
BackgroundBackground Deaths fromDeaths from

antidepressants continue to account for aantidepressants continue to account for a

substantialproportion of drug-relatedsubstantialproportion of drug-related

deaths.deaths.

AimsAims To investigate the relative toxicityTo investigate the relative toxicity

ofthemajorclasses of antidepressantofthemajor classes of antidepressant

drugs, withthe specific objective ofdrugs, withthe specific objective of

assessing this in relationto the cause ofassessing this in relationto the cause of

death; and to analyse the deathswheredeath; and to analyse the deathswhere

thereweremultiplementions ofthereweremultiplementions of

antidepressantdrugs orotherantidepressantdrugs orother

psychoactive drugswith antidepressants.psychoactive drugswith antidepressants.

MethodMethod Mortalitydatawere collectedMortalitydatawere collected

fromthe National Programme offromthe National Programme of

Substance Abuse Deaths, andSubstance Abuse Deaths, and

antidepressantprescription datawereantidepressant prescription datawere

collected.collected.

ResultsResults Mostdeaths fromMostdeaths from

antidepressantdrugswere suicides (80%).antidepressantdrugswere suicides (80%).

Tricyclic antidepressants (TCAs)Tricyclic antidepressants (TCAs)

accounted formore drugmentions thanaccounted formore drugmentions than

did other antidepressantdrugs (12 perdid other antidepressantdrugs (12 per

millionprescriptions). Selective serotoninmillionprescriptions).Selective serotonin

reuptake inhibitors (SSRIs) werereuptake inhibitors (SSRIs) were

associatedwith a significantly lower riskofassociatedwith a significantly lower riskof

toxicity, but 93% ofdeaths from SSRIstoxicity, but 93% of deaths from SSRIs

occurredin combinationwith otherdrugs,occurred in combinationwith otherdrugs,

especiallyTCAs (24.5%).In‘combination’especiallyTCAs (24.5%).In‘combination’

deaths patientswere significantlymoredeaths patientswere significantlymore

likely to havehad a historyof drugmisuse.likely to have had a historyof drugmisuse.

ConclusionsConclusions The efficacy and safetyThe efficacy and safety

of augmentationtherapywithTCAsinof augmentationtherapywithTCAsin

SSRI-resistant patients should beSSRI-resistant patients should be

monitored carefully, andpatientsmonitored carefully, andpatients

prescribed antidepressants should beprescribed antidepressants should be

screened fordruguse/misuse.screened fordruguse/misuse.

Declaration of interestDeclaration of interest None.None.

Studies reporting on the toxicity of differentStudies reporting on the toxicity of different

antidepressants in overdose indicate that,antidepressants in overdose indicate that,

compared with selective serotonin reuptakecompared with selective serotonin reuptake

inhibitors (SSRIs), tricyclic antidepressants,inhibitors (SSRIs), tricyclic antidepressants,

particularly amitriptyline and dothiepin,particularly amitriptyline and dothiepin,

are associated with an increased risk fromare associated with an increased risk from

overdose (Henryoverdose (Henry et alet al, 1995; Shah, 1995; Shah et alet al,,

2001). Although this information has aided2001). Although this information has aided

in the choice of antidepressants prescribed,in the choice of antidepressants prescribed,

several questions remain about the profileseveral questions remain about the profile

of toxicity of different antidepressants.of toxicity of different antidepressants.

First, studies on antidepressant-relatedFirst, studies on antidepressant-related

deaths have failed to distinguish betweendeaths have failed to distinguish between

accidental deaths and deaths with suicidalaccidental deaths and deaths with suicidal

intent. Furthermore, no studies have exam-intent. Furthermore, no studies have exam-

inedined whether certain antidepressant drugswhether certain antidepressant drugs

are more likely to be used in multiple drugare more likely to be used in multiple drug

overdoses, particularly in combination withoverdoses, particularly in combination with

other antidepressants or other psychoactiveother antidepressants or other psychoactive

drugs. With this in mind, the aims of thisdrugs. With this in mind, the aims of this

paper were: to investigate the relative toxi-paper were: to investigate the relative toxi-

city of the major classes of antidepressantcity of the major classes of antidepressant

drugs, with the specific objective of asses-drugs, with the specific objective of asses-

sing the cause of death as either accidentalsing the cause of death as either accidental

or intentional; and to analyse deaths whereor intentional; and to analyse deaths where

other drugs were present in combinationother drugs were present in combination

with antidepressants.with antidepressants.

METHODMETHOD

Sources of dataSources of data

The np-SAD database on drug-related deathsThe np-SAD database on drug-related deaths

In July 1997 the National Programme ofIn July 1997 the National Programme of

Substance Abuse Deaths (np-SAD; GhodseSubstance Abuse Deaths (np-SAD; Ghodse

et alet al, 2002) was established after the Home, 2002) was established after the Home

Office’s index of addicts closed. Data areOffice’s index of addicts closed. Data are

collected from coroners in England andcollected from coroners in England and

Wales where licit or illicit psychoactiveWales where licit or illicit psychoactive

drugs are implicated in death. Coronersdrugs are implicated in death. Coroners

supply demographic data and informationsupply demographic data and information

regarding the drugs implicated in theseregarding the drugs implicated in these

fatalities.fatalities.

Prescription cost analysisPrescription cost analysis

Prescription cost analysis provides detailsPrescription cost analysis provides details

on the total quantity, number of prescrip-on the total quantity, number of prescrip-

tion items and net ingredient cost of alltion items and net ingredient cost of all

antidepressant prescriptions dispensed inantidepressant prescriptions dispensed in

the community by doctors in Englandthe community by doctors in England

(Department of Health, Statistics Division(Department of Health, Statistics Division

1E, Prescription Cost Analysis system) and1E, Prescription Cost Analysis system) and

Wales (Prescribing Services Unit, HealthWales (Prescribing Services Unit, Health

Solutions, Wales) during 1998–2000.Solutions, Wales) during 1998–2000.

