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Objective: The authors sought to determine the relative
morbidity and mortality associated with drugs used to treat
depression and toexamine specificclinical effects associated
with serious outcomes.

Method: The National Poison Data System, which receives ex-
posure reports from regional poison centers serving the United
States, PuertoRico, and theDistrict ofColumbia,wasqueried for
single drug exposures in individuals 12 years and older during
the period 2000–2014. Medications included were anti-
depressants, atypical antipsychotics, anticonvulsants, lithium,
andothermedications used in the treatment of depression. The
main outcomes were the morbidity index (the number of se-
rious outcomes per 1,000 exposures) and the mortality index
(the number of fatal outcomes per 10,000 exposures).

Results:During this 15-yearperiod, therewere962,222single
substance exposures to the 48 medications studied. Serious
outcomes rose 2.26-fold and in linear fashion over the

15 years. While tricyclic and monoamine oxidase inhibitor
medications were associated with high morbidity and mor-
tality, severalneweragentsalsoappearedhazardous. Lithium,
quetiapine, olanzapine, bupropion, and carbamazepinewere
associated with high morbidity indices. Lithium, venlafaxine,
bupropion,quetiapine,olanzapine, ziprasidone,valproicacid,
carbamazepine, and citalopram were associated with higher
mortality indices.

Conclusions: Serious outcomes after overdose or non-
intentional exposures to medications used to treat depres-
sion have risen dramatically over the past 15 years. The
present data suggest that the morbidity and mortality risks
vary substantially among these medications. These differ-
ences become important when selecting treatments for
patients with depression, especially those at increased risk
for suicide.
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Suicide death from drug overdose is a growing problem in the
United States. From 2000 through 2014, the suicide rate in-
creased by 25.0% (from 10.4 to 13.0 deaths per 100,000 persons)
(1), and the number of suicides from poisoning increased by
38.5% (1, 2). Most (89%292%) of the poisoning deaths involved
medications (2). Depressive disorders (e.g., major depression,
dysthymia, and bipolar depression) are significant risk factors
for suicide (3). Unfortunately, the same medications that are
given to patients to treat depression can become the vehicle for
a serious suicide attempt. Because many suicide attempts are
impulsive, readily available medications may be chosen (4).

Because drugs used to treat depression can be lethal,
understanding the relative risk of the various agents used in
the treatment of depression seems prudent. The morbidity
and lethality of tricyclic antidepressants were recognized

soon after their introduction (5). In 1983 and 1984, tricyclic
antidepressants were the leading cause of death by overdose
in theUnitedStates (6–8).When selective serotonin reuptake
inhibitors (SSRIs) were introduced, it appeared theywere safer
in overdose, and deaths associated with SSRIs were often at-
tributed to the ingestion of multiple agents (9). The apparent
safety of SSRIs appeared to contribute to their increased use
in the 1990s. Nevertheless, deaths associated with antidepres-
sants are rising, and serious outcomes following ingestion of
antidepressants, as reported to the American Association of
Poison Control Centers (AAPCC), have been steadily increas-
ing (10). Thus, even if newer antidepressants are safer than
tricyclic antidepressants, the increasing volume of suicide at-
tempts with antidepressants is a significant public health prob-
lem and makes differences among these medications important.
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Case reports and case series suggest that certain second-
generation agents, notably citalopram, venlafaxine, and
bupropion, aswell as selected antipsychoticmedications,might
be more hazardous in overdose (11–19). However, few reports
have systematically compared the morbidity and mortality
of the array of agents used to treat depression.

In2008,Whiteetal. (20)useda5-year sample(2000–2004)
from the National Poison Data System (NPDS) to examine
serious overdose outcomes with antidepressants. Their
data suggested that citalopram, venlafaxine, and bupropion
were more hazardous than other second-generation anti-
depressants; however, the small number of exposures for
some agents limited comparisons. Since their report, four
new antidepressants have been marketed, five atypical anti-
psychotics have been approved for use as adjunct medication
in unipolar depression or for use in bipolar depression, and
several anticonvulsant drugs are either approved foruseorhave
been shown to be efficacious in bipolar depression (21). All of
these agents are prescribed for patients with depression who
may be at increased risk for suicide; however, the comparative
risks of morbidity and mortality of second-generation antide-
pressants, atypical antipsychotic agents, lithium, and anticon-
vulsant agents have not been as well described or received as
much attention as the risks of tricyclic antidepressants.

The objectives of this study are to examine the relative
morbidity and mortality of the broad range of medications
used to treat depression during the period 2000–2014 (these
medications include antidepressant drugs and other agents
often used to treat unipolar or bipolar depression, including
atypical antipsychotics, lithium, and anticonvulsant agents);
to examine specific clinical effects associated with serious
outcomes for individual medications; and to compare our
findings with those of White et al. (20), who found that cit-
alopram, venlafaxine, and bupropion have greater morbidity
than other second-generation antidepressants.

METHOD

TheNPDS,which ismaintained by the AAPCC (http://www.
aapcc.org) and which contains information logged by re-
gional poison centers serving all 50 United States, Puerto
Rico, and the District of Columbia, was queried for single
medication exposures during the period 2000–2014. Case
records in theNPDSare fromself-reportedcalls; they reflect
information provided when the public or health care pro-
fessionals report an actual or possible exposure to a sub-
stance (e.g., an ingestion, inhalation, or topical exposure).
Calls received are managed by health care professionals
(most commonly registered nurses or pharmacists) who
have received specialized training in toxicology. Exposures
may involve suspected suicide attempts but alsomay include
other reasons such as unexpected adverse events, therapeutic
errors, or other forms of intentional or unintentional misuse.
Cases of exposures are followed to determine the outcome, and
standard demographic patient information is collected. Infor-
mation is uploaded from the sites automatically (median time,

8minutes)making it a unique near-real-time database (22). For
this study, calls requesting information without a suspected
medication exposure were not included. Further details about
the NPDS can be found elsewhere (22).

