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1. INTRODUCTION

In Estonia, life expectancy has increased since 1994. In 2019, it was 74.4 for
men and 82.8 for women (Statistics Estonia, 2021). Life expectancy in Estonia
is still lower than in European Union (EU), whereas gender difference is bigger
(World Health Organization, 2021). Gender gap is due, largely, to excess deaths
among men of working age, and often related to alcohol consumption.

Heavy alcohol consumption has been implicated as a major cause of pre-
mature mortality (Shield & Rehm, 2015; Rehm et al., 2019), with high levels of
hazardous drinking in the population (Jasilionis et al., 2020; Leon et al., 1997,
Popova et al., 2007). In Estonia, premature mortality, associated with excessive
alcohol consumption, is high, especially in men (Bogstrand et al., 2011; Rahu et
al., 2019). Another preventable cause of premature death of men in Estonia is
poisoning with psychotropic and other substances.

Alcohol can cause or be implicated in death in many ways, both through
acute direct and indirect pathways (Bogstrand et al., 2011), and as a result of
chronic effects on organs (Britton & McKee, 2000; Lahti et al., 2011; Leon et
al., 2010; Mikela, 1998; Persson et al., 2013). The amount and distribution of
alcohol- related causes of death depends, among other things, on the coding
practice and availability of relevant codes of causes of death.

In forensic medicine, chronic alcohol use and organ damage is determined
based on autopsy findings and, if available, deceased person’s medical records
and preliminary data provided by the police. Yet there are biochemical mea-
sures traditionally linked with hazardous drinking: gamma-glutamyl transferase
(GGT), aspartate aminotransferase (AST), alanine aminotransferase (ALT),
mean cell volume and carbohydrate-deficient transferrin (CDT). Novel markers
of detecting recent alcohol intake are ethyl glucuronide (EtG) and ethyl sulphate
(EtS) and phosphatidylethanol (PEth) for assessing long time alcohol exposure.
Alcohol biomarkers can be used in post mortem diagnostics of alcohol use, yet
their role needs to be determined.

It is important to find out the role of alcohol in causing damage to human
body as well as the magnitude of it affecting population health. One of the ways
of doing that is to carry out an autopsy-based study. Because of the complicated
nature of such studies there are very few of them, but still, they produce
valuable information. Similarly, it is important to assess and improve ways of
coding causes of death to reveal the role of alcohol in causing deaths, also as
reflected in mortality statistics at population level.

The present study explores deaths caused by alcohol among 25-54-years-old
working age men using an in-depth forensic autopsy analysis, explores the
coding problems of underlying cause of death in presence of multiple alcohol-
related pathologies and describes fatal poisonings caused by alcohol, psycho-
tropic and other substances among general population in Estonia. The study is
the first in Estonia to use in-depth forensic autopsy to explore the role of
alcohol in premature mortality.



2. REVIEW OF THE LITERATURE

Estonia is the most northern of the three Baltic countries, with high burden of
premature mortality, especially among men. Life expectancy is one of the mea-
sures to quantify the effect of premature mortality at population level and there-
fore the following paragraphs are dedicated to this topic.

2.1. Life expectancy in Estonia in the context
of European Union

Life expectancy has increased steeply since 1994 in Estonia. While in 1994 life
expectancy among men was 60.5 and among women 72.8, in 2019 it was 74.4
and 82.8, respectively (Statistics Estonia, 2021) (Figure 1). At the same time,
average life expectancy in EU increased steadily from 72.4 to 77.5 years for
men and from 78.1 to 83.5 among women in 1994-2015 (World Health Orga-
nization, 2021). Alcohol use is impacting life expectancy and has been high-
lighted as an important contributory reason for the differences in life expectancy
between eastern and western Europe (Danilova et al., 2020; McKee & Shkol-
nikov, 2001; Rehm et al., 2019). In 2015, the gender difference of life expec-
tancy was 8.8 years in Estonia compared to an average of 6.0 years in the EU.
The gender gap is due, largely, to excess deaths among men of working age in
Estonia, and often related to alcohol. Alcohol-related mortality accounted for
20-30% of the gender gap in life expectancy in eastern Europe (McCartney et
al., 2011; Trias-Llimés & Janssen, 2018).
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Figure 1. Life expectancy among men (M) and women (W) in Estonia and in European
Union (EU) average, 1995-2019 (Statistics Estonia, 2021; World Health Organization,
2021).
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2.2. Alcohol consumption in Estonia in the context of
European Union

Total domestic alcohol consumption

Total domestic adult (15 years and older) alcohol consumption (measured in
pure alcohol in litres per capita) increased from 11.4 to 14.8 in 2004-2007,
followed by a decrease to 10.0 in 2018 (10.4 in 2019) (Figure 2) (Estonian
Institute of Economic Research, 2020). At the same time average alcohol con-
sumption in EU decreased steadily from 11.2 to 9.9 in 2004-2016 (from 9.4 to
7.9 in WHO European Region) (World Health Organization, 2021).
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Figure 2. Total alcohol consumption among adults (15-years of age and older) in
Estonia, in Member States of EU and WHO European Region (Estonian Institute of
Economic Research, 2020; World Health Organization, 2021).

Alcohol consumption by beverage type

In Estonia, consumption of spirits (mainly vodka) among adult population (15
years and older) increased from 3.2 to 6.7 litres of pure alcohol per capita in
20002007, and thereafter decreased to 3.8 in 2019. The consumption of beer
increased from 4.4 to 5.3 in 2000-2007 and thereafter slightly decreased to 4.1
in 2019. The consumption of light beverages (e.g. cider, long drinks) increased
from 0.6 to 1.8 in 2000-2007 and thereafter decreased to 0.6 in 2019. Wine was
the one beverage type whose consumption increased most consistently since the
mid-2000s to 1.9 in 2019 (Estonian Institute of Economic Research, 2020).
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The use of surrogate, industrial and illegal alcohol is often more harmful
than common non-beverage alcohol use. Description and use of these types of
alcohol is therefore provided in the following section.

Surrogate alcohol consumption

Surrogate alcohol means manufactured substance containing up to 95% ethanol
by volume but not officially intended for drinking such as eau de cologne,
alcohol-containing medicines, fluids for lighting fires and industrial and techni-
cal spirits, including window cleaner) (McKee et al., 2005). Surrogate alcohol
drinking is an important component of hazardous drinking. In Izhevsk, Russia,
in a sample of men aged 25-54 years reported prevalence of surrogate alcohol
drinking was 7% in the middle of the first decade of this century (Tomkins et
al., 2007). In Estonia, questionnaire-based study reported the prevalence of
surrogate alcohol of 2.3% among 15-84-year-old men in 2006 (Parna & Leon,
2011). Surrogate alcohol drinking is often associated with alcohol-related
harms, including alcohol poisoning and multiple organ damage such as cardio-
myopathy, cirrhosis, and ischaemic heart disease (Leon et al., 2007).

Industrial and illegal alcohol consumption

Consumption of industrial spirits containing methanol or illegal alcoholic
beverages containing only methanol or mixed with alcohol have caused large
outbreaks e.g. in Czech Republic and in Norway (Hovda et al., 2005; Zakharov
et al., 2014). In Estonia, illegal alcohol drinking was the cause to death of 68
persons in September 2001 (Paasma et al., 2007). Death is caused by metabolic
acidosis from the production of formic and lactic acids, selective toxicity to
optical nerve and basal ganglia are well known. In Estonia, illegal alcohol sale
decreased from 1.3 litres of pure alcohol per capita (15 years and older) in 2003
to 0.3 in 2019 (Estonian Institute of Economic Research, 2020).

2.3. Alcohol-related harm

In a recent systematic review, 255 reviews and meta-analyses were identified
and analysed on alcohol consumption and health outcomes attributable to
alcohol use (Rehm et al., 2017). Alcohol use was found to be linked causally to
many disease and injury categories, with more than forty 10™ revision of ICD-
10 categories being fully attributable to alcohol.

Alcohol related harm depends on the concentration and volume of alcohol
drunk, as well as pattern of drinking. Particularly spirits, which are more po-
pular in eastern Europe, have stronger health effects (World Health Organi-
zation, 2019). While in the beginning of 2000s strong alcoholic beverages were
the most consumed in Estonia, since 2010, consumption of beer measured in
pure alcohol per capita has been more prevalent in Estonia (Estonian Institute of
Economic Research, 2020; Pdrna, 2020) eventually hopefully alleviating the
burden of alcohol related harm.

12



The pattern of alcohol use also determines the extent of alcohol-related harm
in human body, and some of the patterns are more hazardous or even harmful.
In Estonia, in parallel with total alcohol consumption, the proportion of men
drinking more than 280 g pure alcohol a week increased in 1994-2006 (Parna et
al., 2010). Compared to Finland, the proportion of heavily drinking men per
week was about the same in 1994, but nearly 1.5 times higher in 2006 in
Estonia (23.2% and 16.2%, respectively, in 2006). Age-period-cohort analyses
in Estonia showed that alcohol consumption among 16—64-years-old men and
women increased in 19962018 (for men from daily mean of 11.5 g to 15.2 g)
(Baburin et al., 2020).

Heavy episodic drinking (defined as 60 or more grams of pure alcohol on at
least one single occasion at least once per month), that was more common in the
former Soviet Union, is associated with alcohol-related harm (Pomerleau et al.,
2008).

Given the limitations of biomarkers in determining the role of alcohol, and
the long time for alcohol exposure to take effect, the outcome at organ level is
very difficult to be measured in those subjects. Often the most measurable end-
points are detected when people die, and for this reason alcohol-related harm is
described in relation to mortality and provided in the following section.

2.4. Alcohol-related mortality

Conditions related to alcohol and substance use represent the largest proportion
of preventable causes of death. Alcohol accounts for a high proportion of
premature mortality in Europe (Rehm et al., 2019; Shield & Rehm, 2015), but
heavy drinking has been regarded as an especially important contributor to the
high premature mortality rates during the last decades in central and eastern
Europe, particularly in countries of the former Soviet Union (Jasilionis et al.,
2020; Leon et al., 1997; Popova et al., 2007). In Estonia, premature mortality,
associated with excessive alcohol consumption, is high, especially in men
(Rahu et al., 2019).

Alcohol can cause or be implicated in death in many ways, both through
acute direct (e.g. alcohol poisoning) and indirect (injuries and violence) path-
ways (Bogstrand et al., 2011), and as a result of chronic effects on organs such
as the digestive and cardiovascular systems (Britton and McKee, 2000; Lahti et
al., 2011; Leon et al., 2010; Makel4, 1998; Persson et al., 2013).

In a study based on data from 17 European countries, deaths from alcoholic
psychosis, dependence, and abuse; alcoholic cardiomyopathy; alcoholic liver
cirrhosis; and accidental poisoning by alcohol was analysed (Mackenbach et al.,
2015). Mortality from all alcohol-related causes together was highest in Hun-
gary, both among men and women, with age-standardized mortality rates of
198.1 (95% CI 195.1-200.9) and 51.4 (95% CI 50.0-52.7) deaths per 100 000
person-years, respectively, mainly due to extremely high mortality from alco-

13



holic liver cirrhosis. Alcoholic psychosis, dependence, and abuse mortality was
highest in Denmark, and alcohol poisoning mortality was highest in Estonia.

Twenty-nine countries within the World Health Organization (WHO) Euro-
pean region were evaluated for trends in alcohol-related deaths (Pruckner et al.,
2019). Between 1979 and 2015, age-standardized death rates due to selected
alcohol-related causes (cancer of oesophagus and larynx, ICD-10 codes: C15,
C32; mental and behavioural disorders due to use of alcohol, F10; chronic liver
disease and cirrhosis: K70, K73, K74, K76; and all external causes including traf-
fic accidents, falls, drowning and assault) decreased significantly for both sexes in
all assessed countries of the WHO European region, but regional differences were
still pronounced. Previously, alcoholic liver cirrhosis mortality rates in Estonia in
19922008 have been studied (Pdrna & Rahu, 2010), concluding that mortality
from alcoholic liver cirrhosis increased steeply over this time period.