Prescriptions written by hospital doctorsPrescriptions written by hospital doctors

are also included provided that they wereare also included provided that they were

dispensed in the community. Prescriptiondispensed in the community. Prescription

cost analysis uses the concept of thecost analysis uses the concept of the

‘defined daily dose’, which is an international‘defined daily dose’, which is an international

system developed by the World Healthsystem developed by the World Health

Organization, and is defined as ‘theOrganization, and is defined as ‘the

assumed average maintenance dose perassumed average maintenance dose per

day for a drug used on its main indicationday for a drug used on its main indication

in adults’. It also collects information onin adults’. It also collects information on

‘average daily quantity’ for antidepressants,‘average daily quantity’ for antidepressants,

a concept developed by an expert groupa concept developed by an expert group

convened by the Prescribing Support Unitconvened by the Prescribing Support Unit

and used to reflect more adequatelyand used to reflect more adequately

general practitioner prescribing in England,general practitioner prescribing in England,

based on several measures, includingbased on several measures, including

defined daily doses anddefined daily doses and British NationalBritish National

FormularyFormulary information. Prescription costinformation. Prescription cost

analysis does not cover items dispensed inanalysis does not cover items dispensed in

hospitals or on private prescriptions. How-hospitals or on private prescriptions. How-

ever, because 90–98% of patients withever, because 90–98% of patients with

depression are seen by general practitionersdepression are seen by general practitioners

rather than psychiatrists (Thompson &rather than psychiatrists (Thompson &

Thompson, 1989; McCarthy, 1993;Thompson, 1989; McCarthy, 1993;

Donoghue & Tylee, 1996; DunnDonoghue & Tylee, 1996; Dunn et alet al,,

1999; Middleton1999; Middleton et alet al, 2001), the exclusion, 2001), the exclusion

of private prescriptions and hospital-of private prescriptions and hospital-

dispensed prescriptions from our analysisdispensed prescriptions from our analysis

should not appreciably affect the outcomeshould not appreciably affect the outcome

of this study.of this study.

Study populationStudy population

The study population consisted of casesThe study population consisted of cases

reported by coroners in England and Walesreported by coroners in England and Wales

to the np-SAD for deaths occurring duringto the np-SAD for deaths occurring during

the 3-year period 1998–2000. Cases forthe 3-year period 1998–2000. Cases for

the study were those who had a currentthe study were those who had a current

prescription for antidepressant drugs atprescription for antidepressant drugs at

the time of the fatality and where anti-the time of the fatality and where anti-

depressant drugs were implicated in thedepressant drugs were implicated in the

cause of death. Contribution to fatalitiescause of death. Contribution to fatalities

is defined by the np-SAD as being whenis defined by the np-SAD as being when

substances are specifically mentioned insubstances are specifically mentioned in

the cause of death by the coroner, or whenthe cause of death by the coroner, or when

the drug type in the cause of death is notthe drug type in the cause of death is not

specified (e.g. ‘polydrug toxicity’) but thespecified (e.g. ‘polydrug toxicity’) but the

coroner reports that drugs were presentcoroner reports that drugs were present

post-mortem. Cases are classified as intent-post-mortem. Cases are classified as intent-

ional in the np-SAD database according toional in the np-SAD database according to

the coroner’s verdict of ‘suicide’ or ‘open’the coroner’s verdict of ‘suicide’ or ‘open’

where suicide is likely. For the purposes ofwhere suicide is likely. For the purposes of

this study, ‘accidental’ includes deaths bythis study, ‘accidental’ includes deaths by

accidental overdose, traumatic accident oraccidental overdose, traumatic accident or
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acute medical conditions. Cases are alsoacute medical conditions. Cases are also

classified as those with or without a drugclassified as those with or without a drug

misuse history.misuse history.

Data analysisData analysis

Antidepressants were assigned to fourAntidepressants were assigned to four

therapeutic classes according to thetherapeutic classes according to the BritishBritish

National FormularyNational Formulary: tricyclic anti-: tricyclic anti-

depressants, monoamine oxidase inhibitorsdepressants, monoamine oxidase inhibitors

(MAOIs), selective serotonin reuptake in-(MAOIs), selective serotonin reuptake in-

hibitors (SSRIs) and other antidepressanthibitors (SSRIs) and other antidepressant

drugs. The antidepressants included in eachdrugs. The antidepressants included in each

therapeutic class can be seen in Table 2. Fortherapeutic class can be seen in Table 2. For

each of the above classes of antidepressant,each of the above classes of antidepressant,

the following variables were analysed:the following variables were analysed:

(a)(a) frequencies of drug mentions perfrequencies of drug mentions per

million prescriptions; the observedmillion prescriptions; the observed

number of mentions was comparednumber of mentions was compared

with the expected number of mentions,with the expected number of mentions,

which was calculated by standardisingwhich was calculated by standardising

for the number of prescriptions;for the number of prescriptions;

(b)(b) frequencies of mentions in deaths byfrequencies of mentions in deaths by

single drug or in combination withsingle drug or in combination with

other drugs;other drugs;

(c)(c) other drugs most likely to be implicatedother drugs most likely to be implicated

in deaths in combination with anti-in deaths in combination with anti-

depressants;depressants;

(d)(d) history of drug misuse or dependence;history of drug misuse or dependence;

(e)(e) the incidence of antidepressants by classthe incidence of antidepressants by class

in accidental and intentional deaths.in accidental and intentional deaths.

Statistical analysisStatistical analysis

We used prevalence ratios and their 95%We used prevalence ratios and their 95%

confidence intervals (CIs) to compareconfidence intervals (CIs) to compare

differences in proportions. Standardiseddifferences in proportions. Standardised

mortality ratios and their 95% CIs weremortality ratios and their 95% CIs were

used to compare observed and expectedused to compare observed and expected

number of deaths when standardised fornumber of deaths when standardised for

the number of prescriptions for antidepres-the number of prescriptions for antidepres-

sant drugs. Thesant drugs. The ww22 statistical test was usedstatistical test was used

to test for differences between the anti-to test for differences between the anti-

depressant therapies. All analyses weredepressant therapies. All analyses were

undertaken using the Statistical Packageundertaken using the Statistical Package

for the Social Sciences for Windows versionfor the Social Sciences for Windows version

1.0 and CLINISTAT (Bland, 1990).1.0 and CLINISTAT (Bland, 1990).

RESULTSRESULTS

Antidepressant classes implicatedAntidepressant classes implicated
in death compared with thein death compared with the
number of prescriptionsnumber of prescriptions

During the study period there were 4167During the study period there were 4167

drug-related deaths, of which 468 had andrug-related deaths, of which 468 had an

antidepressant implicated in the deaths.antidepressant implicated in the deaths.

