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Abstract

Background and Objectives Oxycodone is frequently prescribed as well as detected in postmortem cases. Concurrent use
of pharmacodynamically or pharmacokinetically interacting drugs can cause adverse effects or even fatal intoxication. The
aims of this study were to investigate differences in prescriptions for and toxicological findings of pharmacodynamically and
pharmacokinetically interacting drugs in fatal oxycodone-related intoxications and other causes of death. We also aimed to
investigate the differences in prevalence of oxycodone prescriptions, and the detected postmortem oxycodone concentrations
between fatal oxycodone-related intoxications and other causes of death.

Methods Forensic autopsy cases (2012-2018) where oxycodone was identified in femoral blood (n = 1236) were included.
Medical history and prescription data were retrieved from national databases and linked to the forensic toxicology findings.
Results Oxycodone-related deaths were found to have higher blood concentrations of oxycodone (median 0.30 pg/g vs.
0.05 pg/g) and were less likely to have a prescription for oxycodone (OR 0.62) compared to nonintoxication deaths. Phar-
macodynamically interacting drugs were prescribed in 79% and found in blood in 81% of the cases. Pharmacokinetically
interacting drugs were rarely prescribed (1%). Oxycodone-related deaths were more likely to have prescriptions for a
pharmacodynamically interacting drug (OR 1.7) and more often have co-findings of one or multiple pharmacodynamically
interacting drugs (OR 5.6).

Conclusion The results suggest that combined use of oxycodone and pharmacodynamically interacting drugs is associ-
ated with oxycodone-related death and that non-medical use of oxycodone is a potential risk factor for oxycodone-related

intoxication.
Key Points

In oxycodone-related deaths, 41% did not have a pre-
scription for oxycodone, suggesting misuse as a risk
factor.

Drugs impairing the metabolism of oxycodone were very
rarely prescribed.

Compared to other deaths, persons dying from oxyco-
done intoxication were 5.6 times more likely to have
other CNS depressant drugs on board and 1.7 times more
likely to have them prescribed.
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1 Introduction
1.1 Prescription and Use

Opioid analgesics are used world-wide in clinical practice
for the treatment of acute and chronic pain. In reports from
the USA, Australia, Canada, and the EU, increased prescrib-
ing and use have led to increasing numbers of opioid-related
deaths [1-5]. Dispensing of prescribed opioids has also been
studied in the Nordic countries [6, 7]. Miiller et al. studied
trends in dispensing of prescribed opioids in Norway, Den-
mark, and Sweden between 2006 and 2017 [7]. The authors
reported that oxycodone prescription increased in Norway
(0.2-0.8%) and Sweden (0.4-3%) during the time period
[7]. In a study by Backryd et al., it was observed that the
number of patients receiving tramadol during the studied
period (2000-2015) decreased 54%, but, in contrast, a 465%
increase of patients receiving oxycodone was observed [6].
More recent data of oxycodone from the National Board
of Health and Welfare are displayed in Fig. 1, showing
the increase of oxycodone prescriptions dispensed, which
increased from 15 patients per 1000 inhabitants in 2012 to
37 in 2018.

1.2 Misuse and Death

As the availability of prescription opioids has increased, so
has the misuse and their associated consequences [2, 3, 8,
9]. Centers for Disease Control and Prevention reported that
nearly 30% of all opioid overdose deaths in 2019 in the US

involved a prescription opioid [8]. Although prescription
opioids are involved in many deaths, they are not necessar-
ily prescribed [2, 9]. This has been shown for oxycodone by
several research groups [3, 9, 10]. Pilgrim et al. reported a
sevenfold increase in oxycodone-related deaths in Australia
between 2001 and 2011. However, of the 806 oxycodone-
related deaths, as many as 61% of the cases did not have a
legitimate prescription for oxycodone [3]. Ogle et al. studied
the toxicological findings of 155 oxycodone-related deaths
to determine demographic characteristics and clinical back-
ground. They found that 53% did not hold a legitimate pre-
scription for oxycodone [10]. Non-prescribed or illicit use
of oxycodone might lead to higher risk of unwanted effects
both related and unrelated to interactions with other drugs.

1.3 Pharmacokinetic Interactions

The extensive metabolism of oxycodone in the liver by
cytochrome P450 (CYP)3A4 and CYP2D6 makes oxyco-
done susceptible to pharmacokinetic drug-drug interac-
tions (PKI) [11] Kim et al. studied the oxycodone-related
adverse effects and PKI associated with CYP P450
enzymes in 111 geriatric patients. They found that 32.4%
experienced at least one adverse effect, and that use of
either CYP2D6 inhibitors or CYP3A4 inhibitors increased
the rate of adverse effects by 20.4 and 25.4 times (odds
ratio), respectively, suggesting that PKIs are a clinical
relevant issue [12]. In another study, drug—drug inter-
actions (DDIs) were studied by a physiologically-based
pharmacokinetic modeling. The authors suggested from
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their results that pharmacodynamic drug—drug interactions
(PDI) might be of greater importance than PKI in causing
DDIs between opioids and benzodiazepines [13].

