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Abstract
Background—Studies report mixed findings regarding antidepressant agents and suicide risks,
and few examine suicide deaths. Studies using observational data can accrue the large sample
sizes needed to examine suicide death but selection biases must be addressed. We assessed
associations between suicide death and treatment with the seven most commonly used
antidepressants in a national sample of VA patients in depression treatment. Multiple analytic
strategies were used to address potential selection biases.

Methods—We identified VA patients with depression diagnoses and new antidepressant starts
between April 1, 1999 and September 30, 2004 (N=502,179). Conventional Cox regression
models, Cox models with inverse probability of treatment weighting, propensity stratified Cox
models, marginal structural models (MSM), and instrumental variable (IV) analyses were used to
examine relationships between suicide and exposure to: bupropion, citalopram, fluoxetine,
mirtazapine, paroxetine, sertraline, and venlafaxine.

Results—Crude suicide rates varied from 88 to 247/100,000 person-years across antidepressant
agents. In multiple Cox and MSM models, sertraline and fluoxetine had lower risks for suicide
death than paroxetine. Bupropion had lower risks than several antidepressants in Cox but not
MSM models. IV analyses did not find significant differences across antidepressants.

Discussion—Most antidepressants did not differ in their risk for suicide death. However, across
several analytic approaches, although not IV analyses, fluoxetine and sertraline had lower risks of
suicide death than paroxetine. These findings are congruent with the FDA meta-analysis of RCTs
reporting lower risks for “suicidality” for sertraline and a trend towards lower risks with fluoxetine
than for other antidepressants. Nevertheless, divergence in findings by analytic approach suggests
caution when interpreting results.
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INTRODUCTION
Patients with depressive disorders are at high risk for suicide.1,2 Although antidepressant
medications are effective in reducing depressive symptoms among adults, concerns have re-
emerged that antidepressant medications may increase rather than decrease suicide risks,
particularly when first initiated or when the dosage is changed. Beginning in 2003, the FDA
warned of increased suicide risks with specific antidepressant agents when used by youth
(i.e., paroxetine in June, 2003; 10 antidepressants in early 2004).3 However, based on meta-
analyses of randomized controlled trials (RCTs), the most recent FDA “black box” warning
included all antidepressant agents when prescribed for children, adolescents, and young
adults. 4,5

However, even though the FDA ‘s most recent warning included all antidepressants, there
are reasons to believe that antidepressant agents may differ in their associated suicide risks.
Antidepressants have different pathophysiolgical effects and differ in their impact on
concomitant anxiety, pain, sleep onset, and sleep architecture. They also differ in the
likelihood of adverse discontinuation effects. 6 All of these factors, in turn, have been linked
to increased suicide risks. 7-9

Despite these theoretical possibilities, studies that have compared suicide risks across
antidepressant agents have reported mixed results. 10-15 Studies have found limited
differences in suicide risk by antidepressant class, 10 although a few have reported signals
for differential risks by specific antidepressant agent. The 2004 FDA meta-analysis of RCTs
that assessed risks among youth reported a clearer signal for suicide risks with venlafaxine
than for other antidepressants when compared to placebo. There was also a possible
indication of increased risks with paroxetine.4 A secondary analysis indicated that
antidepressants with longer half-lives were associated with lower risks, and that fluoxetine
had the lowest risk ratio.16 The 2006 FDA meta-analysis ofRCTs among adults reported an
indication for lower risks with sertraline and a trend for lower risks with fluoxetine than for
other antidepressants.5,17

Studies using large observational datasets to examine risks associated with specific
antidepressants have also reported mixed results with a few studies reporting increased risks
with venlafaxine and decreased risks with sertraline or fluoxetine, but others finding no
differences. 1215,18-20

Such mixed results might be expected, given the considerable challenges faced by studies
examining the rare outcome of suicide, the variety of methodologies employed, the different
outcomes assessed, and the different populations studied. Studies using data from RCTs face
challenges due to limited sample sizes and often use proxy outcomes (ideation or attempts)
rather than suicide death. Studies using observational data face challenges due to
confounding of the relationship between antidepressant choice and suicide, as prescribers
may preferentially use a particular agent for patients with certain characteristics (e.g., sleep
issues or pain) and these characteristics may also be associated suicide risks. Studies that
assess suicide risk by antidepressant class rather than by specific antidepressant agent face
challenges if agents within a class have similar effects on neurotransmitters yet vary in their
impact on sleep, energy, and pain.

