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Abstract

The aim of this study was to determine the pattern of benzodiazepine related deaths in Republic of North Macedonia. Retrospective
survey of post-mortem toxicology data from eight-year period, obtained from Laboratory of Forensic Toxicology was performed, including
cases with known gender, age, cause and manner of death and complete toxicology report. Post-mortem toxicology analyses were conducted
with Fluorescence Polarization/Enzymatic Immunoassay and Biochip Array Technology method for screening of urine and blood
respectively, and confirmation by GC-MS after solid phase extraction. Total of 1169 cases were investigated. Benzodiazepines were
detected in 30.05% of the cases, with statistically significant difference between cases of natural and of violent cause of death, as well as
between genders, but without statistically significant difference due to the age between both genders. Study revealed women were more
likely to use benzodiazepines with the median age to be 52.88 and 49.87 for males and females, respectively. According to post-mortem
toxicology data benzodiazepines are the most used drugs in our country. Of them, diazepam was found to be the most often used one. Data
analyses have shown that benzodiazepines were often combined with alcohol, psychoactive medicines and drugs of abuse. In 46.6% of all
cases with positive findings for benzodiazepines, use of drugs of abuse was detected, mostly heroine and methadone. Important note should
be given to the simultaneous use of benzodiazepines with heroine and methadone, which have resulted in increased number of fatal
intoxications. Further studies are needed to determine the reason for popular use of benzodiazepines among drug addicts.
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distinct mechanisms of action contribute to varying
degrees of the sedative-hypnotic, muscle relaxant,
anxiolytic and anticonvulsant effect of BZDs, but
inhibitory neurotransmitter process by acting on GABA
receptor is the main mechanism of action (Hobbs et al.,
1996). BZDs are considered to be one of the safest
psychotropic drugs, since there is basically no lethal
potential to benzodiazepine overdose when drug is taken
alone or in short-term occasional or intermittent use
(Heather, 1995; Salzman and Freeman, 1998; Shumiala,

Introduction

Benzodiazepines (BZDs) are widely prescribed
medicines in treatment of anxiety, tension, insomnia,
seizures, alcohol withdrawal, and also used for inducing
amnesia during uncomfortable procedures, before surgery,
panic attacks and stress reactions (Shumiala, 2018;
UNODC, 2017). There are suggestions that a number of
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2018). However, there are recommendations for BZDs use
as second-line agents for treatment of anxiety disorders due
to their long-term side effect as abuse and dependence
(Bystritsky et al., 2013). Long-term regular use in
therapeutic doses, and abuse/recreational use in high doses
can result with more serious adverse effects (Heather,
1995). Some experts divide the BZDs abuse in two groups:
the first one is recreational abuse in purpose of getting high
and the second one is unintentionally misuse over time, as
a result of tolerance and dependence in regular users of
BZDs, especially in high-dose therapy (Schmitz, 2016;
Shumiala, 2018). According to current Global SMART
Update, focus should be placed on the concomitant use of
BZDs and opioids, because non-medical use of BZDs in
combination with prescription opioids has resulted in a
growing number of deaths in USA. BZDs are also the most
common prescription medicines associated with acute
intoxication cases in Europe (UNODC, 2017; WHO, 2017).
Therefore, the purpose of this study was to determine the
pattern of BZD related deaths in Republic of North
Macedonia for eight years ranging from 2013 to 2020,
using post-mortem toxicological data.

Material and methods

The data used in this study were obtained from
toxicology reports of autopsied cases at the Institute of
Forensic Medicine, Criminology and Medical Deontology
in Skopje, Republic of Macedonia, for duration of eight
years (2013-2020).

The criteria for including data in this study are
identified age, gender, cause of death, manner of death and
complete toxicological analyses for each case. Only cases
with available samples as blood, urine and humour vitreous,
1169 cases in total, were analysed. Toxicological analyses
for determination of alcohol and general screening were
performed within seven days after autopsy, and were stored
in suitable containers at +4°C. In the cases where
confirmatory analyses were not conducted immediately
after screening, samples were stored at -20 °C until the time
of analysis.