Therefore, 11.2% of all drug-related deathsTherefore, 11.2% of all drug-related deaths

involved antidepressant drugs. Among theinvolved antidepressant drugs. Among the

468 fatalities there were 473 mentions of468 fatalities there were 473 mentions of

antidepressants by class implicated in theantidepressants by class implicated in the

deaths. A total of 285 cases had a singledeaths. A total of 285 cases had a single

antidepressant class implicated in theantidepressant class implicated in the

deaths and there were 186 cases wheredeaths and there were 186 cases where

two or more specific drug types weretwo or more specific drug types were

implicated: an antidepressant class andimplicated: an antidepressant class and

another drug or multiple mentions of anti-another drug or multiple mentions of anti-

depressants with or without other drugs.depressants with or without other drugs.

There were 498 mentions of specific anti-There were 498 mentions of specific anti-

depressants and there were 10 cases thatdepressants and there were 10 cases that

had a mention of both nortriptyline andhad a mention of both nortriptyline and

amitriptyline. Because nortriptyline is aamitriptyline. Because nortriptyline is a

metabolite of amitriptyline (Sanchez &metabolite of amitriptyline (Sanchez &

Hyttel, 1999) these cases were included inHyttel, 1999) these cases were included in

fatalities associated with amitriptyline only.fatalities associated with amitriptyline only.

There was a substantial variation in theThere was a substantial variation in the

risk of death from the different antidepres-risk of death from the different antidepres-

sant classes when compared with thesant classes when compared with the

number of prescriptions. As can be seennumber of prescriptions. As can be seen

from Table 1, the tricyclics (12 mentionsfrom Table 1, the tricyclics (12 mentions

per million prescriptions) and the MAOIsper million prescriptions) and the MAOIs

(14 mentions per million prescriptions)(14 mentions per million prescriptions)

had a higher number of mentions per mil-had a higher number of mentions per mil-

lion prescriptions compared with the SSRIslion prescriptions compared with the SSRIs

(2 mentions per million prescriptions). The(2 mentions per million prescriptions). The

tricyclics prescribed most frequently weretricyclics prescribed most frequently were

dothiepin, amitriptyline and lofepramine.dothiepin, amitriptyline and lofepramine.

Both dothiepin and amitriptyline wereBoth dothiepin and amitriptyline were

associated with significantly more deathsassociated with significantly more deaths

than would be expected when standardisedthan would be expected when standardised

for the number of prescriptions butfor the number of prescriptions but

lofepramine was associated with signi-lofepramine was associated with signi-

ficantly fewer mentions. In contrast toficantly fewer mentions. In contrast to

amitriptyline and dothiepin, the SSRIs wereamitriptyline and dothiepin, the SSRIs were

associated with significantly fewer men-associated with significantly fewer men-

tions than would be expected (tions than would be expected (PP550.0001)0.0001)

when standardised for the number of pre-when standardised for the number of pre-

scriptions, and this was the case for the fourscriptions, and this was the case for the four

most widely prescribed SSRIs: fluoxetine,most widely prescribed SSRIs: fluoxetine,

paroxetine, citalopram and sertralineparoxetine, citalopram and sertraline

(Table 2). For the class of other anti-(Table 2). For the class of other anti-

depressant drugs, 88% of fatalities weredepressant drugs, 88% of fatalities were

due to venlafaxine and the remainder weredue to venlafaxine and the remainder were

due to trazodone, which was associateddue to trazodone, which was associated

with significantly fewer mentions thanwith significantly fewer mentions than

would be expected (would be expected (PP550.05) when0.05) when

standardised for the number of pre-standardised for the number of pre-

scriptions. Venlafaxine, however, had ascriptions. Venlafaxine, however, had a

mortality rate not dissimilar to that seenmortality rate not dissimilar to that seen

with the tricyclics, and there were 13 men-with the tricyclics, and there were 13 men-

tions per million prescriptions of this drugtions per million prescriptions of this drug

(see Table 2).(see Table 2).

Antidepressants in combinationAntidepressants in combination
with other drugs implicatedwith other drugs implicated
in mortalityin mortality

Of 468 deaths in which antidepressantOf 468 deaths in which antidepressant

drugs were implicated, 60% had anti-drugs were implicated, 60% had anti-

depressants solely implicated in death,depressants solely implicated in death,

whereas antidepressants in combinationwhereas antidepressants in combination

with other drugs were implicated in 40%with other drugs were implicated in 40%

of cases. There was a significant relation-of cases. There was a significant relation-

ship between whether antidepressants wereship between whether antidepressants were

implicated alone or in combination withimplicated alone or in combination with

other drugs and the type of antidepres-other drugs and the type of antidepres-

sant (sant (ww22¼55.39,55.39, PP550.0001), and anti-0.0001), and anti-

depressant-related fatalities involvingdepressant-related fatalities involving

multiple drug mentions were almost threemultiple drug mentions were almost three

times more likely to occur in SSRI-relatedtimes more likely to occur in SSRI-related

cases than in tricyclic-related cases (per-cases than in tricyclic-related cases (per-

centage ratiocentage ratio¼2.7, 95% CI 2.3–3.2; see2.7, 95% CI 2.3–3.2; see

Table 3). As can be seen from Table 4,Table 3). As can be seen from Table 4,

the most frequently mentioned drugs inthe most frequently mentioned drugs in

combination with SSRIs were alcoholcombination with SSRIs were alcohol

(26%), tricyclic antidepressants (24%)(26%), tricyclic antidepressants (24%)

4 24 2

Table1Table1 Number of mentions of antidepressants by class per million prescriptions in England andWales, 1998^2000Number of mentions of antidepressants by class per million prescriptions in England andWales, 1998^2000

Class of antidepressant drugClass of antidepressant drug Number ofNumber of

observed deathsobserved deaths

Number ofNumber of

expected deathsexpected deaths

PrescriptionsPrescriptions

(thousands)(thousands)

Deaths per millionDeaths per million

prescriptionsprescriptions

Standardised proportionateStandardised proportionate

mortality ratio (95% CI)mortality ratio (95% CI)

Tricyclic and related antidepressantsTricyclic and related antidepressants 403403 258258 33 088.933 088.9 1212 1.5 (1.4^1.7)***1.5 (1.4^1.7)***