1.4 Pharmacodynamic Interactions

The combination of opioids and benzodiazepines has been
defined as a risk factor for adverse effects. Concomitant
opioid and benzodiazepine prescriptions have been proven
to increase the risk of overdose [14, 15]. In 2015, benzo-
diazepines were reported to be involved in nearly 30% of
opioid overdose deaths in the US, and thus use and misuse
of benzodiazepines was considered to contribute signifi-
cantly to the opioid overdose epidemic [16]. In a previous
study, it was reported that 80% of the patients, in addi-
tion to opioids, also received benzodiazepines, and that
the overdose rate was ten times higher among those that
were co-prescribed benzodiazepines compared to those
dispensed opioid analgesics alone [9]. Between 2002 and
2014, the number of individuals with an opioid analge-
sic prescription and a co-prescription of benzodiazepines
increased by 41% in US outpatients [17]. Caughey et al.
reported that oxycodone was the second most common
dispensed opioid, after codeine-paracetamol, holding 25%
of all dispensed opioids in Australia. Nearly 45% of the
patients prescribed oxycodone had a concomitant prescrip-
tion of diazepam [18]. Bech et al. studied the association
between drug-induced cause of death and benzodiazepines
among patients in Norway receiving opioid agonist treat-
ment, and found that 76% of the cases had at least one
benzodiazepine on board at time of death [19]. Combined
use of alcohol and opioids is also associated with PDI
effects, causing increased risk for respiratory depression.
Vowles et al. studied the misuse of alcohol in patients
prescribed opioids for chronic pain and found that 23%
reported that they were misusing both opioids and alcohol,
38% opioid misuse, and 36% reported no misuse [20]. In a
study regarding buprenorphine by Hakkinen et al., it was
found that alcohol was significantly more common in fatal
buprenorphine intoxications (58%) than in other causes of
death (32%) suggesting a PDI [21].

Despite the large amount of work that has been put into
the study of oxycodone in the clinical setting, the signifi-
cance of possible PDI and PKI in postmortem cases involv-
ing oxycodone is limited. Thus, the main objective of this
study was to investigate differences in prescription preva-
lence for and toxicological findings of PDI and PKI drugs
in oxycodone-related deaths. We also aimed to investigate
the differences in prevalence of oxycodone prescriptions,
the detected postmortem oxycodone concentrations and oxy-
codone doses prescribed between fatal oxycodone-related
intoxications and other causes of death.

2 Methods
2.1 Data Sources

In Sweden, a forensic autopsy is requested by the police
if death is considered unnatural or unexplained. At the
National Board of Forensic Medicine, the autopsy case work
is conducted in one of six units for forensic medicine, and
the toxicological analysis of femoral blood is conducted at a
centralized national laboratory. Data from all Swedish foren-
sic autopsies are stored in the National Board of Forensic
Medicine database and includes demographics, autopsy find-
ings, and toxicological findings. Information of medical his-
tory were retrieved from the Swedish National Patient Reg-
ister holding information of in- and out-patient visits [22,
23]. Data of prescribed and dispensed drugs conducted at a
Swedish pharmacy were drawn from the Swedish Prescribed
Drug Register [24]. The Swedish National Patient Register
and the Swedish Prescribed Drug Register are held by the
National Board of Health and Welfare. The 12-digit personal
identification number unique for each Swedish citizen and
residents was used to link data between the databases [25].

2.2 Study Population

This retrospective nationwide study included forensic
autopsy cases from 2012 through 2018, in which oxyco-
done [Anatomical Therapeutic Chemical (ATC) groups
NO2AAO05, NO2AASS, and NO2AAS56] was detected and
quantified in postmortem femoral blood in individuals with
a valid personal identification number (n = 1236). Cases
were stratified into three groups based on the cause of
death determined by the forensic pathologist (Fig. 1). The
INTOX group included all fatal intoxication with oxyco-
done as the only cause of death or oxycodone contributing
to death (n = 451). The NONINTOX group represented all
other causes of death except intoxication (n = 630). The
third group, OTHER, contained intoxications where oxyco-
done was considered an insignificant finding (n = 155). This
group was not included in the data analysis.

