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ABSTRACT

High drug related mortality has been registered in Norway. Although comparison between countries relies on
a standard international coding system of diseases, different practices in verifying cause of death and app-
lying codes could lead to variation. The comparison gives no information on drug findings or drug patterns
underlying the cause of deaths. To evaluate deaths involving illicit drugs in Norway, we examined drug
patterns in 2735 forensically examined post-mortem samples collected from 15-64 year-old individuals from
2000 to 2009. There were four times as many men as women among the deceased illicit drug users, and the
majority were in the age group 25-44 years. The number of deceased showing signs of illicit drug use has
gradually declined during the study period. The decline was found among younger individuals, while a larger
proportion of the deceased were above 45 years of age in 2009, compared to 2000. Cases positive for heroin,
ethanol, ecstasy and flunitrazepam were fewer in 2009, while the prevalence of amphetamine, cannabis,
methadone and other opioids has increased. The prevalence of methamphetamine has increased ten fold, and
the prevalence of benzodiazepines doubled. Thus, the drug pattern and age of the deceased has changed mar-
kedly during the last 10 years. Heroin and ethanol use has partly been substituted by use of amphetamines,
cannabis, benzodiazepines and other opioids. This change could possibly be explained by the prolonged sur-

vival of drug users on substitution treatment and by the reduced toxicity of consumed drugs.

INTRODUCTION

According to a report from the European Centre for
Drugs and Drug Addiction (EMCDDA), Norway has
high levels of drug related mortality compared to other
countries in Europe (1). The comparison between
countries relies on ICD-10 codes or police information
on cause of death, as well as EMCDDA criteria for
mortality related to drugs of abuse. Although standard
criteria were used for the classification of death, com-
parisons between countries are difficult because coding
practices, frequency of forensic examinations and
autopsies, and analytical toxicological repertoires have
not been standardized. Therefore, different drugs and
drug combinations (drug patterns) could be included in
different countries.

An earlier study has shown an increase in fatal drug
poisonings among drug addicts in Norway from 1991
to 2007 (2). Drug findings were reported for all foren-
sically examined overdoses in 1991, 1997, 2002 and
2007. The overdose mortality in that study was attri-
buted to consumption of illicit drugs, medicinal drugs
including opioids and benzodiazepines, as well as of
ethanol (2,3). Misuse of illicit drugs had the highest
effect on drug related mortality in young and middle-
aged individuals. Moreover, in 2007, the most pre-
valent form of intoxication was by multiple drug
combinations. Compared to 1991 findings of heroin,
cannabis and ethanol were less prevalent in 2007.
However, findings of amphetamines, cocaine, metha-

done and benzodiazepines became more frequent in
more recent years.

The police (Kripos) reports on overdose mortality
are not complete and limited in drug findings (4). Drug
use assessed from self reports by the Norwegian Insti-
tute for Alcohol and Drug Research (SIRUS) may
possibly be underestimated (4). Few epidemiological
studies have assessed findings of drugs and drug
patterns in post-mortem cases in Norway (2,5-7). As
far as we know, trends in drug use in the general Nor-
wegian population and changes in drug patterns over
time have not previously been investigated in forensi-
cally examined deaths. The complete information on
drug findings in deceased is collected from the foren-
sic toxicological laboratory at the Norwegian Institute
of Public Heath (NIPH). Monitoring drug findings in
forensically examined autopsy cases from the general
population was initiated in order to explore the drug
use. The aim of our study was to describe trends of illi-
cit drug use and drug patterns in 15-64 year-old fatali-
ties who underwent forensic examination in Norway
from 2000 to 2009.

MATERIAL AND METHODS

Subjects

The study sample was selected from a total of 16756
forensic autopsy cases examined at the Norwegian In-
stitute of Public Health (NIPH) from the st of January



44

S.V. KONSTANTINOVA-LARSEN ET AL.

Table 1. Total number of post mortem cases (N=16756) and cases positive for illicit drugs and/or methadone (N=2735) by gender and
age in 2000-2009.

Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Number of post-mortem cases' 1855 1741 1768 1640 1645 1581 1579 1544 1659 1604
N (%) 299 (16) 345(20) 286 (16) 281 (17) 296 (18) 243 (15) 254 (16) 217 (14) 245(15) 269 (17)
N/1,000,000° 103 118 97 95 99 81 83 70 78 85
Males (%) 80 85 84 80 79 79 83 84 82 81
Age (%)
15-24y 19 21 17 16 20 21 19 17 17 13
25-34y 42 43 44 36 32 33 36 39 32 28
35-44y 29 26 26 28 32 28 27 25 31 25
45-54y 9 10 11 16 13 14 15 16 14 25
55-64y 1 1 2 4 4 3 3 3 6 9

'Number of post-mortem cases forensically examined at NIPH.
*Number of drug positive cases (N) per 1.000.000 of 15-64 year-old population in Norway.
* Two sided P value < 0.0001 for the difference in age distribution of cases between years 2000 and 2009.