Agents selected for study were antidepressants approved
for use in the United States for depression as well as three
agents (clomipramine, fluvoxamine, and milnacipran) that
are approved in the United States for other indications but
may be used off label for depression. Also included were
atypical antipsychotic drugs approved for use in unipolar
or bipolar depression during this period (aripiprazole,
lurasidone, olanzapine, and quetiapine), and risperidone
and ziprasidone, whose use is supported by controlled tri-
als and a meta-analysis (23, 24). Lithium and anticonvul-
sants (e.g., carbamazepine, lamotrigine, oxcarbazepine, and
valproic acid) that are approved for use or commonly used
in bipolar disorder were included (21). Two combina-
tion products (perphenazine/amitriptyline and olanzapine/
fluoxetine) were included. Finally, a group of agents frequently

FIGURE 1. Increase in Serious (Moderate, Major, and Fatal)
Outcomes and in Less Serious Outcomes (Minor or No Events)
Following Exposures to Medications Used to Treat Depression,
2000–2014a
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a The solid red lines show the least squares linear regression, and the
dotted red lines indicate the 95% confidence intervals for the regression.
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TABLE 1. Outcomes of Medication Exposures in a Study of Medications Used in the Treatment of Depression

Outcomes
Morbidity Index per
1,000 Exposures

Mortality Index per
10,000 Exposures

Medication
Single

Exposures

Single
Exposures
Adjusted Moderate Major Deaths Mean 95% CI Mean 95% CI

Tricyclic antidepressants
Amitriptyline 33,219 38,689 9,738 3,462 145 344.9 339.1–350.8 37.5 31.6–44.1
Amoxapine 71 80 15 7 1 285.7 181.1–428.8 124.2 3.2–692.2
Clomipramine 1,745 2,155 192 44 0 109.5 96.0–124.4 0.0 0.0–17.1
Desipramine 680 780 151 52 11 274.4 238.8–313.7 141.0 70.4–252.3
Doxepin 6,611 7,738 1,740 655 42 314.9 302.6–327.7 54.3 39.1–73.4
Imipramine 2,562 2,958 486 171 12 226.2 209.4–244.0 40.6 21.0–70.9
Maprotiline 62 71 9 6 0 210.8 118.0–347.7 0.0 0.0–518.5
Nortriptyline 5,254 6,394 1,044 301 20 213.5 202.3–225.1 31.3 19.1–48.3
Protriptyline 77 93 5 2 0 75.3 30.3–155.1 0.0 0.0–396.7
Trimipramine 45 51 9 2 0 217.7 108.7–389.6 0.0 0.0–730.2
Unspecified tricyclic

antidepressants
4,388 5,095 1,235 617 30 369.4 352.9–386.5 58.9 39.7–84.1

Total tricyclic
antidepressantsa

54,714 64,103 14,624 5,319 261 315.2 310.8–319.6 40.7 35.9–46.0

Monoamine oxidase
inhibitors (MAOIs)
Isocarboxazid 9 12 2 0 0 171.7 20.8–620.1 0.0 0.0–3,166.4
Phenelzine 392 453 119 24 2 320.2 270.2–376.8 44.2 5.4–159.60
Selegiline 236 295 25 2 0 91.4 60.2–133.0 0.0 0.0–124.9
Tranylcypromine 330 375 117 28 1 389.4 328.8–457.9 26.7 0.7–148.6
Unspecified MAOIs 42 51 8 0 0 156.9 67.7–309.1 0.0 0.0–723.3
Total MAOIsa 1,009 1,186 271 54 3 277.3 248.1–309.0 25.4 5.2–74.1

Selective serotonin reuptake
inhibitors (SSRIs)
Citalopram 33,247 43,226 4,120 647 18 110.7 107.6–113.9 4.2 2.5–6.6
Escitalopram 27,227 35,376 2,624 155 3 78.6 75.7–81.6 0.9 0.2–2.5
Fluoxetine 36,798 47,650 2,454 179 4 55.3 53.2–57.5 0.8 0.2–2.2
Fluvoxamine 1,910 2,360 164 24 1 80.1 69.1–92.4 4.2 0.1–23.6
Paroxetine 29,212 34,720 2,256 108 5 68.2 65.5–71.0 1.4 0.5–3.4
Sertraline 55,553 70,236 5,868 246 6 87.1 85.0–89.3 0.9 0.3–1.9
Vilazodone 714 1,035 141 10 0 145.8 123.5–171.0 0.0 0.0–35.6
Vortioxetine 42 65 3 0 0 46.1 9.5–134.7 0.0 0.0–566.7
Unspecified SSRIs 2,949 3,797 304 26 2 87.4 78.3–97.4 5.3 0.6–19.0
Total SSRIsa 187,652 238,962 17,934 1,395 39 81.1 79.9–82.2 1.6 1.2–2.2

Serotonin-norepinephrine
reuptake inhibitors (SNRIs)
Desvenlafaxine 1,275 1,842 144 15 1 86.9 73.9–101.4 5.4 0.1–30.3
Duloxetine 10,611 14,675 1,078 70 3 78.4 74.0–83.1 2.0 0.4–6.0
Levomilnacipran 56 86 6 0 0 69.8 25.6–151.9 0.0 0.0–428.9
Milnacipran 236 342 27 5 0 93.6 64.0–132.1 0.0 0.0–107.9
Venlafaxine 26,008 31,877 3,462 527 31 126.1 122.2–130.1 9.7 6.6–13.8
Unspecified SNRIs 4 5 2 0 0 400.0 48.4–1,444.9 0.0 0.0–7,377.8
Total SNRIsa 38,190 48,826 4,719 617 35 110.0 107.1–113.0 7.2 5.0–10.0