Screening for psychoactive substances and the most
abused medicines was performed using Fluorescence
Polarization/Enzymatic  Immunoassay - FPIA/EIA
(AXSYM /Architect c4000, Abbott) for urine samples, and
Biochip Array Technology - BAT (Evidence investigator
Randox), for blood samples. Confirmatory tests were
conducted by Gas Chromatography with Mass
Spectrometer (GC-MS QP2010 Shimadzu, Japan).
Determination of alcohol concentration was performed
using headspace Gas Chromatography with Flame
lonization Detection (GC-FID 2010Plus Shimadzu, Japan).

Statistics

In this paper following statistical tests were used:
median, proportions (%) and Mann-Whitney U Test. A p
value below 0.05 was considered as significant.

Limitations of the study

This study was elaborated using data from toxicology
reports included only from autopsied cases at Institute of
Forensic Medicine, Criminology and Medical Deontology,
Skopje, Republic of North Macedonia, covering the area
for about 1 000 000 - 1 200 000 inhabitants compared to
about 2 000 000 inhabitants in all country. In this respect,
the presented results cannot be considered as national. The
real number of BZDs related deaths is much higher, but
cases with lack of data for at least one of the including
factors (age, gender, cause of death, manner of death and
complete toxicological analyses) were not subjected to
analysis in this study.

Results and discussion

The total number of 1169 cases was included in this
study, of which 331 cases with natural cause of death, while
the rest 838 cases with violent cause of death.
Benzodiazepines were detected in 30.2% of all cases (n =
353), with the highest rate of 42.19% in 2017 (Fig. 1). Out
of all BZDs registered in Republic of North Macedonia,
diazepam was the most frequently detected.

Age and gender distribution

In total autopsied cases, there were 950males and 219
females. Positive findings for BZDs were confirmed in
26.63% of males, and 44.95% of females. There were
statistically significant differences between genders
(Mann-Witney U Test =2, Z =-3.09812, p = 0.00194) with
a conclusion that women are more likely to use BZDs,
which is in agreement with the data from other studies
(Schmitz, 2016; Park et al., 2015; Vozoris and Leung,
2011). Gender distribution is presented in Fig. 2. The most
of all BZDs-related cases were individuals over 65 years
old, which is in accordance with the fact that tendency of
BZDs use increases with age (Dermengiu et al., 2013;
Schmitz, 2016). In addition, this population group is more
susceptible to adverse effects of BZDs due to the decreased
rate of metabolism, especially to over sedation. The median
age of the positive cases detected was 50.8 years (52.88 and
49.87 for males and females, respectively). However, the
difference between male and female BZD-related deaths
related to their age was insignificant (Mann-Witney U Test
=10, Z = 0.41779, p = 0.67448). Higher median age was
found in female cases compared to men subjects in 2017
(60.41 years and 48.3 years, respectively), but the analysis
of data in 2015 showed completely different age
distribution (43.21 years for female and 52.35 years for
male cases).

Distribution according to manner of death

BZDs were detected in 22.05% of cases with natural
cause of death, and 33.65% of cases with violent cause of
death. Violent death is any non-natural death, occurred as a
result of homicide, suicide or accident. There was
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Fig. 2. Gender distribution of BZDs-related deaths (%) for 8-year period (2013-2020).
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Table 1. Case distribution according to manner of death for 8-year period (2013-2020)
Natural cause Violent cause Homicides Suicides Accidents
of death of death
Year All BzZD All BzZD All BzZD All BzZD All BzD
cases positive cases positive cases positive cases positive cases positive
cases cases cases cases cases
2013 54 10 134 44 14 1 39 16 81 27
2014 30 7 85 28 17 6 26 15 42 7
2015 39 8 105 20 24 0 33 11 48 9
2016 63 11 119 42 8 1 41 22 70 19
2017 39 9 89 46 17 8 32 19 40 19
2018 35 6 91 27 6 4 23 7 62 16
2019 40 15 117 45 6 3 41 23 70 19
2020 31 7 98 30 4 2 36 19 58 9
Total 331 71 838 282 96 25 271 132 471 125
% 22.05 33.65 26.04 48.71 25.74