2.3 Definition of Variables

A dispense of oxycodone from a valid prescription within
1 year before death was defined as an oxycodone prescrip-
tion. The dose per day was defined by the total dose during
1 year before death from first to last purchase divided by
number of days between the first and last purchases. Subjects
with a single purchase within one year before death or with
two purchases on the same day were not included in the
analysis for oxycodone dose. Nutritional status was defined
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based on body mass index in kg/m?: underweight (< 18.5),
normal weight (18.5-24.9), pre-obesity (25.0-29.9), and
obesity (> 30.0) [26]. The Swedish clinical guidelines devel-
oped for healthcare professional on DDIs were used to clas-
sify a substance as a PKI [26]. Substances were included
as a PKI if (1) the combination with oxycodone was not
recommended, or (2) the combination with oxycodone
require adjustment of dose for oxycodone [27]. Prescription
and dispense within 1 year before death were investigated
for the following PKI substances that can act as a CYP3A4
inhibitor: bocaprevir, cyclosporine, dronedarone, erythro-
mycin, idealisib, itraconazole, ketoconazole, clarithromycin,
cobicistat, posaconazole, crizotinib, ritonavir, telaprevir, tel-
ithromycin, troleandomycin, and voriconazole. Drugs other
than oxycodone belonging to the ATC groups NO2A and
NOS5 were considered PDI drugs. In NO2A, we included ATC
codes NO7BCO1 (buprenorphine), NO7BCO02 (methadone),
and NO7BC51 (buprenorphine). In NOS, we included the
ATC code NO3AEO]1 (clonazepam). Alcohol (ethanol) was
also defined as a PDI drug. Co-findings in femoral blood
were defined as present when the parent drug and/or its
metabolites were detected. Drugs that can be both a metabo-
lite and a parent drug (e.g., morphine) were evaluated and
allocated to the most probable parent drug (e.g., codeine).
Visits to a hospital or other care unit were either a visit as
an in- or out-patient care visit. Based on the diagnosis of a
psychiatrist, the frequency of two diagnoses in the study
population were explored: “Mood disorders” (ICD 10 codes
F30-39) and “Mental and behavioral disorders due to psy-
choactive substance use” (ICD 10 codes F10-19) investigat-
ing two hypotheses; if substance abuse was correlated with
fatal intoxication, and if mood affective disorders were cor-
related to suicide. These diagnoses are referred to as “Mood-
or behavioral diagnoses” throughout this paper.

2.4 Statistical Analysis

The statistics in this study are primarily descriptive. Cat-
egorical variables are presented by count and percentage,
while continuous variables are presented by medians and
percentiles (Py/minimum, Ps, Pgs and P,y,/maximum).
Bivariate analyses were used for group comparisons. For two
group comparisons of continuous variables, the Mann—Whit-
ney U test was used for comparisons of distributions, while
Mood’s Median test was used for median comparisons. Sim-
ple logistic regressions were applied for two group compari-
sons of categorical variables. Resulting odds ratio (OR) are
presented together with 95% confidence interval (CI). For
categorical data with more than two groups, Chi-square tests
were used. All statistical analyses were performed using
IBM SPSS® Statistics v.27.0.0.0 (IBM, Armonk, NY, USA),
and a p value <0.05 (with Bonferroni correction when appli-
cable) was considered as statistically significant.
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2.5 Ethical Approval

The procedure to link the three databases, National Board
of Forensic Medicine Database, Swedish Prescribed Drug
Register, and Swedish National Patient Register, was per-
formed at the National Board of Health and Welfare. During
the same procedure, the personal identification number was
replaced by a unique serial number to anonymize the cases
in the study. The study was approved by the Regional Eth-
ics Review Board in Linkoping, Sweden, No. 2016/489-31
including extension 2018/577-32.

3 Results

In all, 1081 forensic autopsy cases were included in the
analysis, representing 87% of all 1236 oxycodone findings
during 2012-2018 (Table 1; Fig. 1). In 451 cases (42%), the
cause of death was intoxication related to oxycodone and in
630 cases (58%), the cause of death was causes other than
intoxication.

3.1 Oxycodone Prescriptions and Blood
Concentrations

Of all 1081 cases, 34% did not hold a valid prescription within
1 year before death (Table 2). The INTOX group was less
likely to have oxycodone prescribed within 1 year before death
(41% vs. 30%, OR 0.62, CI 0.48-0.80) (Fig. 2). An oxyco-
done dose per day was calculated in 598 cases (55%) based
on prescribed dose. Of the 711 cases that had a prescription
for oxycodone, 113 had only one or two dispenses within
1 year before death and were excluded from the analysis of
prescribed oxycodone dose per day. The median oxycodone
dose in the INTOX group, 33 mg/day (range 0.20-1197 mg/
day), was significantly higher (p = 0.017) compared to the
median in the NONINTOX group, 26 mg/day (range 0.30-723
mg/day) (Table 2). The median oxycodone concentration in
femoral blood, 0.30 pg/g (range 0.005-83 pg/g) was signifi-
cantly higher (p < 0.001) in the INTOX group compared to
the median concentration in the NONINTOX group, 0.050
pg/g (range 0.005-7.1 pg/g) (Table 2). There was no signifi-
cant difference in oxycodone concentration between cases
that had a prescription (range 0.005-83 ug/g) compared to
those that did not have a prescription (range 0.005-17 pg/g).
The median concentration was 0.10 pg/g in both groups. The
prevalence of cases in the age groups < 35, 36-50, 51-64,
and > 65 years without an oxycodone prescription is pre-
sented in Fig. 3. There were significant differences between
age group and oxycodone prescription (p < 0.001). Among
the 370 cases that did not have a prescription, 55% were < 50
years old. Among the 711 cases that had an oxycodone pre-
scription within 1 year before death, 70% were > 50 years