Other antidepressants
Bupropion 51,118 62,390 10,815 3,239 47 226.0 222.3–229.8 7.5 5.5–10.0
Mirtazapine 11,918 15,056 1,476 88 4 104.1 99.1–109.4 2.7 0.7–6.8
Nefazodone 3,306 3,483 304 28 1 95.6 85.6–106.4 2.9 0.1–16.0
Trazodone 64,315 82,102 9,725 609 9 126.0 123.6–128.4 1.1 0.5–2.1

Atypical antipsychotics
Aripiprazole 11,817 16,108 1,392 54 0 89.8 85.2–94.5 0.0 0.0–2.3
Lurasidone 821 1,232 103 6 0 88.5 72.6–106.7 0.0 0.0–29.9
Olanzapine 21,072 24,631 4,943 840 15 235.4 229.4–241.5 6.1 3.4–10.0
Quetiapine 87,748 109,386 22,467 3,544 83 238.5 235.7–241.5 7.6 6.0–9.4
Risperidone 26,200 32,675 5,079 265 8 163.8 159.4–168.2 2.5 1.1–4.8
Ziprasidone 12,587 16,005 2,258 120 9 149.1 143.2–155.2 5.6 2.6–10.7
Total atypical antipsychoticsb 160,245 200,037 36,242 4,829 115 205.9 203.9–207.9 5.8 4.8–6.9

Lithium 38,487 46,286 12,981 1,994 61 324.8 319.7–330.1 13.2 10.1–16.9

continued
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used to treat anxiety in depression were included: benzo-
diazepines (as a group), buspirone, pregabalin, and gaba-
pentin. In selecting agents, we elected to be inclusive for
agents commonly used in depression rather than limiting
selection to medications approved by the Food and Drug
Administration (FDA). With these criteria, 46 single med-
ications and two antipsychotic-antidepressant combination
products were studied. NPDS cases with related generic
category codes (N=50) or product codes (N=4,517) were
mapped to the 48 medications studied (see Supplemental
Material 1 in the data supplement that accompanies the
online edition of this article). For comparison purposes,
three commonly used over-the-counter compounds (acet-
aminophen, acetylsalicylic acid, and diphenhydramine) were
also included.

We completed data extraction on April 30, 2015. At that
time, the database for cases in 2014 had not been locked and
must be considered provisional; however, 99.96%of the cases
for 2014 were closed. (Cases are considered closed when
the poison center determines that no further information is
available and no further follow-up is required.)

We extracted outcomes data for each reportedmedication
exposure.Only singlemedication exposureswere included to
permit attribution of outcomes to specific medications and
thus facilitate comparisons of individual drugs. Outcomes
are coded as fatal, major, moderate, or less serious (all other
outcomes) (22). Moderate outcomes are characterized by
signs and symptoms that result from the exposure and are
more pronounced, prolonged, or systemic in nature than
minor outcomes but that are not life threatening and do not

result in residual disability. Nevertheless, 97% of individuals
withmoderate outcomeswere hospitalized.Major outcomes
were associated with life-threatening signs and symptoms or
resulted in significant residualdisability. Fatal outcomeswere
cases in which death was the result of the exposure or the
result of complications from the exposure.Wedefined serious
exposures as those with a medical outcome classification of
fatal,major, ormoderateusingadefinition similar to thatused
by the AAPCC (22).

An age threshold was chosen to exclude ingestions in
children, which are more frequently accidental. We com-
pared age thresholds at 12, 16, and 20 years with respect to
serious outcomes among our 11 drug groups (see Sup-
plemental Material 2 in the online data supplement). These
analyses suggested the use of$12 years as the age threshold.
This threshold is consistent with NPDS data in which in-
tentional exposuresoccurred inonly 1%of children#12 years
old but increased to 58% of children 13–19 years of age (22).

We considered whether to limit the sample to exposures
associatedwith suspected suicide attempts (see Supplemental
Material 2 in the data supplement); however, we decided to
include exposures for all reasons based on the following
considerations: we were interested in the overall morbidity
and mortality associated with the therapeutic use of medi-
cations in depression; an appreciable number of serious out-
comes and fatalities are not related to suicide; a comparison of
morbidity indices for the 11 drug groups suggested that the
relative morbidity of the groups followed a similar pattern in
those with exposures for all reasons and those with suspected
suicide; and exclusion of non-suicide-related exposures

TABLE 1, continued

Outcomes
Morbidity Index per
1,000 Exposures

Mortality Index per
10,000 Exposures

Medication
Single

Exposures

Single
Exposures
Adjusted Moderate Major Deaths Mean 95% CI Mean 95% CI

Anticonvulsants
Carbamazepine 23,806 28,789 5,474 950 16 223.7 218.3–229.2 5.6 3.2–9.0
Lamotrigine 6,311 9,283 1,034 147 2 127.4 120.3–134.9 2.2 0.3–7.8
Oxcarbazepine 2,329 3,432 390 35 0 123.8 112.3–136.2 0.0 0.0–10.8
Valproic acid 36,800 45,548 5,148 924 37 134.1 130.8–137.5 8.1 5.7–11.2
Total anticonvulsantsb 69,246 87,053 12,046 2,056 55 162.6 160.0–165.3 6.3 4.8–8.2

Other medications
Benzodiazepines 268,773 343,450 32,082 3,594 115 104.2 103.1–105.3 3.4 2.8–4.0
Buspirone 9,081 11,833 754 48 0 67.8 63.2–72.6 0.0 0.0–3.1
Gabapentin 9,174 13,835 1,017 109 8 82.0 77.3–86.9 5.8 2.5–11.4
Pregabalin 1,821 2,681 292 44 0 125.3 112.3–139.5 0.0 0.0–13.8

Combination agents
Olanzapine/fluoxetine 313 386 81 21 1 266.8 217.8–323.6 25.9 0.7–144.3
Perphenazine/

amitriptyline
243 270 67 17 2 318.2 254.8–393.4 74.1 9.0–267.6

Total combination agents 556 656 148 38 3 288.0 248.5–332.2 45.7 9.4–133.7

Over-the-counter
comparators
Acetaminophen 266,383 339,001 24,927 7,921 876 99.5 98.4–100.5 25.8 24.2–27.6
Acetylsalicylic acid 91,109 110,161 21,338 2,475 316 280.5 276.9–284.0 36.7 32.8–41.0
Diphenhydramine 134,285 167,917 28,141 2,958 81 185.7 183.6–187.8 4.8 3.8–6.0

a Total for all individual and unspecified medications in this category.
b Total for individual medications shown.
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decreased the sample size by 48% and reduced statistical
power especially when examining new individual agents.

