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Aims: Post-mortem detection of a medicine following suicide can be due to two main
reasons: the decedent was taking that medicine therapeutically before death, and/or
the medicine was involved in the suicidal act (poisoning-related suicide). We aimed to
investigate how antidepressant concentrations differed between poisoning and non-
poisoning suicides. We hypothesized that the predictive value of these concentra-
tions and the separation between poisoning and non-poisoning concentrations would
improve by adjusting for dose dispensed to the decedent.

Methods: We analysed post-mortem toxicology results from suicides in Australia,
July 2013 to October 2019, linked to the individual's dispensing history. Suicides
were classified as poisoning- or non-poisoning-related by coroners. We analysed the
distribution of concentrations through descriptive statistics, precision-recall curves
and quantile regression to compare poisoning and non-poisoning concentrations. We
adjusted concentrations by estimated daily dose and total drug quantity dispensed in
90 days and re-assessed model performance.

Results: We had sufficient sample size to analyse nine antidepressants: amitriptyline
(n = 149), mirtazapine (n = 399), citalopram (n = 116), escitalopram (n = 297), fluox-
etine (n = 183), sertraline (n = 253), duloxetine (n = 122), venlafaxine (h = 261), des-
venlafaxine (n = 194). Selective Serotonin Reuptake Inhibitor non-poisoning and
poisoning concentrations were similar, with no high certainty threshold for poisoning
for citalopram and sertraline. Amitriptyline had the best separation between poison-
ing and non-poisoning concentrations. Adjustment by estimated daily dose improved
the separation of lower quantiles through quantile regression but did not help iden-
tify thresholds that separated poisonings and non-poisonings.

Conclusions: Dose adjustment generally did not improve the separation of poisoning
VS non-poisoning suicides, indicating that post-mortem concentrations may not have

clear dose-concentration relationships.
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1 | INTRODUCTION

Understanding the causes of suicide is important for developing tar-
geted suicide prevention strategies. Identifying substances commonly
used in overdose can guide prevention strategies, such as means
restriction.! Post-mortem toxicology screening is routinely used when
investigating suicides to identify substances present at the time of
death.? However, substances present may not always be contributory
to the death. This includes medicines taken therapeutically but not in
overdose. As such, both poisoning and non-poisoning deaths can have
substances detected in post-mortem toxicology screening. This can
make interpreting post-mortem toxicology results challenging.®
Further complicating matters, poisoning suicides can contain sub-
stances responsible for poisoning as well as other substances unre-
lated to the toxicity, making it difficult to determine which substances
were contributory to the poisoning death.*® Interpretation can also
be complicated by post-mortem redistribution and varied times to
post-mortem sampling after death.® Studies and case reports provide
guidance on the concentration of each drug that is likely to cause
harm.2® Previous studies have reported fatal vs non-fatal concentra-
tions for poisonings,>”® but polysubstance use can make interpreta-
tion difficult.”

A previous investigation of all substances reported in post-
mortem toxicology of all suicides (i.e. poisoning and non-poisoning) in
Australia from 2013 to 2019 found high rates of psychotropic medi-
cines present, including antidepressants present in 30% of suicides.’
Medicine concentrations were positively skewed, with most values at
lower concentrations. In addition, substantial overlap in concentra-
tions detected in poisoning vs. non-poisoning cases made it difficult to
define thresholds or reference concentrations.” This study highlighted
the need to investigate post-mortem concentrations further and
determine the level of certainty that a concentration threshold indi-
cates a poisoning suicide. This value should be optimized with a high
Positive Predictive Value (PPV) or capture the most true positives
while minimizing false positives (where a high concentration classified

).1° Concentrations of each

as poisoning was instead a non-poisoning
medicine should also be considered when determining which sub-
stances are contributory in multiple-agent poisonings, rather than
assuming all substances detected are contributory.*!

Some medicines have substantial variations in the prescribed dose,
which could contribute to the wide range of medicine concentrations
detected in non-poisoning suicides. We hypothesized that correcting
for dose dispensed to the suicide decedent could increase separation of
poisoning and non-poisoning concentrations, and guide identification of
high certainty concentrations. This would account for variability in con-
centrations caused by doses taken therapeutically (and present in non-
poisoning deaths, or poisoning deaths where the drug was not contribu-
tory). In addition, it could also explain some of the variability in concen-
trations in poisoning suicides, because people prescribed higher doses
would have access to increased quantities of the medication, which
may result in higher post-mortem concentrations.

To test this hypothesis, we used data from the same national sui-

cide cohort described above,'? which was linked to dispensing data to
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What is already known about this subject

e Post-mortem blood concentrations of medicines are fre-
quently measured to determine if the medicine was con-
tributory to the death, especially in suspected suicides.

e Antidepressant concentrations in poisoning and non-
poisoning suicides often overlap, especially when other

substances are also detected.