Monoamine oxidase inhibitorsMonoamine oxidase inhibitors 55 33 357.7357.7 1414 1.6 (0.5^3.8)1.6 (0.5^3.8)

Selective serotonin reuptake inhibitorsSelective serotonin reuptake inhibitors 4141 176176 22 537.222 537.2 22 0.2 (0.1^0.3)****0.2 (0.1^0.3)****

Other antidepressant drugsOther antidepressant drugs 2424 3434 4356.94356.9 66 0.7 (0.4^1.0)0.7 (0.4^1.0)

TotalTotal 473473 60340.760 340.7

******PP550.001, ****0.001, ****PP550.0001for total expected deaths in comparisonwith total observed deaths.0.0001 for total expected deaths in comparisonwith total observed deaths.
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and other opiates (24%). Antipsychoticsand other opiates (24%). Antipsychotics

(12%) were also implicated. When tricyclics(12%) were also implicated. When tricyclics

were found in combination with other drugswere found in combination with other drugs

in antidepressant-related deaths, the otherin antidepressant-related deaths, the other

drugs most likely to be implicated weredrugs most likely to be implicated were

alcohol (41.4%), other opiates (20.7%),alcohol (41.4%), other opiates (20.7%),

SSRIs (8.6%), heroin (8.6%) and metha-SSRIs (8.6%), heroin (8.6%) and metha-

done (7.1%). A different profile emergeddone (7.1%). A different profile emerged

for the class of other antidepressants, wherefor the class of other antidepressants, where

antipsychotics (38.9%), alcohol (27.8%)antipsychotics (38.9%), alcohol (27.8%)

and other opiates (16.7%) were most likelyand other opiates (16.7%) were most likely

to be found in combination.to be found in combination.

4 34 3

Table 2Table 2 Number of drugmentions by specific drug and per million prescriptions in England andWales, 1998^2000Number of drugmentions by specific drug and per million prescriptions in England andWales, 1998^2000

Antidepressant drugAntidepressant drug Number ofNumber of

observedmentionsobservedmentions

Number ofNumber of

expectedmentionsexpectedmentions

PrescriptionsPrescriptions

(thousands)(thousands)

Mentions per millionMentions per million

prescriptionsprescriptions

Standardised proportionateStandardised proportionate

mortality ratio (95% CI)mortality ratio (95% CI)

Tricyclic and related antidepressantsTricyclic and related antidepressants

AmitriptylineAmitriptyline 168168 9292 11557.711557.7 1515 1.8 (1.5^2.1)****1.8 (1.5^2.1)****

AmoxapineAmoxapine 22 0.20.2 20.620.6 9797 10 (1.2^36)*10 (1.2^36)*

ClomipramineClomipramine 1616 1212 1518.31518.3 1111 1.3 (0.7^2.1)1.3 (0.7^2.1)

DesipramineDesipramine 00 00 0.30.3 00 ^̂

DothiepinDothiepin 203203 114114 14 257.214 257.2 1414 1.7 (1.5^2.0)****1.7 (1.5^2.0)****

DoxepinDoxepin 22 66 720.5720.5 33 0.3 (0.0^1.2)0.3 (0.0^1.2)

ImipramineImipramine 1313 99 1141.91141.9 1111 1.4 (0.7^2.4)1.4 (0.7^2.4)

LofepramineLofepramine 33 2121 2533.92533.9 11 0.1 (0.0^0.4)****0.1 (0.0^0.4)****

NortriptylineNortriptyline 4411 44 460.1460.1 99 1 (0.2^2.5)1 (0.2^2.5)

ProtriptylineProtriptyline 11 0.20.2 23.623.6 4242 5 (0.1^27.8)5 (0.1^27.8)

TrimipramineTrimipramine 55 77 854.8854.8 66 0.7 (0.2^1.6)0.7 (0.2^1.6)

SubtotalSubtotal 417417 33 088.933 088.9

Monoamine oxidase inhibitorsMonoamine oxidase inhibitors

IsocarboxazidIsocarboxazid 00 0.20.2 19.919.9 00 ^̂

MoclobemideMoclobemide 22 0.90.9 116.8116.8 1717 2.2 (0.2^8.0)2.2 (0.2^8.0)

PhenelzinePhenelzine 11 0.90.9 115.9115.9 99 1.1 (0.0^6.1)1.1 (0.0^6.1)

TranylcypromineTranylcypromine 22 0.80.8 105.1105.1 1919 2.5 (0.3^9.0)2.5 (0.3^9.0)

SubtotalSubtotal 55 357.7357.7

Selective serotonin reuptake inhibitorsSelective serotonin reuptake inhibitors

CitalopramCitalopram 1010 3333 4064.24064.2 22 0.3 (0.1^0.5)****0.3 (0.1^0.5)****

FluoxetineFluoxetine 2020 6060 7458.37458.3 33 0.3 (0.2^0.5)****0.3 (0.2^0.5)****

FluvoxamineFluvoxamine 00 11 150.2150.2 00 ^̂

ParoxetineParoxetine 88 5757 7153.97153.9 11 0.1 (0.0^0.2)****0.1 (0.0^0.2)****

SertralineSertraline 44 3030 3710.63710.6 11 0.1 (0.0^0.3)****0.1 (0.0^0.3)****

SubtotalSubtotal 4242 22 537.222 537.2

Other antidepressant drugsOther antidepressant drugs

MaprotilineMaprotiline 00 0.40.4 55.455.4 00 ^̂

MianserinMianserin 00 22 202.5202.5 00 ^̂

MirtazapineMirtazapine 00 55 574.9574.9 00 ^̂

NefazodoneNefazodone 00 33 342.6342.6 00 ^̂

ReboxetineReboxetine 00 22 225.3225.3 00 ^̂

TrazodoneTrazodone 33 1010 1287.61287.6 22 0.3 (0.0^0.8)*0.3 (0.0^0.8)*

TryptophanTryptophan 00 0.10.1 13.913.9 00 ^̂

VenlafaxineVenlafaxine 2121 1313 1651.51651.5 1313 1.6 (1^2.4)*1.6 (1^2.4)*

ViloxazineViloxazine 00 00 3.23.2 00

SubtotalSubtotal 2424 4356.94356.9

TotalTotal 488488 60340.760340.7

1.Excludes tenmentions probably recorded as a metabolite of amitriptyline.1.Excludes tenmentions probably recorded as a metabolite of amitriptyline.
**PP550.05, ****0.05, ****PP550.0001 for total expected deaths in comparisonwith total observed deaths.0.0001for total expected deaths in comparisonwith total observed deaths.
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Drug misuse status ofDrug misuse status of
antidepressant-implicated deathsantidepressant-implicated deaths

Deaths related to antidepressant use inDeaths related to antidepressant use in

combination with other drugs were morecombination with other drugs were more

likely to occur among drug misuse caseslikely to occur among drug misuse cases

than non-drug misuse cases (than non-drug misuse cases (ww22¼20.87,20.87,

PP550.0001). However, among these ‘com-0.0001). However, among these ‘com-

bination’ deaths there was no evidence thatbination’ deaths there was no evidence that

being a drug misuser was related to a parti-being a drug misuser was related to a parti-

cular class of antidepressant (cular class of antidepressant (ww22¼1.55,1.55,

PP¼0.4).0.4).