The NPDS includes reports of clinical effects associated
with each exposure from a standard list of 131 clinical effects.
We determined the rate of clinical effects (as a percentage of
cases) in exposures resulting in serious outcomes. We ex-
cluded22clinical effects that arenot likely toberelated tooral
ingestion (e.g., puncturewounds), effects with a frequency of
less than 0.05%, and effects categorized as “other.”

Statistical Analysis
We calculated two indices reflecting the severity of the ex-
posure: a morbidity index per 1,000 exposures, and a mor-
tality index per 10,000 exposures, as follows:

Morbidity  Index ¼½serious  cases ðmoderate;  major;   fatalÞ =
adjusted  total  number  of   exposures�
3 1;000:

Mortality  Index ¼ ½fatal  cases =
adjusted  total  number  of   exposures�
3 10;000:

We used the term “index” to avoid the implication that we
were estimating the actual rate in the population.

We examined the change in the numbers of less serious
and serious exposures across 2000–2014 because theAAPCC
2013 annual report (10) suggested a decline in the reporting of
less serious cases for all compounds.Weadjusted thenumber
of less serious exposures by applying a correction factor to
each year of the less serious exposures to give the same
growth profile as serious exposures (see Supplemental Ma-
terial 3 in the online data supplement).

Morbidity and mortality indices were determined for
each medication. Confidence intervals were determined using
Poisson statistics. Forest plots were generated to graphically
display differences among the medications. Finally, morbidity
indices for three agents identified byWhite et al. (20) as more
dangerous (bupropion, citalopram, and venlafaxine) during
the period 2000–2004 were compared with similar indices
in the present data set during the period 2005–2014. For
this comparison, we used the “hazard index” (defined as the
number of fatal and major outcomes per 1,000 exposures)
employed byWhite et al. (20).We also included sertraline, the
SSRI with the greatest number of exposures, as a comparator.

Data were managed and calculations were performed
using SAS JMP version 9.0.0. Stats Direct version 2.8.0 was
used to calculate confidence intervals on proportions and to
produce forest plots.

RESULTS

During the 15-year study period, there were 962,222 single
substance exposures to the 48 medications. Mean age of the
cases was 35.8 years; 62.8% were female. Suspected suicide
was the reason recorded for 51.4% of all exposures, for 66.9%

of exposures with serious outcomes, and for 74.1% of ex-
posures with fatal outcomes. Other reasons for exposures
with a frequency $1% were therapeutic error (20.4%), un-
intentional general (6.5%), intentionalmisuse (5.8%), adverse
reaction (5.4%), intentional abuse (3.8%), intentional un-
known (3.1%), and unknown reason (1.6%). Oral ingestion of
the medications accounted for 98.9% of the exposures. The
number of serious outcomes (fatal, major, and moderate)
increased 2.26-fold in linear fashion (R2=0.989, p,0.0001)
during the 2000–2014 period (Figure 1A). The increase in
exposures with less serious outcomes was lower, 1.31-fold,
andmorevariable year to year (Figure 1B).During this period,
fatal exposures increased 1.32-fold. Table 1 presents the
number of exposures, the number of exposures by outcome,
and the morbidity and mortality indices and includes the
three over-the-counter comparator compounds. Figure 2
provides a graphic display of the morbidity indices and
their 95% confidence intervals for the medications. Figure 3
presents the mortality indices and their confidence intervals
for the second-generation antidepressants, antipsychotics,
and anticonvulsants. The mortality index for the tricyclic
antidepressants, tranylcypromine, and the two combination
products are similar to or greater than the mortality indices
for acetylsalicylic acid and acetaminophen.Mortality indices
formedications in themildly elevated range (4–6per 10,000),
suchascitalopram,desvenlafaxine, carbamazepine,ziprasidone,
gabapentin, and olanzapine, are similar to themortality index
for diphenhydramine. The mortality indices for bupropion,
quetiapine, venlafaxine, and valproic acid are significantly
higher than that for diphenhydramine.

We compared our morbidity data with those reported
by White et al. (20) for the three second-generation an-
tidepressants that those authors found most hazardous
(bupropion, citalopram, and venlafaxine) (Figure4).Weused
the samehazard index asWhite et al. but included all exposures
in cases 12 years and older, while White limited exposures to
suspected suicides. Sertraline was included as a comparator.
As shown in Figure 4, the morbidity index was greatest for
bupropion, followed by venlafaxine and citalopram, and itwas
lowest for sertraline in both data sets. The mortality indices
were also compared (not shown). The order from lowest to
highestwas the same ineachdata set: sertraline,citalopram,
bupropion,venlafaxine.

Rates of selected clinical effects in individuals with ex-
posures resulting in serious outcomes are shown in Table 2.
Rates of all clinical effects occurring with these medica-
tions are shown in Supplemental Material 4 in the data sup-
plement. The most common clinical events in patients with
serious outcomes (frequencies .10%) were drowsiness/
lethargy (42.3%), tachycardia (40.7%), hypertension (18.6%),
agitation/irritability (17.5%), hypotension (13.4%), confusion
(13.2%), tremor (12.4%), and conduction disturbance (10.2%).