2000 to the 31st of December 2009 (Table 1). These
cases comprised approximately 93-94% of toxicologi-
cal examinations conducted in Norway during 2000-
2009. The study sample was limited to 15-64 year-old
individuals positive for one or several illicit drugs,
such as heroin, amphetamines, cocaine and cannabis,
or methadone. Thus, 2735 post-mortem cases were
included in the study sample.

Sampling and analyses of blood and urine

Most of the samples (85%) were collected during the
first five days after death and 96% of the blood sam-
ples were taken from a peripheral (femoral, subcla-
vian) vessel. Blood and urine were collected in 20 ml
Sterilin® tubes (Bibby Sterilin, Staffordshire, UK) con-
taining 0.3 ml 67% (w/v) potassium fluoride solution
and kept at 2-8°C from arrival in NIPH’s toxicological
laboratory until the analyses had been completed, nor-
mally within four weeks. The majority of cases under-
went standardized analytical programmes. Blood and
urine samples were examined for heroin markers in-
cluding 6-monoacethylmorphine (6-MAM), morphine
and codeine, as well as for amphetamine, methamphe-
tamine and MDMA (ecstasy), cocaine, cannabis (tetra-
hydrocannabinol, THC), opioids other than heroin
including methadone, buprenorphine, fentanyl, oxy-
codone, tramadol, pethidine, and for the benzodiazepi-
nes and Z-hypnotics including diazepam, nitrazepam,
clonazepam, flunitrazepam, alprazolam, oxazepam,
fenazepam, zolpidem, zopiclone, and ethanol.

All post-mortem blood and urine samples received
by our laboratory were routinely screened for the drugs
either by an immunological/enzymatic method or by
chromatographic methods (8-10). The confirmation
and quantification analyses for positive findings from
screening were carried out using alternative chromato-
graphic systems (11-13). Heroin exposure was assessed
by the verification in both blood and urine of 6-MAM
and/or a morphine to codeine concentration ratio grea-
ter than unity (M/C > 1), as suggested previously by us
(14) and others (15).

Statistical analysis

Cases positive for 6-MAM in blood or urine and/or
cases with M/C > 1 in blood or urine were considered
to be positive for heroin. The statistical analyses were
performed for individual and grouped drugs. The am-
phetamine group included amphetamine, methamphe-
tamine and ecstasy, the opioid group included metha-
done, buprenorphine, fentanyl, oxycodone, tramadol
and pethidine, the benzodiazepine and Z-hypnotics
group included diazepam, nitrazepam, clonazepam,
flunitrazepam, alprazolam, oxazepam, fenazepam, zol-
pidem and zopiclone. The variable ‘age’ was catego-
rised by five groups: 15-24, 25-34, 35-44, 45-54 and
55-64 years. Differences in demographic characteris-
tics, drug findings and number of drugs per case
between 2000 and 2009 were assessed by chi-squared
tests. Difference in mean age between 2000 and 2009
was assessed by univariate analysis and adjusted for
gender using multiple linear regression analysis. All
statistical analyses were performed using SAS for
Windows v9.2 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Characteristics of the study population

Subject characteristics of the 2735 deceased positive
for one or several illicit drugs, such as heroin, amphe-
tamines, cocaine, cannabis, or methadone are shown in
Table 1. The number of deceased per one million of
the whole Norwegian population declined from 103 to
85 from 2000 to 2009. The majority of the sample
were men and the gender variation during the whole
period was statistically non-significant. Deceased in
the age group 25-44 years comprised 64% of the study
group, while individuals younger or older than this
were of equal proportions. There was no difference in
the age distribution and mean age between men and
women in the whole study population, or between the
subgroups that died in 2000 and 2009. During the
study period, the number of deceased in the age group
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15-44 years declined, while the number of 45-64 year-
old individuals markedly increased (P < 0.0001). Me-
dian [mean (95% CI)] age was 32.0 [32.5 (31.5, 33.5)]
in 2000 and 38.0 [(38.6 (37.2, 39.9)] in 2009. In addi-
tion, multiple linear regression analysis adjusted for
gender showed an increase in mean age of 6 years du-
ring the study period (P < 0.0001).