As for Estonia, total alcohol related mortality decreased between 2008-2019
(Figure 3): it was 52.0 per 100 000 inhabitants in 2008, and 38.2 in 2019. As for
specific alcohol related causes of death, alcoholic liver disease (K70) decreased
from 18.8 per 100 000 in 2008 to 11.4 in 2012 and thereafter increased to 20.0 in
2019. Mortality from mental and behavioural disorders due to use of alcohol
(F10) decreased steadily from 11.7 to 3.5 in 2008-2019. Mortality from acci-
dental poisoning by exposure to alcohol (X45) was quite stable over two decades
being 9.8 in 2008 and 7.5 in 2019. Alcoholic cardiomyopathy (142.6) mortality
decreased steadily from 10.2 in 2008 to 3.7 in 2019. Mortality from other causes
(Degeneration of nervous system due to alcohol — G32.1; Alcoholic polyneuro-
pathy — G62.1; Alcoholic gastritis — K29.2; Alcohol-induced chronic pancreatitis
—K86.0) was stable in 2008—2016 and thereafter increased to 3.4 in 2019.
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Figure 3. Crude alcohol-related mortality rate per 100 000 inhabitants in Estonia, 2008—
2019 (Health Statistics and Health Research Database, 2021).
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2.4.1. Alcohol-related mortality caused by acute direct pathways

Alcohol poisoning

Deaths caused by alcohol poisoning — excessive amount of alcohol ingested
leading to the depression of the respiratory centre in brain or over aspiration of
gastric content to asphyxia are the most frequent causes of poisoning deaths in
Estonia. Blood alcohol concentration (BAC) is the main indicator of acute
alcohol poisoning. The criterion for lethal alcohol intoxication is BAC value
over 3.0 mg/g (Drummer & Odell, 2001). Finnish study of alcohol-positive
deaths has shown similar results: the average/median BAC was 3.3/3.3%o in
poisonings where alcohol was the only or main intoxicant and 3.5/3.5%0 where
alcohol was the sole intoxicant (Lahti et al.,, 2011). BAC values in alcohol
poisonings can be lower depending on co-existing health conditions and
diseases, and other drugs involved. Still, most of the lethal ethanol intoxications
are mono-intoxications i.e. involving only one substance (Jones et al., 2011).

2.4.2. Alcohol-related mortality caused by indirect pathways

Alcohol-related injury deaths

Three main groups among injury death are accidents (traffic accidents, fire
accidents, drowning, falling, hypothermia), suicides and homicides. Figure 4
shows crude mortality rates from different types of accidents, suicides and
homicides in 2005-2019 in Estonia.

20

15

10

Crude mortality rate per 100 000 inhabitants

0 . . . . . . . . . . .
BN R PN P Y. . Y. Pt L It

Traffic accidents — — — Fire accidents ----- Drowning — - = Falling — — Hypothermia — - - Suicides -+ Homicides

Figure 4. Deaths caused by indirect pathways in 2005-2019 in Estonia (Health
Statistics and Health Research Database, 2021).
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Accidents

Crude mortality rate for accidents decreased from 81.9 per 100 000 inhabitants
in 2005 to 38.1 in 2019 in Estonia.

The crude mortality rate for traffic and fire accidents, drowning and hypo-
thermia decreased in 2005-2019 in Estonia, but mortality from falls fluctuated
(Figure 4). In 2005-2019, crude mortality rate for traffic accidents (V01-V99,
Y85) decreased from 15.1 to 3.9, for fire accidents (X00—-X09) from 10.0 to 3.1,
for drowning (W65-W74) from 4.4 to 2.1, for fallings (W00-W19) fluctuated
between 9.4 and 8.7 and for hypothermia (X31) decreased from 11.2 to 5.1 per
100 000 inhabitants in Estonia.

Table 1 shows the proportions of fatalities by alcohol intoxication, which are
rather remarkable, especially for some of the causes of death. The proportion
(%) of fatalities with high (>2.5mg/g) alcohol intoxication varied between 4.0%
and 20.7% for traffic accidents, 16.4% and 41.7% for fire accidents, 11.1% and
25.8% for drownings, 5.8% and 14.3% for fallings and between 2.7% and
12.9% for hypothermia in 2014-2019 in Estonia (Estonian Institute of Econo-
mic Research, 2020).

Suicides

Crude mortality rate for suicides (X60-X84, Y87.0) decreased from 20.2 per
100 000 inhabitants in 2005 to 14.6 in 2019 in Estonia (Figure 4). Table 1
shows that about one third of persons committed suicide had alcohol intoxi-
cation (at least 0.2 mg/g) in 2014-2019 in Estonia. Among these, the proportion
of persons with high alcohol intoxication (>2.5 mg/g) varied from 4.1% to
11.0% over these years.

The association between alcohol use and suicide has been proven in several
studies (Akechi et al., 2006). A systematic review of literature (Kd&lves et al.,
2020) concluded that alcohol policies for reduction of alcohol-related harm
were in majority associated with reduced suicides across Western and Eastern
Europe, as well as the US.

Homicides

Crude mortality rate for homicides (X85-Y09, Y87.1) decreased from 9.1 per
100 000 inhabitants in 2005 to 2.0 in 2019 in Estonia (Figure 4).

Table 1 shows that more than half of homicide victims had alcohol intoxi-
cation (at least 0.2 mg/g) in 2014-2019 in Estonia. Among these, the proportion
of persons with high alcohol intoxication (>2.5 mg/g) varied from 28.6% to
37.2% over these years.

16



Table 1. Proportion (%) of fatalities by alcohol intoxication* among external causes of
death caused by indirect pathway, 2014-2019 (Estonian Institute of Economic Re-

search, 2020)

Fatalities by alcohol intoxication 2014 2015 2016 2017 2018 2019
Traffic accidents (drivers, pedestrians, cyclists)
High 14.3 19.3  20.7 4.0 11.1 5.3
Moderate 18.2 21.0 138 10.0 14.3 17.5
Low 5.2 1.6 6.9 4.0 6.3 7.0
Sober 49.3 46.8 46.6 62.0 49.2 49.1
Condition not determined 13.0 11.3 12.1 20.0 19.0 21.1
Fire accidents
High 34.6 309 244 24.5 16.4 41.7
Moderate 18.4 182 219 204 18.0 42
Low 14.3 54 122 10.2 18.0 42
Sober 24.5 273 293 28.6 37.7 33.3
Condition not determined 8.2 18.2 12.2 16.3 9.8 16.7
Drowning
High 25.8 11.1 17.5 19.5 13.6 18.4
Moderate 19.4 16.7 17.5 19.5 25.0 31.6
Low 11.3 13.9 5.0 4.9 6.8 10.5
Sober 40.3 52.8  60.0 512 432 34.2
Condition not determined 3.2 5.5 0.0 4.9 114 5.3
Falling
High 14.3 9.1 5.8 10.3 10.8 10.3
Moderate 13.0 6.1 8.1 11.5 9.5 5.9
Low 6.5 7.1 35 5.1 12.2 16.2
Sober 24.7 333 349 30.8 21.6 36.8
Condition not determined 41.5 4.4 477 423 459 30.9
Hypothermia
High 6.4 2.7 12.9 9.8 9.3 6.2
Moderate 27.7 243 257 146 222 16.9
Low 17.0 18.9 17.1 24.4 13.0 21.5
Sober 38.3 40.6  40.0 414 519 49.2
Condition not determined 10.6 13.5 43 9.8 3.7 6.2
Suicide
High 6.9 5.5 11.0 6.4 4.1 4.7
Moderate 17.7 17.7 9.2 16.7 14.2 12.6
Low 12.1 8.8 11.7 16.7 10.7 15.3
Sober 54.6 63.0 60.7 56.0 66.5 64.7
Condition not determined 8.7 5.0 7.4 4.2 4.6 2.6
Homicide
High 30.8 372 286 355 370 34.6
Moderate 17.9 16.3 114 22.6 14.8 11.5
Low 7.7 11.6 17.1 9.7 0.0 0.0
Sober 35.9 16.3 28.6 22.6 259 19.2
Condition not determined 7.7 18.6 14.3 97 222 34.6

*Alcohol intoxication (high: more than 2.5 mg/g; moderate: 1.5-2.5 mg/g; low: 0.2—-1.5 mg/g)
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2.4.3. Alcohol-related mortality caused by chronic conditions

In Estonia the main chronic conditions contributing to alcohol-related mortality
are alcoholic liver disease, pancreatitis, and cardiomyopathy. Thus, morpho-
logical alterations of liver, heart, pancreas, but also lung and gut (intestine) are
common findings in alcohol use. Yet these conditions are very hard to detect as
practice of coding them as underlying causes of death is not standardised and
thus statistics about these pathologies are distorted. If coded as accompanying
diseases of death, they are not reflected in routine mortality statistics and only
special autopsy studies can shed light on the magnitude of the problem.

2.5. Alcohol-related organ damage

2.5.1. Liver damage

Chronic alcohol use results in alcoholic liver disease, which is one of the most
important causes of deaths caused by alcohol. Review and meta-analyses of
several cohort and case control studies showed that consuming five or more
drinks daily increased risk for liver cirrhosis both in men and women, and the
risk for women was higher consistently even in lower amounts of alcohol intake
(Roerecke et al., 2019). Alcoholic liver disease includes hepatic steatosis, alco-
holic hepatitis, liver fibrosis and cirrhosis, and finally, hepatocellular carcinoma
may develop.

The severity and progression of alcoholic liver disease varies between indi-
viduals correlating to the duration and amounts of alcohol intake (Chacko &
Reinus, 2016). This is also influenced by co-existing conditions e.g. viral hepa-
titis and obesity (strongly associated with non-alcoholic fatty liver disease)
(Zakhari, 2013). Although alcoholic steatosis is reversible with abstinence,
continuous consumption of alcohol of over 30 (40) g per day, related to
development of fibrosis and cirrhosis, have adverse effect on the outcome of
most liver diseases (Hagstrom, 2017; Teli et al., 1995).

More than 90% of individuals consuming large amounts of alcohol develop
steatosis. This is one of the earliest responses of the liver to alcohol abuse and is
due to an accumulation of lipid droplets in hepatocytes (Philips et al., 2019;
Schulze & Ding, 2019). Hepatocytes are injured by alcohol and its metabolites
by various mechanisms leading to oxidative stress, endoplasmatic reticulum and
mitochondrial stress. Alcohol causes, directly or indirectly, a rise in the activity
of lipogenic pathways and decrease in mitochondrial B-oxidation — catabolic
pathway for degradation of stored fatty acids. Furthermore, reactive oxygen spe-
cies due to CYP2E1 activity can lead to apoptosis (Schulze & Ding, 2019).
Alcoholic hepatitis, characterised by liver tissue infiltration with neutrophils
and cellular injury, is believed to develop in 10-30% of alcohol abusers (Gao &
Bataller, 2011). Histological features of alcoholic hepatitis, in addition to
neutrophilic reaction, are swelling/ballooning and necrosis of hepatocytes, pre-
sence of Mallory bodies and sinusoidal and perivenular fibrosis; sometimes
periportal fibrosis can predominate (Cotran et al., 1999). The severity of
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alcoholic hepatitis can differ remarkably and may lead to life-threatening liver
failure (Gao & Bataller, 2011; Philips et al., 2019). Liver fibrosis is especially
characterised by increased fibrogenesis, with overproduction of collagens,
glycoproteins, proteoglycans and glycosaminoglycans by activated stellate cells
and myofibroblasts (Stickel et al., 2017).

Liver cirrhosis is the end stage of the alcoholic liver disease or any other
chronic liver disease histologically characterised by development of fibrous
septa, abnormal nodular structure and changes in (micro)vascular structure of
liver with formation of shunts between afferent and efferent vessels (Schuppan
& Afdhal, 2008; Tsochatzis et al., 2014). Clinically decompensation of liver
cirrhosis is indicated by ascites, icterus, bleeding from oesophageal and gastric
varices or encephalopathy (Tsochatzis et al., 2014). Cirrhosis is frequently
accompanied with infections that increase the mortality four times (Arvaniti et
al., 2010). Liver dysfunction causes deficiencies of defence mechanisms, parti-
cularly due to decreased activity of endoplasmatic reticulum, reduced number
and function of Kupffer cells (Thalheimer et al., 2005). The most common
infections in cirrhotic patients are urinary and respiratory tract infections,
spontaneous bacterial peritonitis and bacteraemia (Navasa et al., 1997). Alco-
holic liver cirrhosis is a risk factor for development of hepatocellular carcinoma,
co-existing smoking and obesity increasing this risk (Singal et al., 2018). Seve-
ral studies and authors suggest that genetics modify the occurrence and persons
susceptibility to develop alcohol use disorder as well as alcoholic liver disease
(Seitz et al., 2018).