Relative to other compounds, tricyclic antidepressants
were associatedwith higher rates of acidosis, cardiac conduction
problems, respiratory depression, and seizures. The number
of exposures to monoamine oxidase inhibitors (MAOIs) was
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FIGURE 2. Morbidity Indices of Medications Used to Treat Depressiona
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104.21 (103.13–105.30)

104.15 (99.05–109.43)

99.48 (98.40–100.50)

95.62 (85.61–106.45)

93.60 (64.00–132.09)

91.41 (60.24–133.00)

89.77 (85.20–94.52)

88.48 (72.65–106.73)

87.13 (84.97–89.35)

86.88 (73.92–101.41)

81.96 (77.26–86.88)

80.09 (69.08–92.36)

78.64 (75.75–81.62)

78.43 (73.97–83.10)

75.30 (30.26–155.08)

69.80 (25.60–151.85)

68.23 (65.51–71.04)

67.77 (63.17–72.63)

55.34 (53.25–57.50)

46.09 (9.51–134.70)

Number of Serious Outcomes per 1,000 Reported Exposures

a The morbidity index was calculated as the number of serious outcomes (moderate, major, and fatal) per 1,000 reported exposures.
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relatively low, but high rates of hypertension, confusion, in-
creased creatinine, and fever were observed. Relative to other
compounds, lithium was associated with higher rates of
bradycardia, confusion, and renal problems such as elevated
creatinine, oliguria, polyuria, and renal failure.

Bupropion had the highest rate of single and multiple
seizures and the highest rate of hallucinations among
second-generation antidepressants. Venlafaxine was asso-
ciated with conduction disturbance, tachycardia, and single
seizures, but the rates for these events were not unusually
high compared with other medications, and they did not
explain the higher mortality index. Citalopram was asso-
ciatedwith higher rates of conduction disturbance, seizures
(single and multiple), acidosis, and electrolyte disturbances
among the SSRIs.

Quetiapine and olanzapine had relatively high rates of
coma and respiratory depression relative to other medica-
tions. Olanzapine and ziprasidone had relatively elevated
rates of conduction disturbance and ECG changes. Valproic
acid had relatively high levels of acidosis and coma. As a
group, the anticonvulsants had high rates of electrolyte ab-
normalities, with lamotrigine and oxcarbazepine having

the highest. Carbamazepine had high rates of coma and the
highest rate of nystagmus of any drug. Lamotrigine had
the highest rate (2.1%) of skin rash of any drug.

Among other compounds used to treat anxiety in de-
pression, buspirone had a high rate of bradycardia similar
to trazodone, nefazodone, and lithium. Benzodiazepines and
pregabalin had moderately high rates of coma and elevated
rates of respiratory depression. The morbidity indices for
the two combination products, olanzapine/fluoxetine and
perphenazine/amitriptyline, were similar to those for olanzapine
and amitriptyline, respectively.

DISCUSSION

Over the past 15 years, serious outcomes after exposures to
medications used to treat depression increased 2.26-fold.
During this period, the population served by poison control
centers grew by 18.3%, indicating that the increase in drug
poisonings is not explained by population growth. Between
2000 and 2014, serious outcomes (moderate, major, and fatal
outcomes) involving human exposures to all compounds in
individuals ages 12 and older increased by 69.1% (22). Our

FIGURE 3. Mortality Indices for Anticonvulsants, Atypical Antipsychotics, and Second-Generation Antidepressants Used to Treat
Depressiona

a The mortality index was calculated as the number of deaths per 10,000 reported exposures.
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data suggest that serious outcomes associatedwith exposures
tomedicationsused to treatdepressionare increasingat a rate
twice that of exposures to other compounds.

As expected, tricyclic antidepressants and MAOIs have
the highest rate of morbidity and mortality among drugs
for depression. Amitriptyline accounted for two-thirds of
all tricyclic antidepressant exposures and for 145 deaths (or
39.5%of deaths) fromall antidepressants.Arguably oneof the
most important public health implications of our data is that
theprescribingof amitriptyline shouldbe reconsideredwhen
safer alternatives are available. Amitriptyline is commonly
used off label in the United States for various chronic pain
syndromes (25–27). Two reports suggest it is often used in
patients with relative contraindications (26, 27). The mor-
tality index for amitriptyline is 18-fold higher than that for
duloxetine, which is FDA-approved for use in fibromyalgia,
diabetic neuropathic pain, and chronic pain. A recent net-
work meta-analysis found serotonin-norepinephrine reup-
take inhibitors (five trials of duloxetine, and two trials of
venlafaxine) to be as effective as tricyclic antidepressants for
diabetic neuropathic pain (28). A strong argument could be
made for selecting duloxetine rather than amitriptyline for
treatment of pain. Doxepin, a tricyclic antidepressant with
potent antihistaminiceffects, is approved foruse for insomnia

and for moderate pruritus associated with atopic dermatitis
or lichen simplex chronicus. Themortality index for doxepin
is even greater than that for amitriptyline.

Themorbidity index of clomipraminewas lower than that
for other tricyclic antidepressants and similar to that of
citalopram, benzodiazepines, and mirtazapine, and its mor-
tality index was more similar to second-generation antide-
pressants than tricyclic antidepressants.These results appear
consistent with two reports that compared antidepres-
sant deaths with the number of prescriptions written and
that found lowermortality rates for clomipramine than other
tricyclic antidepressants (29, 30). Studies comparing the ef-
fects of clomipramine on cardiac conduction appear to be
limited in number and to have had mixed findings (31–34).
Because convincing evidence for cardiac safety is lacking,
cardiac monitoring, similar to that for other tricyclic antide-
pressants, should be performed.

