TATROGENIC EFFECTS OF THE FDA BLACK BOX WARNING

Effect of the FDA Black Box Suicidality Warnings for Antidepressants on Suicide Rates
in the USA : Signal or Noise?
by Martin Ploderl and Michael Pascal Hengartner

This version of the article does not fully correspond to the version published in the
Journal «Crisisy under https.//doi.org/10.1027/0227-5910/a000843.
This is not the original version of the article and therefore cannot be used for citation. Please
do not distribute or cite this article without the permission of the authors.

Abstract
Background: Some authors claimed that the FDA black box warning on treatment-emergent
suicidality with antidepressants in adolescents (issued 2004) and young adults (issued 2006)
led to an increase of suicides, based on the analyses of ecological data with debatable
assumptions about putative changes in suicide rates.
Aims: To explore if putative changes in suicide rates in adolescents and young adults at the
time of the FDA warnings is a detectable signal in the data or compatibly with noise.
Method: We applied different changepoint analyses for US adolescent and young adult
suicide rates 1981-2019.
Results: No changepoint analysis supported a detrimental effect of the FDA warnings. The
downward trend of suicides reversed years after the warning for adolescents (2007-2009) and
years before for young adults (1999-2001). Wide confidence intervals hint at noisy data.
Limitations: Our analyses cannot rule out detrimental effects of the FDA warnings. However,
even if there was such an effect, it was likely small and indistinguishable from the noise in the
available suicide data.
Conclusion: There is no detectable change of trend in adolescent or young adult suicide rates
in line with a detrimental effect of the FDA black box warnings on treatment-emergent

suicidality.
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Introduction
In October 2004, the US Food and Drug Administration (FDA) issued a black box warning
for the treatment of adolescents with antidepressants because clinical trials found an increased
risk for suicidal ideation and behavior (Hammad, Laughren, & Racoosin, 2006). The warning
was enacted in 2005 and was then extended to young adults aged 18-24 in December 2006
(Stone et al., 2009). Similar warnings were issued in other countries, too (Wheeler, Metcalfe,
Martin, & Gunnell, 2009). Since then, there is an ongoing debate as to whether the warning
led to an unintended increase of suicides among young people, resulting from fewer
antidepressant prescriptions or lack of treatment in general (Lu et al., 2018; Lu et al., 2014;
Spielmans, Spence-Sing, & Parry, 2020; Stone, 2014, 2018). On the one hand, data from
clinical trials and observational studies confirmed the increase of suicide risk associated with
antidepressant treatment (Dragioti et al., 2019; Hetrick et al., 2021; Sharma, Guski, Freund, &
Gotzsche, 2016; Stone et al., 2009). On the other hand, some authors based their studies on
ecological data using interrupted time series, which found a change of trend of suicides after
the warning (Lu et al., 2018; Lu et al., 2020; Lu et al., 2014). Indeed, for adolescents, a visual
inspection of the time-series may suggest an unusual upshift from 2003 to 2004 for
adolescents, and for young adults, there seems to be a halt of the declining suicide rates
around 2006 (see Figures 1ab). In this article, we explore if these putative changes are a true
signal of a trend change, detectable with changepoint analyses, or if these interrupted time-
series are compatible with noise, that is, random variation of yearly suicide rates. Assuming a
true signal, we expected changepoints at the time or shortly after the FDA warnings 2004-
2005 for adolescents, and 2006-2007 for young adults. We used extended time frames before
and after the warnings to investigate the long-term trends and to increase the statistical
information for the changepoint analyses. We also inspected the long-term trends of
antidepressant prescriptions to bring our findings into context.

Method
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We obtained all available yearly US suicide rates for adolescent (10-19 years) and young
adults (20-24 years) from the CDC WISQARS (1981-1998) and WONDER (1999-2019)
databases.

To detect changepoints in the time-series of suicide rates, we used a variety of
statistical procedures available for R (R Core Team, 2020) (Table 1). Changepoint analyses
can detect changes in trends (change of slope of a regression model), changes in the mean
(change of the intercept in a regression model), or changes in variance. Some changepoint
analyses require a pre-specified number of changepoints, and some automatically estimate the
optimal number of changepoints. Some analyses are designed to detect only single
changepoints, and here we used an additional time frame restricted from 1990 to 2017, similar
to the one in Lu et al. (2020). We did this because there was an obvious changepoint around
1990 and perhaps a changepoint in 2017, what may have prevented the detection of a less
obvious changepoint in between 1990 and 2017.