What this study adds

o We used a large, nationwide dataset where suicide dece-
dents' medicines dispensing history were linked to their
post-mortem toxicology results.

e There were weak correlations between dispensed dose
and post-mortem concentrations among non-poisoning
suicides, which is atypical of the dose-concentration rela-
tionships in living patients.

e Adjusting concentration by dose dispensed made only
minor changes to the separation of poisoning and non-

poisoning concentrations.

allow quantification of dose dispensed. We focused on antidepres-
sants as they were the most common medicine class detected and dis-
pensed to the suicide cohort.”*®

Our study has the following aims:

1. To examine the distribution of antidepressant concentrations and
dose-adjusted concentrations in poisoning vs non-poisoning sui-
cides through visualization and quantiles;

2. To determine high certainty concentrations for each antidepres-
sant where a suicide could be assigned as poisoning-related, and
assess if this could be improved by dose adjustment (as improved
sensitivity);

3. To test the correlation between concentration and dispensed dose
through different methods of dose estimates (estimated daily dose,
90-day dispensed amount, tablet strength; for non-poisoning cases
only).

2 | METHODS

2.1 | Design and data sources

This study is part of the larger Australian Suicide Prevention using
Health Linked data (ASHLI) study, which is a record linkage study of
all suicide deaths in Australia, 2013-2019.12 In Australia, deaths
are either certified by a doctor (~86-89%) or the coroner.*
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“Reportable deaths”, which includes suspected suicides and drug
poisonings, require medico-legal examination by the coroner.!> An
autopsy and comprehensive toxicology assessment are performed in
approximately 70% and 50% of reportable deaths, respectively.*
Post-mortem toxicology data concerning suicides were obtained
from the National Coronial Information System (NCIS). NCIS is an
online repository of deaths reported to coroners in Australia and
New Zealand, accessible by approved users including death investi-
gators and researchers with ethics approval. The intent was classi-
fied by the coroner. For this study, we used coronial data linked to
Pharmaceutical Benefits Scheme (PBS) dispensing data for Australian
suicide deaths only.

There were 13 664 suicide decedents where toxicology was per-
formed (3314 (24%) female, median age 44 years [Interquartile Range
(IQR) 31-57]). Our study excluded deaths of undetermined intent.
We also extracted cause of death data (based on the coroner's ruling)
and stratified deaths into poisoning- and non-poisoning-related sui-
cides. A total of 3397 (25%) suicides were poisoning-related (1273
(37%) female, median age 50 years [IQR 38-63]). If the death involved
mixed methods, such as poisoning combined with hanging, this was
considered a poisoning-related suicide.

Post-mortem biological samples are tested by various methods,
including screening and confirmatory analysis using a combination
of immunoassay, gas chromatography (GC) and liquid chromatogra-
phy (LC) combined with (tandem) mass spectrometry (GC-MS and
LC-MS/MS), including High Resolution Mass Spectrometry
(HR-MS).16~18 While testing methods vary between Australian juris-
dictions, most laboratories detect a wide range of commonly used
pharmaceutical and illicit drugs, including all relevant antidepressants
in Australia, to levels in line with expected concentrations of these
drugs.t¢t”

The Pharmaceutical Benefits Scheme (PBS) is part of Australia's
universal healthcare system and subsidizes medicines to Australian
citizens and other eligible recipients.r” The PBS captures approxi-
mately 75% of the nation's prescription medicine use.?° However,
some medicine usage is not captured, including in-patient public hos-
pital prescriptions, over-the-counter medicines and private prescrip-
tions. Private prescriptions include medicines that do not meet
subsidy criteria (which may be due to off-label use).

The Defined Daily Dose (DDD) is a metric from the World Health
Organization that represents the typical dose of a medicine when
used for its main indication.?* We extracted the DDDs of medicines
of interest from the World Health Organization guidelines.?* We also
extracted the standard pack size based on the PBS listing of the stan-

dard quantity for each medicine.??

2.2 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to corre-
sponding entries in http://www.guidetopharmacology.org, and are
permanently archived in the Concise Guide to PHARMACOLOGY
2019/20.2324

2.3 | Data preparation

NCIS records were linked with PBS dispensing history via record link-
age.’? We selected records that met the following inclusion criteria
(for each antidepressant): dispensed in the 90 days prior to death,
detected and quantified in post-mortem femoral blood and sample
size of at least 100 (sufficient numbers for data analysis). We deleted
samples with post-mortem decomposition and those with concentra-
tions stated below the limit of quantification, as potential analytical
errors prevent any nuanced interpretation.*®

We used dispensing information to confirm that citalopram and
escitalopram, as well as venlafaxine and desvenlafaxine, were analysed
only in their specific form. If a decedent had both forms of the pharma-
cologically similar medicine dispensed in the last 90 days, this observa-
tion was excluded from further analysis (i.e. people dispensed both
citalopram and escitalopram, or both venlafaxine and desvenlafaxine).
Since only citalopram was measured in toxicology testing, but could rep-
resent either citalopram or the isomer escitalopram, individuals were
assigned to the form dispensed. For individuals only dispensed venlafax-
ine, if desvenlafaxine was detected together with its parent drug venla-
faxine, only venlafaxine measurements were retained and analysed.