2.5.2. Pancreatic damage

Pancreatic damage caused by alcohol can cause acute and chronic alcohol-related
pancreatitis. There are several co-existing pathways of alcohol induced damage to
the pancreas — the direct cellular toxicity of alcohol and its metabolites, ob-
struction of pancreatic ducts and autodigestion (Irving et al., 2009). Oxidative
metabolism in comparison with non-oxidative is low in pancreas, and nonoxi-
dative metabolism is resulting in formation of fatty acid ethyl esters (Clemens &
Mahan, 2010) responsible for activation of proinflammatory cytokines, increasing
fragility of lysosomes of acinar cells and have its role in formation of fibrosis. As
in liver, injury of stellate cells in pancreas is associated to tissue fibrosis.

Acute pancreatitis with its pancreatic and general complications: pancreatic
or peripancreatic fat tissue necrosis and formation of pseudocysts, pleural and
pericardial effusions and renal failure, has extremely high mortality (Waldthaler
et al., 2010). Attacks of acute pancreatitis may precede chronic pancreatitis. The
most common adverse outcomes of chronic pancreatitis include in addition to
chronic abdominal pain diabetes mellitus foremost due to insulin deficiency and
insulin resistance, exocrine pancreatic insufficiency and metabolic bone disease
(Hart & Conwell, 2020). Histological findings typical for chronic pancreatitis
are atrophy e.g. acinar tissue loss and perilobular and interlobular fibrosis, pseu-
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docysts and necrosis are also more frequent in alcoholic chronic pancreatitis
than in other forms of the disease (Conwell et al., 2014).

Recent systematic review and meta-analyses of published relevant literature
by Singhvi and colleagues showed that approximately 40% of patients with
alcoholic pancreatitis had coexisting alcoholic liver disease (Singhvi et al.,
2020). A study assessing risk factors for chronic pancreatitis in North America
found that smoking was implicated in less than 10% of cases while alcohol was
in 53%, and two or more risk factors were present in approximately in 70% of
cases (Conwell et al., 2017).

2.5.3. Heart damage

Heavy alcohol intake is related to different cardiovascular diseases including
alcoholic cardiomyopathy, hypertension, coronary artery disease and arrhyth-
mias (Klatsky, 2010).

Alcoholic cardiomyopathy is a form of acquired or secondary dilated cardio-
myopathy with left or both ventricles dilatation and dysfunction, leading to
heart failure. This diagnosis is established per exclusionem in case of chronic
alcohol abuse and no other evident cause of dilative cardiomyopathy present.
Different authors suggest that the alcohol consumption over 80 g daily during at
least 5 years is required to diagnose alcoholic cardiomyopathy (Mirijello et al.,
2017; Weintraub et al., 2017), and there is association between longer duration
of alcohol abuse and symptomatic alcoholic cardiomyopathy (Piano & Phillips,
2014). The exact prevalence of alcoholic cardiomyopathy is not known,
probably due to difficulties and varieties of practice in coding this disease. The
number of alcoholic cardiomyopathy cases in individuals with dilative cardio-
myopathy varies greatly from 3% to 47% according to different studies in
America and Europe (Guzzo-Merello et al., 2014). Alcoholic cardiomyopathy is
more common in men, but women may develop this condition earlier and with
lower amount of alcohol used (George & Figueredo, 2011). Recent Finnish
study confirmed that alcoholic cardiomyopathy remains frequently un-diag-
nosed pre mortem despite heavy drinking has been present (Hietanen et al.,
2020).

Histological findings in alcoholic cardiomyopathy are nonspecific: intersti-
tial and endocardial fibrosis of various degrees and various size of muscle cells
are main changes (Cotran et al., 1999; Guzzo-Merello et al., 2014). The
development of alcoholic cardiomyopathy is multifactorial and depending on
individual susceptibility; cells are injured by ethanol and acetaldehyde. Patho-
physiologic mechanisms contributing to development of alcoholic cardio-
myopathy are oxidative stress, apoptosis, dysfunction of intracellular organelles,
alterations calcium transient and myofibril calcium sensitivity, changes in myo-
filament structure and their function, activation of renin-angiotensin and
catecholaminergic system. The genetic predisposition to development of alco-
holic cardiomyopathy has also been determined (Ware et al., 2018).
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Recent systematic meta-analyses of articles about chronic alcohol con-
sumption linked to the atrial fibrillation showed that high alcohol intake in-
creases the risk of atrial fibrillation generally and moderate intake in males
(Gallagher et al., 2017), acute alcohol intake, especially binge drinking has been
known as a causative factor of arrhythmias for a long time (Tonelo et al., 2013).
Arrhythmias may play role in sudden unexplained death in alcohol misuse, as
well. This diagnose is used in United Kingdom in case of deceased with back-
ground of chronic alcohol use, liver steatosis and no sign of cardiac abnormality
or acute alcohol toxicity (Sorkin & Sheppard, 2017). The relation of excessive
alcohol use and hypertension has been proved by different studies, and alcohol
related hypertension is common reversible form of hypertension (Klatsky,
2010). Regular alcohol use increases blood pressure depending on dose with
relative risk for hypertension 1.7 for 50 g ethanol/day and 2.5 at 100 g/day (Day
& Rudd, 2019). Recent multicenter case-cohort study involving eight European
countries confirmed alcohol consumption as a risk of ischemic and hemorrhagic
stroke and previously known J-shaped nonlinear association between alcohol
and coronary artery disease (Ricci et al., 2018).

2.5.4. Gastrointestinal tract damage

As in other organ systems, alcohol has its acute and chronic adverse effect on
gastrointestinal tract. Mallory-Weiss syndrome — esophageal tears caused by
vomiting occur usually after recent intake of a considerable amount of alcohol
(Bujanda, 2000; Michel et al., 1980). Acute alcohol intake is also related to
increase of gastroesophageal reflux caused by motility disorders and decreased
lower sphincter tone of the esophagus (Franke et al., 2005). Although alcohol
damages gastric mucosa, the relationship between alcohol abuse and chronic
gastritis has not been clearly proven, and it has been even shown that modest
alcohol consumption may have a protective effect against Helicobacter Pylori
infection (Bujanda, 2000; Franke et al., 2005; Taylor et al., 2005). Development
of acute erosive and hemorrhagic gastritis after alcohol consumption has been
proven experimentally with mucosal damage being dose dependent (Knoll et al.,
1998). Esophageal and gastric varices develop as complication of liver cirrhosis,
as liver tissue fibrosis and increased vascular resistance lead to portal hyper-
tension (Lesmana et al., 2020) and can result in lethal bleeding. Arakawa and
colleagues according to their study of varices had come to the result that
ruptured varices of fundus may cause more significant bleeding than esophageal
or cardiac varices, and the exact site of rupture in esophagus is hard to deter-
mine (Arakawa et al., 2002). The effects of alcohol on acid secretion in stomach
and gastric emptying are variable depending on alcohol concentration and type
of alcohol ingested (Bujanda, 2000). In the intestine chronic alcohol intake
causes dysbiosis and bacterial overgrowth that may contribute to increased
permeability and endotoxemia with endotoxins entering liver, and in this way,
alcohol caused inflammatory process of intestines contributes to liver injury
(Bishehsari et al., 2017; Bujanda, 2000; Engen et al., 2015).
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2.5.5. Lung damage

Chronic alcohol abuse is a risk factor for respiratory diseases including pneu-
monia, chronic obstructive pulmonary disease and acute respiratory distress
syndrome (Kaphalia & Calhoun, 2013). A review of community acquired pneu-
monias found more than eight times increased risk of pneumonia in alcohol
abusers with dose-response relationship (Samokhvalov et al., 2010). All types
of bacterial pneumonias are more common in alcohol abusers. The pathogens,
Streptococcus pneumoniae being the most frequent, causing pneumonia do not
differ from those in the general population (Gamble et al., 2006). At the same
time, it has been observed that in alcoholic patients there is increased incidence
of Gram-negative pathogens, especially Klebsiella pneumoniae, high frequency
of complications and poorer outcome (Gamble et al., 2006; Zhang et al., 2008).
In the most common ways heavy alcohol consumption increases the risk of
pneumonia are airways colonization with pathogens potentially associated with
aspiration of gastric content, compounded by decreased mucociliary barrier of
upper airways and impaired pulmonary host defenses (Kershaw & Guidot,
2008). Furthermore, infection with Mycobacterium tuberculosis has higher inci-
dence in alcohol abusers, influenced by persons lower socioeconomic status and
immune-altering effects of alcohol (Gamble et al., 2006). Acute respiratory
distress syndrome is more likely to develop in critically ill persons with chronic
alcohol use history as their lungs are more vulnerable to oxidative stress, but it
is possible that other factors e.g. liver cirrhosis and aspiration are contributing
in development of acute respiratory distress syndrome (Thakur et al., 2009).

2.5.6. Brain damage

Alcohol has acute and chronic adverse effects on brain causing chronic neuro-
degeneration and also contributing to brain injuries and stroke (de la Monte &
Kril, 2014). Acute alcohol poisoning can cause fatal brain edema, also result in
fatal hemorrhage in different brain regions — ventral diencephalon, mesence-
phalon and basal ganglia (de la Monte & Kril, 2014). Different studies have
shown that in alcoholics the decrease of brain weight and volume is caused
mainly by white matter loss, especially in prefrontal region, and is caused most
likely by changes in myelination and microstructural integrity of axons ( Harper
& Matsumoto, 2005). In brain astrocytes, oligodendrocytes and synapsis are
considered to be the most vulnerable to alcohol toxicity, changes in dendritic
arbors have been described in autopsy material by Harper and Corbett (Harper
& Corbett, 1990). Cerebellar degeneration causing ataxia in chronic alcoholics
can occur with or without micronutrient deficiency (Noble & Weimer, 2014),
while vermis and Purkinjé cells being most commonly affected (de la Monte &
Kril, 2014). In case of severe liver damage — cirrhosis and dysfunction with
failure, hepatic encephalopathy can develop. Reduced liver function causes in-
crease of serum ammonia levels, which have neurotoxic effects (Butterworth,
2000) and neuropathological, morphological and functional changes appear in
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astrocytes. Furthermore, malnutrition and alcohol’s inhibitory effects of thia-
mine absorption, cause increased incidence of Wernicke’s encephalopathy in
chronic alcohol abusers (de la Monte & Kril, 2014). Brain tissue injury via inhi-
bited metabolism occurs mostly in structures surrounding the third and fourth
ventricles, aqueduct and especially in mammillary bodies (Sinha et al., 2019).

2.6. Alcohol-related biomarkers

In forensic medicine, chronic alcohol abuse is usually determined according to
autopsy findings (macroscopically and on histological examination) and, if
available, deceased person’s medical records and preliminary data provided by
the police. Acute intoxication is diagnosed by detecting ethanol in different body
fluids. Besides this, there are several markers of acute as well as of chronic alco-
hol consumption used in clinical practice and in post mortem diagnostics.
Determination of alcohol biomarkers is also important in other situations, e.g.
verifying abstinence after confiscation of driving licence, proving alcohol
abstinence objectively or excessive use in clinical aspect (Andresen-Streichert et
al., 2018). Alcohol biomarkers are divided into indirect, such as aspartate amino-
transferase (AST), alanine aminotransferase (ALT), gamma-glutamyl transferase
(GGT) and mean corpuscular volume (MCV), and direct markers of alcohol,
such as ethyl glucuronide (EtG), ethyl sulphate (EtS), phosphatidyl ethanol
(PEth).