Distribution of death cases associated with the combined
use of benzodiazepines

Long-term BZD users are at risk to develop tolerance
and dependence. Despite these well-known BZD’s effects,
in post-mortem toxicology they are rarely identified as the
only drug involved in the death case, which is confirmed in
other studies (Abrahamsson et al., 2017; Sun et al., 2017).
In many fatal cases, the use of BZDs was generally
therapeutic. Out of all BZD-related deaths, in 48.15%
BZDs were the only detected substances in analysed
samples (biological fluids), while in 51.85% other
substances as alcohol, drugs of abuse and psychoactive
medications have been also identified. Distribution of the
BZDs combined use through the time was 58.82%, 62.86%,
42.86%, 52.83%, 43.6%, 45.45%, 45% and 43.42% in
2013, 2014, 2015, 2016, 2017, 2018, 2019 and 2020,
respectively. These data are summarized in Fig. 3.
Combination of BZDs and alcohol can be very dangerous,
because both substances are central nervous system (CNS)
depressants and their concomitant use can lead to
respiratory depression, coma or death (UNODC, 2017
White and Irvine, 1999). In our study concurrent use of
BZDs and alcohol was found in 54 cases, which is 29.67%
of the BZD-related deaths, with the highest rate of 44% in
2017.  Antidepressants, antipsychotic and  other
psychoactive medicines were detected in 24.7% of BZD-
related deaths with the highest rate of 36.36% in 2014.
Concomitant use of BZDs and barbiturates was found in
only two of all analysed cases. Nowadays, BZD use/abuse
as a recreational drug is a growing problem, mainly among
poly-drug and illicit drug abusers. According to EMCDDA,
12% of all opioid users who entered the treatment program
in 23 European countries, reported use of certain BZDs as
secondary drug problem. Drugs of abuse were found in
46.6% of all BZD-related deaths, with the highest rate of
60% in 2018. The reason for concurrent use of opioids and
BZDs sometimes is therapeutic, because these medications

are used for managing the mental health issues of opioid
users. Two studies have reported that 47% of the patients in
Spain, and 52% of Swiss patients in methadone treatment
were BZDs users (Fernandez Sobrino et al., 2009; Meiler et
al., 2005). Similar results are found in studies conducted
among opioid users in prisons. Namely, high risk opioid
users self-medicate BZDs to potentiate opioids effects
achieving euphoria, or to treat anxiety and insomnia,
adverse effects and withdrawal symptoms of substances
like cocaine and alcohol (Salzman and Freeman, 1998).
Combined use of BZDs with opioids, and other CNS
depressants increases the risk of non-fatal and fatal
overdose, which is more remarkable with increasing the
dose of each drug (Nicholls et al., 1993; Park et al., 2015;
UNODC, 2017). Despite this fact, the post-mortem
concentration of both drugs in drug related deaths (DRDs)
is often in therapeutic range (Hakkinen et al., 2014). Some
studies reported that BZDs are one of the most common
prescription medicines associated with intoxication cases
and they are involved in nearly 30% of opioid overdose
cases (Morasco etal., 2010; Saunders et al., 2012; UNODC,
2017). In our study BZDs were identified mostly in
combination with heroine and methadone. Similar results
have been reported in many other countries. Namely, BZDs
were identified in 67% of methadone and 31% of
heroine/morphine deaths in Slovenia, in 88% of DRD cases
in Finland, and 73% of DRD cases in Scotland (EMCDDA,
2018; Karlovsek, 2004). We have found that diazepam is
the most often used BZDs in all DRD cases. Comprising
this pattern, the analysed cases in our study were
correspondent to about 90% of the results reported in the
Slovenian study (Karlovesk, 2004). On the opposite,
alprazolam has been reported to be often used in
combination with illicit drugs (Jones and Holmgren, 2013).
Diazepam and alprazolam were found among the most
frequently involved drugs in drug overdose cases in the
USA (Hedegaard et. al., 2018). However, both BZDs are
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Fig. 3. BZD-related deaths distribution (%) in combination with alcohol, drugs of abuse and psychoactive medications.