We classified suicides as poisoning-related according to the coro-
ner's ruling and flagged poisoning cases where it was confirmed that the
antidepressant was considered contributory to the cause of death. An
antidepressant was considered contributory if it was specifically men-
tioned by the coroner in the cause of death free-text fields or matched a
corresponding International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision (ICD-10) poisoning code (T43.0
or T43.2).%> However, in the case where multiple antidepressants were
detected and potentially corresponded to the same ICD-10 code, we
reviewed each toxicology report manually to check if the coroner named
any antidepressant(s). Only antidepressants stated by the coroner as
contributing to the cause of death were flagged as contributory.

To adjust concentrations by the individuals' therapeutic dose, we
estimated the dose in three ways: Relative Daily Dose, Relative Amount
(dispensed in 90 days) and Relative tablet strength, described in detail

below:

2.3.1 | Relative daily dose

The PBS data or coronial records do not capture medicine dosages or
prescriber instructions. For patients with multiple dispensings
recorded, we estimated the daily dose as the amount of medicine dis-
pensed (mg) in the non-final pharmacy visit divided by the interval
(number of days between the selected and subsequent dispensing
date). A low quantity of 1-6 tablets was likely to represent emergency
short-term supply or data entry errors, and the quantity was set to
7. We set dispensing intervals of less than 12 days to be 12 days, as
antidepressant prescriptions typically provide enough supply for at
least 14 days. A very short interval would overestimate the intended
daily dose and is likely due to other reasons (e.g. replacing lost script,

travel). If multiple estimated daily doses were calculated within the
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90 days, this was averaged. For patients with only one dispensing
recorded, we assumed that the daily dose was equivalent to tablet
strength or adjusted this if the quantity was multiple pack sizes
(e.g. dose of two tablets daily for two boxes).

We winsorized outliers for estimated daily dose beyond the 5th
or 95th percentile to become the value of the 5th and 95th percentile,
respectively, for each antidepressant.?® Relative daily dose was calcu-
lated as the estimated daily dose/DDD. This was our primary adjust-
ment method and compares the decedent's daily dose to the DDD

provided by the World Health Organization.

2.3.2 | Relative amount dispensed in 90 days

We calculated the relative total amount of the medicine dispensed
(mg) in the last 90 days for each decedent as: total amount dispensed/
(DDD*90 days).

2.3.3 | Relative tablet strength

We identified the mode strength dispensed for each antidepressant
within our study sample. We calculated Relative tablet strength as the
highest tablet strength dispensed for each decedent divided by the mode.

2.4 | Data analysis
For Aim 1, we reported the median concentration of each antidepres-
sant for non-poisoning and poisoning suicides, as well as the non-
poisoning 75th percentile (P75) and 90th percentile (P90). We
reported the % of observations above the non-poisoning median, P75
and P90 that were poisoning-related using both concentration and
dose-adjusted concentration (concentration/Relative Daily Dose).

We also performed quantile regression, normality and outlier
tests for concentration and dose-adjusted concentration (concentra-

tion/Relative Daily Dose).?”

We used quantile regression to identify
the lowest quantile (at 5 % intervals) with a statistically significant dif-
ference between the poisoning and non-poisoning concentrations. If
there were fluctuations in quantile statistical significance at consecu-
tive intervals, we recorded the lowest quantile with two consecutive
statistically significant quantiles. We implemented concentration as a
response and the poisoning group as a predictor in the quantile
regression model. Quantile regression aims to determine a threshold
below which a specific proportion of the data lies. This approach
helped us identify the percentile of concentration values associated
with poisoning, beyond which differences between poisoning and
non-poisoning groups became evident.

For Aim 2, we generated Precision-Recall curves to identify the
lowest concentration that can be assigned as poisoning-related, with
PPV > 95% (false positives or non-poisoning cases incorrectly identi-
fied as poisonings < 5%). We defined high certainty cut-offs as
PPV > 95%. We reported the corresponding Recall (sensitivity) and

tested if Recall improved when using dose-adjusted concentration
(concentration/Relative Daily Dose). A higher Recall would suggest
improved classification performance (i.e. out of all poisoning deaths, a
larger proportion were correctly classified as poisoning).'°

We also visualized the distribution of antidepressant concentra-
tions and dose-adjusted concentrations using Violin plots (a box plot
where areas of higher density appear wider). We graphed concentra-
tion, concentration/Relative Daily Dose and concentration/Relative
Amount (dispensed in 90 days) on a logarithm scale as per our previ-
ous study,” where concentrations were shown to be positively
skewed and normalized on a logarithm scale. Violin plots were trun-
cated to only display the minimum and maximum values of the data.
We placed reference lines for the non-poisoning median and concen-
tration where PPV = 95% (if available).