In this study, we use data from the Department of Veterans Affairs (VA) Health System, the
largest organized healthcare system in the US, to examine differential risks of suicide death
in a large cohort of patients (N= 502,179) with depression diagnoses who received any of
the seven most commonly prescribed antidepressant medications in the VA between 1999
and 2004. We employed multiple analytic approaches to address potential treatment
selection biases, assessing consistency across approaches.
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METHODS
This study was reviewed and approved by the Human Subjects Committee at the Veterans
Affairs Ann Arbor Health System and the University of Michigan.

Data Source
Data were obtained from the Department of Veterans Affairs (VA) Health System National
Depression Registry (NARDEP) which includes data on pharmacy fills, diagnoses, visits,
and hospitalizations for VA patients who have had at least one diagnosis of a depressive
disorder. Data were also obtained from the National Death Index (NDI), which is compiled
from state-mandated death certificates and considered the “gold standard” in US mortality
databases.21

Patient Cohort
Employing a new user design, 22 the study cohort consisted of 502,179 patients who
received both a depression diagnosis and a new fill of one of the seven most commonly used
antidepressant medications between 4/1/1999 and 9/30/2004 in the VA health system
(fluoxetine, sertraline, paroxetine, citalopram, venlafaxine, bupropion, and mirtazapine).
Depression diagnoses were identified using the ICD-9 codes: 296.2x, 296.3x, 296.90,
296.99, 298.0, 300.4, 311, 293.83, 301.12, 309.0, or 309.1. A new antidepressant start was
defined as a fill of any of the seven study antidepressant agents, after at least 6 months
without any observed antidepressant fills. Patients who did not have a new start of one of
these antidepressant agents were not included in the study. Patients were also excluded if
they received a diagnosis of bipolar I, schizophrenia, or schizoaffective disorder during the
12 months prior to the index date or during the study period as these diagnoses make it less
likely that patients have a depressive disorder (study inclusion criterion) and may
substantially change associations between antidepressant exposure and suicide risks.

Outcome Measure
The primary outcome, death due to suicide, was assessed using data from the National Death
Index. A death was categorized as a suicide based on International Classification of
Diseases, tenth revision, codes X60-X84 and Y87.0.

Antidepressant Exposure
The primary predictor variable was exposure to the specific antidepressant agent used for the
new antidepressant start (fluoxetine, sertraline, paroxetine, citalopram, venlafaxine,
bupropion, and mirtazapine). These seven antidepressant agents accounted for
approximately 90% of all VA antidepressant fills during the study period. Because
mirtazapine is frequently used as a hypnotic in low doses, mirtazapine was considered to be
a new antidepressant start only if prescribed in doses of ≥ 15 mg per day.

Days of exposure to the antidepressant agent started on the date of the first new fill and
continued until the days’ supply of the last fill were exhausted. In the main study analyses,
patients were considered to have been exposed to an additional 10% of the days’ supplies for
each fill, to account for some continued exposure from later ingestion of missed doses and/
or continued blood levels during short gaps in coverage.

In the Cox models, exposure time to the new antidepressant was censored at the time the
days’ supply of the last fill were exhausted or at the time of a switch to a second
antidepressant medication. In marginal structural models (MSM), exposure time after
antidepressant discontinuation was counted as time “unexposed” to the first agent, with
censoring at 6 months or 12 months following treatment initiation.
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Patient Characteristics
Patient age was assessed at the time of the first new antidepressant fill and categorized as
<40, 40-49, 50-64, and ≥65 years. Patient race was categorized as Black, White, Other, or
Unknown, and a dichotomous indicator was constructed for Hispanic ethnicity.