1licit drugs and opioids

Heroin was found in 54% of the study population, while
psychostimulants (amphetamine, methamphetamine,
MDMA and cocaine), cannabis and opioids were pre-
sent in 40%, 39% and 22% of cases, respectively. In
2000, the prevalence of heroin was much higher than
the prevalence of psychostimulants and cannabis, and
findings of opioids were rare (Figure 1). From 2000 to
2009, the proportion of heroin positive cases declined
about 50% (from 74% to 38%), while the proportion of
psychostimulants, cannabis and opioids substantially
increased. Overall, the prevalence of heroin, psycho-
stimulants and cannabis findings were almost similar
levels in 2009, 38%, 48% and 48%, respectively.
Amphetamine was the most prevalent drug (35%),
compared to other drugs in the group of psychostimu-
lants. Methamphetamine, ecstasy and cocaine were pre-
sent in 19%, 3% and 2% of cases, respectively. During
the study period, the prevalence of amphetamine and
methamphetamine gradually increased from 25% to
36% and from 1% to 40%, respectively (Figure 2).
Methadone was the most common drug in the opi-
oids group (18%). Buprenorphine, fentanyl, oxycodone
and tramadol were found in 6%, 4%, 2% and 1% of
cases, respectively. Only a few cases were positive for
methadone or other opioids in 2000 (Figure 3). From
2000 to 2009, the prevalence of all opioids substan-
tially increased. Moreover, in many cases positive for
opioids, one or several other illicit drugs were also
found. The proportion of these multi-drug cases in-
creased from 50% to 72% during the study period.

Benzodiazepines and ethanol

Ethanol was found in 42% of drug users, while benzo-
diazepines and hypnotics were present in 66% of the
study population. The proportion of drug users positive
for ethanol was materially larger than the proportion of
those consuming benzodiazepines and hypnotics in
2000, 51% vs. 28%, respectively (Figure 4), whereas
the prevalence of benzodiazepines and hypnotics was
approximately twice as high as the prevalence of etha-
nol in 2009.

Diazepam and flunitrazepam were the most frequent-
ly found drugs in the benzodiazepines and hypnotics
group. They were found in 39% and 25% of cases, res-
pectively. Prevalence of other drugs in the benzo-
diazepines group was 17% for clonazepam, 13% for
nitrazepam, 12% for alprazolam, 12% for oxazepam,
6% for zopiclone, 1% for zolpidem and 1% for
fenazepam. Compared to 2000, significantly larger
proportions of diazepam (P < 0.001), clonazepam (P <
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Figure 1. Prevalence of illicit drugs findings in 15-64
year-old drug users".

' Psychostimulants: amphetamine, methamphetamine, MDMA
(ecstasy), cocaine.

% Opioids other than heroin: methadone, buprenorphine, fentanyl,
oxycodone, tramadol, pethidine.

* Two sided P value < 0.0001 for the difference in drug findings
between years 2000 and 2009.
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Figure 2. Prevalence of amphetamines and cocaine
findings in 15-64 year-old drug users'.

'Two sided P < 0.001 for the difference in amphetamine,
methamphetamine and MDMA findings between years 2000
and 2009, and P > 0.05 for cocaine.
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Figure 3. Prevalence of findings of opioids in 15-64 year-
old drug users'?.

' Opioids other than heroin: methadone, buprenorphine, fentanyl,
oxycodone, tramadol, pethidine.

2Two sided P value < 0.0001 for the difference in drug findings
between years 2000 and 2009.

0.0001), oxazepam (P < 0.0001), nitrazepam (P <
0.01), alprazolam (P < 0.0001), zopiclone (P < 0.0001)
and zolpidem (P < 0.05) were found in 2009. The
proportion of flunitrazepam declined substantially (P <
0.01) during the study period.



46

e Benzodiazepines mmemes Ethanol

90 -
80
70 A
60
50 A
40 A
30 A
20 A
10 ~

All cases (%)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Figure 4. Prevalence of benzodiazepines and ethanol
findings in 15-64 year-old users of illicit drugs'?.

' Benzodiazepnes and Z-hypnotics: diazepam, nitrazepam,
clonazepam, flunitrazepam, alprazolam, oxazepam, fenazepam,
zolpidem, zopiclone.

2 Two sided P < 0.001 for the difference in drug findings between
years 2000 and 2009.

0.0001), oxazepam (P < 0.0001), nitrazepam (P <
0.01), alprazolam (P < 0.0001), zopiclone (P < 0.0001)
and zolpidem (P < 0.05) were found in 2009. The
proportion of flunitrazepam declined substantially (P <
0.01) during the study period.