For Aim 3, we tested the linear correlation between concentra-
tion and each dose adjustment method for the non-poisoning sub-
group. We graphed concentration/non-poisoning median vs Relative
Daily Dose, Relative Amount (dispensed in 90 days) and Relative tab-
let strength. All data were logarithm transformed. We graphed linear
correlation with a density plot and elliptical distribution to show the
relative spread of the data without displaying individual data points
(as per ethics approval).

We used the Shapiro-Wilk test for normality and calculated the
percentage of the data that were outliers (Tukey method, defined as <
1st Quartile—1.5 x IQR or > 3rd Quartile+1.5 x IQR) and extreme
outliers (defined with modified z-score using median).?® Using the
median instead of the mean is recommended for analysing post-
mortem concentrations due to their skewed distributions.®> We specif-
ically tested non-poisoning concentrations, as these were not
expected to vary due to use in overdose (unlike the poisoning group).

We performed a sensitivity analysis where we replaced all
poisoning-related suicides with contributory antidepressant poison-
ings. Descriptive statistics (median, IQR, P90) were reported for both
poisoning-related suicides and contributory antidepressant poison-
ings. We also repeated the Precision-Recall curve analysis and quan-
tile regression to compare outputs.

We performed another sensitivity analysis using Relative Amount,
where we repeated analyses for Aims 1 and 2 using concentration/
Relative Amount (dispensed in 90 days) instead of concentration/
Relative Daily Dose.

Data was analysed with SAS 9.4.

2.5 | Ethics

Australian Suicide Prevention using Health-Linked Data (ASHLi) has
been approved by the following data custodians and ethics commit-
tees: 1) the Victorian Department of Justice and Community Safety
Human Research Ethics Committee (REF: CF/17/23250), 2) the West-
ern Australian Coronial Ethics Committee (REF: EC14/2018); 3) the
Australian Institute of Health and Welfare (REF: EO2017/4/366), 4)
the Department of Health; and 5) NSW Population & Health Services
Research Ethics Committee (REF:2017/HRE1204).
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Suicides in Australia with toxicology,
2013-2019, n=13,664

i

Suicides with any antidepressant
detected in post-mortem toxicology,
n=4,662

Cases containing the 9 antidepressants
which met inclusion criteria, n=2,252

n (poisoning-related suicides)=720 (32%)
n (non-poisoning suicides)=1,532 (68%)

Exclusion:
Post-mortem decomposition, n=416

Measured concentrations below limit of quantification, n=34

A

Exclusion for sensitivity analysis (poisoning cases):
Antidepressant was not contributory to poisoning
death, n=245

Multiple antidepressants in the same drug class were
coded for poisoning, unclear which antidepressant was
contributory, n=10

\ 4

Cases containing the 9 antidepressants Tables 1-3, Figures 2-4

with limitations removed, n=1,802
n (poisoning-related suicides)=517 (29%)
n (non-poisoning suicides)=1,285 (71%)

Demographics in
Supplementary Table 1

where the antidepressant was stated to be
contributory, n=1,547

Sensitivity analysis restricted to only poisoning cases

n (antidepressant contributory poisonings) = 262

Supplementary Tables 4,6

FIGURE 1

Flow chart showing inclusion and exclusion criteria for suicide cases in the main and supplementary analysis. Corresponding tables

and figures are shown. Note: n will not be the sum of all antidepressant subgroups as one decedent may have had multiple antidepressants

detected.

3 | RESULTS

There were 4662 suicides where antidepressants were detected post-
mortem (inclusion flow chart, Figure 1). Nine antidepressants met our
inclusion criteria: amitriptyline, mirtazapine, citalopram, escitalopram,
fluoxetine, sertraline, duloxetine, venlafaxine and desvenlafaxine.
After excluding cases with decomposition or measurements below a
limit of quantification, there were 1802 suicides where the antide-
pressants were detected and dispensed 90 days prior to death
(419 (23%) female, median age 44 years [IQR 31-57], Supplementary
Table 1). Coroners ruled 29% (517) as poisoning-related (Figure 1).