Our results regarding second-generation antidepressants
replicate the findings of White et al. (20). Bupropion has the
highest morbidity of this group of agents. Citalopram and
venlafaxine have morbidity indices four- to fivefold higher
than sertraline. The similarity of the indices for the two data
sets over the two periods of 2000–2004 and 2005–2014 also
support the reliability of thesedata.Finally, the comparisonof

FIGURE 4. Hazard Indices for Bupropion, Venlafaxine, Citalopram, and Sertraline Based on Data From White et al. (20) and From the
Present Studya

A. Data From White et al., 2000–2004

B. Data From the Present Study, 2005–2014 

0 50 100 150

Bupropion

Venlafaxine

Citalopram

Sertraline

97.50 (90.62–104.76)

26.86 (22.71–31.55)

27.42 (23.13–32.29)

4.50 (3.38–5.87)

0 20 40 60 80

Bupropion

Venlafaxine

Citalopram

Sertraline

52.73 (50.65–54.87)

18.09 (16.33–19.99)

14.84 (13.58–16.20)

3.67 (3.16–4.25)

Hazard Indices per 1,000 Reported Exposures

Hazard Indices per 1,000 Reported Exposures

Medication Mean (95% CI)

Medication Mean (95% CI)

a The hazard index was calculated as the number of major and fatal outcomes per 1,000 reported exposures. The sample from White et al. was
limited to suspected suicides. The sample from the present study was limited to individuals 12 years and older.
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TABLE 2. Rates of Selected Clinical Effects of Medications Used in Depression Among Patients with Serious Outcomesa

Cardiovascular Effects

Medication
Number of Serious

Outcomes Bradycardia
Cardiac
Arrest

Conduction
Disturbance

Dysrhythmia
(other)

ECG Change
(other)

Tricyclic antidepressants
Amitriptyline 13,345 1.96 1.19 23.85 2.99 8.78
Amoxapine 23 0.00 8.70 0.00 0.00 0.00
Clomipramine 236 0.85 0.00 17.37 1.27 5.51
Desipramine 214 3.27 4.67b 42.99b 3.74 14.49b

Doxepin 2,437 3.53 1.93 20.39 2.59 8.62
Imipramine 669 1.79 2.54 29.60 4.78 11.66
Maprotiline 15 0.00 0.00 33.33 0.00 6.67
Nortriptyline 1,365 0.07 1.03 14.14 2.56 0.22
Protriptyline 7 0.00 0.00 0.00 28.57 0.00
Trimipramine 11 0.00 0.00 9.09 0.00 0.00

Monoamine oxidase inhibitors
Isocarboxazid 2 0.00 0.00 0.00 0.00 0.00
Phenelzine 145 6.90 1.38 2.07 2.07 0.69
Selegiline 27 3.70 0.00 0.00 0.00 0.00
Tranylcypromine 146 7.53 0.68 2.74 1.37 0.68

Selective serotonin reuptake inhibitors
Citalopram 4,785 3.97 0.50 17.41 1.59 4.72
Escitalopram 2,782 4.13 0.07 15.13 1.58 4.24
Fluoxetine 2,637 3.30 0.23 8.23 1.29 2.39
Fluvoxamine 189 5.82 0.00 5.82 2.12 1.06
Paroxetine 2,369 1.69 0.13 2.91 1.01 1.01
Sertraline 6,120 1.85 0.15 3.22 0.74 1.29
Vilazodone 151 0.66 0.00 3.31 0.66 1.32
Vortioxetine 3 0.00 0.00 0.00 0.00 0.00

Serotonin-norepinephrine reuptake
inhibitors
Desvenlafaxine 160 3.13 0.63 8.13 0.00 3.75
Duloxetine 1,151 2.26 0.09 4.08 1.04 1.04
Levomilnacipran 6 0.00 0.00 16.67 0.00 0.00
Milnacipran 32 3.13 0.00 6.25 0.00 0.00
Venlafaxine 4,020 1.44 0.72 6.87 1.27 2.24

Other antidepressants
Bupropion 14,101 0.66 0.46 6.60 0.84 1.82
Mirtazapine 1,568 5.23 0.38 3.83 0.96 1.21
Nefazodone 333 10.81 0.30 3.60 1.80 1.50
Trazodone 10,343 15.42b 0.20 16.50 1.83 4.72

Atypical antipsychotics
Aripiprazole 1,446 6.64 0.07 4.50 0.48 1.80
Lurasidone 109 2.75 0.00 1.83 0.00 0.00
Olanzapine 5,798 4.26 0.26 3.50 1.40 1.79
Quetiapine 26,094 2.48 0.33 11.44 1.42 3.72
Risperidone 5,352 2.91 0.17 8.84 1.55 2.54
Ziprasidone 2,387 7.75 0.25 14.62 1.21 5.36

Lithium 15,036 10.58 0.36 7.50 1.98 4.46
Anticonvulsants

Carbamazepine 6,440 3.54 0.28 5.45 1.09 1.55
Lamotrigine 1,183 2.03 0.17 7.95 0.34 1.52
Oxcarbazepine 425 6.12 0.24 4.24 0.24 0.94
Valproic acid 6,109 5.39 0.46 3.88 1.08 1.24

Other medications
Benzodiazepines 35,791 8.56 0.30 1.89 0.56 0.66
Buspirone 802 14.84 0.12 3.62 1.00 1.00
Gabapentin 1,134 5.82 0.53 3.09 0.53 0.97
Pregabalin 336 5.36 0.30 5.36 0.00 0.60

Combination agents
Olanzapine/fluoxetine 103 8.74 1.94 7.77 0.97 0.97
Perphenazine/amitriptyline 86 0.00 1.16 13.95 5.81b 4.65

aRates are percentages of cases. Rates in the upper quartile appear in boldface.
bRepresents the maximum rate for any drug with $25 serious outcomes.
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the two sets of findings suggests that the relative morbidity
of these agents is similar in exposures for all reasons and in
cases of suspected suicide.