In order to verify chronic alcohol abuse, analyses of serum AST, ALT and
GGT levels and mean corpuscular volume (MCV) have been widely used in
clinical practice, and carbohydrate-deficient transferrin (CDT) has also been
considered to be one of the conventional markers of alcohol use (Rainio et al.,
2008; Andresen-Streichert et al., 2018). Above mentioned AST, ALT and GGT
identify long-term (months-years) excessive alcohol use, but have low sensiti-
vity for recent alcohol abuse (Helander, 2003). At the same time their use as
diagnostic tool for alcohol consumption is problematic for their low sensitivity
and specificity, except CDT (Jastrzgbska et al., 2016). Increased MCV, for
example, indicating folate or B12 vitamin deficiency does not differentiate the
alcoholic or non-alcoholic cause of the condition (Walsham & Sherwood,
2014). Abnormalities in liver enzyme (GGT or ALT) activities may be the first
signs of alcohol abuse, but at the same time they can indicate existing non-
alcoholic fatty liver disease or overlapping alcoholic and non-alcoholic liver
pathology (Niemeld, 2016; Tsai et al., 2012; Yki-Jarvinen, 2014). The recent
population binge drinking and lifestyle study showed significant increase of
GGT in men and women in association with increasing frequencies of binge
drinking and the same trend was observed for ALT in men; also increase of
ALT and GGT was found in those with heavy drinking episodes at least once a
month. In women, GGT values were significantly increased in groups with
heavy drinking episodes at least once a week (Nivukoski et al., 2019). As AST
is present not only in hepatocytes, but in skeletal muscle and heart tissue,
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kidneys and brain, its activity elevation is often increased due to extrahepatic
reasons. Interpreted together, AST/ALT ratio over two has been considered sug-
gestive of alcoholic aetiology (Pratt & Kaplan, 2000). Elevated liver amino-
transferases and AST/ALT ratios have, however, also been reported from non-
alcoholic steatohepatitis patients with a high fibrosis risk as markers to monitor
and evaluate changes in inflammation (Suzuki et al., 2006). Post mortem
evaluation of AST and ALT is problematic due to usual prolonged period before
autopsy — long post mortem interval — that causes haemolysis and leads to
unreliable values of activity of mentioned liver enzymes, as it was shown in
Estonian study of alcohol and premature death. GGT is less sensitive to post
mortem interval (Fumeaux et al., 2018).

CDT is a specific, but not very sensitive biomarker. This has been the first
alcohol-specific routine biomarker to indicate moderate to prolonged heavy
drinking. Testing CDT reflects heavy drinking over the past week up to
approximately one month with very low risk of false-positive results (Helander
et al., 2016), that may occur due to rare genetic variations. It has been noted that
CDT is with lower sensitivity in women (Anttila et al., 2005). CDT levels are
also connected to body-mass index and smoking showing lower values among
obese persons and higher in smokers compared to lean and non-smokers using
comparable amount of alcohol (Nanau & Neuman, 2015). However, in post
mortem analysis the high prevalence of haemolysis of blood samples makes
CDT a less useful test. For this reason, measurement of CDT in vitreous hu-
mour is probably more valuable (Rainio et al., 2014).

EtG and EtS are the direct ethanol metabolites that are important markers of
recent alcohol ingestion. EtG can be determined in different biological samples
after alcohol elimination from the body and is also usable in post mortem diag-
nostics of recent alcohol use (Rainio et al., 2008). Compared to short and long-
term markers it is an intermediate marker of alcohol consumption (Musshoff,
2002). In urine, EtG can be detected for up to 130 hours (3—5 days) after
excessive alcohol intake, however the time is shorter with smaller amounts of
alcohol (Andresen-Streichert et al., 2018; Jastrzgbska et al., 2016). EtG is also
detectable in hair allowing to assess alcohol intake retrospectively for a longer
period than in blood and urine, and has been suggested to be used for detecting
abstinence (Wurst et al., 2015). Renal dysfunction may increase EtG and EtS
levels and prolong their elimination. Urine samples with bacteria present, espe-
cially Escherichia coli, may give falsely decreased values of EtG; EtS is con-
sidered to be less sensitive to bacterial hydrolysis (Walsham & Sherwood,
2014). Determining EtG in different post mortem samples has been studied by
different authors (Krabseth, Merland & Heiseth, 2014; Vezzoli, Bernini & de
Ferrari, 2015), and it has proven to be quite stable to post mortem degradation.
Studies also indicate that EtG can be used as an alcohol biomarker due to its
high specificity in cases where post mortem ethanol formation is questioned. It
has been even advised that in forensic autopsy cases with BAC below 1 g/kg,
determining EtG and EtS should be recommended (Krabseth et al., 2014).
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PEth is an abnormal phospholipid produced in cell membranes, erythrocytes
included in the presence of alcohol. Measuring PEth levels in whole blood can
be used to determine recent or current alcohol consumption and chronic alcohol
abuse. According to Andresen-Streichert et al. (Andresen-Streichert et al.,
2018), PEth can be determined in blood 1-2 hours after single alcohol intake for
up to 12 days, and in chronic use up to 3 weeks (Wurst et al., 2015). In com-
parison with CDT and GGT PEth has shown higher sensitivity in determination
of harmful drinking (Isaksson et al., 2011; Neumann et al., 2020). At the same
time, PEth is considered to be less sensitive to small amounts of alcohol com-
pared to EtG or EtS (Jastrzebska et al., 2016).

2.7. Coding underlying causes of death

The role of alcohol is reflected by its presence among causes of death and
largely used for statistical purposes. The amount and distribution of alcohol
related causes of death depends on the coding practice and availability of
relevant codes of causes of death.

The validity of alcohol poisoning deaths in Estonia has been questioned
(Rahu et al., 2011) and the authors concluded that there was an obvious mis-
classification in coding of alcohol poisoning and mental disorders due to
alcohol as underlying causes of death in the Estonian Causes of Death Registry.

In a recent study from Finland it was assessed how consistently and comp-
letely the role of acute alcohol (ethanol) intake as a cause of death is reported on
death certificates, how complete and specific the statistical recording of cause-
of-death data on acute alcohol-induced deaths is, and how the information
ultimately appears in the national mortality statistics. (Lahti et al., 2011).

Overall, a concentration-dependent association was found between forensic-
toxicologically determined blood alcohol concentrations and acute alcohol-
specific cause-of-death diagnoses. Based on a medicolegal re-evaluation of
death certificates, acute alcohol-specific causes were found to be underreported
nationally at a rate of 8%.

2.8. Deaths caused by psychotropic and other substances

Psychotropic substances

Psychotropic substances and narcotic drugs, potentially causing abuse and
dependence, are divided into six schedules in Estonia and their handling is pro-
hibited except for medical or scientific purposes.

European Monitoring Centre for Drugs and Drug Addiction (EMCDDA)
defines drug-related (or drug-induced) deaths as cases where people die directly
due to use of illegal substances, although these often occur in combination with
other substances such as alcohol or psychoactive medicines (EMCDDA, 2019).
These deaths occur generally shortly after the consumption of the substance and
are also known as overdoses or poisonings.
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According to EMCDDA European Drug Report 2020 (EMCDDA, 2020) it is
estimated that at least 8300 overdose deaths involving illicit drugs, primarily
opioids, occurred in the EU in 2018 (Norway and Turkey excluded). The num-
bers of drug poisoning deaths had decreased in 2018 only in Sweden, Estonia
and Turkey.

Drug poisoning mortality in Estonia and neighbouring countries is shown in
Figure 5. In Estonia, drug poisoning mortality per 100 000 inhabitants increased
from 1.6 in 1999 to 12.8 in 2012 and thereafter decreased until 3.0 in 2018. In
Latvia and Lithuania, it was stable varying from 0.3 to 1.8 and from 1.0 and 3.9,
respectively, over study years. In Finland, drug poisoning mortality increased
slightly from 2.3 in 1999 to 4.7 in 2018. In Sweden it increased from 1.8 in
1999 to 6.9 in 2015 and thereafter decreased to 5.5 in 2018. In Norway drug
poisoning mortality started to decrease from 9.0 in 2001 to 4.7 in 2017.
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Figure 5. Drug poisoning mortality rates (crude) in Estonia and neighbouring countries,
19992018 (European Monitoring Centre for Drugs and Drug Addiction (EMCDDA),
2019.

Morphine and its semi-synthetic and synthetic analogues, including fentanyl,
are used as pain relievers and anaesthetics. In Europe, Estonia stands out as
having an endemic problem with entrenched patterns of fentanyl use, including
injection and associated high mortality rate (Mounteney et al., 2015). In Esto-
nia, the number of deaths caused by fentanyl were remarkable in 2002 and
2009, an epidemic of poisonings due to other synthetic opioid 3-methylfentanyl
occurred in 2005-2006 (Ojanperi et al., 2008). The use of synthetic opioids,
especially fentanyl, has also been increasing in USA, where deaths caused by
fentanyl doubled during 2015-2016 (Dowell et al., 2017). In most cases other
drugs (often opiate, alcohol, amphetamine, cocaine or benzodiazepines) are

26



detected with fentanyl in poisoning cases. There is no clearly defined minimum
fatal concentration of fentanyl with concentrations causing death from as low as
about 0.2 ng/mL (Drummer, 2019). Autopsy findings are non-specific, and
death is usually caused by the depression of central nervous system. In the re-
view of literature (Frisoni et al., 2018) in addition to pulmonary oedema, aspira-
tion of gastric content has been mentioned in multiple cases. According to
various publications, deaths from 16 novel opioids have been reported in the
last years, including acetylfentanyl, acrylfentanyl, carfentanyl etc (Drummer,
2019).

Fatalities due to misuse of fentanyl transdermal patches have been described
in several countries, for example Germany, Australia, and USA, where fentanyl
patches have been chewed and aspirated, as well (Carson et al., 2010). This kind
of misuse has not been documented in Estonia.

Buprenorphine and methadone are used in opioid maintenance treatment and
serious pain relievers. Poisonings from methadone are not frequent in Estonia
comprising approximately 6.3% of all deaths from illegal drugs during 2000—
2009. Methadone related deaths have been leading causes of poisoning deaths in
Nordic countries. For example, in 2017 in Denmark methadone poisoning was
the most frequent, although in decline, cause of death in drug addicts (Simonsen
et al., 2020). From the research in Norway in 2000-2006 (Bernard et al., 2013)
there were over 300 deaths caused by methadone, and most of them were com-
bined intoxications. Finland has been unique with its high mortality from bupre-
norphine deaths, about half of poisoning deaths have been from buprenorphine
in 2010-2014, while majority of the deceased were not receiving opioid main-
tenance treatment (Kriikku et al., 2018). In buprenorphine deaths benzodia-
zepines, usually in therapeutic concentration, and alcohol are often found in
blood samples (Hiakkinen et al., 2012).

According to stimulants, which are often used as recreational drugs, poi-
sonings with amphetamine were ranking fourth in illegal-drug poisonings in
Estonian study. In systematic review of persons with amphetamine abuse or
misuse that included different countries of Asia-Pacific, North America and
several Nordic countries showed, that compared to general population, the most
highly elevated causes of death among people with regular or problematic
amphetamine use were drug poisoning, homicide and suicide (Stockings et al.,
2019).

Carbon monoxide

Carbon monoxide is colourless and odourless gas that is inhaled and absorbed
in lungs. Common sources of carbon monoxide are cars exhaust fumes, in-
complete organic materials combustion in house-fires, and gas heating applian-
ces without proper ventilation. The diagnosis of carbon monoxide poisoning is
based on elevated levels of carboxyhaemoglobin in blood samples and the
symptoms of intoxication are mainly related to brain and heart (Smollin & Olson,
2010). There are specific autopsy findings in carbon monoxide poisoning (e.g.
bright pink coloration of blood and viscera), and usually carboxyhemoglobin

27



(COHDb) levels are over 50-60% in blood samples (Ruas et al., 2014). The
Swedish study of fatal fire accidents in 1999-2007 (Jonsson et al., 2017)
showed that there were about 99 deaths from fatal residential fires annually.
This study and also Portuguese 10-year study of forensic autopsies (Ruas et al.,
2014) with COHDb present revealed that COHb lower levels were detected in
elderly victims and in the group with thermal lesions. Especially vulnerable to
carbon monoxide poisoning are considered to be persons with cardiovascular
diseases and anaemia, elderly with co-morbidities, children and pregnant
women (Smollin & Olson, 2010). As the manner of death, most of the carbon
monoxide poisonings are accidental or suicides (Janik et al., 2017).