We examined concentration distributions and the percentage of
poisoning-related cases, before and after adjustment (Table 1). Ami-
triptyline had the highest proportion of poisoning-related suicides
(65%, Table 1). For most antidepressants, the poisoning-related
median was similar to the non-poisoning 75th percentile (median,
75th and 90th percentile concentrations for poisoning suicides in
Supplementary Table 2). Separation of poisoning and non-poisoning
suicides was not improved by adjusting concentrations for the Rela-
tive Daily Dose (Table 1).

Amitriptyline had the lowest quantile with a statistically significant
difference between poisoning and non-poisoning concentrations at 5%,
followed by mirtazapine, sertraline and venlafaxine at 35% and citalo-
pram, escitalopram, fluoxetine, duloxetine and desvenlafaxine at 45-
65% (Table 2). When using adjusted concentrations (concentration/Rel-
ative Daily Dose) for quantile regression, the statistically significant
quantile was found at lower percentiles for most antidepressants. The
exceptions were fluoxetine, sertraline and venlafaxine (which had higher
statistically significant quantiles) and amitriptyline (no change).

High certainty concentrations (where the suicide was likely to be
poisoning-related) were identified through Precision-Recall curves for
six antidepressants (amitriptyline, mirtazapine, escitalopram, fluoxe-
tine, venlafaxine, desvenlafaxine). Among these, high certainty con-
centrations were greater than the non-poisoning P90 (Table 3).
Citalopram, sertraline and duloxetine did not reach PPV > 95% in the
Precision-Recall curve and high certainty concentrations could not be
obtained. Recall decreased with dose-adjusted concentrations (con-
centration/Relative Daily Dose) for amitriptyline, escitalopram and
desvenlafaxine and increased for mirtazapine and venlafaxine. The

dose-adjusted concentration for fluoxetine failed to reach PPV > 95%.
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TABLE 2 Quantile regression output for the lowest quantile (at 5 % intervals) with a statistically significant difference between the poisoning-

related and non-poisoning concentrations.

Lowest significant

Lowest significant quantile for

Dose-adjusted concentration

quantile for Concentration  dose-adjusted concentration (concentration/relative daily
Antidepressant (total n) concentration (mg/L) (concentration/relative daily dose) dose) (mg/L)
Amitriptyline (n = 149) 5 0.02 5 0.04
Mirtazapine (n = 399) 35 0.08 15 0.04
Citalopram? (n = 116) 45 0.27 45 0.25
Escitalopram® (n = 297) 659 0.21 50 0.09
Fluoxetine (n = 183) 65 0.5 90 0.60
Sertraline (n = 253) 35¢ 0.1 85¢ 0.22
Duloxetine (n = 122) 55¢ 0.1 40 0.07
Venlafaxine® (n = 261) 35 0.3 40 0.20
Desvenlafaxine® (n = 194) 65 0.63 50 0.22

?Patients with both similar drugs dispensed were deleted.

beitalopram detected but escitalopram dispensed. Only citalopram is tested for in toxicology.

“not a metabolite (parent drug was not detected together with this drug).

YWhile there was a lower statistically significant quantile, this was the lowest quantile with two consecutive statistically significant quantiles (at the 5th

percentile level) in the data.

TABLE 3

High certainty concentration cut-offs where the suicide was likely to be poisoning-related and corresponding recall for

antidepressant concentrations and dose-adjusted concentrations. Recall (sensitivity) indicates the percentage of all poisoning deaths that were
correctly classified as poisonings, while positive predictive value (PPV) 2 95% (non-poisoning cases incorrectly identified as poisonings < 5%).

High certainty cut-off where
PPV 2 95% for unadjusted

Antidepressant (total n) concentration (mg/L)

Amitriptyline (n = 149) 0.8 46%
Mirtazapine (n = 399) 0.87 18%
Citalopram? (n = 116) N/A N/A
Escitalopram® (n = 297) 20 6%
Fluoxetine (n = 183) 9.4 2%
Sertraline (n = 253) N/A N/A
Duloxetine (n = 122) N/A N/A
Venlafaxine® (n = 261) 6.5 21%
Desvenlafaxine®™ (n = 194) 9.8 6%

Recall at PPV 2 95%
for unadjusted
concentration

Recall at PPV 2 95%
for adjusted
concentration

High certainty cut-off where
PPV 2 95% for adjusted
concentration (mg/L)

1.05 45%
0.44 21%
N/A N/A
20 1%

N/A N/A
N/A N/A
N/A N/A
1.37 27%
10.0 2%

Note: Adjusted concentration refers to dose adjustment using relative daily dose.

2Decedents with both isomers (es/citalopram or des/venlafaxine) dispensed were excluded.

bthese decedents had citalopram detected but escitalopram dispensed, and were classified as “escitalopram” (only citalopram is tested for in toxicology).
“Only included as “desvenlafaxine” when the parent drug (venlafaxine) was not detected and desvenlafaxine was dispensed.