In our 2000–2014 data, bupropion and venlafaxine had
the highest mortality indices, and they did not differ signif-
icantly. Both indices were significantly greater than that for

Neurological Effects Renal Effects Respiratory Effects Miscellaneous
Effects

Coma
Seizure
(single)

Seizures (multiple/
discrete)

Seizures
(status)

Renal
Failure

Respiratory
Arrest

Respiratory
Depression Acidosis

28.13 3.58 2.58 0.55 0.33 1.85 12.09 4.53
8.70 8.70 26.09 4.35 4.35 8.70 4.35 8.70
5.51 6.78 5.51 0.85 0.42 0.00 4.66 2.97

18.69 8.41 12.62 0.93 0.47 3.74 4.67 6.07b

28.52 4.35 3.61 1.15 0.25 2.17 13.58b 4.23
20.78 12.86 5.53 1.49 0.45 3.44 8.97 5.38
26.67 26.67 20.00 0.00 0.00 0.00 20.00 0.00
33.55b 4.76 0.81 8.13b 1.32 7.25b 0.66 1.83
28.57 0.00 0.00 0.00 0.00 0.00 28.57 0.00
9.09 9.09 0.00 0.00 0.00 0.00 18.18 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5.52 4.14 2.07 1.38 0.00 1.38 6.90 0.69
3.70 7.41 0.00 3.70 0.00 0.00 3.70 0.00
2.74 0.68 0.68 0.68 1.37 0.00 3.42 4.11

2.76 19.14 6.25 1.07 0.17 0.69 1.80 2.42
2.95 2.01 1.08 0.22 0.11 0.14 1.29 0.83
2.28 9.59 2.77 0.23 0.08 0.15 1.10 0.99
4.76 14.29 5.82 2.12 1.06 0.53 1.06 2.12
2.66 2.11 0.97 0.25 0.17 0.17 1.18 0.63
1.76 3.02 0.82 0.26 0.13 0.18 0.69 0.82
4.64 0.66 1.32 0.00 0.00 0.00 3.31 1.32
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6.25 5.00 1.88 0.00 0.00 0.63 1.88 0.63
3.82 2.43 1.30 0.09 0.70 0.35 1.65 1.22
0.00 16.67 0.00 0.00 0.00 0.00 0.00 16.67
6.25 0.00 3.13 0.00 3.13 0.00 3.13 0.00
4.48 12.74 6.22 0.85 0.30 0.62 2.14 1.79

2.72 24.59b 14.01b 1.70 0.10 0.40 1.40 1.98
5.68 1.21 0.51 0.13 0.19 0.32 3.06 0.64
5.71 1.20 0.60 0.30 0.30 0.60 2.10 0.60
4.56 0.73 0.35 0.12 0.13 0.20 4.49 0.94

2.35 1.31 0.55 0.14 0.21 0.00 2.35 0.41
1.83 0.92 0.00 0.00 0.00 0.00 1.83 0.92

17.35 1.57 0.76 0.29 0.26 0.55 7.59 0.93
12.81 2.26 0.97 0.20 0.23 0.54 7.99 1.42
2.34 0.88 0.34 0.09 0.15 0.17 1.64 0.67
3.98 0.80 0.34 0.13 0.21 0.08 3.35 0.46

3.03 1.84 0.99 0.27 4.90b 0.31 1.40 1.62

13.59 8.63 3.66 0.84 0.34 0.62 5.09 1.12
6.93 5.41 3.04 0.68 0.08 0.51 5.33 1.61
7.29 3.29 2.35 0.00 0.00 0.47 4.71 0.71

13.67 4.24 2.14 0.47 0.52 0.67 5.91 4.32

12.49 1.16 0.48 0.10 0.23 0.70 11.15 1.14
3.74 2.62 1.37 0.12 0.25 0.25 1.62 1.00
8.38 6.17 3.35 0.53 0.97 0.79 7.32 2.65
10.71 9.82 5.06 0.30 0.60 0.30 11.31 2.08

16.50 4.85 0.97 0.00 0.97 0.97 8.74 0.00
25.58 0.00 3.49 1.16 1.16 3.49 10.47 3.49
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citalopram,which in turn had a significantly highermortality
index than sertraline. Prior reports, based on comparisons
with prescriptions written, have suggested there is greater
mortality associated with venlafaxine overdose than with
SSRIs (35–37). Alternatively, Rubino and colleagues (38)
found that venlafaxine was more likely to be used in patients
who exhibited factors suggesting greater suicidal risk and
that adjusting for those factors reduced mortality risk.
The findings of White et al. (20) indicate that even in pa-
tients with a suspected suicide attempt, venlafaxine carries a
greater mortality risk. Because of publicity of FDA warnings
about dose-dependent conduction delay with citalopram,
physicians might anticipate that citalopram would be dan-
gerous in overdose. Our data, however, suggest that bupropion
and venlafaxine are more hazardous than citalopram. This
hazard has not received commensurate publicity.

Citalopramexposureswere about four times as likely to be
fatal than sertraline or escitalopram, but the latter two had
similarmortality risk.Thedifferencebetweencitalopramand
escitalopram in these data suggests the cardiac risks asso-
ciated with citalopram may not pertain to escitalopram. The
mortality indexofdesvenlafaxine inourdata fell betweenthat
of citalopram and bupropion; however, the broad confidence
interval renders this estimate imprecise. Our data suggest
that vilazodone carries greater morbidity risk than that for
citalopram or other SSRIs.

We found high morbidity and mortality indices for lith-
ium, consistent with other reports (20, 39). As expected,
lithium was associated with higher rates of adverse renal
effects than other medications. Lithium poses a dilemma for
clinicians. It is one of the most dangerous drugs in overdose,
and it is one of the only drugs that has been shown to reduce
suicidality in depressed patients (40, 41).