Medicines

In Estonia, poisoning deaths caused by medicines are quite rare and in 2000—
2009 comprised 3.8% of all lethal intoxications, about one-third of them being
poisonings by tricyclic antidepressants. In comparison with this, in England and
Wales during 1993-2004 deaths involving antidepressants comprised about
15% of all poisoning deaths (Flanagan, 2008). The fatalities with drugs in USA
in 2019 were caused, when pharmaceutical and illegal opioid preparations, mis-
cellaneous alcohols and stimulants and street drugs excluded, in first place by
acetaminophene, cardiovascular medicines (calcium antagonists and beta
blockers) and various antidepressants (Gummin et al., 2020).

Tricyclic antidepressants are common in treatment of depression, and while
overdosed cause most frequently hypotension, seizures and central nervous
system depression up to coma, death is presumably caused by various cardiac
arrhythmias, QT prolongation leading to ventricular tachycardia and cardiac
arrest (Prahlow & Landrum, 2005).

The second biggest group of lethal poisonings with medicines in Estonia were
intoxications with neuroleptics, or antipsychotic drugs, that are mainly used for
treatment of schizophrenia but also for other psychiatric disorders and indications
(e.g. sleeping disorders). Study of antipsychotic drug-related deaths in England
and Wales 1993-2013 has shown that about 2.7% of the poisoning deaths of this
period were related to first (mostly chlorpromazine and thioridazine) or second
generation (mostly olanzapine, quetiapine and clozapine) antipsychotics (Handley
et al., 2016). Overdose with antipsychotics cause different life-threatening con-
ditions such as the depression of central nervous system, hypotension, respiratory
failure and cardiac arrhythmias (Levine & Ruha, 2012).

2.9. Forensic medical system in Estonia

Estonian Forensic Science Institute (Estonian Forensic Science Institute, 2021)
is a state forensic institution administered by Ministry of Justice where all fo-
rensic medical examinations, forensic autopsies included, are conducted in
Estonia (Forensic Examination Act, 2021). There are 17 forensic doctors at
Estonian Forensic Science Institute, some of them working part-time. Forensic
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autopsies are carried out in one of four regional forensic medical departments of
Estonian Forensic Science Institute (located in Tallinn, Tartu, Kohtla-Jarve,
Pérnu) on request of police, prosecutor or court.

According to Establishment of Cause of Death Act (Establishment of Cause
of Death Act, 2021), forensic autopsy is conducted in one of following circum-
stances: if there is evidence of a crime; where death appears to be caused by
external factors (injury, poisoning or violence) but no crime is suspected; where
the state of the body makes it impossible to assign a cause of death from exter-
nal inspection; or where the identity of the deceased is unknown.

In 2009-2020 there has been in total 19 528 forensic autopsies in Estonia.
The number of autopsies performed in this time period fluctuated from 1429 in
2019 to 1846 in 2009 to 1429 in 2019 with the proportion of autopsied women
in the range of 21-24% (Estonian Forensic Science Institute, 2021).

2.10. Brief summary

In Estonia, premature mortality, associated with excessive alcohol consumption,
is high, especially in men. It is therefore important to find out the role of alcohol
in causing damage to human body as well as the magnitude of it affecting popu-
lation health. As has been shown in research literature, one of the ways of doing
that is to carry out an autopsy-based study. Yet these are quite rare in the world
as they are labour-intensive and complicated, and have not been performed in
Estonia.

The present study was undertaken to fill this gap. It explores deaths caused
by alcohol among working age men using an in-depth forensic autopsy analysis,
explores the coding problems of underlying cause of death in presence of
multiple alcohol-related pathologies and describes fatal poisonings caused by
alcohol, psychotropic and other substances among general population over the
last decades in Estonia.
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3. AIMS OF THE STUDY

The general aim of the study was to give an evidence-based overview of deaths
caused by alcohol, psychotropic and other substances, and to describe registra-
tion of alcohol-related deaths in Estonia.

The specific aims were:

1. To describe alcohol exposure, underlying causes of death and alcohol bio-
markers among 25-54-year-old men in 2008-2009. (Paper I)

2. To determine the prevalence of alcohol-related organ damage and to analyse
their association with alcohol biomarkers among 25-54-year-old men in
2008-2009. (Paper 1)

3. To explore the coding problems of underlying cause of death in presence of
multiple alcohol-related pathologies. (Paper 1)

4. To analyse fatal poisonings caused by alcohol, psychotropic and other
substances among general population in 2000-2009 (Paper III) and in 2010-
2019.
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4. MATERIAL AND METHODS

The thesis consists of two studies. Firstly, the study of premature mortality in
association with alcohol exposure in working-age men deaths in Estonia subject
to forensic autopsy in 2008—2009 using autopsy and proxy interview data with
measured blood, urine and vitreous humour alcohol concentration, liver en-
zymes activities and alcohol biomarkers (Papers I, IT). Secondly, the study of all
poisoning deaths in Estonia from 2000-2009 using the data from autopsy
reports of the Estonian Forensic Science Institute (Paper III) and updating
poisoning deaths’ data for 20102019 (data not yet published).

4.1. Study I: Premature mortality in association with
alcohol exposure in working-age men (Papers |, Il)

4.1.1. Study subjects

The study population consisted of all deceased males aged 25—-54-years subject
to forensic autopsy in whole Estonia in 2008—2009. This age band was chosen
to reflect working age. Formation of the study sample is shown in Figure 6
(Figure 1, Paper I). The total number of men autopsied in this period was 2670
and 1299 of them belonged to the study age group. Forensic doctors participated
in the study voluntarily. Because filling special autopsy protocol was the addi-
tional assignment only 605 autopsies of 1299 were included in the study. As 10
deaths were outside the designated age range or remained unidentified, the final
number of eligible autopsies was 595 (Paper I). To investigate closer alcohol-
related pathologies, attention was restricted to the 545 autopsies (Paper II)
which had complete information about presence or absence of pathology in each
organ system considered. In the 41 excluded cases, the status of some or all
organs could not be determined due to putrefaction, major trauma or fire.
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All autopsied men Autopsied men outside designated

in four RFDs age range
n=2670 n=1371
Autopsied 25-54-year-old Autopsied men without detailed
men in four RFDs > information collection
n=1299 n=686
Autopsied men with detailed Autopsied men outside designated
information collection > age range or those remained
n=605 unidentified
n=10

A

Final sample size of
25-54-year-old men
n=595 (Paper I)

A

Sample of 25-64-year-old men with
complete information about possible
pathology of organ systems
n=545 (Paper II)

Figure 6. Flow chart of formation of study population of 25-54 men in four Regional
Forensic Departments (FRDs) in 2008-2009 in Estonia.
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4.1.2. Forensic autopsy related procedures

Autopsy protocol

To collect autopsy data, the enhanced autopsy protocol was implemented (Ap-
pendix 1). At autopsy, a systematic examination of the organs was undertaken,
and the results were recorded by the forensic doctor using structured pro-forma.
This included macroscopic evaluation of heart, kidneys, lungs, liver, pancreas,
oesophagus, stomach, duodenum and brain, and histology findings of these
organs.

Histological examination

Tissue sections were taken for histological examination from the parenchyma of
lungs, liver, spleen, pancreas, heart, brain, stomach and both kidneys, and were
fixed in buffered 10% formalin (pH 7.4) for 24 hours and embedded in paraffin
wax. Histological evaluation was performed by forensic doctors and recorded in
autopsy protocol.

Biological samples analysis

Ethanol concentrations in blood, urine, and vitreous humour were measured,
liver enzymes — aspartate aminotransferase (AST), alanine aminotransferase
(ALT), gamma-glutamyl transferase (GGT) in serum were assayed, as were
direct alcohol biomarkers (i.e. ethanol metabolites) phosphaditylethanole (PEth)
in whole blood and ethyl glucuronide (EtG) and ethyl sulphate (EtS) in urine.

Blood sample was collected from peripheral vessels, usually from the fe-
moral vein, using a syringe and injected into vacutainer tubes (two 10-mL
EDTA and one 10-mL plain). Urine sample was taken directly from the bladder
with a syringe. Vitreous humor was aspirated from both eyes using a syringe.
Samples were initially refrigerated at 4°C before being transferred to the
forensic laboratory for processing and analysis.

One EDTA and one plain tube were centrifuged (2100 rpm) for 15 minutes
at 4°C and the plasma and serum collected. According to the amount of material
available up to eight bar-coded cryotubes were filled for each case: two each
with whole blood, plasma, serum and urine. One cryotube of each specimen was
stored at -80° C.

Urine and blood alcohol concentrations (BAC) were measured by headspace
gas chromatography. ALT and AST were measured using the kinetic photo-
metric method and GGT with the kinetic colorimetric method in a Hitachi 2000.
Urine and whole blood samples were sent on dry ice to the Karolinska Institutet,
and several alcohol biomarkers (PEth, EtG, EtS) were measured there.
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4.1.3. Autopsy-based classes of alcohol-related pathologies

As the study of premature mortality focussed on deaths related to alcohol con-
sumption, six classes of potentially alcohol-related pathologies of the liver,
pancreas, lung, stomach, oesophagus and heart were defined specially for this
study. The alcohol-related pathologies were determined from a combination of
gross examination of organs and histology as described in Table 1, Paper II. The
presence of oesophageal varices was determined macroscopically. The presence
or absence of each class of pathology was coded as a binary variable, with no
intermediate gradations.

4.1.4. Interviews with proxies

For a subset of cases (n=276) who had lived in one of the five major towns of
Estonia (Tallinn, Tartu, Parnu, Kohtla-Jarve, Narva) proxy interview data was
collected about the drinking behaviour of the deceased.

The interview questionnaire focussed on collecting information on the socio-
demographic characteristics and health behaviours of the deceased (Table 7,
Paper I) (Appendix 2). Particularly detailed information was collected about
alcohol consumption, with a reference period of the year preceding the man’s
death. Within two weeks of the forensic autopsy protocols and samples arriving
in Tartu, details of next-of-kin were sought from the forensic departments. After
a minimum of two months following the death, the deceased’s next-of-kin were
contacted. Following a brief explanation about the study, they were asked if
they, or someone else would be willing to be interviewed about the deceased’s
life. Respondents signed informed consent. In order to maximise the validity of
the information provided, pre-defined criteria were used to select the best
informant — family member who had had daily contact with the deceased during
the last year before his death — when several were available. If the next-of-kin
was not the best proxy, or refused to be interviewed, contact was then made
with another proxy. The process of selection of subjects for proxy informant
interview is shown in Figure 2, Paper 1. Of 276 deceased men eligible, for 7% it
was not possible to find out whether they had had a family, and of those for
whom it was possible to determine whether they had a family, 7% had lived
alone. Of the remaining 239 deceased men, 226 had families eligible for inter-
view. Of these, a proxy interview was conducted for 169 (75%), the remainder
either refusing (20%) or did not respond (5%), resulting in a response rate of
61%. The distribution of the relationship of the proxy to the subject was wife/
girlfriend/partner (n=47), parent (n=46), mother (n=35), father (n=11), sister
(n=16), other close relative (n=12), other companion (n=12), brother (n=11),
son (n=11), daughter (n=7), friend (n=7).

4.1.5. Coding underlying cause of death

The underlying cause of death, and up to three associated causes of death as
determined by the forensic pathologist was recorded and coded according to the
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10™ revision of the International Classification of Diseases (ICD-10). To com-
pare underlying causes of death certified by forensic doctors and by the specia-
lists of the Estonian Causes of Death Registry, and to find out problems in
coding, the underlying cause of death for each subject was obtained, as assigned
and coded by the Estonian Causes of Death Registry (Paper II). In the analysis
of these data, focus was on the following underlying causes: alcohol depen-
dence syndrome (ICD-10 F10.2), alcoholic cardiomyopathy (I42.6), alcoholic
liver disease (K70) and acute alcohol poisoning (X45), cardiovascular diseases
(I00-199, except 142), other cardiomyopathies (142, except 142.6), digestive
diseases (K00-K93, except K70), respiratory diseases (J00-J99), and external
causes (V01-Y98, except X45).