N/A: Precision-Recall PPV 2 95% was not reached.

Both concentrations and adjusted concentrations (concentration/
Relative Daily Dose) were positively skewed (violin plots in Figures 2-4).
Dose adjustment caused the distribution of concentrations to be closer
to normal for mirtazapine. Dose adjustment caused more measure-
ments to be pushed towards the median for SNRIs (Serotonin-
Norepinephrine Reuptake Inhibitors), while the distributions remained
almost identical for the SSRIs (Selective Serotonin Reuptake Inhibitors).
Only venlafaxine had a significant change in the relative positions of the
non-poisoning median and high certainty concentrations. Dose adjust-
ments using Relative Amount (dispensed in 90 days) were also visual-

ized in Supplementary Figures 1-9 but not shown in the main analysis

due to overall poorer separation between poisoning and non-poisoning
concentrations and lower Recall (Supplementary Table 5).

Normality tests on non-poisoning concentrations and log-
transformed concentrations showed the data were not normally distrib-
uted except for amitriptyline when log-transformed (Supplementary
Table 3). Amitriptyline, escitalopram and sertraline had more outliers
than other antidepressants. Amitriptyline also had more extreme outliers.

For non-poisoning deaths, we also compared the linear correlation
of concentration/median to the three dose adjustment methods
(Table 4, density plots in Supplementary Figures 10-17), as we hypoth-
esized that dose dispensed would correlate with concentration when
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SSRI concentrations and adjusted concentrations (by estimated daily dose)

(estimated from dispensing history) for SSRIs. , e , R
c trati distributions are on a log-10 Concentration Concentration/Relative daily dose
oncentration o g non-poisoning (n=90) poisoning (n=26) non-poisoning (n=90) poisoning (n=26)
scale and truncated to the minimum and 100
maximum values. The green line represents 10
the non-poisoning median, and the black line 0.1 . ol —3 _Y_. ~
represents the high certainty concentration 0.01
where the suicide was likely to be poisoning- 1001 _
related (positive predictive value SN
P o P Concentration Concentration/Relative daily dose
= : non-poisoning (n=229) poisoning (n=68) non-poisoning (n=229) poisoning (n=68)
(PPV) 2 95%)
100
10
e - P
001 - v
2 0.001
S fluoxetine
Concentration Concentration/Relative daily dose
non-poisoning (n=124) poisoning (n=59) non-poisoning (n=124) poisoning (n=59)
100
10
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0.01
0.001
sertraline
Concentration Concentration/Relative daily dose
non-poisoning (n=204) poisoning (n=49) non-poisoning (n=204) poisoning (n=49)
100
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FIGURE 3 Violin plot of concentrations . . . . .
. . . SNRI concentrations and adjusted concentrations (by estimated daily dose)
and concentration/relative daily dose
(estimated from dispensing history) for SNRIs : desveniaihg : —
d lafaxi lafaxi dul ti ) Concentration Concentration/Relative daily dose
(desvenla a?<|ne, .ver.l a a.XIne, uloxetine,). non-poisoning (n=146) poisoning (n=48) non-poisoning (n=146) poisoning (n=48)
Concentration distributions are on a log-10 100
scale and truncated to the minimum and 10 A
maximum values. The green line represents 0.1 *—' ~a= T — <
the non-poisoning median, and the black line o%g}
represents the high certainty concentration ) -
.. . L duloxetine
where the s.u!ade wa.s Il'kely to be poisoning- Concentration Concentration/Relative daily dose
related (positive predictive value non-poisoning (n=70) poisoning (n=52) non-poisoning (n=70) poisoning (n=52)
(PPV) 2 95%). 3 100
t>_v 10
1
01 ,__L;;Ai D W S
0.01 —_ w - W
0.001
venlafaxine
Concentration Concentration/Relative daily dose
non-poisoning (n=183) poisoning (n=78) non-poisoning (n=183) poisoning (n=78)
100
ki r S - =
1| com— e
0.1 v ' *'v’ — v —
0.01
0.001
the drug had not been taken in overdose. RZ was higher for Relative was lowest for Relative tablet strength, ranging 0.01-0.18. Fluoxetine,
Amount (dispensed in 90 days), ranging 0.11-0.32, than Relative Daily sertraline and desvenlafaxine had extreme outliers; however, when we
Dose, ranging 0.0004-0.23, with duloxetine having an R? close to 0. R? deleted extreme outliers, the R? only improved slightly for sertraline.
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Amitriptyline and Mirtazapine concentrations and adjusted concentrations (by

estimated daily dose)

amitriptyline
Concentration
non-poisoning (n=52) poisoning (n=97)
100

10

Concentration/Relative daily dose
non-poisoning (n=52)

FIGURE 4 Violin plot of concentrations
and concentration/relative daily dose
(estimated from dispensing history) for
amitriptyline and mirtazapine. Concentration
distributions are on a log-10 scale and
truncated to the minimum and maximum
values. The green line represents the non-
poisoning median, and the black line

poisoning (n=97)

®

A 4

T A

0.01

&
v

0.001

Value

mirtazapine
Concentration
non-poisoning (n=286) poisoning (n=113)

represents the high certainty concentration
' where the suicide was likely to be poisoning-

related (positive predictive value

(PPV) = 95%).

