction was not statistically significant, indicating that the
relationship between depression severity and suicide risk was the same for treated and
control patients (MMLE=0.0342; SE=0.0283; P=.23). Following adjustment for depression
severity, the difference in rates of change in suicide risk between treated and control patients
was not statistically significant (MMLE=0.0192; SE=0.0674; P=.78). The percentage of the
overall treatment effect attributable to mediation was 82%. This finding reveals that the
beneficial effect of fluoxetine treatment on suicide risk in adults is mediated through the
effect of antidepressant treatment on depression severity.
ADULT IMMEDIATE-RELEASE VENLAFAXINE STUDIES
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A statistically significant treatment×time interaction was found in adult immediate-release
venlafaxine studies (MMLE=−0.3777; SE=0.0650; P<.001), indicating that treated patients
had a significantly greater reduction in suicide risk over time relative to control patients
receiving placebo. The rate of change was 82% faster in treated patients relative to control
patients, resulting in an 81.0% decrease in the probability of suicidal thoughts or behavior
for control patients after 8 weeks of study participation and a 93.5% decrease for treated
patients. Immediate-release venlafaxine produced a faster decline in depressive symptoms
over time than did placebo (treatment difference at 12 weeks: MMLE=−5.0358; SE=0.5032;
P<.001). The mediation model revealed a statistically significant main effect of depression
severity (MMLE=0.3219; SE=0.0168; P<.001), indicating that depression severity is
positively associated with suicide risk. The treatment×depression severity interaction was
not statistically significant, indicating that the relationship between depression severity and
suicide risk was the same for treated and control patients (MMLE=0.0056; SE=0.0221; P=.
80). Following adjustment for depression severity, the treatment×time interaction remained
statistically significant (MMLE=−0.1672; SE=0.0631; P=.008); however, the magnitude was
substantially reduced. The percentage of the overall treatment effect attributable to
mediation was 81%. This finding reveals that most of the beneficial effect of immediaterelease venlafaxine treatment on suicide risk in adults is mediated through the effect of
antidepressant treatment on depression severity.
ADULT EXTENDED-RELEASE VENLAFAXINE STUDIES
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A statistically significant treatment×time interaction was found in adult extended-release
venlafaxine studies (MMLE=−0.1501; SE=0.0565; P=.008), indicating that treated patients
had a significantly greater reduction in suicide risk over time relative to control patients
receiving placebo. The rate of change was 37% faster in treated patients relative to control
patients, resulting in a 77.1% decrease in the probability of suicide risk for control patients
after 8 weeks of study participation and an 88.7% decrease for treated patients. Patients
receiving extended-release venlafaxine experienced a faster decline in depressive symptoms
(treatment difference at 12 weeks: MMLE=−3.5658; SE=0.4402; P<.001) relative to control
patients. The mediation model revealed a statistically significant main effect of depression
severity (MMLE=0.2923; SE=0.0156; P<.001), indicating that depression severity is
positively associated with suicide risk. The treatment×depression severity interaction was
not statistically significant, indicating that the relationship between depression severity and
suicide risk was the same for treated and control patients (MMLE=0.0106; SE=0.0211; P=.
62). Following adjustment for depression severity, the treatment×time interaction was no
longer statistically significant (MMLE=0.0088; SE=0.0515; P=.86). The percentage of the
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overall treatment effect attributable to mediation was 83%. This finding reveals that the
beneficial effect of extended-release venlafaxine treatment on suicide risk in adults is
mediated through the effect of antidepressant treatment on depression severity.
GERIATRIC FLUOXETINE STUDIES
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A statistically significant treatment×time interaction was found in geriatric fluoxetine
studies (MMLE=−0.1479; SE=0.0688; P=.03), indicating that treated patients had a
significantly greater reduction in suicide risk over time relative to control patients receiving
placebo. The rate of change was 66% faster in treated patients relative to control patients,
resulting in a 69.0% decrease in the probability of suicide risk for control patients after 8
weeks of study participation and an 84.0% decrease for treated patients. Geriatric patients
receiving fluoxetine decreased their depressive symptoms more quickly than did patients
receiving placebo (treatment difference at 12 weeks: MMLE=−2.7224; SE=0.8308; P=.001).
The mediation model revealed a statistically significant main effect of depression severity
(MMLE=0.2963; SE=0.0289; P<.001), indicating that depression severity is positively
associated with suicide risk. The treatment×depression severity interaction was not
statistically significant, indicating that the relationship between depression severity and
suicide risk was the same for treated and control patients (MMLE=0.0417; SE=0.0417; P=.
32). Following adjustment for depression severity, the treatment×time interaction was no
longer statistically significant (MMLE=−0.1501; SE=0.0788; P=.06). The percentage of the
overall treatment effect attributable to mediation was 57%. This finding reveals that slightly
more than half of the beneficial effect of fluoxetine treatment relative to placebo on suicide
risk in geriatric patients is mediated through the effect of antidepressant treatment on
depression severity (ie, partial mediation).
YOUTH FLUOXETINE STUDIES
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The treatment×time interaction was not statistically significant in youth fluoxetine studies
(MMLE=0.0809; SE=0.0595; P=.17), indicating that we could find no difference between
treated and control patients in terms of suicide risk. The marginal ORs indicated a 61.3%
decrease in the probability of suicidal thoughts or behavior for control patients after 8 weeks
of study participation and a 50.3% decrease for treated patients. Youth patients receiving
fluoxetine decreased their depressive symptoms more quickly than patients receiving
placebo (treatment difference at 12 weeks: MMLE=−3.8976; SE=1.5238; P=.01). A
statistically significant main effect of depression severity (MMLE=0.1261; SE=0.0116; P<.
001) on suicide risk was found, indicating that depression severity is positively associated
with suicide risk. The treatment×depression severity interaction was not statistically
significant, indicating that the relationship between depression severity and suicide risk was
the same for treated and control patients (MMLE = −0.0046; SE=0.0141; P=.74). Despite a
strong association between depression severity and suicide risk in youths, treatment with
fluoxetine was not found to be related to suicide risk when compared with placebo.