Drug-Drug Interactions in Oxycodone-Related Deaths

263

Table 1 Demographic data of the 1081 cases included in the study

Variable INTOX NONINTOX Total
Cases 451 (42%) 630 (58%) 1081 (100%)
Age group

<18 1(02%) 2(0.3%) 3(0.3%)

18-35 115 (26%) 72 (11%) 187 (17%)

36-50 156 (35%) 75 (12%) 231 21%)

51-64 105 (23%) 198 (31%) 303 (28%)

> 65 74 (16%) 283 (45%) 357 (33%)
Sex

Female 173 (38%) 197 (31%) 370 (34%)

Male 275 (61%) 433 (69%) 708 (66%)

Missing 3(0.7%) 0 3(0.3%)
Body mass index

Underweight (< 18.5) 16 (3.5%) 56 (8.9%) 72 (6.7%)

Normal weight (18.5— 116 (26%) 236 (38%) 352 (33%)

24.9)

Pre-obesity (25.0-29.9) 151 (34%) 171 (27%) 322 (30%)
Obesity (> 30.0) 160 (36%) 149 (24%) 309 (29%)

Missing 8(1.8%) 18(2.9) 26 2.4%)
Place of death

Hospital/intensive care 26 (5.8%) 136 (22%) 162 (15%)

Other care unit 12 2.7%) 27 (4.3%) 39 (3.6%)

Private home 373 (83%) 377 (60%) 750 (69%)

Other/unknown 35(7.8%) 71 (11%) 106 (9.8%)

Missing 51.1%) 19 (3%) 24 2.2%)
Manner of death

Natural (disease) 1*(0.2%) 346 (55%) 347 (32%)

Accident 182 (40%) 116 (18%) 298 (28%)

Suicide 138 (31%) 136 (22%) 274 (25%)
Homicide/police interven- 0 5 (0.8%) 5(0.5%)

tion

Unclear 130 (29%) 27 (4.3%) 157 (15%)

Number of cases, age group (year), sex, body mass index (kg/mz),
place of death, and manner of death are given for oxycodone-related
deaths (INTOX), deaths from other causes than intoxication (NONIN-
TOX), and for all cases

#Cause of death: drug dependence (ICD9 code 304)

old. Both immediate release oxycodone and controlled release
oxycodone were prescribed to the 711 subjects who had an
oxycodone prescription. Immediate release oxycodone alone
was prescribed to 121 individuals (17% of 711) and controlled
release oxycodone alone was prescribed to 166 individuals
(23% of 711). Both immediate and controlled release oxyco-
done were prescribed to 424 individuals (60% of 711).

3.2 Prescriptions and Findings
of Pharmacokinetically Interacting Drugs

One of the study’s main questions was to investigate the
prevalence of prescribed PKI drugs in the population. A

prescription of a CYP3A4 inhibitor was only found in 1.3%
of the whole population (15 cases), 7 cases (2%) in the
INTOX group, and 8 cases (1%) in the NONINTOX group
(Table 2; Fig. 2). The prescribed drugs were erythromycin
(7 cases), cyclosporine (4 cases), clarithromycin, and ritona-
vir (2 cases each). No individual was prescribed more than
one of the drugs within 1 year before death. The routine
screening method for postmortem blood did not include
these CYP3A4 inhibitors but included four substances that
can act as a CYP3A4 inducer: phenytoin, carbamazepine,
efavirenz, and primidone. Phenytoin was found in femoral
blood in 2 cases in the NONINTOX group, and carbamaz-
epine was found in 10 cases, 4 in the INTOX group, and 6
in the NONINTOX group.

3.3 Prescription of Pharmacodynamically
Interacting Drugs

A PDI drug was prescribed to 79% of the 1081 cases. The
INTOX group was more likely to have a PDI drug dispensed
than the NONINTOX group (84% vs. 76%, OR 1.7, CI
1.2-2.3) (see Table 2; Fig. 2). Drugs in the ATC group N05
were more often prescribed than drugs in NO2A (40% vs.
6%). Prescription of NO5 and NO2A medications in combi-
nation were found in 33% of the cases (Table 2). The most
prevalent prescribed PDI drug was zopiclone, with 41%
of the cases having at least one prescription within 1 year
before death. Thereafter, came oxazepam 23%, propioma-
zine 23%, diazepam 21%, and zolpidem 21%. Within 1 year
before death, multiple PDI drugs were prescribed. Up to
15 prescriptions were found in the INTOX group, and up
to 14 different prescriptions in the NONINTOX group. An
oxycodone prescription accompanied by a minimum of one
PDI drug prescription within 1 year before death was found
in 90% and 83% of the INTOX and NONINTOX groups,
respectively. The most prevalent co-prescribed drugs were
zopiclone, oxazepam, propiomazine, diazepam, and zolpi-
dem. Cases in the INTOX group holding an oxycodone pre-
scription were more likely to have a PDI drug prescribed
compared to the cases in the NONINTOX group (OR 2.0,
CI1.2-3.1).