highly prevalent in multi-drug deaths, together with other
BzDs with higher lipophilicity and shorter half-lives
(Schmitz, 2016). The concomitant use of BZDs and
opioids has resulted in increased number of fatalities in
Europe and North America (UNODC, 2017). Moreover,
the spread of BZDs on the illicit market as legitimate trade
medicines, as well as new psychoactive substances (NPSs)
which belong to this group, sold under street names “legal
BZDs”, “research chemicals” and “designer BZDs” is a
serious concern. These substances may have been
produced, but not approved by pharmaceutical companies,
or have been made by structure modification in clandestine
laboratories. Due to the variety of still unknown
pharmacological and toxicological properties of these
substances (Moosmannet al, 2015; UNDOC, 20164,
2017b), a lot of challenges have been raised yet to be
analysed and answered.

Conclusion

Considering the few limitations of this study, it can be
concluded that BZDs are the most used drugs in our
country according to the post-mortem toxicology data.
These medicines are frequently used by elderly, but it
should not be neglected that they are often detected in cases
with violent cause of death, regardless of age. Especially
notable is their simultaneous use with heroin and
methadone may result in fatal intoxications. Further studies
are needed in order to determine whether these drugs are
part of the treatment for solving the withdrawal symptoms
of patients enrolled in maintenance program or drug
addicts are regularly abusing them. In our country there is
no data for benzodiazepine type of NPSs entered on the
illicit market yet, but abuse and misuse of prescribed BZDs

Maken. dbapwm. ounr., 67 (2) 73 — 79 (2021)

remain to be sustainable problem needed profound
investigating approach.
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Pe3ume

MK Ananu3a Ha ynorpe0a Ha OeH30AMA3eNIMHM Kaj
cMpTHHU cayuyan Bo PenyOiauka CesepHa Makenonuja

Mapuja Byjapocka'”, 3opuna Boxxunocka®, Harama Burospany?,
Tama [lerpecka MBanoscka?, Anekcannap Crankos!, Bepuna ITomockal,
Tatjana Kagudxosa ITanoBcka 2

YUnemumym 3a cyocka meduyuna, KpUMUHAAUCMUKA U MEOUYUHCKA 0e0HmMOIo2ujd,

Meouyuncku gpaxynmem, Ynusepsumem ,, Ce. Kupun u Memoouj ",

Majra Tepesa 19, 1000 Cronje, Penyonuxa Ceseprna Makedonuja.
2Kamedpa no moxcuxonoauja, Hncmumym 3a npumenema é6uoxemuja,
Dapmayesmcku gaxynimem, Yuusepsumem ,, Ce. Kupun u Memoouj”,

Majra Tepesza 47, 1000 Cronje, Penyonuxa Cesepna Maxeoonuja.

Koayunu 360poBu: 3noynorpebda, 1uasenam, CMPTHOCT OBP3aHa CO JPOTH, HHTOKCHKAIKja, TOCTMOPTAIHU