For simplicity, we mainly describe the results of two selected changepoint analyses.
First, we report the results from a segmented regression with R’s “segmented” package
(Muggeo, 2008). The segmented regression model breaks the time-series into linear segments
(broken-lines), with a pre-specified number of changepoints. We used a bootstrap restarting
procedure for initial values of the changepoints. The segmented regression with 5
changepoints had excellent fit and more changepoints did not increase the fit. Second, we
report the results from a Bayesian changepoint analysis with the “bcp” package (Erdman &
Emerson, 2007). This Bayesian analysis provides continuous posterior probabilities of
changepoints and not only binary decisions about the presence of changepoints.

Additional changepoint analyses included the following: the “changepoint” package
uses popular algorithms to detect changes of mean and/or variance. We only used the change
of mean (cpt.mean) function for this paper, with the single changepoint (AMOC), multiple

changepoints using exact (PELT and segmented neighborhoods), and the approximate (binary
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segmentation) search algorithms. The “strucchange” package gives estimations of multiple
changepoints for changes of means or change of trends (without joint regression lines),
together with confidence intervals. The “EnvCpt” package automatically fits 12 different
models, of which we report on the change of mean and change of trend results (further results
for autoregressive models are available online). The “trend” package provides the Buishand
U-test, a non-parametric test to detect one single changepoints for a change of mean. Finally,
as an alternative way, we used the “tree” package for a regression tree, where recursive
partitioning is used to split the data in order to maximize the reduction in impurity.

Based on the comments of an anonymous reviewer, we also included a segmented
regression analysis using the Joinpoint software from the National Cancer Institute (2020).
We used a Poisson model with the number of suicides and the size of the population and a
maximum number of 9 changepoints.

Antidepressant prescriptions rates were estimated using the Medical Expenditure
Panel Survey (MEPS), a representative sample of civilian noninstitutionalized population of
the US. For each available year (1996 to 2018), we linked the full year consolidated data file
with the prescribed medicine data file. The MEPS codes antidepressants according to the
Multum Lexicon. We coded a person as using antidepressants if there was any purchase of
antidepressants in the respective year. We used a complex sampling design to generate the
prevalence of antidepressant use for each year among adolescents (10-19 years) and young
adults (20-24 years).

All data and statistical code are available online on the Open Science Framework (link

provided upon publication).

Results
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For adolescents, the segmented regression analysis estimated changepoints in 1989, 2002,
2007, 2015, and 2017 (Figure 1a). The changepoint in 2007 indicates a reversal from a
declining trend to an increase in suicides, paralleling a change of trend in antidepressant
prescriptions, which likewise started to rise again in 2007. The Bayesian analysis detected
changepoints with posterior probabilities exceeding 0.7 in 1984, 1998, and 2016. The
posterior probability of a changepoint between 2004 and 2005 was below 0.1 (Figure 1a).
Other changepoint analyses either detected changepoints other than 2004/2005, no
changepoints at all, or changepoints with wide confidence intervals.

For young adults, the segmented regression analysis estimated changepoints in 1992,
1994, 1997, 2001, and 2013. A reversal of the trend in suicides (from a decrease to an
increase) already occurred in 2001. There was no change of trend in suicides in accordance
with the reversal of antidepressant prescriptions in 2003 (from an increase to a decrease) or in
2006 (from a decrease to an increase). The Bayesian analysis detected changepoints in 1995,
2009, and 2014 (Figure 1b). The posterior probabilities of changepoints in 2006 or 2007 were
very low (0.05). Other changepoint analyses either detected changepoints other than

2006/2007 or with wide confidence intervals.

- Table 1 about here -

Discussion

None of the changepoint analyses detected changes of suicide trends occurring at the time of
the FDA black box suicidality warnings for antidepressants. For adolescents, segmented
regression changepoint analyses suggested a reversal of previously declining suicide rates in
2007, which was at a time when antidepressant prescriptions also started to increase again
(Kafali, Progovac, Hou, & Cook, 2018). For young adults, segmented regression suggested a

reversal of suicide trends already in 2001, thus well before the black box warning in late



TATROGENIC EFFECTS OF THE FDA BLACK BOX WARNING

2006. Furthermore, the Bayesian analyses indicated that the probability of a changepoint is
close to zero at the time of the FDA black box warnings. Other changepoint analyses likewise
could not reliably detect changepoints at the time of the FDA warnings.

Therefore, the conclusion by Lu et al drawn from interrupted time-series analyses that
the FDA warning reversed a downwards trend of suicides is not supported by the data. This is
not to say that there certainly is no iatrogenic or beneficial effect, but if there is a related
effect, it is too small to be distinguishable from the noise in the data. That the data is noisy is
also supported by the findings that some changepoint analyses could not detect changepoints
at all or only with wide confidence intervals.