Accidental and intentionalAccidental and intentional
antidepressant deathsantidepressant deaths

As can be seen from Table 5, 20% ofAs can be seen from Table 5, 20% of

mentions were associated with accidentalmentions were associated with accidental

deaths whereas 80% of mentions weredeaths whereas 80% of mentions were

associated with intentional deaths, suggest-associated with intentional deaths, suggest-

ing that most deaths from antidepressanting that most deaths from antidepressant

drugs are due to suicide. Tricyclic anti-drugs are due to suicide. Tricyclic anti-

depressants are associated with a higherdepressants are associated with a higher

number of accidental and intentionalnumber of accidental and intentional

deaths, and significantly more accidentaldeaths, and significantly more accidental

((PP550.0001) and intentional (0.0001) and intentional (PP550.001)0.001)

deaths were observed with the tricyclicsdeaths were observed with the tricyclics

than would be expected when standardisedthan would be expected when standardised

for the number of prescriptions. The SSRIsfor the number of prescriptions. The SSRIs

were associatedwere associated with significantly fewerwith significantly fewer

accidental (accidental (PP550.0001) and intentional0.0001) and intentional

((PP550.0001) deaths than would be expected0.0001) deaths than would be expected

when standardised for the number of pre-when standardised for the number of pre-

scriptions. For the other antidepressantscriptions. For the other antidepressant

drugs there was no significant differencedrugs there was no significant difference

between the number of observed andbetween the number of observed and

expected mentions when standardised forexpected mentions when standardised for

the number of prescriptions. Finally, therethe number of prescriptions. Finally, there

was no evidence of a relationship betweenwas no evidence of a relationship between

type of antidepressant and the occurrencetype of antidepressant and the occurrence

of an intentional or accidental death.of an intentional or accidental death.

DISCUSSIONDISCUSSION

Fatalities related to tricyclicFatalities related to tricyclic
antidepressantsantidepressants

The present study suggests that up to 80%The present study suggests that up to 80%

of deaths from antidepressants are suicides,of deaths from antidepressants are suicides,

and confirms previous findings that theand confirms previous findings that the

tricyclics most likely to be implicatedtricyclics most likely to be implicated

in antidepressant-related deaths are ami-in antidepressant-related deaths are ami-

triptyline and dothiepin. Although thetriptyline and dothiepin. Although the

antidepressant properties of tricyclics areantidepressant properties of tricyclics are

attributed to their ability to inhibit bothattributed to their ability to inhibit both

noradrenalin and serotonin reuptake, itnoradrenalin and serotonin reuptake, it

has been suggested that the increasedhas been suggested that the increased

toxicity of these drugs in overdose may betoxicity of these drugs in overdose may be

due to modulation of ion channel functiondue to modulation of ion channel function

within the myocardium. Indeed the tri-within the myocardium. Indeed the tri-

cyclics, particularly amitriptyline, havecyclics, particularly amitriptyline, have

been associated with the inhibition of bothbeen associated with the inhibition of both

cardiac sodium (Nacardiac sodium (Na++) channels and potas-) channels and potas-

sium (Ksium (K++) channels, which is associated) channels, which is associated

with an increased risk of cardiac arrthymiaswith an increased risk of cardiac arrthymias

and sudden death (Freemanand sudden death (Freeman et alet al, 1969;, 1969;

Marshall & Forker, 1982; Ma & Henry,Marshall & Forker, 1982; Ma & Henry,

2001; Witchel2001; Witchel et alet al, 2003). Lofepramine, 2003). Lofepramine

was the only tricyclic associated with awas the only tricyclic associated with a

lower incidence of mortality. Although thelower incidence of mortality. Although the

mechanism of the lower toxicity of thismechanism of the lower toxicity of this

drug has yet to be clarified, its membrane-drug has yet to be clarified, its membrane-

stabilising activities (which may increasestabilising activities (which may increase

the risk of cardiac arrthythmias) are muchthe risk of cardiac arrthythmias) are much

lower than those of amitriptyline andlower than those of amitriptyline and

desipramine (Darcydesipramine (Darcy et alet al, 2002)., 2002).

Fatalities related to selectiveFatalities related to selective
serotonin reuptake inhibitorsserotonin reuptake inhibitors

In contrast to amitriptyline and dothiepin,In contrast to amitriptyline and dothiepin,

this study clearly suggests that the SSRIsthis study clearly suggests that the SSRIs

when taken on their own are safer inwhen taken on their own are safer in
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Table 3Table 3 Classes of antidepressant drugs implicated in deaths between1998 and 2000 either alone or in combinationwith other drugsClasses of antidepressant drugs implicated in deaths between1998 and 2000 either alone or in combinationwith other drugs

Antidepressant categoryAntidepressant category Single drug classSingle drug class

implicatedimplicated

Single drug class inSingle drug class in

combination with othercombination with other

class or typeclass or type

More than one drug of classMore than one drug of class

in combination with otherin combination with other

class or typeclass or type

Total drugs of classTotal drugs of class

implicatedimplicated

Tricyclic and related antidepressantsTricyclic and related antidepressants 266 (66%)266 (66%) 126 (31%)126 (31%) 11 (3%)11 (3%) 403403

Monoamine oxidase inhibitorsMonoamine oxidase inhibitors 5 (100%)5 (100%) ^ ^^ ^ ^ ^^ ^ 55

Selective serotonin reuptake inhibitorsSelective serotonin reuptake inhibitors 3 (7%)3 (7%) 37 (90%)37 (90%) 1 (3%)1 (3%) 4141