4.1.6. Statistical analysis

Paper 1. Descriptive statistics were mainly presented as in frequency tables.
Medians with interquartile ranges (IQR) or ranges were used for presenting the
results of biomarkers. Fisher or chi-squared test was used for assessing the as-
sociation between different characteristics (age, cause of death, BAC) and
inclusion/exclusion to the study or whether a proxy interview was obtained.
Comparing biomarker levels between different proxy-reported alcohol drinking
frequencies, t-test or linear regression was used with log transformed biomarker
values. The data were analysed using the statistical package Stata 10.

Paper II. Frequency tables and cross-tabulations were examined, with
means, standard deviation and medians of biomarkers as appropriate. The as-
sociation between biomarker levels and each class of pathology was assessed
using linear regression with log transformed biomarker values. The non-para-
metric Cuzick test for trend across ordered groups was used for identifying the
relationship between frequency of drinking and pathology classes among
drinkers. Logistic regression was used to estimate the strength of association
between cause of death and the number of positive pathology classes adjusted
for age. For this analysis, cause of death was dichotomised into alcohol-related
(I42.6, K70, F10.2, X45) and other (all other) causes. Data were analysed using
Stata 11.

4.2. Study ll: Poisoning deaths in Estonia (Paper lll)

4.2.1. Data collection

The study of fatal poisonings was based on data (age, sex, cause of death, toxi-
cology results) collected from all the autopsy reports of the Estonian Forensic
Science Institute and from the Department of Forensic Chemistry during the
period 2000-2009 (Paper III) and 2010-2019 (data for the latter period not
published). All cases where the underlying cause of death was poisoning
(n=4132 and n=2822 respectively) were included and ICD codes T according to
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substance (ethanol, illegal drugs, medicines, other alcohols, carbon monoxide,
other and unknown) were used.

4.2.2. Determination of alcohol, psychotropic and other
substances in biological samples

During the autopsy, samples of blood, urine and humour vitreous were routinely
collected. Blood alcohol concentration was measured in all cases; bodies in a
state of decomposition and skeletisation and patients who had been hospitalised
for a long period were excluded. Psychotropic and other substances were
analysed in all traffic accidents, when a special request was made by the police
or in cases where the forensic doctors suspected drug poisoning. Alcohol was
determined using headspace gas chromatography. The presence of legal and
illegal drugs in the body was identified in a variety of laboratory procedures:
drug screening by immunoassay; urine screening tests were performed for
amphetamine, metamphetamine, opioids (heroin/morphine), methadone, cocaine,
marijuana, tricyclic antidepressants, benzodiasepines, barbiturates and fencycli-
dine; then all positive tests were confirmed as well as for detecting other synthe-
tic drugs (not detectable with screening tests) using gas chromatography and
mass spectrometry. Of all 4132 poisoning cases, blood and urine were analysed
at the Department of Forensic Chemistry in 4042 cases; in the other 90 cases,
poisoning was diagnosed at the hospital.

4.2.3. Statistical analysis

Paper I11. Results were presented in frequency tables. Chi-square test was used to
assess differences between dichotomous variables. Mann-Kendall trend test was
used to analyse changes in numbers of poisonings over the years. A p-value of
<0.05 was considered statistically significant. Data were analysed using Stata 9.

4.3. Ethical approval

The Estonian Forensic Study of Alcohol and Premature Death was approved by
the Ethics Review Committee on Human Research at the University of Tartu,
Estonia (No. 154/22, 20.11.2006) and the processes for handling personal data
were registered with the Estonian Data Protection Inspection. The study was
undertaken with the full support of the Estonian Forensic Science Institute that
has sole statutory responsibility for forensic autopsies in Estonia.
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5. RESULTS

5.1. Alcohol exposure, alcohol biomarkers and underlying
causes of death (Paper I)

Alcohol exposure

The proxy reported prevalence of drinking of deceased men at least several
times in the past year was 84.0% and in the past month 53.8% (Table 2; Table
7, Paper I). Over half (56.2%) of men had been drinking almost every day or 1—-
4 times per week in the year before death. Prevalence of drinking surrogates at
least several times in the past year was 10.7%.

Table 2. Consumption of any type of alcohol (including surrogates) of the deceased
men based on information provided by a proxy informant

Characteristics Number %
Drank alcohol at least several times in the year before death*
Yes 142 84.0
No 18 10.7
Do not know 9 53
Drank alcohol at least several times in the month before death *
Yes 84 53.8
No 45 28.8
Do not know 22 14.1
Missing answer 5 3.2
Frequency of drinking any alcohol during last year
Every day/almost every day 48 28.4
1-4 times per week 47 27.8
3 times per month or less frequently 47 27.8
Never/almost never 18 10.7
Do not know 9 53
Drank surrogates at least several times in the year before death
Yes 18 10.7
No 127 75.1
Do not know 21 12.4
Missing answer 3 1.8
Total 169 100

*This question was asked when deceased man ever drunk alcohol in his life at least a
few occasions (n=156).

Underlying causes of death

Of the 595 deaths, the largest group of deaths were those attributed to external
causes (66.4%), followed by deaths from diseases (30.9%) (Table 3; Table 4,
Paper I)). The most frequent diagnoses in the group of deaths from external
causes were intentional self-harm (25.6%), accidental poisoning by and
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exposure to noxious substances (alcohol poisoning excluded) 13.4% and alco-
hol poisoning 11.4%. Deaths due to diseases of the circulatory system com-
prised nearly one in five of all deaths and over a half of deaths from diseases
(54.9%), of which ischaemic heart disease was the major single component.
Alcoholic liver disease accounted for most of the deaths (81.5%) from diseases
of the digestive system. The causes of death directly related to alcohol (alcohol
poisoning, alcoholic liver disease, alcoholic cardiomyopathy) comprised 15% of
all deaths.

Table 3. Distribution of deaths included in the study by underlying cause of death

Cause of death by major groups (ICD-10 code) Number %
Diseases 184 30.9
Circulatory system (100-199) 101 54.9
Ischaemic heart diseases (120-125) 42 41.6
Alcoholic cardiomyopathy (142.6) 3 3.0
Cardiomyopathy (142, excl 142.6) 6 5.9
Cerebrovascular diseases (160-169) 14 13.9
Other diseases of the circulatory system 36 35.6
Digestive system (K00-K99) 54 29.3
Alcoholic liver disease (K70) 44 81.5
Cirrhosis and fibrosis (K74) 1 1.9
Other diseases of the digestive system 9 16.7
Other diseases 29 15.8
Unknown causes (R95-R99) 16 2.7
External causes (V01-Y98) 395 66.4
Transport Accidents (V01-V99) 38 9.6
Falls (W00-W19) 23 5.8
Accidental drowning and submersion (W65-W74) 28 7.1

Inhalation of gastric contents or food causing obstruction
of respiratory tract (W78-W79)

Alcohol poisoning (X45) 45 11.4
Accidental poisoning by and exposure to noxious

34 8.6

substances (X40-X49, excl X45) >3 134
Intentional self-harm (X60-X84) 101 25.6
Assault (X85-Y09) 30 7.6
Exposure to excessive natural cold (X31) 10 2.5
Event of undetermined intent (Y10-Y34) 20 5.1
Other external causes 13 33
Total 595 100

The distribution of deaths by underlying cause of death is shown in Table 4,
Paper 1. BAC levels of > 0.2 mg/g were detected in 34% of circulatory diseases,
33% digestive diseases and 67% external causes.
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Alcohol biomarkers

Alcohol concentration and its biomarker levels are shown in Table 4. All tests
gave results with very wide ranges, but the medians were considerably higher
than the corresponding reference intervals and a large proportion tested positive
for recent drinking. About 80% of the whole blood samples and urines exa-
mined tested positive for total PEth (>0.7 umol/L) and EtG/EtS, respectively.
The values of AST and ALT had extremely wide ranges, consistent with a
variable degree of post mortem haemolysis and autolysis of hepatocytes and, for
AST, myocytes.

Table 4. Alcohol concentration and its biomarker levels

Biomarker, units Autopsies (n=595)

Number % Median Range
Ethanol (blood), mg/g 564 94.8 0.78 0-6.59
Ethanol (urine), mg/g 437 73.4 1.51 0-6.14
AST (serum), U/L 364 61.2 1014 59-28790
ALT (serum), U/L 364 61.2 792 8-42580
GGT (serum), U/L 365 61.3 92 15—-1884
PEth (blood), pmol/L 245 422 9.8 0-121.5
EtG (urine), mg/L 157 26.4 79 0-2699
EtS (urine), mg/L 157 26.4 22 0-480

Median values of the various alcohol biomarkers by proxy reported drinking
behaviour are shown in Table 8, Paper I. Median blood alcohol concentration
was only raised substantially among daily drinkers. A more graded association
was apparent for PEth in whole blood and EtS and EtG in urine, with negative
or very low levels in reported abstainers. However, for a proportion of subjects
where the proxy reported that the man had not drunk in the last month the
biomarkers were clearly positive, suggesting proxy underreporting. The liver
enzymes AST and ALT display a very wide range, there was a significant
association between frequency of drinking alcohol and GGT, although this was
mainly due to elevated levels among daily drinkers.

5.2. Prevalence of alcohol-related organ damage and its
association with alcohol biomarkers (Paper II)

Alcohol-related organ damage

Alcohol-related pathologies were determined from a combination of gross exa-
mination of organs and histology. The most common pathology was that
affecting the liver, with 60.5% of deaths showing evidence of steatosis, fibrosis
or cirrhosis (Table 5; Table 1, Paper II). Pancreatic, lung or gastric pathology
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was detected in 14.1%, 18.6% and 17.5% of all cases, respectively. Evidence of
damage to the heart, in the form of cardiomyopathy was much less frequent
(4.9%), and oesophageal varices (1.4%) were only rarely found.

Table 5. Autopsies (n, %) with each form of potentially alcohol-related organ damage

Orean Type of potentially alcohol-related Positive finding
g pathology N % (95% CI)
Liver Focal/diffuse steatosis, 335 60.5(56.3-64.6)
complete/incomplete fibrosis,
complete/incomplete cirrhosis
Pancreas Acute and chronic pancreatitis 78 14.1 (11.3-17.3)
Lung Pneumonia and/or aspiration of gastric 103 18.6(15.4-22.1)
content
Stomach Gastritis 97 17.5(14.4-20.9)
Oesophagus Varices (determined macroscopically) 8 1.4(0.6-2.8)
Heart Dilative (and alcoholic) cardiomyopathy 27 4.9 (3.2-7.0)

Overall, 75% of the subjects showed evidence of one or more classes of patho-
logy, and 32% had evidence of two or more classes. Dividing all study cases
into two age groups (25-44, 45-54) approximately 65 % of men were in older
age group and the presence of higher number of pathology classes increased
with age (Table 2, Paper II). The prevalence of two or more pathologies was
significantly higher among older (45-54 years) men. Table 5, Paper Il shows
the frequencies of all pairwise combinations of potentially alcohol-related
pathologies. Within each class of non-liver pathology, there was a high fre-
quency of liver pathology, while only minority of those with liver pathology
showed a second type of pathology.