Polydrug use

The majority (66%) of the deceased in 2000 were posi-
tive for one or two drugs, while fewer individuals were
positive for three drugs or more (Figure 5). By con-
trast, in 2009 the proportion of cases positive for one
or two drugs was lower (33%), and those with more
than two drugs had doubled.

DISCUSSION

This study showed that the prevalence of illicit drugs
in forensic autopsy cases in Norway had declined from
2000 to 2009. The reduction was observed in 15-44
year-old men and women. Heroin, amphetamine, can-
nabis, ethanol and diazepam were the most frequently
found drugs in the deceased, but, during the study pe-

All cases (%)

2000
Figure 5. Number of drugs per case in 15-64 year-old drug users in 2000 and 2009'?.
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riod, the pattern of drug findings changed substantial-
ly. The prevalence of polydrug use doubled. Heroin,
ethanol and flunitrazepam became less common, while
drug combinations with amphetamine, methampheta-
mine, cannabis, diazepam, clonazepam and methadone
became more prevalent by 2009. During the study
period, the profile of deaths changed markedly from
young individuals mainly consuming heroin alone or
in a combination with ethanol, towards older individu-
als mainly misusing several drugs in combination.

One Nordic study has previously examined illicit
drugs in overdose mortality in Norway in 2002 and
2007 (2). In this study, the number of deceased who
tested positive for selected drugs declined from 2002
to 2007. A similar finding was observed in our study.
In our study, the observed reduction of drug positive
deaths from 2000 to 2009 was in line with a 10% de-
cline in forensic autopsies during the same period.

Our results confirmed earlier findings that drug po-
sitive deaths are mostly in men aged 25-44 years (2).
Our findings also demonstrated an increase in age for
both men and women from 2000 to 2009. The increase
in age may be expected because of the increase in
programmes supporting drug addicts and the fact that
more addicts are enrolled in opioid maintenance treat-
ment in Norway. Several studies on methadone main-
tenance treatment in opioid addicts demonstrated an
increase of life expectancy for this population (16).
The onset of polydrug use in older age can, however,
not be excluded.

Our finding that approximately half the deaths in-
volving illicit drug use relate to heroin consumption is
in agreement with previously published reports (2). The
observed decline from 2002 to 2009 could, however,
partly be accounted for by the decline of forensic exa-
minations during the period. Compared to heroin rela-
ted deaths, deaths involving other illicit drugs became
more common in 2009. A similar drug pattern has
previously been observed in fatal poisonings of drug
addicts (2). However, in this study the prevalence of

2009

' Number of drugs per case: ’1” indicates one drug, *2’ indicates two drugs and respectively.
2 Two-sided P values < 0,0001 for difference in number of drugs per case in 2009, compared to 2000.
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deceased who tested positive for amphetamines has
substantially increased from 2000 to 2009, and was al-
most at a similar level to heroin positive cases by 2009
despite of the decline in forensic examinations overall.
This observation has not previously been reported in
post-mortem cases. In addition, cases positive for other
opioids, including methadone, became more frequent
in 2009. Findings of illicit drugs in the majority of
opioid positive cases could support our assumption
about misuse of opioids and medicinal drugs by drug
addicts.

The majority of deceased drug users combined illi-
cit drugs with ethanol and/or benzodiazepines, and this
was also the case for fatal poisonings (2). In our study,
ethanol was the most used additional drug in 2000-
2001, while benzodiazepines became the most fre-
quently found drugs after 2001. The change in drug
pattern could probably be accounted for by the change
in preferences of drug users or/and the availability of
benzodiazepines on the illegal marked.

Our findings are in agreement with earlier reports
which show polydrug use in deceased drug addicts (2).
The increase in the number of polydrug positive cases

REFERENCES

47

from 2000 to 2009 could probably be explained by
misuse of both illicit drugs and the medicinal drugs
available through drug replacement therapy. However,
we cannot exclude the possibility of new polydrug
mixtures being available on the illegal market. Reduced
toxicity of drug combinations could probably reduce
overdose mortality (17). Thus, changed drug patterns
could reflect prolonged survival periods for illicit drug
users. In this context, our findings suggest that the
combined consumption of opioids and amphetamines
could possibly reduce overdose mortality. However,
this assumption needs more elaboration in future stu-
dies.

Conclusion

This study shows a modification in the profile of de-
ceased individuals positive for illicit drugs in Norway
from 2000 to 2009. The age of the deceased and drug
patterns changed over the study period. Abstinence
from heroin and ethanol use, while consuming psycho-
stimulants, cannabis, benzodiazepines and opioids is
associated with older age of the deceased. Moreover,
polydrug use became more common last years.
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