Our findings are largely in line with the literature. Various theoretical arguments and
empirical findings are at odds with the assumption that the FDA warnings resulted in
increased suicide rates. The short-lived decline in antidepressant prescriptions in the mid-
2000s not just in young people but in all age groups may have been caused by other reasons
than the FDA warnings, such as reduced advertising by the major pharmaceutical companies
(Stone, 2014). Moreover, as pointed out by Stone (2018), the assumptions in studies such as
Lu et al. (2018) are largely arbitrary, with substantial degrees of freedom. This concerns the
assumed timing when the FDA warnings should have had an effect, the selection of the time
frame before and after the FDA warnings for the analyses, or the selection of the outcome.
For example, using a flawed outcome such as psychotropic drug poisoning with unspecified
intent as proxy for suicidal behavior (Lu et al., 2014) is misleading and leads to very different
results than using valid outcomes such as actual suicide attempts or suicides (Stone, 2014,
2018).

It is also problematic to attribute an increase in adolescent suicide rates starting 2007
to a black box warning from 2004. A safety warning cannot directly cause suicides. People do
not suicide because a drug regulator warns about treatment-emergent suicidality with

antidepressants. If the black box suicidality warning for antidepressants was causally related
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to suicides, it would be indirectly through an underuse of antidepressants in adolescents with
serious mental health problems (further assuming that antidepressant treatment reduces the
suicide risk in these people). That is, in theory the black box warning can only be responsible
for increased suicide rates when suicide rates are negatively correlated with antidepressant
prescription rates. However, as shown in Figure 1, antidepressant prescriptions steeply
increased as of 2007 in line with increasing suicide rates (positive correlation), thus the
conclusion is flawed. In addition, the assumption that antidepressant prescriptions reduce
national suicide rates is also implausible, because randomized controlled trials of
antidepressant treatment in adolescents and young adults found an increase of suicidal
behavior with new generation antidepressants (Hetrick et al., 2021; Stone et al., 2009).

In accordance, international data neither support the claim that increased
antidepressant prescriptions reduced national suicide rates (Amendola, Ploderl, & Hengartner,
2021; Hogberg & Bremberg, 2019), nor that regulatory warnings consistently lead to an
increase of suicides (Wheeler et al., 2009). This is also supported by our data: suicide rates
among adolescents and young adults decreased since the introduction and increased
prescription of antidepressants until 2003, resulting in a large negative correlation. However,
this correlation reversed from 2004 to 2018 (large positive correlations), despite an increase
of antidepressant prescriptions from around 2007 to an all-time high in recent years (see
Figure 1 and the online supplement for the correlations). It is surprising that Lu et al. never
discussed these conflicting findings in their publications. Furthermore, the correlation
between year to year changes of suicides and antidepressant prescriptions was more often
positive than negative (Stone, 2018), thus not supporting a suicide preventive role of
antidepressants.

Interestingly, when ecological studies found that increasing antidepressant
prescriptions were associated with reduced suicide rates, several publications in high-ranked

journals interpreted this finding as evidence for the potentially suicide preventive role of
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antidepressants (e.g., Grunebaum, Ellis, Li, Oquendo, & Mann, 2004; Isacsson, 2000).
However, in more recent years, when ecological studies detected an increase in both suicide
rates and antidepressant prescriptions among young people, the possible suicidogenic role of
antidepressants was rarely discussed in related publications (e.g., Padmanathan, Bould,
Winstone, Moran, & Gunnell, 2020; Ruch et al., 2019).

Our study has several limitations. First, there are more changepoint analyses than the
one we presented, perhaps leading to different results. However, we think it is unlikely that
other statistical procedures will find changepoints especially at the time of the FDA warnings,
given that none of our analyses detected changepoints here. Even if some did, it would rather
point towards statistical artifacts, given the large inconsistency and variability in results
generated by different methods. Second, there may be more options for fitting statistical
models than using linear segmentations of time-series (such as fitting quadratic or cubic
lines). However, with the noisy data at hand, these strategies may likely risk being over-fitted.
Third, the results from different changepoint analysis are only partly replicating, hinting that
the data is indeed noisy and prone to statistical artifacts (i.e. false-positive chance findings).

To conclude, the changes of trends in suicide rates detected by several changepoint
analyses do not support the notion that the FDA black box suicidality warning led to increased
suicide rates. It is problematic to interpret fluctuations of suicide rates at the time of the
warning as reflecting an underlying causal process. Instead, the fluctuations after the FDA

warnings are perfectly compatible with random variations in yearly suicide rates.
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Caption to Figure 1.

Main results from the changepoint analyses. Black dots are the yearly suicide rates. The blue
lines are the fitted values from the segmented regression analyses. The gray continuous lines
are the posterior probabilities for the Bayesian changepoint analysis. The dotted black lines
are rates of antidepressant prescriptions, with the 95% confidence intervals as dotted gray
lines. The vertical red line denotes the timing of the FDA black box suicidality warnings

(2004 and 2006, respectively, for adolescents and young adults).
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