Cardiac toxicity after overdosewith atypical antipsychotics
has been reported in cases and case series. In a systematic
review of 102 reports describing 185 adults, Tan et al. (42)
found numerous reports of QT interval prolongation fol-
lowing overdose with atypical antipsychotics but few fatal-
ities. In our data, the mean mortality index for atypical
antipsychotics was low: 5.8 deaths per 10,000 exposures
(95% CI=4.8–6.9). However, morbidity and mortality varied
among atypical antipsychotics. Olanzapine and quetiapine
had higher morbidity rates. Olanzapine, quetiapine, and
ziprasidone had higher mortality rates than other atypical
agents. Cardiac conduction problems were more frequent
witholanzapineandziprasidone.Respiratorydepressionwas
more frequent with olanzapine and quetiapine. In a study
of fatalities documented in postmarketing safety reports,
Marder et al. (43) found the frequency of respiratory effects
was secondonly to cardiovasculareffects forolanzapine.Two
other reports found quetiapine to be associated with respi-
ratory depression in severe cases (44, 45). The following
drugs included in this report were associated with at least
200 serious outcomes and with frequencies of respiratory
depression .6%: doxepin (13.6%), amitriptyline (12.1%),
pregabalin (11.3%), benzodiazepines (11.2%), imipramine

(9.0%), quetiapine (8.0%), olanzapine (7.6%), and gabapentin
(7.3%). Aripiprazole had low rates ofmorbidity andmortality
more like SSRIs than other atypical antipsychotics. The
number of exposures to lurasidone was low, and estimates
of the indices were not precise.

Among anticonvulsants, carbamazepine has the highest
morbidity index,whichwas similar to that for olanzapine and
quetiapine and twice that for other anticonvulsants. Valproic
acid and carbamazepine have moderately high mortality in-
dices, similar to those for olanzapine and quetiapine. The
mortality indices for lamotrigine and oxcarbazepine have
broad confidence intervals that limit precise estimates.

Clinical effects occurring with overdose can provide im-
portant information about potential risks of amedication that
are not usually observed with therapeutic dosages. Cardiac
events and seizures that occurred with tricyclic drugs are
both examples. We learned these effects may become im-
portant at usual dosing in individualswhoare vulnerable or in
conditions in which drug concentrations are elevated (e.g.,
in poormetabolizers or following drug-drug interactions). In
addition, concomitant medications may have additive effects
that increase risk. Clinicians may be less familiar with the
respiratory depression that can occur with several of the
medications used in depression. These effects can be additive
and may become clinically relevant in vulnerable persons,
such as patientswith sleep apnea. For example, Freudenmann
et al. (46) reported two cases of respiratory dysfunction
following initiation of quetiapine therapy in patients with
sleep apnea.

Our data have both strengths and limitations. Information
about exposures tomedications is collected systematically by
poison centers across the United States and its territories,
and the database is large. Unlike data collected in individual
clinical centers among patients who seek treatment, the
NPDS includes exposures across a range of severity. In ad-
dition, there is little reason to expect bias in recording in-
formation about the severity of the outcome relative to specific
drugs, and thus the data appear useful for comparisons among
medications. Our use of age $12 years as an inclusion cri-
terion reduces the likelihood of accidental exposures.

There are limitations. Perhaps most importantly, these
data were collected via a spontaneous reporting system,
and not all drug adverse events or overdoses are reported
to poison centers. Thus, NPDS data underestimate the
true population rates.We examined single drug exposures to
better attribute outcomes to specific medications; however,
only about half (48.4%) of exposures to these medications
were singledrugs.Wedidnot attempt to examine theeffect of
the amount of drug ingested on outcome. In some cases, the
amount is unknown.Often the amount is indirectly estimated
(e.g., the number of missing pills). Exposures do not neces-
sarily represent a poisoning or overdose. We elected not to
limit exposures to suspected suicide attempts because we
sought to assess differences in serious outcomes among the
medications regardless of the intent. Thismethod results in a
lower morbidity index than if we included only suspected
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suicides: the pooledmorbidity indexwas 171 for all exposures
compared with 222 for suspected suicides in the 12 and
older population. However, the corresponding discriminat-
ing power among the drugs was 1.4-fold greater (ratio of
Cochran’s Q test) for the all-exposure group relative to the
suspected-suicide group. Furthermore, we found that the
most hazardous second-generation antidepressants were
identical to those reported by White et al. (20), who limited
their sample to suspected suicides. In most cases, the poi-
son center does not have direct access to laboratory data
to confirm exposure to the reported medication. Thus, the
AAPCC is not able to verify the accuracy of reports made to
member centers beyond follow-up calls. In some cases, in-
formation in theNPDSwasunknown.Forexample, the intent
of the exposure was unknown in 1.6% of cases, and in 13.1%
of cases the center was unable to follow the case, but the
exposure was judged as potentially toxic. Only cases with
outcomes clearly documented as moderate, major, or fatal
were included as serious outcomes. We excluded antide-
pressants not approved for any indication in the United
States; however, the number of exposures was low: ,10 for
mianserin, nomifensine, moclobemide, and reboxetine, and
23 exposures for dothiepin.

In summary, serious outcomes, including fatalities, asso-
ciatedwith exposures tomedications used in the treatment of
depression are increasing more rapidly than those for other
drugs. The disproportionate increase in serious outcomes
with these drugs likely reflects, in part, the administration of
thesemedications to depressed patients who are at increased
risk for suicide. As a consequence, clinicians need to be aware
of the potential risks when they prescribe antidepressants
and other drugs used in the treatment of depression. Al-
though themortality risks of tricyclic antidepressants appear
to be well known, amitriptyline is still widely prescribed and
is responsible formoreoverdose fatalities thananyotherdrug
used to treat depression. Our findings indicate substantial
differences in morbidity and mortality risks among second-
generation antidepressants and other agents currently used
in the treatment of depression. Although the risk that an
individual depressed patientwill overdose and have a serious
outcome is quite low, thepublic health risk is significant given
the rising rates of suicide attempts with medications used in
depression. In addition, these risks are likely to be magnified
in patients with exposure to multiple medications, especially
when the other agents have similar clinical effects, such as
delayed cardiac conduction, seizures, and respiratory de-
pression. As a consequence, differences among these medi-
cations become important. For drugs with similar efficacy
and similar mechanisms of action, morbidity and mortality
risk followingoverdose shouldbe an important consideration
in drug selection.
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