Other antidepressant drugsOther antidepressant drugs 11 (46%)11 (46%) 13 (54%)13 (54%) ^ ^^ ^ 2424

TotalTotal 285285 176176 1212 473473

Table 4Table 4 Frequencies of antidepressantsby class associatedwith other commonpsychoactive drugs and otherFrequencies of antidepressants by class associatedwith other common psychoactive drugs and other

antidepressantsantidepressants11

Drug categoryDrug category TCAsTCAs SSRIsSSRIs Other antidepressantOther antidepressant

AlcoholAlcohol 58 (41.4%)58 (41.4%) 13 (26.0%)13 (26.0%) 5 (27.8%)5 (27.8%)

AmphetaminesAmphetamines 1 (0.7%)1 (0.7%) 2 (4.0%)2 (4.0%) ^̂

Anti-epilepticsAnti-epileptics 4 (2.6%)4 (2.6%) ^̂ 1 (5.6%)1 (5.6%)

Anti-ParkinsonianAnti-Parkinsonian 3 (2.1%)3 (2.1%) ^̂ ^̂

AntipsychoticsAntipsychotics 9 (6.4%)9 (6.4%) 6 (12.0%)6 (12.0%) 7 (38.9%)7 (38.9%)

CannabisCannabis ^̂ 1 (2.0%)1 (2.0%) ^̂

CocaineCocaine 1 (0.7%)1 (0.7%) 1 (2.0%)1 (2.0%) ^̂

EcstasyEcstasy 1 (0.7%)1 (0.7%) ^̂ ^̂

HeroinHeroin 12 (8.6%)12 (8.6%) ^̂ 1 (5.6%)1 (5.6%)

MethadoneMethadone 10 (7.1%)10 (7.1%) 2 (4.0%)2 (4.0%) ^̂

Other opiatesOther opiates 29 (20.7%)29 (20.7%) 12 (24.0%)12 (24.0%) 3 (16.7%)3 (16.7%)

AntidepressantsAntidepressants

TCAsTCAs ^̂ 12 (24.0%)12 (24.0%) ^̂

MAOIsMAOIs ^̂ ^̂ ^̂

SSRIsSSRIs 12 (8.6%)12 (8.6%) ^̂ 1 (5.6%)1 (5.6%)

Other antidepressantsOther antidepressants ^̂ 1 (2.2%)1 (2.2%)

Volatile substancesVolatile substances ^̂ ^̂ ^̂

TotalTotal 140140 5050 1818

TCAs, tricyclic antidepressants; SSRIs, selective serotonin reuptake inhibitors; MAOIs, monoamine oxidase inhibitors.TCAs, tricyclic antidepressants; SSRIs, selective serotonin reuptake inhibitors; MAOIs, monoamine oxidase inhibitors.
1. Values exclude numbers of antidepressantmentions in combinationwith uncommon psychoactive and non-1. Values exclude numbers of antidepressantmentions in combinationwith uncommon psychoactive and non-
psychoactive drugs.psychoactive drugs.
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overdose and are less likely to be implicatedoverdose and are less likely to be implicated

in both intentional and accidental deaths.in both intentional and accidental deaths.

In addition to the treatment of depression,In addition to the treatment of depression,

antidepressant drugs have been used forantidepressant drugs have been used for

many other indications. In particular, SSRIsmany other indications. In particular, SSRIs

have been used in the treatment of general-have been used in the treatment of general-

ised anxiety disorders, obsessive–compulsiveised anxiety disorders, obsessive–compulsive

disorders, social phobia, premenstrualdisorders, social phobia, premenstrual

dysphoric disorder and post-traumaticdysphoric disorder and post-traumatic

stress disorder (Ables & Baughman,stress disorder (Ables & Baughman,

2003). Because these disorders are likely2003). Because these disorders are likely

to carry a lower risk of suicide than depres-to carry a lower risk of suicide than depres-

sive illnesses, this could also account for thesive illnesses, this could also account for the

reduced toxicity of these drugs in overdose.reduced toxicity of these drugs in overdose.

The present study suggests that when SSRIsThe present study suggests that when SSRIs

are implicated in death they are mostlyare implicated in death they are mostly

found in combination with other drugs,found in combination with other drugs,

especially with tricyclics. In clinical prac-especially with tricyclics. In clinical prac-

tice, augmentation therapy involving thetice, augmentation therapy involving the

prescription of an antidepressant alongsideprescription of an antidepressant alongside

another antidepressant drug of the sameanother antidepressant drug of the same

or different pharmacological class has lar-or different pharmacological class has lar-

gely been used in patients with treatment-gely been used in patients with treatment-

resistant depression or in patients who onlyresistant depression or in patients who only

partially respond to antidepressants (Fava,partially respond to antidepressants (Fava,

2001). Therefore, a possible explanation2001). Therefore, a possible explanation

for the increased number of combinationfor the increased number of combination

deaths with SSRIs is that these individualsdeaths with SSRIs is that these individuals

were suffering from a treatment-resistantwere suffering from a treatment-resistant

depression and tricyclics may have beendepression and tricyclics may have been

prescribed concurrently, accounting forprescribed concurrently, accounting for

the fatal outcome. The SSRIs have beenthe fatal outcome. The SSRIs have been

shown also to differ in the extent of theirshown also to differ in the extent of their

inhibition of the cytochrome P-450inhibition of the cytochrome P-450

enzymes of the liver, which are crucialenzymes of the liver, which are crucial

in the metabolism of numerous drugsin the metabolism of numerous drugs

(Richelson, 1997), raising the possibility(Richelson, 1997), raising the possibility

of drug–drug interactions in patients takingof drug–drug interactions in patients taking

multiple medications. Enzyme CYP2D6 ismultiple medications. Enzyme CYP2D6 is

considered the principal P-450 cytochromeconsidered the principal P-450 cytochrome

enzyme in the clearance of tricyclics,enzyme in the clearance of tricyclics,

and data fromand data from in vitroin vitro studies suggeststudies suggest

that the rank order of potency forthat the rank order of potency for

inhibition of CYP2D6 by antidepressantsinhibition of CYP2D6 by antidepressants

is paroxetineis paroxetine 55 fluoxetinefluoxetine 44 sertralinesertraline44
fluvoxaminefluvoxamine 44 venlafaxinevenlafaxine 44 mirtazapinemirtazapine

(Vaughan, 1988; Crewe(Vaughan, 1988; Crewe et alet al, 1992). There-, 1992). There-

fore, it is possible that by inhibitingfore, it is possible that by inhibiting

CYP2D6 the SSRIs may increase plasmaCYP2D6 the SSRIs may increase plasma

levels of tricyclics, thereby increasing thelevels of tricyclics, thereby increasing the

toxic effects associated with these drugs.toxic effects associated with these drugs.