Indicators were constructed for diagnoses of alcohol abuse/dependence, drug abuse/
dependence, post-traumatic stress disorder (PTSD), personality disorder, other anxiety
disorder, major depression versus “other depression” diagnosis, and tobacco use disorder.
Medical burden was assessed using the Charlson comorbidity index, with the cormorbidity
score categorized as 0, 1, 2, or ≥ 3. 23,24Study models also included the numbers of in-
patient psychiatric stays (0, 1, ≥2), total outpatient visits (0-3, 4-12, or ≥13), outpatient
mental health visits (0, 1-2, ≥3), number of psychotropic medications filled, receipt of any
psychotherapy CPT codes, and whether Medicare reimbursed services were used. We also
constructed indicators for whether patients were service connected for disabilities occurring
or exacerbated by military service, as this is associated with higher levels of VA services
access. We included indicators for whether a suicide attempt was recorded in the prior 3
years and the time since the patient’s first depression diagnosis, with truncation at 730 days.

Most of the covariates for Cox models (with and without inverse probability of treatment
weighting (IPTW) or propensity stratification) were based on data for the 12 months prior to
the first new antidepressant start. In MSM models, several covariates were time varying
(antidepressant exposures, other psychotropic medication exposures, utilization variables
and comorbid conditions), and these time-varying covariates were updated monthly, based
on the prior 12 months of data.

Two facility-level variables were included in study models: the geographic region
(Northeast, West, Midwest, South) of the VA facility most used by the patient in the year of
their index antidepressant start (or VA facility used most often in the past 12 months for
MSM models), and VA location in an urban versus a rural area based on Metropolitan
Statistical Area designation.

Finally, although all seven study drugs were available throughout the study period,25 we
included fiscal year of new start to control for secular practice trends that might result from
the recency of an antidepressant’s market introduction or its inclusion in VA formulary (i.e.,
likelihood of “channeling” of newly introduced medications to more severely ill patients).

Data Analyses
We first examined the distributions of all continuous variables and their functional
relationships with suicide risks, and we categorized continuous variables when there was
observed non-linearity.

Crude suicide rates were calculated for patients exposed to each of the seven antidepressant
medications over the entire exposure period using Poisson regression. Exact methods were
used to calculate 95% confidence intervals. We also generated plots of log hazards to
explore suicide risk ratios for the antidepressant agents during the year following treatment
initiation.

To compare suicide risks associated with different antidepressant agents, we used multiple
approaches to address potential treatment selection biases, including conventional Cox
models, Cox models with inverse probability of treatment weighting (IPTW), propensity
stratified Cox models, marginal structural models, a linear probability model with IPTW,
and instrumental variable (IV) analyses. For all approaches, except propensity stratified
model estimates, citalopram was used as the reference antidepressant.
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Cox models with IPTW method and propensity-stratified Cox models attempt to control for
“treatment by indication” by adjusting for the likelihood that a given patient will receive a
specific agent.26 For the IPTW Cox model, propensities were estimated using a multinomial
logit model as the predicted probability of receiving the patient’s antidepressant agent, given
all baseline covariate values and relevant interactions. The Cox model was then weighted by
the inverse of the estimated propensities. Additional pair-wise contrasts of antidepressant
agents were obtained based on post-hoc linear contrasts.

As the IPTW method can provide extreme weights to the very few people in the tails of the
propensity distribution,27 potentially multiplying any residual bias, the distributions were
examined for extreme weights and suicide risks were examined by antidepressant agents
across the propensity distribution to assess for notable non-uniform relative risks.

The propensity stratified Cox models compared 21 pairs of antidepressant agents separately
and thus the reference antidepressant changed depending upon the specific pairs being
compared. Relative risk estimates were obtained using Cox models stratified by balanced
blocks of propensity scores estimated using binary logistic regression models. Propensity
blocks were obtained using stratification matching where the number of blocks for each
pair-wise comparison ranged from 20 to 32.28 For each stratified analysis, propensity blocks
in the extreme propensity distribution with less than 3 observations in one treatment group
were trimmed as an additional step to further remove residual confounding. We also
completed a more traditional propensity analysis stratified by propensity quintiles, after
truncating the cohort to those in the area of overlapping propensities. In both propensity-
weighted and propensity-stratified methods, models used to obtain propensity scores were fit
without consideration for parsimony and included all baseline covariates. Most continuous
variables were included without categorization and with quadratic terms. The model also
included relevant two-way interactions. In addition to using propensities, the Cox models
included a limited set of baseline covariates to adjust for their effects on suicide risk.