3.4 Co-findings of Pharmacodynamically
Interacting Drugs

At the time of death, a PDI drug was found in femoral blood
in 81% of all 1081 cases: 94% in the INTOX group and 72%
in the NONINTOX group (Table 3; Fig. 2). Subjects in the
INTOX group were more likely to have a PDI drug in their
system (OR 5.6, CI 3.7-8.5). It was more likely that sub-
jects in the INTOX group had a co-finding of one or more
NO5 drugs in femoral blood (OR 4.0, CI 3.0-5.3), alcohol
(OR 2.1, CI 1.6-2.8), or NO2A drug (OR 1.3, CI 1.0-1.7)
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Table 2 Number of oxycodone

. oy Variable
prescriptions within 1 year

INTOX (n =451) NONINTOX (n = 630) Total (n = 1081)

before death Oxycodone prescribed

Oxycodone dose (mg/day)
Median (range)
5-95 percentile
Oxycodone concentration (ug/g)
Median (range)
5-95 percentile
Any PKI prescribed
Any PDI prescribed”
Only NO5€ prescribed
Only NO2AY prescribed
Both NO5+NO2A prescribed

268 (59%) 443 (70%) 711 (66%)

227 (50%) 371 (59%) 598 (55%)
33(0.20-1197) 26 (0.30-723) 30 (0.20-1197)
4.0-203 3.0-155 3.1-186

0.30 (0.005-83) 0.050 (0.005-7.1) 0.10 (0.005-83)

0.020-2.1 0.007-0.39 0.008-1.0
7 (2%) 8 (1%) 15 (1%)
379 (84%) 476 (76%) 855 (79%)
184 (41%) 250 (40%) 434 (40%)
17 (4%) 43 (7%) 60 (6%)
178 (40%) 183 (29%) 361 (33%)

Median, range, and 5-95% percentile for calculated oxycodone dose per day and oxycodone concentrations
found in femoral blood. Number of prescriptions of pharmacokinetically interacting and pharmacodynami-
cally interacting drugs within 1 year before death. Data are divided by oxycodone-related deaths (INTOX),
deaths from other causes than intoxication (NONINTOX), and for all cases

PKI pharmacokinetically interacting, PDI pharmacodynamically interacting

#For 113 cases, a daily dose could not be calculated (see Sect. 2.3 for definition of oxycodone dose).

The five most common PDI drugs were zopiclone, oxazepam, propiomazine, diazepam, and zolpidem.
°NO5 includes also NO3AEO1 (clonazepam)
4NO02A includes also NO7BCO1 (buprenorphine), NO7BC02 (methadone), and NO7BC51 (buprenorphine)

compared to the NONINTOX group. In addition to alcohol
and drugs available as medications, small numbers of non-
pescription benzodiazepines and non-prescription opioids
were also detected in the population. These were diclaz-
epam (nyonnTox=1), etizolam (nyrox = 4), phenazepam
(nnonintox = 1), flualprazolam (nyyrox = 1. Nyonivrox =
1), flubromazolam (nyrox = 3. Nyonintox = 1), norfludi-
azepam (nyrox = 6, Nyoninrox = 2), pyrazolam (nyyrox
= 2), bromazepam (including the metabolite 3-OH-brom-
azepam) (nyrox = 1), 4-fluoroisobutyrfentanyl (nypox =
1), acrylfentanyl (nypox = 1), cyclopropylfentanyl (npyrox
= 3, Nyonintox = 1), methoxyacetylfentanyl (nynrox = 1),
MT-45 (nyrox = 1), and mitragynin (nypox = 1). In supple-
mental Figure 1, co-findings of PDI drugs in the two cause
of death groups are shown. A drug from the ATC group NO5
was the most common co-finding in both the INTOX and
NONINTOX groups, 36% and 31%, respectively. Combina-
tions of both NO5 and NO2A were found in 23% (INTOX)
and 14% (NONINTOX) of the cases. Zopiclone was the
most common found PDI drug with 272 positive results,
and the most prevalent NO2A finding was morphine with
123 positive results. However, alcohol was present in femo-
ral blood in 260 cases, making it the second most prevalent
PDI drug co-finding.