This could be an explanation for the pre-This could be an explanation for the pre-

sent findings of increased risk of death fromsent findings of increased risk of death from

SSRIs in combination with tricyclics,SSRIs in combination with tricyclics,

although the data at present do not seemalthough the data at present do not seem

to support this hypothesis because higherto support this hypothesis because higher

rates of deaths involving SSRIs such asrates of deaths involving SSRIs such as

fluoxetine and paroxetine were not found.fluoxetine and paroxetine were not found.

Although we do not know what percentageAlthough we do not know what percentage

of the combination deaths from SSRIs andof the combination deaths from SSRIs and

tricyclics occurred as a result of prescrip-tricyclics occurred as a result of prescrip-

tion within the normal clinical guidelines,tion within the normal clinical guidelines,

the present findings do suggest that thethe present findings do suggest that the

clinical efficacy of augmentation therapyclinical efficacy of augmentation therapy

in SSRI-resistant patients should bein SSRI-resistant patients should be

monitored carefully because of the risk ofmonitored carefully because of the risk of

suicide.suicide.

Antidepressant-related deathsAntidepressant-related deaths
and drug misuseand drug misuse

The present study is the first to demonstrateThe present study is the first to demonstrate

that cases involving antidepressants withthat cases involving antidepressants with

other drugs are significantly more likely toother drugs are significantly more likely to

involve drug addicts. The other drugs thatinvolve drug addicts. The other drugs that

are most likely to be implicated inare most likely to be implicated in

combination with the antidepressants werecombination with the antidepressants were

alcohol and opiate-based drugs. These find-alcohol and opiate-based drugs. These find-

ings suggest that general practitioners andings suggest that general practitioners and

psychiatrists should screen for drug use/psychiatrists should screen for drug use/

misuse patterns in patients being prescribedmisuse patterns in patients being prescribed

antidepressants and should prescribe cau-antidepressants and should prescribe cau-

tiously for these individuals.tiously for these individuals.

Venlafaxine-related fatalitiesVenlafaxine-related fatalities

This study suggests that, of the miscella-This study suggests that, of the miscella-

neous group of antidepressants, venlafaxineneous group of antidepressants, venlafaxine

may be more toxic in overdose than othermay be more toxic in overdose than other

drugs in this class. This finding supportsdrugs in this class. This finding supports

evidence from a recent study published byevidence from a recent study published by

Buckley & McManus (2002). VenlafaxineBuckley & McManus (2002). Venlafaxine

is a serotonin and noradrenalin reuptakeis a serotonin and noradrenalin reuptake

inhibitor and at low doses is very similarinhibitor and at low doses is very similar

to SSRIs in that it predominantly inhibitsto SSRIs in that it predominantly inhibits

the reuptake of serotonin, although atthe reuptake of serotonin, although at

higher doses noradrenalin reuptake inhibi-higher doses noradrenalin reuptake inhibi-

tion is predominant. Furthermore, recenttion is predominant. Furthermore, recent

case studies have suggested a link betweencase studies have suggested a link between

cardiac illness/failure and venlafaxine, andcardiac illness/failure and venlafaxine, and

there is evidence that this drug blocks Nathere is evidence that this drug blocks Na++

channels (Blythe & Hackett, 1999; Khalifachannels (Blythe & Hackett, 1999; Khalifa

et alet al, 1999; Reznik, 1999; Reznik et alet al, 1999; Drent, 1999; Drent et alet al,,

2003). However, the other drugs most2003). However, the other drugs most

likely to be found in combination withlikely to be found in combination with

venlafaxine were antipsychotics, whichvenlafaxine were antipsychotics, which

were implicated in 38.9% of cases in thiswere implicated in 38.9% of cases in this

group. The higher rate of antipsychoticgroup. The higher rate of antipsychotic

prescribing with venlafaxine suggests thatprescribing with venlafaxine suggests that

a different patient group may have beena different patient group may have been

involved, possibly the seriously depressedinvolved, possibly the seriously depressed

or dual-diagnosis patients who are difficultor dual-diagnosis patients who are difficult

to treat and possibly at a greater risk fromto treat and possibly at a greater risk from

suicide.suicide.
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Table 5Table 5 Frequencies of drugmentions by class in accidental and intentional deathsFrequencies of drugmentions by class in accidental and intentional deaths

No. of observedNo. of observed

deathsdeaths

No. of expectedNo. of expected

deathsdeaths

PrescriptionsPrescriptions

(thousands)(thousands)

Deaths permillionDeaths per million

prescriptionsprescriptions

Standardised proportionateStandardised proportionate

mortality ratio (95% CI)mortality ratio (95% CI)

Accidental deathsAccidental deaths

TCAsTCAs 8080 5050 33 088.933 088.9 22 1.6 (1.2^1.9)****1.6 (1.2^1.9)****

MAOIsMAOIs 11 0.50.5 357.7357.7 33 2 (0.0^11.1)2 (0.0^11.1)

SSRIsSSRIs 1010 3434 22 537.222 537.2 0.40.4 0.2 (0.1^0.5)***0.2 (0.1^0.5)***

OthersOthers 33 77 4356.94356.9 0.60.6 0.4 (0.0^1.2)0.4 (0.0^1.2)

Intentional deathsIntentional deaths

TCAsTCAs 323323 205205 33 088.933 088.9 1010 1.5 (1.4^1.7)***1.5 (1.4^1.7)***

MAOIsMAOIs 44 22 357.7357.7 1111 2 (0.5^5.1)2 (0.5^5.1)

SSRIsSSRIs 3131 140140 22 537.222 537.2 11 0.2 (0.1^0.3)****0.2 (0.1^0.3)****

OthersOthers 2121 2727 4356.94356.9 55 0.7 (0.4^1.0)0.7 (0.4^1.0)