Concentration/Relative daily dose
non-poisoning (n=286)

poisoning (n=113)

01 | i
0.01

0.001

&=

TABLE 4

=

R? for concentration vs dose adjustment methods for non-poisoning suicides for each antidepressant. R? was calculated with

logarithm-transformed axes. R? represents how well the data points fit a linear regression line and estimates the correlation between non-

poisoning concentrations and each measure of estimated dose.

R2

Antidepressant Relative daily dose

Amitriptyline (n = 52) 0.22
Mirtazapine (n = 286) 0.23
Citalopram (n = 90) 0.09
Escitalopram (n = 229) 0.17
Fluoxetine (n = 124) 0.22
(extreme outliers removed) 0.20
Sertraline (n = 204) 0.14
(extreme outliers removed) 0.19
Duloxetine (n = 70) 0.0004
Venlafaxine (n = 183) 0.16
Desvenlafaxine (n = 146) 0.07
(extreme outliers removed) 0.07
3.1 | Sensitivity analysis with contributory

antidepressant poisonings only

Our sensitivity analysis restricted the poisoning suicides to those
where the coroner ruled antidepressants as contributory. Concentra-
tions of antidepressants in this subgroup were higher than those used
in the main analysis for amitriptyline, mirtazapine, fluoxetine, venla-
faxine and desvenlafaxine (Supplementary Table 4). Median, IQR and
P90 concentrations of both subgroups were similar for citalopram,
escitalopram, sertraline and duloxetine.

The high certainty concentrations calculated through Precision-

Recall curves remained consistent for every antidepressant except

Relative amount Relative strength
0.32 0.18

0.23 0.10

0.16 0.07

0.22 0.12

0.32 N/A (only one strength, line is straight)
0.31 N/A

0.11 0.07

0.16 0.11

0.01 0.03

0.17 0.15

0.17 0.02

0.17 0.01

mirtazapine, which demonstrated a higher concentration. Results were
similar to the main analysis in Table 3 but had higher sensitivity for
both concentration and dose-adjusted concentration (Supplementary
Table 6). However, this was likely unreliable for duloxetine, where the
sample size decreased to 88 (<100).

When using contributory antidepressant poisoning concentra-
tions instead of poisoning-related concentrations, the lowest signifi-
cant quantile increased for mirtazapine (from 35 to 55) and duloxetine
(from 55 to 90). The lowest significant quantile decreased for other
antidepressants. The increases in mirtazapine and duloxetine and
decreases for other antidepressants also applied to quantile regression

using dose-adjusted concentration.
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3.2 | Sensitivity analysis using 90-day dispensing

We repeated calculations where dose-adjustment used Relative
Amount (dispensed in 90 days) instead of Relative Daily Dose. The
percent of observations that were poisoning-related above the non-
poisoning median, P75 and P90, as well as Recall (Sensitivity), were

lower when Relative Amount was used (Supplementary Table 5).

4 | DISCUSSION

Our study evaluated various methods to examine the differences in
distribution of non-poisoning and poisoning post-mortem concentra-
tions for antidepressants in suicides. To our knowledge, this is the first
study to have a sufficient sample size from a national population to
use these statistical models to compare common antidepressants.
Data linkage allowed us to confirm the antidepressant was recently
dispensed to the decedent, and to adjust for dose. Concentrations
between poisoning and non-poisoning suicides were more similar than
expected, despite multiple methods to adjust for prescribed dose. All
concentrations were highly positively skewed. Higher quantiles were
better distinguished or separated without dose adjustment, while
lower quantiles were better distinguished with dose adjustment. From
our study, the high certainty concentrations represent the upper limit
of non-poisoning observations where poisonings were still reported.
However, this high certainty concentration was less likely to exist for
SSRIs and duloxetine, where poisoning and non-poisoning concentra-
tions were very similar. Taken together, these results underscore the
difficulties interpreting post-mortem toxicology findings. Ideal circum-
stances to determine reference concentrations for fatal poisoning
would be single-agent poisonings only, but this is unlikely in suicides,
where most poisonings have multiple agents present.??