3.5 Diagnosis and National Patient Register

Of the 1081 cases, 39% had visited an in- or out-patient
care unit within 14 days before death, 32% in the INTOX
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group and 44% in the NONINTOX group. Of all cases, 89%
had one or several diagnoses within 1 year before death.
The occurrence of mental and behavioral disorders due to
psychoactive substance use (F10-F19) and mood affective
disorders (F30-F39) are shown in Table 4. We tested two
hypotheses regarding diagnoses. Firstly, if substance use was
correlated with fatal intoxication comparing the distribution
of F10-F19 diagnoses between INTOX and NONINTOX
groups. We found that subjects in the INTOX group were
more likely to have a previous substance use diagnosis (29%
vs. 14%, OR 2.6, CI 1.9-3.5). Secondly, we investigated if
a mood affective disorder was correlated to suicide compar-
ing the distribution of F30-F39 diagnosis between suicides
and accidents. We found no significant difference with 14%
of the suicides and 10% of the accidents presenting a mood
affective diagnosis. We found no differences between those
with a substance use disorder and those without a substance
use diagnosis in the INTOX group regarding intake of mul-
tiple drugs or intake of sedative NO5C.

4 Discussion

The main objective of this study was to investigate differ-
ences in prescriptions for and toxicological findings of PDI
and PKI drugs in oxycodone-related deaths. The prescription
of drugs that inhibit the primary route of metabolism of oxy-
codone via CYP3AA4, increasing the risk for adverse effects,
was very limited. Only 1% of the cases had been dispensed
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41% 30%
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59% 70%
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94%
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Fig.2 a, b Cases with and without prescription of oxycodone (OC)
in oxycodone-related intoxications (INTOX) group and death by
other causes (NONINTOX) group. The INTOX group was less likely
to have oxycodone prescribed within 1 year before death (odds ratio
0.62, CI 0.48-0.80). ¢, d Cases with and without prescription of phar-
macodynamically interacting (PDI) drug (outer ring) and pharma-
cokinetically interacting (PKI) drug (inner ring) in the INTOX and
NONINTOX groups. The INTOX group was more likely to have a

i

PDI co-finding
72%

PKI no co-finding
99%

PDI drug prescribed (odds ratio 1.7, CI 1.2-2.3). The low number of
prescribed PKI drugs ruled out statistical testing. e, f Cases with and
without co-finding of PDI drug (outer ring) and PKI drug (inner ring)
in the INTOX and NONINTOX groups. The INTOX group was more
likely to have PDI drug on board at time of death (odds ratio 5.6, CI
3.7-8.5). The low number of PKI drugs found ruled out statistical
testing
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Fig. 3 Distribution of cases (%)
with no prescription of oxyco-
done within 1 year before death
in the age groups < 35 (61%, n
=190), 36-50 (39%, n = 231),
51-64 (25%, n = 303), and > 65
(25%, n = 357) years

Table 3 Co-findings of
pharmacodynamically
interacting substances in
femoral blood in cases related
(INTOX) and unrelated
(NONINTOX) to oxycodone,
and in the whole study
population
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Total INTOX (n = 451) NONINTOX  p value Odds ratio (95% CI)
(n = 630)
PDI drug 877 (81%) 422 (94%) 455 (72%) < 0.001 5.6 (3.7-8.5)
NO5 drug 718 (66%) 373 (83%) 345 (55%) < 0.001 4.0 (3.0-5.3)
NO2A drug 314 (29%) 147 (33%) 167 (27%) 0.03 1.3 (1.0-1.7)
Alcohol 260 (24%) 145 (32%) 115 (18%) < 0.001 2.1 (1.6-2.8)

Pharmacodynamically interacting drug indicates a finding of minimum one medication from ATC group

NO5, NO2A, and/or alcohol

PDI pharmacodynamically interacting, CI confidence interval

Table4 Number of cases with mood- or behavioral disorder in oxy-
codone-related deaths (INTOX) and deaths from other causes than
intoxication (NONINTOX) as well as in different manners of death

Variable F10-19 F30-39 F10-19 and F30-39
INTOX 130 (29%) 63 (14%) 23 (5%)
NONINTOX 86 (14%) 47 (8%) 13 2%)
Natural (disease) 50 (14%) 25 (7%) 9 (3%)
Accident 81 (27%) 29 (10%) 11 (4%)
Suicide 36 (13%) 37 (14%) 9 (3%)
Homicide/police 0 0 0

intervention
Unclear 49 (31%) 19 (12%) 7(5%)

F10-F19 mental and behavioral disorders due to psychoactive sub-
stance use, F30-F39 mood affective disorders