Co 1ei1 1a ce aHaIM3upa yrnoTpedara Ha OCH30AMAa3CIMHK Kaj CMPTHUTE ciiy4an Bo PenyOsmka CeBepHa MakenoHuja,
CIpOBEJICHA € PETPOCIICKTHBHA CTY/IMja HA IIOCTMOPTAITHN TOKCHKOJIOIIKH TIOAATOIIH BO TIEPUOJ OJ1 OCYM TOAHHU, TOOHESHU
on maboparopujaTa 3a (hopeH3UIHA TOKCUKOJIOTHja Ipy VIHCTHTYTOT 3a CyICKa METUITIHA, KPUMHHAIHCTHKA U MEIAITTHCKA
JICOHTOJIOTHja, BKJIyYyBajKH I0/IaTOIHM 32 I10JI, BO3PACT, NPUYMHA 32 CMPT, HAUWH HAa HACTAHyBamke HA CMPT U KOMIUIETEH
TOKCUKOJIOIIKH HA0J. TOKCHKOJIOIIKMTE aHalM3M Ha IOCTMOPTAJHUTE MPHUMEpOoLr Oea CIPOBEJEHH CO NpPUMEHa Ha
(hiTyopecleHTHO MOoNa3upavKy/€H3UMCKA UMYHOTECTOBH M METOJl Ha OMOYMI TEXHOJOTHja 32 CKPUHUHT Ha MPUMEPOITH
ypHHA H KPB COOJIBETHO, KaKO U IMOTBPAHU aHAJHM3H CO IPHMEHA Ha TacHa XpoMaTorpaduja co MaceHa CIICKTPOMETpHja 110
uBpcTo-(hazHa excTpakiuja Ha npuMeponuTe. Bo cryaujata Oea BkiydeHu BKynHO 1169 cmpthu ciyuau. [IpucyctBo Ha
Oenzonmazenuun Oemre omnpexnencHo kaj 30,05% ox ciaydanTe, CO CTATHCTHUYKU 3HA4YajHA pa3jidKa IMOMEry CIy4auTe Ha
MPUPOJHA W HACHITHA CMPT, KaKo U MOMEry MOJIOBUTE, HO 03 CTATUCTHYKU 3Ha4ajHa pa3idka BO BO3pacTa MoMery JBara
nonia.Ox Jo0ueHuTe pe3ynTaTH MOXKe Jja ce 3aKIydd JieKa JKeHUTE MOYecTo yrnorpedyBaaT OCH30/IMa3euHH, a CpeHaTa
BO3PACT Ha MIOYMHATHTE 3a KOU € JOOKMEH MO3UTHBEH HAao 3a OeH30auaszenuuu ¢ 49,78 ronquuu Kaj sxkeHute u 52,88 roauHu
kaj mMaxurte. Co aHanmm3aTa Ha ToAaronuTe Oemie 3a0ene)kaHO NeKa OBaa TpyIa JIEKOBH 4YeCTO ce yrmorpeOyBa BO
KOMOHMHAIIMja CO eTHJT aJIKOXOJI, TICKHXOAKTHBHU JICKOBH U NICUXO0AKTHBHU CYTICTAHIIMK KOM TOJIIeKaT Ha 310ynorpeda. Kaj
46,6% op cirydanuTe CO MO3UTHBEH HAOJ 3a OeH30/1na3enuHu Oeire 3a0enexana ynotpeda Ha ICHXOAKTUBHY CYICTAHIUH
KOM TOJUISKAT Ha 3J10yNoTpeda, HajuecTo XeporH W MeTagoH. Cropes MocTMOPTAIHUTE TOAATOH, OEH30JMa3eTHHNTE
IpeTcTaByBaaT HajynoTpedyBaHa rpyrna JeKOBH BO HallaTa 3eMja, a iMa3ernam € HajynoTpeOyBaHHOT NPETCTaBHUK O OBaa
rpymna. Oco0eHo BaXKHO € J1a ce UCTaKHe JieKa 3aeTHUYKaTa yrnoTpeda Ha OCH30IMa3eMMHUTE CO XEPOUH U METAJOH MOXKE
Jia JIOBeJIe J10 3roJieMyBambe Ha Op0ojoT Ha MHTOKCHKAIIMHU CO JieTalleH ucxo. [1oTpeOHM ce moHATaMOIIHK JeTAIHH CTY NN
3a J1a ce AeuHMpa NpUYMHATA 32 MIMpoKaTa yrnoTpeda Ha OeH30/JMa3eMHI, 0COOCHO Mel'y 3aBUCHHUIIUTE O] ICHXOaKTHBHHU
CYIICTaHIWH.
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