COMMENT
Results of the first analysis of all longitudinal suicidal event data across published and
unpublished placebo-controlled RCTs of fluoxetine (adult, youth, and geriatric patients) and
venlafaxine (adults) revealed that there was no evidence of increased suicide risk with
treatment. Except for youths, the level of suicide risk for most subjects in these trials was
low, and for all groups there was a major reduction in risk over time. Most events were
suicidal ideation. We found that for adults treated with fluoxetine, extended-release
venlafaxine, or immediate-release venlafaxine and geriatric patients treated with fluoxetine,
treatment resulted in significant decreases relative to placebo in suicide risk measures over
time. No statistically significant differences were found for fluoxetine in youths. Suicide risk
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was strongly related to severity of depression, and changes over time in suicide risk closely
mirrored those of depression severity changes over this same period in both youths and
adults. Other studies have reported that the rate of suicidal behavior in major depressive
disorder is much higher during episodes than between episodes.12 For all adult trials,
depression severity mediated the effect of antidepressant medication on suicide risk.
Mediation accounted for approximately 80% of the overall treatment effect in adults, but
less (57%) for geriatric patients. For youths, depression severity was strongly related to
suicide risk and depression responded to treatment, but no effect of treatment on suicide risk
was found.
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These results clarify the relationship between suicidal thoughts and behavior and
antidepressant treatment, particularly in adult and geriatric patients, because they suggest
that adult and geriatric patients whose symptoms do not diminish remain at higher suicide
risk. Variation in response to antidepressant treatment is substantial; in one trial, it was
estimated that more than half of adults were nonresponsive to placebo and 30% were
nonresponsive to a selective serotonin reuptake inhibitor.13 The STAR*D results indicate
that a sizable proportion of those who are nonresponsive to a first antidepressant can
improve under an alternative medication.14 Our findings emphasize the need to successfully
treat episodes of major depressive disorder to lower the suicide risk. Our results for adult
and geriatric patients, which show statistically significant beneficial effects of antidepressant
treatment on suicide risk, largely agree with the FDA findings and further demonstrate the
mediating role of depressive symptom change. With respect to youths, we did not replicate
the FDA’s finding of increased risk with antidepressant treatment. However, the FDA found
that fluoxetine was the only antidepressant that was effective for depression. Our results
apply to fluoxetine and it remains to be determined whether the findings generalize to other
antidepressants. Newer, improved prospective measures of suicidal ideation and behavior
now exist,5 are now mandated by the FDA, and should be analyzed as done here.
This study avoided the problem of publications being biased in favor of positive clinical
trials by examining all industry trials of fluoxetine and venlafaxine but nevertheless did not
have enough statistical power to analyze suicidal ideation and actual suicidal behavior
separately. Suicidal ideation rates and the ratios to suicides and suicide attempts are higher
in youths compared with adults, making ideation a potentially weaker indicator of risk of
behavior in youths.15
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The mediation analyses show the importance of antidepressant response in mediating the
benefit of antidepressants for suicide risk in adult and geriatric patients. It is important to
note that these analyses could be done only by combining individual patient-level data in the
same analysis. The methods we have used here, nonlinear mixed-effects regression models
and mediation analysis, are applied to answer complex hypotheses with individual-level data
that are synthesized across multiple trials. These methods of person-level meta-analysis or
integrative data analysis16 are superior to standard meta-analysis,17 which cannot adjust
adequately for different time frames, different ways of handling missing data, and different
analytical choices for mediation analysis. A second critically important aspect of these
studies is that they all have random assignment and blinded assessment. In all trials, these
procedures balanced suicidal thought and behavior incidence at baseline between treated and
control patients and assured equivalent assessment procedures. Randomization brings about
balance in both observable and unobservable potential confounders, whereas no such
guarantee is available for observational data.
A limitation of these studies is that they rely on a single ordinal clinician rating of suicidal
thoughts and behavior, supplemented by AERs of suicide attempts or suicides. For youths,
the FDA analyses that relied on suicide-related AERs in the clinical records alone found
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statistically significant increased risk of suicidal thoughts and behavior for those treated with
antidepressants compared with placebo, whereas we did not find this effect in our analysis of
the systematically collected CDRS-R suicide item that was augmented with the AERs of
suicidal behavior. There is debate in the literature on how best to examine mediation in
nonlinear longitudinal models. In particular, the proportion of reduction in effect due to
mediation, which we used in this article, is known to be unstable when the treatment effect
is small.11 For adults, the large treatment effects and depressive symptom effects on suicide
risk mitigate this concern, but the percentage reduction for geriatric patients has more
uncertainty.
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Unanswered questions remain. While the findings of mediation are clear for adults in 3 sets
of trials and geriatric patients in 1 set of trials, we did not find a statistically significant
effect of treatment on suicide in youths, despite a large overall reduction in depressive
symptoms. We do not yet know why some youths whose depressive symptoms are reduced
continue to have suicidal ideation and behavior. Perhaps other psychopathology plays a
more important role in suicidal behavior and ideation such as aggressive impulsive traits in
youths.18 Thus, even if antidepressants reduce depressive symptoms overall in youths, it is
possible that a subset may retain some level of risk for suicidal ideation or attempts. The
overall rate, however, was not significantly greater than that found for youths randomized to
placebo. It was the finding of an increased rate of ideation and attempts using AERs that
formed the entire basis for the FDA black box warning, and notably, we do not find such a
signal using data that draw on both AERs and prospective systematic ratings of suicidal
ideation and behavior.
A limitation of RCTs for studying suicide risk is that suicidal patients are often excluded
from such studies. While this may be true, we note that the rate of suicidal thoughts and
behavior were highest at baseline, and 9 of the 20 suicide attempts occurred prior to
treatment initiation (ie, were rated as being present at baseline).
In summary, we found that treatment with fluoxetine and venlafaxine decreased suicide risk
in adult and geriatric patients and that the effect of treatment on depression severity appears
to be the mechanism whereby antidepressants lower suicide risk in adult and geriatric
patients. We found no evidence that fluoxetine increased risk of suicidal thoughts or
behavior in youths.
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Figure 1.