Marginal structural models (MSM) were used to adjust for time-varying exposure as well as
potential time-varying confounders.29 Because more than 90% of the patients filled the
newly initiated antidepressant for less than 12 months, MSM models were completed using
6 and 12 months of follow-up data.

All time-varying exposures and covariates were updated monthly, and a pooled logistic
regression model was used to approximate the Cox’s model where an individual was
assigned monthly weights until suicide, death, or the end of follow-up time.29 The
contribution of each patient to the calculation at each follow-up month was weighted by the
product of the inverse probability-of-treatment weight and the inverse probability-of-
censoring weight with each weight estimated from the observed data. Probability of
receiving the patient’s antidepressant treatment was estimated for each month, given his/her
own treatment history up to the current time, given past time-varying treatment, covariate
and utilization history, using multinomial logistic regression. Time varying treatment history
included exposures to other antidepressants, in addition to exposures to other psychotropics.
Other antidepressants were grouped as selective serotonin reuptake inhibitors, older non-
selective or dual action reuptake inhibitors, newer mixed or dual-action agents, or other.
Censoring weights were estimated monthly using logistic regression and a similar set of
covariates as predictors, plus the treatment exposure types in the prior month.

Lastly, we used linear probability models for the dichotomous outcome of suicide using both
IPTW approach and an instrumental variable (IV) approach to address treatment selection
biases. The IV approach has the potential to address unobserved confounding variables, if
the instruments are valid.3031 IV analyses involve the estimation of two different regression
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models. The first model predicts the treatment choice (in this case antidepressant agent) and
the second model predicts the outcome of interest (suicide death) as a function of the
predicted treatment. IV analyses require observable instruments that are predictive of
antidepressant choice and are not correlated with suicide death except via antidepressant
choice. To examine the relationship between 7 commonly used antidepressants and suicide
death, we included 6 instrumental variables. The IVs were the percentages of all
antidepressant fills at patient’s facility of most use that were fills for each of the specific
agents (all except citalopram which was the reference antidepressant).

The theoretical basis for using IVs of fractional fills for each antidepressant at the patient’s
facility is that they are expected to influence the choice of antidepressant agent, and yet
patients do not generally choose facilities based on these prescribing patterns. Thus these
IVs are not expected to be directly related to patient characteristics or outcomes. 32 F-
statistics and partial R2 wesre obtained to assess if IVs were predictive of antidepressant
choice at the patient level in the first-stage linear regressions.33 All analyses were adjusted
for potential clustering at the facility level using robust sandwich estimation.

Because suicide deaths are rare, statistical significance was set at 5% and we did not adjust
for multiple comparisons. When evaluating results, the consistency of results across analytic
approaches and the size of the estimated relative risks were emphasized.

RESULTS
Study population

The study population has been previously described. 34 In keeping with the VA population,
the majority of patients were male (92%), white (75%) and aged 50 or older (73%). In the 12
months prior to the first antidepressant start, 12% had had a diagnosis of alcohol use
disorder and 13% had had a diagnosis of PTSD. Forty-seven percent had a mental health
outpatient visit in the prior 12 months.

Sertraline was prescribed for 27.0% of patients with a new antidepressant starts, citalopram
for 26.1%, fluoxetine for 14.0% and paroxetine for 13.3%. Of the non-SSRI’s, bupropion
was prescribed most often (10.9%), followed by mirtazapine (4.2%) and venlafaxine (4.4%).

Crude Suicide Rates for Each Antidepressant
Table 1 presents the crude suicide rates per 100,000 person-years of exposure to each of the
seven most commonly prescribed antidepressant agents. These crude rates ranged from
88/100,000 person-years to 247/100,000 person-years, with unadjusted suicide rates being
highest among patients with new starts of mirtazapine. Venlafaxine had the second highest
crude suicide rate, followed by paroxetine, citalopram, sertraline, fluoxetine, and bupropion.

Table 1, Figure 1, and Figure 2 show the hazards of suicide with the individual agents over
time. In the figures of smoothed log hazards, most antidepressants showed constant or
somewhat decreasing hazards over time; however, mirtazapine showed higher suicide risks
in more distal periods. Figure 2 includes 95% point-wise confidence bands.