Association of alcohol-related organ damage and alcohol biomarkers

Table 6 (Table 3, Paper II) shows the relationship between levels of the various
biomarkers of recent (ethanol, EtG, EtS) or heavy (PEth, GGT) drinking and the
number of positive pathology classes.
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Table 6. Mean and median levels of alcohol and its biomarkers or alcohol-induced

damage by number of potentially alcohol-related classes of pathology

Biomarker  Statis- Number of positive classes of pathology Total
tics 0 1 2 3+ P-value*
Ethanol in Mean 1.19 1.55 1.35 1.07 0.376 1.37
blood, mg/g  SD 1.29 1.61 1.69 1.44 1.55
Median  0.73 1.36 0.41 0.00 0.74
N 138 226 127 43 534
Ethanol in Mean 1.57 2.11 1.84 1.54 0.860 1.86
urine, mg/g ~ SD 1.61 1.91 1.99 1.84 1.86
Median 1.15 2.47 0.98 0.00 1.63
N 114 171 102 25 412
Ethanolin  Mean  1.02 1.83 1.81 1.54 0332 1.60
vitreous SD 1.45 1.87 1.95 1.92 1.81
humour, Median  0.00 2.05 1.49 0.00 0.61
mg/g N 37 67 31 17 152
GGT in Mean  90.60 180.90 23623 28372 0.001 182.02
serum, UL  SD 84.02 259.44  302.79  250.83 248.01
Median  55.00 89.00 128.50 197 92.00
N 86 145 88 32 351
PEth in Mean  7.23 17.03 16.14 2510  0.001 1523
blood, SD 9.68 20.75 15.41 23.21 18.30
pmol/L Median  3.06 9.72 12.14 17.95 9.75
N 55 104 58 20 237
EtG in Mean  105.00 377.52 331.61 349.79 0.033 288.13
urine, mg/L. §p 22582 559.16 593.89  398.19 500.71
Median  12.70 130.50 8275  216.30 70.50
N 41 60 38 8 147
EtS inurine, Mean  24.01 7572 6288 5699  0.043 56.96
mg/L SD 52.18 102.71 10373  62.67 91.56
Median  3.70 3535 23.10  40.40 20.00
N 41 60 38 8 147

*P-value for trend in means of log biomarker values. Numbers of autopsies with bio-
marker concentrations varied by biomarker type as biomarkers could not be measured in

all cases (material was hemolysed or putrefied).
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The analysis of relationship between levels of various biomarkers of recent
(ethanol, EtG, EtS) or heavy (Peth, GGT) drinking and the number of positive
pathology classes did not show associations with the mean ethanol concentra-
tion in blood, urine, or vitreous humour. For PEth and GGT in blood there were
significant trends between the biomarker levels and number of pathology clas-
ses (Table 6). Although there were significant trends for EtG and EtS in urine,
the main difference was between those without versus with any evidence of
alcohol-related pathology.

Table 7 (Table 6, Paper II) shows the frequency of each pathology class ac-
cording to the single underlying cause of death, as assigned in Estonian Causes
of Death Registry. As expected, liver pathology was found in all diagnoses of
explicitly alcohol related end-organ damage and of alcohol dependence, and in
the vast majority of diagnoses of acute alcohol poisoning and diseases of the
digestive system (Table 7). For the causes of alcohol related end-organ damage
and of alcohol dependence, the frequency of pancreas pathology was also high
(71% and 35%, respectively). There was a relatively high percentage of lung
pathology (18%) in deaths from acute alcohol poisoning. As for deaths from
diseases of the circulatory system, an intriguing finding was that more than two
thirds of cases had evidence of potentially alcohol-related liver pathology. In
deaths with an underlying cause of diseases of the digestive system, 92% had
liver pathology and 58% pancreas pathology. As for deaths from respiratory
causes, 77% had liver pathology. In external causes of death, liver and lung
pathology were the most frequent, identified in ~50% and ~20% of cases.

The age-adjusted odds ratio of dying from an alcohol-related cause versus
from other causes was 4.8 (95% CI 1.8-12.5) for those with one positive patho-
logy class, and 6.7 (95% CI 2.6—17.7) for those with two or more classes, rela-
tive to those without positive classes of pathology.

5.3. Coding the underlying cause of death in presence of
multiple alcohol-related organ damage (Paper Il)

In Estonia, forensic doctors usually do not code the underlying cause of death
on the death certificate, the causes are coded at the Estonian Causes of Death
Registry. In the presence of multiple alcohol-related pathologies at autopsy, it is
often a challenge to choose one as the underlying cause of death, so forensic
doctors prefer to use broad diagnosis ‘chronic end-organ damage by alcohol’.
These deaths (n=34, Table 7) have been assigned by the Statistical Office as
having the underlying cause of F10.2 (Mental and behavioural disorders; alco-
hol dependence), that is a diagnose determined clinically and not suitable for
post mortem cases. As liver is the most frequently damaged organ in multi-
organ alcohol damage death cases, code K70 (Alcoholic liver disease), although
always not accurate, is preferred by forensic doctors.
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5.4. Fatal poisonings caused by alcohol, psychotropic and
other substances (Paper lll)

In 2000-2009, the number of all autopsies performed at the Estonian Forensic
Science Institute (EFSI) was 28 970, 14.3% (n=4132) of them were poisonings.
Distribution of poisoning deaths in 2000-2009 is shown in Table 8 (for detailed
distribution of poisonings see Table 1, Paper III). In this period, ethanol was the
most frequent cause of death (35.1%, n=1449), followed by carbon monoxide
(27.9%, n=1151) and poisonings with illegal drugs (21.5%, n=888). In total,
284 poisonings (6.9%) from other alcohols were recorded. Over the study
period, the number of alcohol poisonings decreased significantly (p<0.05). In
total 54.4% of cases were mono-drug poisonings, mostly caused by ethanol.
Poly-drug poisonings were frequent in carbon monoxide and illegal drug-related
poisonings. Combined poisoning was diagnosed rarely (3.1% of all cases) in
cases of poisoning with substances of a similar toxicity, as well as in cases
where two or more substances were determined to be at potentially lethal con-
centrations or where none of the drugs was at a lethal concentration but their
coalitive effect was toxic.

Table 8. Number of poisoning deaths caused by alcohol, psychotropic and illegal drugs
in Estonia, 2000-2009

o — «a n < 70) = ~ 0 N =

S =) ) S S = S =) = ) =

S S S S S S S S S S S
Substance N I I I ' IS I IS I N e
Ethanol 200 221 140 173 176 120 108 138 97 76 1449
Illegal drugs 32 43 100 49 121 70 89 119 108 157 888
Medicines 7 15 21 12 18 19 16 15 16 16 155
Other alcohols 25 78 25 16 15 31 46 24 8 16 284
CO 106 132 109 150 122 135 141 115 84 57 1151
Combined 22 24 21 4 0 7 16 14 10 12 130
Other/unknown 4 7 16 5 7 7 5 9 6 9 75
Total 306 520 432 409 459 389 421 434 329 343 4132

In 2010-2019, the number of all autopsies performed at the EFSI was 16,078,
17.6% (n=2822) of them were poisonings. In these years 2201 (78%) male and
621 (22%) female fatalities were recorded. The distribution of poisoning deaths
in 2010-2019 is shown in Table 9. In this period, illegal drugs were the most
frequent cause of death (37.2%, n=1050), followed by ethanol (29.5%, n=832)
and carbon monoxide (16.3%, n=459). In total, 178 poisonings (6.3%) from
other alcohols were recorded. Over this period, number of poisonings with ille-
gal drugs decreased significantly (p<0.05), but the number of ethanol poiso-
nings remained quite stable being the highest in 2012 (n=105) and the lowest in
2016 (n=61).
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Table 9. Number of poisoning deaths caused by alcohol, psychotropic and illegal drugs
in Estonia, 2010-2019

= — ~ e < n ) ~ © =) =
Substance = 5 2 2 5 = = = = = S

Q N IS N N R I N N N =
Ethanol 93 81 105 77 85 92 61 69 83 86 832
Illegal drugs 120 128 183 121 106 87 113 118 45 29 1050
Medicines 18 9 17 13 15 14 17 23 20 16 162
Other alcohols 13 34 28 23 14 12 19 15 11 9 178
CO 67 70 44 37 40 51 42 43 38 27 459
Combined 5 11 6 11 14 14 11 2 8 0 82
Other/unknown 8 5 10 4 6 7 5 3 3 8 59
Total 324 338 393 286 280 277 268 273 208 175 2822

1llegal-drug poisonings

Illegal drug-related deaths comprised 21.5% of all poisoning deaths in 2000—
2009, poisonings with 3-methylfentanyl (45.7%) and fentanyl (19.6%) ranking
highest (total number 580), followed by morphine/heroin (10.8%), ampheta-
mine (7.2%) and methadone (6.3%). The number of deaths caused by fentanyl
was remarkable in 2002 and 2009. An epidemic of poisonings due to 3-methyl-
fentanyl was seen in Estonia between 2004 and 2008 (Figure 2, Paper III).

Of all illegal-drug poisonings, 789 involved male fatalities and 99 involved
female fatalities; the majority of the deceased (n=764) were in the 16-34 age
group. The average age of those who died due to illegal drug poisoning was
28.1 for men and 30.3 for women. Gender and age distribution were similar for
all years.

Fatal illegal-drug poisonings tended to be poly-drug poisonings i.e. poi-
sonings due to one drug and alcohol or to two or more drugs with or without
alcohol (73%). The other substance in most cases was ethanol. Table 2, Paper
IIT shows the distribution of illegal drug poisonings based on number of drugs
and other substances (ethanol and other alcohols) detected.

Blood ethanol concentration was below 0.2 mg/g in 61.0% cases, which
shows that the victims did not consume alcohol prior to death. The biggest
group of drug abusers had a BAC of 0.50-1.50 mg/g. 3-methylfentanyle and
fentanyl were often combined, possibly from production of 3-methylfentanyle
from fentanyl in illegal laboratories. Most commonly, illegal drugs were com-
bined with benzodiazepines and amphetamine, followed by methadone and
opiate alkaloids (Table 10; Table 4, Paper III). In poisonings with illegal drugs,
medicines most frequently found in the blood were non-steroid inflammatory
drugs, narcotic analgesics and tricyclic antidepressants.
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Table 10. Combinations of the main lethal illegal drug with other illegal drugs detected

Co-found drugs

g

@ e

2 £ g 3

. =< g 5 = 2

Main drug P g % = 2 E 2

g 3 T £ % sz : g £
§ & £ £ g 2 £ % E o
§ = & 5 5 2 § 8 § E
E O =2 ®m ®m = <4 0O O O
3-methyl-fentanyls 10 16 21 10 63 13 65 3 15 0
Fentanyls 0 10 9 2 34 2 6 0 5 0
Methadone 0 6 0 5 20 0 1 0 1 0
Opiate alkaloids 1 0 3 3 20 1 4 0 1 0
Barbiturates 0 1 0 0 10 0 0 O 1 0
Benzodiasepines 0 0 0 0 0 0 0 0 0 0
Amphetamines 3 12 7 5 12 4 2 0 2 0
MDMA 0 0 0 0 0 0 0 o0 1 0
Cocaine 1 1 0 0 2 0o 0 O 0 1
GHB 0 0 0 0 0 1 0 0 0 0

46



6. DISCUSSION

This research provided a unique overview of the alcohol exposure, underlying
causes of death, existence and the extent of pathologies and alcohol biomarkers
detected at forensic autopsy among working-age men. To complement, it also
described fatal poisonings caused by alcohol, psychotropic and other substances
among general population over two decades in Estonia.

6.1. Alcohol exposure, alcohol biomarkers and
underlying causes of death

Alcohol exposure

The hazardous way of drinking of Estonian working aged men in the sample
was revealed by proxy reported prevalence of drinking of the deceased. As was
expected, due to the nature of the study sample which was based on forensic
autopsies, over half of the men had been drinking almost every day or several
times per week. Excessive exposure to alcohol was also confirmed by the fact
that in 55% of the deceased had BAC 0.2 mg/g or over, which is the legal limit
for driving a vehicle in Estonia. For example, in a series of routine autopsies in
Norway in 1973-1992, 48% of autopsies had a BAC 0.5 mg/g or over (Nord-
rum et al., 2000). In Sweden, 39% of the blood-tested cases were positive for
alcohol in 1992-1996 (Sjogren et al., 2000) and in Finland, there were about
38% of alcohol positive deaths (BAC 0.5 mg/g or more) based on the study of
forensic autopsies in 2005 (Lahti et al., 2011). Similarly, results of post mortem
toxicology gathered for six years in Western Switzerland revealed, that for 25%
of cases BAC exceeded 0.10 g/kg (Lefrancois et al., 2021).

Furthermore, approximately 10% of working age men in study population
had drank surrogates for several times in the year before death. This is sup-
ported by findings from the Estonian survey from 2006 where the prevalence of
reported surrogate consumption was 3.5% in men aged from 35 to 54 in a
population-based sample (Pdrna & Leon, 2011).

Having detected high alcohol exposure among our study sample, we were
able to proceed and examine very important associations with novel biomarkers,
organ pathology, and causes of death. The results of these investigations are
discussed below.