Probabilities of suicide risk in adult and geriatric fluoxetine hydrochloride and venlafaxine
hydrochloride studies. Solid lines indicate estimated probabilities for control patients
receiving placebo; dashed lines, estimated probabilities for treated patients; thoughts of
death curves, “wishes he or she were dead or any thoughts of possible death to self” or
worse; ideation curves, “suicide ideas or gestures” or worse; and attempts or completion
curves, “suicide attempts or suicides.”
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Figure 2.

Probabilities of suicide risk adjusting for depression severity in adult and geriatric fluoxetine
hydrochloride and venlafaxine hydrochloride studies. Solid lines indicate estimated
probabilities for control patients; dashed lines, estimated probabilities for treated patients;
thoughts of death curves, “wishes he or she were dead or any thoughts of possible death to
self” or worse; ideation curves, “suicide ideas or gestures” or worse; and attempts or
completion curves, “suicide attempts or suicides.”
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Table 1

Suicide Risk Response Categories

NIH-PA Author Manuscript

Score

Description

HAM-D item 3
0

Absent

1

Feels life is not worth living

2

Wishes he or she were dead or any thoughts of possible death to self

3

Suicide ideas or gestures

4

Attempts at suicide, any serious attempt

CDRS-R item 13

NIH-PA Author Manuscript

1

Understands the word suicide but does not apply term to self

2

Sharp denial of suicidal thoughts

3

Has thoughts about suicide, usually when angry

4

Between 3 and 5

5

Has recurrent thoughts of suicide

6

Between 5 and 7

7

Has made suicide attempt within the last month or is actively suicidal

Abbreviations: HAM-D, Hamilton Depression Rating Scale; CDRS-R, Childhood Depression Rating Scale–Revised.
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96 (14.6)
68 (8.8)