Multivariate Analysis
In conventional Cox regression, IPTW, and propensity stratified Cox models (Table 2 and
3), patients with new starts of bupropion had lower suicide risks than those with new starts
of citalopram, mirtazapine, and paroxetine. Patients with new fluoxetineor sertraline starts
had lower suicide risks than paroxetine. The conventional Cox model, IPTW, and propensity
stratified Cox model gave similar relative risk estimates. Although not shown, results from
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the analysis stratified by propensity quintiles also gave similar results to those using
propensity stratification matching.

When increasing or decreasing risk ratios in time by medication were modeled using time by
medication interaction in the Cox model, mirtazapine showed increasing risks in time (p =
0.04), and sertraline showed decreasing risks over time (p = 0.05).

In the MSM models, lower suicide risks were again seen for fluoxetine and sertraline
compared to paroxetine. However, MSM models did not show reduced suicide risks for
patients on bupropion compared to citalopram or paroxetine. Only the MSM model censored
at 6 months showed reduced risks for bupropion compared to mirtazapine.

In IV analyses, the F-statistics were larger than 30, and the majority of partial R2 values
ranged from 0.012 to 0.0283, although R2 values were lower for venlafaxine (0.003) and
bupropion (0.005). Thus, our six IV instruments consisting of fractional fills for each
antidepressant at the patient’s facility of most use were predictive of antidepressant choice.
In the IV model that included these 6 instruments, no antidepressant agent showed
significantly different risks of suicide death than citalopram in the 12 months following
treatment initiation (Table 4). Subsequent pair-wise antidepressant agent contrasts also did
not show different risks of suicide death between antidepressant agents. Results based on an
IV model optimized using generalized method of moments35 gave similar results to those
based on 2-stage least squares.

The IPTW linear probability model (Table 4) gave results that were congruent with relative
risk estimates based on various non-linear models (Table 3).

DISCUSSION
This is the largest study, to date, to examine the relationship between specific antidepressant
agents and suicide death. Comprehensive longitudinal data for a large sample of high-risk
patients allowed us to employ multiple analytic strategies to address potential treatment
biases, 3634 the major methodological issue for studies using observational data. Analytic
approaches included conventional Cox models with covariate adjustment, Cox models with
IPTW, propensity stratified Cox models, marginal structural models, and an instrumental
variable approach.

The results from these different approaches converged in most instances and indicated that
most antidepressant agents did not differ in their risks for suicide death.

However, conventional Cox models and the IPTW and propensity stratified Cox models all
suggested lower risks with sertraline and fluoxetine than with paroxetine and suggested
lower risks with bupropion than for several other antidepressants. MSM models confirmed
the findings for sertraline and fluoxetine but not for bupropion.

IV models did not indicate any differences in suicide risks with specific antidepressant
agents. Given appropriate instruments, the IV approach theoretically can better account for
unmeasured confounders. However, the IV approach typically involves a loss of statistical
power, because it is based on variation in treatment due to IVs rather than the full variation
in treatment. This loss in power may limit the application of this approach where the event
of interest (e.g., suicide) has a very low base rate and power is a pivotal issue. Nevertheless,
the finding in IV analyses of no differences in risk across antidepressants is consistent with
findings of Schneeweiss et. al, who used a high-dimensional propensity adjusted analytic
approach.19
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We note that the study findings of lower risks of suicide with fluoxetine and sertraline than
paroxetine across several analytic approaches is consistent with a few observational studies
that reported lower risks with fluoxetine than for other antidepressants among adults
discharged from hospitals in Finland18 or a trend towards lower risks with sertraline among
adult Medicaid patients discharged from the hospital.15

However, it may be more informative to compare the current study’s results to those of
studies using data from RCTs, as RCT findings may be limited by sample size and use of
proxy outcomes but are not subject to treatment selection biases. Of interest, the FDA meta-
analyses of RCTs in adults which examined the relationship between a composite measure
of “suicidality” and antidepressant use, also reported lower risks for sertraline than for other
SSRI and non-SSRI agents when compared to placebo. In this meta-analysis, there was also
a trend (p=.11) for decreased risk ratio for fluoxetine. However, the FDA analysis reported
no particular signal for increased risks with paroxetine.