a PKI drug in the year prior to death, indicating that this is
a minor clinical problem. However, the small study popula-
tion of 1086 cases should be taken into consideration. Our
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finding confirms the results from a recent larger study by
Kahn et al. who also found very few co-prescriptions of PKI
drugs in opioid overdoses [15]. Even though most of these
antibacterial and immunosuppressive drugs are not in the
primary panels of drugs to look for in a forensic autopsy, it
will pose little problem for forensic toxicologists and medi-
cal examiners. Since the prevalence was so low, no com-
parison between the cause of death groups was performed.
Prescription of PDI drugs, on the other hand, was highly
prevalent. In the total population, 79% had been dispensed
one or more drugs enhancing the effects of oxycodone and
increasing the risk of central nervous system (CNS) depres-
sant effects including respiratory depression. It was a signifi-
cant difference between the oxycodone-related fatal intoxica-
tions and other causes of death, where it was more frequent
to have been dispensed a PDI drug in the fatal oxycodone-
related intoxications (OR 1.7). This is in accordance with
a recent study by Bannon et al. where the authors found a
prescription for the benzodiazepine alprazolam as the single
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best predictor for fatal opioid intoxication, whereas a pre-
scription of an opioid alone was not correlated to opioid
death [14]. In our study, zopiclone, oxazepam, propioma-
zine, diazepam, and zolpidem were the most prevalent PDI
co-prescribed drugs. Although benzodiazepines are benefi-
cial for patients with mental disorders, such as depression,
anxiety, and post-traumatic stress disorder, co-prescription
of opioids and benzodiazepines constitutes a highly risky
practice. The pharmacodynamic interaction between ben-
zodiazepines and opioids is related to the synergistic effects
on CNS depression increasing the risk of respiratory depres-
sion [28].

A retrospective study by Griggs et al. aimed to charac-
terize the prescribing of opioids and benzodiazepines to
patients who had previously presented with an opioid or
benzodiazepine overdose. They found that only a small part
(0.9%) of all prescriptions during 1 month were prescribed
to patients with previous documented overdoses. Still, 404
patients with an overdose within 2 years were prescribed
opioids and/or benzodiazepines [29]. In a study by Tori et al.
in which the authors investigated the correlation between
alcohol use and benzodiazepine prescription rates, on a pop-
ulation level, with the rate of involvement in opioid deaths,
they found a positive correlation between benzodiazepine
prescriptions and opioid deaths related to benzodiazepines.
For prescription opioid-related deaths, there was an increase
in co-involvement up to 2010 but then it flattened out at
around 30% [30].

In summary, the risk of untoward effects from PKI drugs
is low, suggesting well-managed protocols for treatment. On
the other hand, despite the increased risk of adverse effects,
co-prescription of PDI drugs was prevalent. This can be a
result from so-called doctor shopping, when patients visit
several prescribers to obtain multiple prescriptions. A way
to avoid this is to implement national prescription regis-
ters from which physicians can retrieve information of a
patient’s prescriptions. If our results from the comparison
of dispensed prescribed PDI drugs clearly pointed towards
an increased risk of fatal intoxication, this became even
more apparent when comparing the postmortem findings in
femoral blood. At time of death, one or more PDI drugs were
found in femoral blood in 81% of all cases, with a significant
difference between the INTOX group (94%) and the NON-
INTOX group (72%). Similarly, Ogle et al. investigated ben-
zodiazepine findings in oxycodone-related deaths (n = 154).
The most common benzodiazepine was alprazolam which
was significantly more prevalent among cases with oxyco-
done as a primary/contributory cause of death (39.3%) com-
pared to cases where oxycodone was incidental in the cause
of death (15.8%) [10]. In our study, cases in the INTOX were
5.6 times more likely to have a PDI substance present in
femoral blood. Notable was that, in the INTOX group, there
were more findings of drugs than there were prescriptions,

but in the NONINTOX group, there were fewer findings than
prescriptions. This may point towards misuse as a risk factor
for severe adverse effects, including death. This is in accord-
ance with Haukka et al., who observed that non-medical use
of psychoactive prescription drugs was present in 71% of
fatal intoxications. and that the most prevalent drugs were
clonazepam, alprazolam, and tramadol [31].

We also aimed to investigate the prevalence of oxycodone
prescriptions, and the postmortem oxycodone concentrations
and oxycodone doses prescribed between fatal oxycodone-
related intoxications and other causes of death. It is known
from previous publications that non-medical use of opioid
prescription drugs is a widespread and alarmingly prevalent
phenomenon that can lead to death [3, 9, 31]. In a study by
Dasgupta et al., it was reported that only 50% of the opioid-
related overdose deaths had an opioid analgesic prescription
active on the day of death [9]. Similarly, Pilgrim et al. found
that 61% of oxycodone-related deaths lacked a prescription
[3]. In our study, we found that 41% of the fatal intoxications
did not have a valid prescription up to 1 year prior to death,
a somewhat lower incidence than previous studies. How-
ever, we still found a significant difference between INTOX
and NONINTOX, with the INTOX group less likely to have
oxycodone prescribed. The higher incidence in the previous
studies can be a result of missing data. For example, in the
study by Pilgrim et al., prescriptions were not retrieved from
a national database but from the information in the coroners’
reports [3].

We also found a tendency that younger people were less
likely to have an oxycodone prescription, with more than
60% of < 35-year-olds lacking a prescription, whereas only
25% of people over 50 years old lacked one. A search in
the literature for similar data was unsuccessful, indicating a
knowledge gap. However, our findings indicate a high degree
of non-medical use among younger people. A high incidence
of diversion of medications pose a possible threat to public
health and should be addressed by authorities.