114 (13.2)

189 (14.8)

148 (8.8)

105 (14.3)

90 (15.6)

167 (8.4)

78 (9.0)

50 (4.0)

81 (13.6)

1

2

3

4

5

6

7

8

≥9

396 (0)

297 (0.7)

335 (1.5)

529 (1.7)

609 (1.3)

683 (2.2)

731 (2.2)

904 (4.5)

883 (3.6)

1008 (5.4)

Placebo

288 (0)

259 (1.2)

491 (0.4)

910 (1.2)

1006 (0.7)

1151 (1.1)

1261 (1.7)

1382 (2.1)

1364 (2.4)

1627 (4.7)

Treatment

Abbreviations: ER, extended release; IR, immediate release.

105 (4.8)

183 (10.9)

96 (11.5)

139 (5.8)

205 (8.8)

253 (9.5)

139 (14.4)

393 (18.8)

315 (20.6)

0

Treatment

Placebo

Adult

108 (3.7)

53 (1.9)

160 (1.3)

309 (1.6)

313 (1.6)

364 (1.9)

360 (2.2)

393 (1.8)

354 (2.5)

470 (3.2)

Placebo

Fluoxetine Hydrochloride, No. (%)

Week

Youth

118 (0)

66 (1.5)

144 (2.8)

310 (0.6)

339 (2.1)

360 (1.4)

370 (0.5)

409 (1.7)

368 (1.6)

490 (2.7)

Treatment

Geriatric

NIH-PA Author Manuscript

Observed Suicidal Thoughts and Behavior Over Time

57 (1.8)

117 (0)

196 (1.0)

397 (1.3)

196 (1.5)

641 (1.7)

662 (1.7)

719 (2.8)

716 (4.9)

919 (6.3)

Placebo

116 (0)

177 (0.6)

357 (1.1)

619 (1.0)

321 (0.9)

965 (0.4)

1034 (1.2)

1096 (1.3)

1061 (2.5)

1502 (5.5)

Treatment

IR

300 (0.7)

448 (0.2)

169 (1.2)

614 (0.7)

199 (0.5)

807 (0.7)

819 (1.1)

903 (1.0)

871 (1.0)

994 (1.6)

Placebo

690 (0.6)

725 (0.6)

276 (0.7)

900 (0.6)

278 (1.8)

1182 (0.3)

1145 (0.5)

1264 (0.6)

1276 (0.9)

1467 (1.7)

Treatment

ER

Venlafaxine Hydrochloride, No. (%)
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<.001

−4.0337

0.2730

<.001

0.3070

0.0094

<.001

P value

MMLE

SE

P value

MMLE

SE

P value

0.0127

SE

.03

0.0688

−0.1479

<.001

0.0650

−0.3777

<.001

0.5645

−4.2882

.001

0.8308

−2.7224

<.001

0.5032

−5.0358

<.001

0.0116

0.1261

<.001

0.0206

0.3091

<.001

0.0289

0.2963

<.001

0.0168

0.3219

Depressive Symptoms on Suicide Risk

.01

1.5238

−3.8976

Treatment on Depressive Symptoms at 12 wk

.009

0.0644

−0.1689

IR

.74

0.0141

−0.0046

.23

0.0283

0.0342

.32

0.0417

0.0417

.80

0.0221

0.0056
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0.0314

.048

SE

P value
.05

0.0662

0.1293

.78

0.0674

0.0192

.06

0.0788

−0.1501

.008

0.0631

−0.1672

.86

0.0515

0.0088

Abbreviations: ER, extended release; IR, immediate release; MMLE, marginal maximum likelihood estimate.

−0.0620

MMLE

.62

0.0211

0.0106

<.001

0.0156

0.2923

<.001

0.4402

−3.5658

.008

0.0565

−0.1501

ER

Venlafaxine Hydrochloride

Treatment on Suicide Risk Adjusted for Depressive Symptoms

.21

0.0159

MMLE

P value

0.0595

0.0809

.17

Geriatric

Treatment on Suicide Risk

Adult

Fluoxetine Hydrochloride
Youth

Treatment×Depressive Symptoms Interaction on Suicide Risk

0.0289

−0.2091

MMLE

SE

Overall

Statistic

Marginal Maximum Likelihood Estimates, Standard Errors, and P Values for Each Cohort and Effect
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