A re-analyses of FDA data from the meta-analysis for antidepressants among youth also
reported a relationship between antidepressant half-life and suicide risks, with fluoxetine use
being associated with the lowest risk (RR, 0.52).16

However, despite some degree of congruency of this study’s findings with the FDA meta-
analysis of RCTs, study results may still be affected by residual confounding. The FDA
meta-analysis did not find indications of lower risks with bupropion, and we suspect the
present study’s limited findings regarding bupropion were due to remaining confounding.
Bupropion is often used for smoking cessation, and despite the requirement of a depression
diagnosis and adjustment for comorbid tobacco use disorder, patients with milder depression
may still have been more likely to receive bupropion for smoking cessation and have also
been at less risk of suicide due to milder symptoms. Schneeweiss et al. excluded patients
receiving bupropion because of this alternative treatment indication.19

Limitations
The VA study population consists predominantly of men and older individuals, and study
findings may not generalize to other treatment populations. Overall suicide risks associated
with antidepressant use differ by patient age, 5,17 and it is possible that risks associated with
specific antidepressant agents may also vary with age.

We relied on antidepressant prescription fills to determine antidepressant exposure. Some
patients may have used mental health services outside of the VA health system and have had
antidepressant starts that were not recorded in our dataset. However, during the study period,
patients eligible for VA coverage often exclusively used VA pharmacies because of the
VA’s generous drug benefit.37

There are limited data on patient symptoms in administrative data and inclusion of more
detailed patient data might have allowed improved adjustment for potential confounders.

We excluded patients who developed bipolar disorder or schizophrenia during the study
period as we believed such patients may have been misdiagnosed as having a depressive
disorder. However, this may have resulted in some misspecification of risk for specific
antidepressants if patients with less certain depression diagnoses were given an agent
preferentially and were also less likely to live long enough to receive a second, corrected
diagnosis of bipolar disorder or schizophrenia.38

We also assessed most covariates for the 12 months prior to the index date of the new
antidepressant but required only a 6-month clean period to define a new antidepressant start.
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This might have differentially affected some covariate values (e.g., number of outpatient
visits) if specific antidepressant agents were more likely to be preceded by antidepressant
exposure during the 12 to 6 month period before the index date.

Finally, we completed multiple comparisons for antidepressant agents, using several
different analytic approaches to address selection biases. Given the low base rate of suicide,
we did not correct for multiple comparisons, and instead emphasized results that were
consistent across analytic approaches and that had substantial effect sizes.

Summary
Head-to-head comparisons of suicide risks of different antidepressant agents are difficult to
conduct given the enormous sample sizes required. We completed the largest study to date,
examining this relationship in over 500,000 high-risk VA patients. Across a variety of
models, fluoxetine and sertraline appeared to have lower risks than paroxetine, findings that
are reasonably congruent with those of the FDA meta-analysis of RCTs, which found
indications that these agents might have lower risks than other antidepressants. However, we
note that IV analyses did not provide additional support for these findings. The divergence
observed in findings by analytic approach and the possibility of residual confounding
suggests continued caution when using observational data to assess suicide risks associated
with antidepressant agents.
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Figure 1.
Log hazard of completed suicide over the exposure days since new start of index
antidepressant
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Figure 2.
Log hazard of completed suicide (95% confidence bands) by exposure days since new
antidepressant start
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Table 2

Adjusted* hazard ratios for suicide death during antidepressant exposure using traditional Cox regression
model (N=502,179)

Antidepressant Agent Hazard Ratio

Citalopram 1.0

Bupropion 0.45 (0.26, 0.81)†

Fluoxetine 0.63 (0.38, 1.06)

Sertraline 0.70 (0.48, 1.02)

Venlafaxine 0.89 (0.51, 1.56)

Paroxetine 1.06 (0.75, 1.51)

Mirtazapine 1.11 (0.56, 2.19)

Age at time of first new start (reference = < 40 years) 40-49 yrs 0.79 (0.47, 1.32)

50-64 yrs 0.70 (0.47, 1.05)