Surprisingly, adjusting for dose did not improve separation
between poisoning and non-poisoning concentrations in a useful way.
This reiterates previous findings that there is far more unexplained
variation in post-mortem concentrations of drugs in non-poisoning
deaths than relates to dispensed dose alone.®3° Challenges to the
interpretation of post-mortem toxicology findings include pharmaco-
kinetic factors such as individual metabolism, post-mortem re-
distribution, decomposition and time delays in sample collection.®*%:18
These can result in a measured post-mortem concentration that does
not reflect the concentration at the time of death. We inspected non-
poisoning suicides specifically to check if higher doses correlated with
higher concentrations when the antidepressant is expected to be used
therapeutically and not in overdose. However, there was an inconsis-
tent relationship between higher doses and higher concentrations.
Our findings can be considered with other studies that examine post-
mortem concentrations for fatal poisoning of all intents (accidental,

suicide and undetermined),”83?

as we found that non-poisoning sui-
cide concentrations can be similar to those of fatal poisonings, espe-
cially for SSRls.

Violin plots for amitriptyline, mirtazapine, venlafaxine and desven-

lafaxine had a bimodal distribution in concentration, suggesting that

values below the high certainty cut-off represent therapeutic use,
while values above are more likely to indicate overdose. Dose adjust-
ment tended to reduce the bimodal shape or push more values
towards the median. In contrast, the SSRIs had very similar violin plots
between poisoning and non-poisoning concentrations, and it was dif-
ficult to calculate high certainty cut-offs. There were extreme outliers
in non-poisoning concentrations for citalopram and sertraline, but
these did not explain why dose adjustment did not improve our pre-
dictive model performance.

The Precision-Recall method is suitable for imbalanced datasets
(where the ratio of poisonings and non-poisonings is uneven).'® How-
ever, the high certainty concentration for amitriptyline was at a rela-
tively lower quantile than other antidepressants. This could be due to
its toxicity, but also the high rate of amitriptyline suicides being poi-
sonings. Dose-adjustment only improved the recall of high certainty

concentrations for mirtazapine and venlafaxine.

4.1 | Limitations

There are some limitations with the coronial process of classifying sui-
cides as poisoning or non-poisoning. Decisions are made on the bal-
ance of probabilities from available evidence and circumstances
surrounding the death, and become especially challenging when there
is a possible mix of both poisoning and non-poisoning suicide
methods. This challenge applies to antidepressants detected at high
concentrations that do not result in obvious post-mortem signs of
toxicity and may explain why we had difficulty determining high cer-
tainty cut-offs.

We made several assumptions when calculating the estimated
daily dose. We adjusted prescription volume, quantity and dispensing
interval to reduce frequent repeated dispensing overestimating the
daily dose. We set all dose adjustments as a relative comparison to
the DDD. However, there are still prescribed, therapeutically indi-
cated doses above or below the DDD.

We did not include patients without a dispensing recorded in the
last 90 days, when some patients may have obtained a long-term sup-
ply ahead of time, had private prescriptions or taken medicines irregu-
larly, which reduced our sample size. We also excluded samples with
decomposition, and our further analysis with antidepressant contribu-
tory poisonings only reduced some sample sizes to less than
100, which were unreliable for statistical tests.

4.2 | Implications and future directions

There was generally a high proportion of overlap between poison-
ing and non-poisoning suicide concentrations, indicating that
concentrations alone cannot distinguish between the types of sui-
cide. Non-poisoning suicides are complex as a control group, as
details surrounding the events leading up to the death are often
uncertain. It is possible that some of these suicides did in fact

have a poisoning component (i.e. they were mixed methods) but
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were classified as non-poisonings. This is important as it may mean
that the involvement of medicines in suicides is currently under-
captured by official statistics. More suicides classified as non-
poisoning with high concentrations of a medicine should be re-
evaluated for potentially also involving a poisoning attempt as a
secondary cause of death. High doses taken therapeutically by the
patient are unlikely to explain this high concentration alone.
Involvement of poisoning in mixed-method suicides is important to
capture, as the physiological impact of poisoning could increase the
risk of death from violent methods. In addition, intoxication can
impact impulsivity and may make an individual more likely to
engage in violent methods.

A better control in the future for non-poisoning concentrations
might be non-substance related accidents or injury not involving sub-
stances (e.g. passengers in motor vehicle accidents) where the antide-
pressant would be for therapeutic use only, and self-poisoning intent
can be ruled out.” These concentrations would likely have less variabil-
ity.” Future studies could also adjust for time between death and post-
mortem sampling, as this may account for some of the variability seen.

5 | CONCLUSION

Dose adjustment (based on dispensed dose) generally did not improve
classification of poisoning vs non-poisoning suicides, suggesting that
post-mortem concentrations may not have clear dose-concentration
relationships. Many traumatic suicide deaths had high levels of antide-
pressants recorded in their post-mortem toxicology. Non-poisoning
suicides with very high concentrations should be investigated care-

fully, with the possibility of overdose considered.
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