In our study, doses between groups were significantly dif-
ferent, with a median of 33 mg/day among the fatal intoxica-
tions and 26 mg/day in those where the cause of death was
unrelated to oxycodone. However, there was a very wide
range in prescribed doses in both groups, a finding that can
be explained by the severity of pain as well as tolerance
built up among those who are on long-term prescriptions.
Our study design did not allow for an insight into how doses
can be correlated to mortality, but, in a study by Dasgupta
et al., they found a gradually increasing mortality rate with
increased daily doses [9]. However, the distinct elevation in
rate appeared above 200 mg of morphine equivalents per
day, which is in the upper part of oxycodone doses in our
population (Table 2).

Postmortem blood drug concentrations are an important
parameter used to evaluate if a death can be attributed to
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acute toxicity. Indeed, there are numerous compilations of
drug concentrations that may help the forensic toxicologist
and pathologist in their interpretation [32-36]. For drugs
like opioids, that are known to cause tolerance, blood con-
centrations may be of less importance, but there are still
published data from larger datasets referring to toxic con-
centrations of oxycodone [10, 37-39]. In a study by Ogle
et al., they investigated 155 oxycodone-related deaths, and
concluded that the blood concentration of oxycodone was
significantly higher (0.48 mg/L) when the cause of death was
attributed to oxycodone than when it was not (0.16 mg/L)
[10]. Baker et al. reported median values of 0.56 mg/L (n
= 55) and 0.26 mg/L (n = 135) in drug-related and non-
drug-related cases, respectively. A problem with any such
compilations is that the concentration itself has been used by
the medical examiner to decide whether or not a case is an
intoxication, true also for our study. Indeed, in our study, the
median oxycodone concentrations in femoral blood differed
between groups, with significantly higher concentrations in
the INTOX group (0.30 pg/g) compared to the NONINTOX
group (0.050 pg/g). Soderberg et al. found higher median
concentrations in their study: 0.70 ug/g in intoxication cases
(n=19) and 0.10 pg/g in nonintoxication/reference cases (n
=4), but the small number of subjects may have influenced
their medians [40].

By comparing the incidence of the diagnosis behavio-
ral disorder due to psychoactive substance abuse (F10-F19
diagnoses) between INTOX and NONINTOX, we wanted
to investigate if substance abuse was correlated with fatal
intoxications. We found that intoxication cases were 2.6
more likely to have an F10-19 diagnosis. This agrees with
established knowledge that drug abusers are at risk of acci-
dental intoxications. Indeed, in our population, the dominat-
ing manner of death in INTOX was accident, whereas in
NONINTOX it was natural (disease), followed by suicide
(Table 1). Mood affective disorders have been connected
to suicide, but we failed to find a correlation between the
F30-F39 diagnosis and suicide.

A sensitivity analysis was conducted to test the robustness
of using the time period “1 year before death” for oxycodone
prescription. The results from the binary logistic regression
analysis for “oxycodone prescription 1 year/365 days before
death” (OR 0.62, CI 0.48-0.80) were compared to oxyco-
done 180 days before death, oxycodone 540 days before
death, and oxycodone 730 days before death. The ORs for
180, 540, and 730 days before death were between 0.61 and
0.63, indicating 1 year/365 days to be a robust time frame.

It cannot be ruled out that individuals who had a visit at
an inpatient or outpatient care unit were given oxycodone
at the visit without prescription. Therefore, a sensitivity test
was conducted, in which individuals visiting an inpatient
or outpatient care unit within 14 days before death were
included to the group of individuals who had an oxycodone
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prescription within 1 year before death. The results from
the binary logistic regression analysis revealed an OR of
0.46 (CI 0.34-0.62) compared to 0.62 (CI 0.48-0.80). This
indicated that the outcome was not affected by the adminis-
tration of non-prescribed oxycodone in hospital care.

5 Conclusions

We set out to investigate the significance of pharmacokinetic
and pharmacodynamic interactions in oxycodone-related
deaths. We can conclude that drugs impairing oxycodone
metabolism were very rarely prescribed and dispensed both
in intoxications as well as in nonintoxications. In contrast,
pharmacodynamically interacting drugs were frequently
prescribed and dispensed, and even more frequent was a
co-finding in fatal oxycodone-related intoxications, sug-
gesting that the associated risk needs to be addressed in
clinical practice. Compared to other deaths, persons dying
from oxycodone-related intoxication were 5.6 times more
likely to have other CNS depressant drugs on board and 1.7
times more likely to have them prescribed and dispensed.
We also found that, in oxycodone-related deaths, a signifi-
cantly higher number of cases did not have a prescription for
oxycodone, suggesting misuse or abuse as a risk factor. In
addition, both doses and concentrations of oxycodone were
significantly higher in the intoxications compared to other
causes of death. The relevance of these findings is not clear,
since at least the concentrations of oxycodone were part of
the postmortem data used to determine the cause of death.
However, our results clearly indicate that concomitant use
of oxycodone and other CNS depressants increases the risk
of accidental adverse effects including death.
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