65+ yrs 0.99 (0.61, 1.62)

Sex Male 2.57 (1.27, 5.19)†

Race (reference = White) Black 0.18 (0.08, 0.44)‡

Other 0.42 (0.10, 1.76)

Unknown 2.33 (1.53, 3.54)‡

Hispanic ethnicity 0.26 (0.11, 0.63)‡

Alcohol use 1.48 (0.90, 2.41)

Post traumatic stress disorder 0.60 (0.36, 0.99)†

Major depression 1.97 (1.44, 2.69)‡

Other anxiety disorder 1.37 (0.99, 1.89)

Suicide attempt 2.96 (1.30, 6.73)†

No. of Charlson comorbidities (reference = 0) 1 0.92 (0.67, 1.25)

2 0.73 (0.46, 1.17)

3+ 0.65 (0.34, 1.27)

No. of in-patient psychiatric stays (reference = 0) 1 4.28 (2.55, 6.20)‡

>1 2.93 (1.33, 6.46)†

No. of outpatient mental health visits (reference = 0) 1-2 0.87 (0.64, 1.17)

>2 0.68 (0.41, 1.13)

No. of psychiatric medications (reference = 0) 1 1.26 (0.89, 1.78)

>1 2.21 (1.48, 3.29)‡

Patient is service connected 0.85 (0.63, 1.14)

Days♣ since first depression diagnosis to the new start 0.95 (0.90, 0.99)†

Region of facility of most use (reference = West) Midwest 0.71 (0.52, 0.97)†

Northeast 0.77 (0.52, 1.14)

South 0.85 (0.61, 1.18)
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Antidepressant Agent Hazard Ratio

Fiscal year of first new start (reference = 1999) 2000 1.07 (0.61, 1.89)

2001 1.42 (0.75, 2.68)

2002 0.81 (0.42, 1.57)

2003 0.84 (0.43, 1.62)

2004 0.75 (0.39, 1.41)

Note: Values in brackets are 95% confidence intervals. All diagnosis and service use variables are based on one year prior to the new start of the
antidepressant agents, except for suicide attempt and whether the patient is service connected or not, which are based on three years prior to the
new start of the antidepressant

*
In addition to the variables included in the table, adjusted also for any drug use disorder, tobacco use disorder and personality disorder diagnosis,

Medicare use in prior year, number of outpatient visits and urban location facility

♣
In units of 100 days and truncated at 2 yrs

†
p < 0.05

‡
p < 0.005
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Table 4

Adjusted difference* in risk of suicide estimated by inverse probability of treatment weighted (IPTW) model
and two-stage instrumental variable (IV) method

Variables IPTW estimates IV estimates

Bupropion vs. Citalopram −35.58 (−58.50, −12.65)† −78.31 (−360.53, 203.91)

Fluoxetine vs. Citalopram −18.98 (−40.56, 2.59) −42.53 (−138.73, 53.67)

Sertraline vs. Citalopram −19.89 (−37.87, −1.91)† −8.04 (−109.53, 93.45)

Venlafaxine vs. Citalopram −1.02 (−38.42, 36.38) −45.36 (−556.58, 465.86)

Paroxetine vs. Citalopram 1.11 (−23.00, 25.21) −60.95 (−193.77, 71.87)

Mirtazapine vs. Citalopram −9.99 (−48.66, 28.67) −149.17 (−406.23, 107.89)

Note: Based on linear probability model of completed suicide within one year of newly starting an antidepressant; includes only first episode of
new start of antidepressant treatment per patient. Values in brackets are 95% confidence intervals.

*
Risk difference expressed as per 100,000, and adjusted for age, gender, race, ethnicity, any alcohol use disorder, drug use disorder, tobacco use

disorder, post-traumatic stress disorder diagnosis, major depression, other anxiety disorder, personality disorder diagnosis, Medicare use in prior
year, receipt of psychotherapy in prior year, suicide attempt, numbers of Charlson comorbidities, inpatient psychiatric days, outpatient visits,
outpatient mental health visits and psychiatric medications, service connectedness, number of days since first depression diagnosis to new start,
urban location facility, region of facility, fiscal year of first new start

†
p < 0.05
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