TotalTotal 473473

TCAs, tricyclic antidepressants; MAOIs, monoamine oxidase inhibitors; SSRIs, selective serotonin reuptake inhibitors.TCAs, tricyclic antidepressants; MAOIs, monoamine oxidase inhibitors; SSRIs, selective serotonin reuptake inhibitors.
******PP550.001, ****0.001, ****PP550.00001for total expected deaths in comparisonwith total observed deaths.0.00001 for total expected deaths in comparisonwith total observed deaths.
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Limitations and summaryLimitations and summary

It is important to note that there are severalIt is important to note that there are several

reasons apart from the toxicity ofreasons apart from the toxicity of

antidepressant medication that can lead toantidepressant medication that can lead to

a fatal overdose. These include treatment-a fatal overdose. These include treatment-

resistant depression, non-response to theresistant depression, non-response to the

antidepressant therapy, medication non-antidepressant therapy, medication non-

compliance, duration of illness, history ofcompliance, duration of illness, history of

antidepressant treatments and undertreat-antidepressant treatments and undertreat-

ment of depression. Previously it has beenment of depression. Previously it has been

suggested that in primary care practicesuggested that in primary care practice

tricyclic antidepressants are frequently pre-tricyclic antidepressants are frequently pre-

scribed at doses below those that are shownscribed at doses below those that are shown

to be efficacious in randomised controlledto be efficacious in randomised controlled

clinical trials (Donoghue & Taylor, 2000),clinical trials (Donoghue & Taylor, 2000),

with studies showing that up to 88% ofwith studies showing that up to 88% of

patients receiving tricyclics were on dosespatients receiving tricyclics were on doses

below those recommended in the nationalbelow those recommended in the national

guidelines (Donoghue & Tylee, 1996).guidelines (Donoghue & Tylee, 1996).

However, a recent meta-analysis ofHowever, a recent meta-analysis of

randomised controlled clinical trialsrandomised controlled clinical trials

comparing the effects of low-dose andcomparing the effects of low-dose and

standard-dose tricyclics suggests that lowstandard-dose tricyclics suggests that low

dosage regimes are more effective thandosage regimes are more effective than

placebo in the treatment of depression,placebo in the treatment of depression,

and may or may not be as effective asand may or may not be as effective as

standard dosage regimes but that thestandard dosage regimes but that the

drop-out rate is lower because they producedrop-out rate is lower because they produce

fewer side-effects (Furukawafewer side-effects (Furukawa et alet al, 2002)., 2002).

This is in contrast to the SSRIs, which areThis is in contrast to the SSRIs, which are

associated with the lowest level of mortalityassociated with the lowest level of mortality

and are almost always prescribed atand are almost always prescribed at

efficacious doses in primary care settingsefficacious doses in primary care settings

(Donoghue & Tylee, 1996; Dunn(Donoghue & Tylee, 1996; Dunn et alet al,,

1999). Furthermore, not all coroners report1999). Furthermore, not all coroners report

to the np-SAD database, although theto the np-SAD database, although the

response rate from the coroners in Englandresponse rate from the coroners in England

and Wales has been estimated to be as highand Wales has been estimated to be as high

as about 95% (Oyefesoas about 95% (Oyefeso et alet al, 1999)., 1999).

Despite these limitations, the present studyDespite these limitations, the present study

clearly suggests that, although tricyclicclearly suggests that, although tricyclic

antidepressants are more toxic in overdose,antidepressants are more toxic in overdose,

the SSRIs are largely implicated in death inthe SSRIs are largely implicated in death in

combination with other drugs, especiallycombination with other drugs, especially

tricyclics, suggesting either a treatment-tricyclics, suggesting either a treatment-

resistant depression or non-response toresistant depression or non-response to

pharmacotherapy. Therefore, suicide riskpharmacotherapy. Therefore, suicide risk

should be monitored carefully when aug-should be monitored carefully when aug-

mentation therapy is used in SSRI-resistantmentation therapy is used in SSRI-resistant

patients. Furthermore, all patients pre-patients. Furthermore, all patients pre-

scribed antidepressants should be screenedscribed antidepressants should be screened

routinely for a history of drug use/misuse.routinely for a history of drug use/misuse.
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CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& Because 80% of deaths from antidepressants are intentional, suicide risk needs toBecause 80% of deaths from antidepressants are intentional, suicide risk needs to
bemonitored carefully in all patients prescribed antidepressant drugs.bemonitored carefully in all patients prescribed antidepressant drugs.

&& Although selective serotonin reuptake inhibitors (SSRIs) are safer in overdose thanAlthough selective serotoninreuptake inhibitors (SSRIs) are safer in overdose than
the tricyclic antidepressants, deaths inwhich SSRIs are implicated aremost likely tothe tricyclic antidepressants, deaths inwhich SSRIs are implicated aremost likely to
be in combinationwith other drugs, particularly tricyclics.Therefore, the efficacy andbe in combinationwith otherdrugs, particularly tricyclics.Therefore, the efficacy and
safety of augmentation therapy in SSRI-resistant patients should bemonitoredsafety of augmentation therapy in SSRI-resistant patients should bemonitored
carefully.carefully.

&& Deaths inwhich antidepressants are implicated in combinationwith other drugsDeaths inwhich antidepressants are implicated in combinationwith other drugs
aremore likely to happen in drugmisusers.Therefore, all patients prescribedaremore likely to happen in drugmisusers.Therefore, all patients prescribed
antidepressants should be screened routinely for a history of drug use/misuse.antidepressants should be screened routinely for a history of drug use/misuse.

LIMITATIONSLIMITATIONS

&& Because not all coroners report to the National Programme of Substance AbuseBecause not all coroners report to the National Programme of Substance Abuse
Deaths database, the number of deaths inwhich antidepressant drugs are implicatedDeaths database, the number of deaths inwhich antidepressant drugs are implicated
is likely to be underestimated.is likely to be underestimated.

&& Factors other than the antidepressantmedication, such asmedication non-Factors other than the antidepressantmedication, such asmedication non-
compliance, undertreatment of depression and non-response to antidepressantcompliance, undertreatment of depression and non-response to antidepressant
therapy, may have led to the fatal outcome.therapy, may have led to the fatal outcome.

&& Toxicology reports on the quantity of drug detected at post-mortem examinationToxicology reports on the quantity of drug detected at post-mortem examination
were not available.were not available.
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