Alcohol biomarkers

The results of this study have shown that several of the novel alcohol bio-
markers appeared to perform well in post mortem samples. PEth in blood, EtG
and EtS in urine showed high specificity post mortem having zero or low levels
in never and almost never drinkers. EtG and EtS as markers of recent alcohol
intake could be used more widely in specific cases where recent pre mortem
alcohol intake is probably accounted to death e.g. sudden cardiac death, cardiac
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arrhythmias, and accidents. As EtS is less susceptible to post mortem degrada-
tion and synthesis than EtG (Helander et al., 2007; Helander & Dahl, 2005;
Walsham & Sherwood, 2014), it may be the preferable biomarker in post
mortem toxicology. However, the results of biomarkers should still be inter-
preted carefully, as the risk of post mortem elevation remains. EtG, that has
been proven to be quite stable to post mortem changes (Krabseth et al., 2014;
Vezzoli et al., 2015), showed some extremely high values in our study. Liver
enzymes ALT and AST showed a wide range of values and proved to be of no
value in post mortem diagnostics, whereas GGT showing chronic alcohol con-
sumption causing liver cirrhosis and fibrosis was less affected by post mortem
interval, haemolysis and hypoxia. Determining GGT at autopsy is still of no
particular use, as the elevation is not specific to alcohol induced liver pathology.

Underlying causes of death

The distribution of underlying causes of death among working aged men in
Estonia was approximately two-thirds due to external causes and one-third
caused by diseases. Of external causes, suicides (25.6%) and poisonings
(24.8%) were prevalent. Clear majority of deaths from external causes is speci-
fic to the sample from forensic medicine practice as all above-mentioned deaths
belong to forensic autopsy according to Estonian laws (Establishment of Cause
of Death Act, 2021). Yet the choice of forensic autopsies for the study is not a
limitation as they provide a sample that presents high numbers of alcohol
related deaths.

Half of the deaths from diseases were caused by circulatory diseases, fore-
most by ischaemic heart disease, followed by diseases of digestive system,
mainly alcoholic liver disease (81.5%). This confirms high mortality from
cardiovascular diseases in our study group, but also raises the question whether
alcoholic cardiomyopathy, being foremost a clinical diagnose, can be under-
diagnosed and ischaemic heart disease overdiagnosed especially regarding this
age group (young and middle-aged). There are also cases where serious cardio-
vascular pathology was found at autopsy with co-existing high BAC level (over
3.0 mg/g), that leaves it to forensic doctor to decide if the underlying cause of
death is a disease or alcohol poisoning.

6.2. Prevalence of alcohol-related organ damage and
the association with alcohol biomarkers

Alcohol-related organ damage

In this study, alcohol-related pathologies were very common, that indicates the
harmful alcohol consumption of 25-54-year-old men subject to forensic
autopsy. Also, this study confirmed that the risk of developing multi-organ
damage was related to frequent alcohol drinking. It was most concerning that
only quarter of these deaths had no alcohol-related pathology of internal organs
detected. The prevalence of two or more alcohol-related pathologies was found
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in 32% of deceased, and it increased with age, being significantly higher among
the older men group (4554 years). Of different organs, liver was most often (in
about 60% of cases) damaged, and only minority of those with liver damage had
evidence of alcohol injury to other organs. At the same time the majority of
cases with potentially alcohol induced pathology of other organs studied (lung,
stomach, pancreas, oesophagus and heart) had coexisting liver damage. This
suggests that liver is the main organ affected by alcohol as has been shown in
previous research (Cederbaum, 2012; Rocco et al., 2014), also injured by bio-
active products of ethanol.

Acute or chronic pancreatitis was present in approximately 14% of cases.
Fast process of post mortem autolysis of this organ makes the evaluation of
pathological changes more difficult. Possible alcohol-related changes in lungs,
as pneumonia or aspiration of gastric content were detected in 18.6% and
changes in stomach and oesophagus in 18.9% of cases.

In the current study, the presence of heart damage indicating alcohol injury
in form of dilative cardiomyopathy was rare, only in 5% of cases. This suggests
that post mortem diagnosis of alcoholic cardiomyopathy can be challenging due
to nonspecific histological finding and lacking of previous medical docu-
mentation or clinical diagnosis. Furthermore, over two-thirds of deaths from
diseases of cardiovascular system (alcoholic cardiomyopathy excluded) had co-
existing potentially alcohol caused liver pathology that raises the question of the
possible heart damage foremost by alcohol.

The reason why an individual heavy drinker develops alcohol damage of
particular organ or organs is not fully understood, but studies have already sug-
gested that genetics modify persons susceptibility to develop alcohol use dis-
order and alcoholic organ damage (Seitz et al., 2018; Ware et al., 2018).

In the group of deaths from external causes, the prevalence of alcohol caused
organ-pathologies was moderately high. This suggests that the pattern of
alcohol consumption that caused the damage of internal organs may also have
increased risk of deaths from external causes. Moreover, high proportion of
deaths from acute alcohol poisoning had also accompanying organ-pathologies,
revealing that poisoning deaths mostly occurred in regular alcohol users.

In this study the presence of alcohol induced pathologies of internal organs
correlated with elevated levels of alcohol biomarkers (GGT, PEth, EtG and
EtS). Furthermore, GGT and PEth — biomarkers that show chronic or heavy
drinking, had significant trend between their levels and number of pathology
classes. At the same time, the levels of biomarkers of recent ethanol con-
sumption — EtG and EtS, showed difference between cases with no organ-
pathologies found versus those with any number of pathology present.
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6.3. Coding problems of underlying cause of death in
presence of multiple alcohol-related pathologies

During this study of premature death ICD-10 was used coding the cause of
death. In Estonia forensic doctors usually write the diagnose on the death
certificate and it is coded by an expert of the Estonian Causes of Death
Registry. Diagnosing and coding deaths caused by multi-organ alcohol damage
is challenging. Finding multiple serious competitive alcohol-related organ-
pathologies at autopsy creates a problem of assigning one single underlying
cause of death. A broad diagnosis of ‘chronic end-organ damage’ would be
preferable in such cases and was used frequently by forensic doctors while
filling death certificates during our study, but ICD-10 does not include such
diagnose. Mentioning no single organ on death certificate led to situation where
these deaths were assigned by the Statistical Office as having the underlying
cause of F10.2 (Alcohol dependence syndrome). As it is controversial while
F10.2 being a clinical psychiatric diagnosis is established post mortem, then
forensic doctors try to choose the pathology of one organ as the underlying
cause of death (mostly liver damage, K70) and add other alcohol-related di-
seases as accompanying diseases on the death certificate. Probably it has
contributed to decrease of F10 and increase of K70 as alcohol-related causes of
death during 2008-2019. Unfortunately, new ICD-11 that is going to be imple-
mented in 2022 does not give the opportunity to have a combined diagnose of
multiple organ-damage as single underlying cause of death.

According to literature, different BAC values are considered to be lethal —
from 3.0 mg/g and over to 4.0 mg/g or more (Kugelberg and Jones, 2007; Lahti
et al., 2011). In Estonia, it is recommended that BAC 3.0 mg/g or over should
be present to diagnose acute alcohol poisoning (Drummer 2001), but with
serious liver-damage, e.g. liver cirrhosis, acute poisoning can be diagnosed at
lower BAC values (2.5 mg/g). At the same time, as alcohol-related deaths are
usually considered stigmatizing, remains the possibility of their underreporting
and mentioning more neutral causes of death on death certificates. Rahu and
colleagues (Rahu et al., 2011) have also shown in their study significant
decrease of reported alcohol poisonings (X45) and increase of mental disorders
due to alcohol (F10) starting from 2000 in Estonia most possibly caused by
misclassification of coding alcohol poisoning. In conclusion, the misclassi-
fication of acute alcohol poisonings can act in both directions.

Determining the cause of death in cases without evidence of acute alcohol
toxicity or heart abnormalities but with just fatty liver present is not uncommon
and presents a challenge. Firstly, alcoholic ketoacidosis as an immediate cause
of death should be determined or excluded. Determining betahydroxybutyrate as
a reliable marker of ketoacidosis in blood or humour vitreous is suggested by
different authors (Klaric et al., 2020; Midtlyng et al., 2021). Moreover, the con-
centration of betahydroxybutyrate can indicate the origin of ketoacidosis, dia-
betic or alcoholic, especially in case of lacking preliminary medical data of the
deceased. The capability of measuring betahydroxybutyrate is present at the
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toxicology laboratory of Estonian Forensic Science Institute and this analysis
should be used more often in the future. Secondly, Sorkin and colleagues
(Sorkin & Sheppard, 2017) suggest that aforementioned cases of sudden death
should be also differentiated from sudden arrhythmic death syndrome caused by
hereditable channelopathies.

One more problem is to differentiate between alcoholic and non-alcoholic
liver disease at autopsy. Non-alcoholic liver disease is defined by the presence
of steatosis of more than 5% of hepatocytes with little or no alcohol con-
sumption (Sanyal et al., 2015) and its risk factors are type II diabetes, insulin
resistance, obesity and metabolic syndrome. Although, there are histological
findings that indicate the type of liver disease (Takahashi & Fukusato, 2014),
the most important diagnostic factor is the previous history of alcohol use. This
confirms the importance of the available information from medical records of
the deceased for the forensic doctor. During our study the medical records were
frequently not available, but this is not the case anymore as currently the
medical records can be reviewed.

6.4. Fatal poisonings caused by alcohol, psychotropic and
other substances

During the study period of 2000-2009, 2.4% of all deaths in Estonia were
caused by poisonings with ethanol being the most frequent cause of poisoning
deaths followed by poisonings with carbon monoxide and illegal drugs. During
this period, the decrease in alcohol poisonings and in last years in carbon mono-
xide poisonings was observed. The last one is probably related to the mandatory
smoke detectors/fire alarm sensors since 2010 and carbon monoxide detectors
since 2018 in the households in Estonia (Fire Safety Act, 2021). The decrease of
alcohol poisonings has no one clear reason. One of the possible reasons being
the change of law in 2006 that made it possible for family doctors to issue death
certificates in case of suspected disease without autopsy and toxicological
analyses (Establishment of Cause of Death Act, 2021).

During the years of 2000-2009 the mortality from illegal drug poisonings
was 6.3 per 100 000 inhabitants in Estonia, being higher than in Finland but still
lower than in Latvia according to EMCDDA reports. The sharp increases of
poisoning deaths in 2002 and 2004 were remarkable, and were preceded by
fentanyl and 3-methylfentanyl reaching Estonian market, respectively. Before
that, in 2000-2002, poisonings with heroin and morphine were prevalent (Ojan-
peré et al., 2008). During the observed period majority (65.3%) of illegal drug
poisonings were caused by fentanyles. In comparison with other countries (Car-
son et al., 2010), fatalities caused by misuse of fentanyl patches were not
described in Estonia. During the study period no deaths by buprenorphine were
determined, however approximately 6% of poisonings were caused by metha-
done. Both substances are used for substitution therapy and also illegally by
drug addicts. In Estonia, methadone is more frequently used probably due to its
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lower price, so this can explain why no poisonings by buprenorphine were
detected.

In 2000-2009, of all poisonings approximately half were mono-intoxications
involving mostly alcohol-related deaths. Poly-drug poisonings were frequent in
poisonings with carbon monoxide and illegal drugs, illegal drugs were mainly
combined with benzodiazepines and amphetamine. At the same time BAC was
below 0.2 mg/g in 61% of illegal-drug deaths.

Determination of intention of death in fatal intoxications is challenging and
is depending on preliminary data from police and the deceased person’s health
records. During the study most of the fatal poisonings were classified as acci-
dents (92.7%) and in almost 4% of cases the intention remained undetermined.
Assaults by poisoning were extremely rare.

In addition to study years 2000-2009, information of poisoning deaths was
collected for next ten years, 2010-2019. Comparing these two decades, the total
number of poisoning deaths decreased, and the whole number of autopsies
performed at EFSI, as well, in 2010-2019. At the same time, the proportion of
poisoning fatalities slightly increased from 14.3% of all autopsies in 2000-2009
to 17.6% in 2010-1019. There has been well noticeable decrease of poisonings
with carbon monoxide — approximately two thirds less deaths caused by carbon
monoxide were recorded in 2010-2019. In poisonings with illegal drugs there
has been sharp decline in 2018-2019, probably caused by effective police work
and also shutting down fentanyl labs.

6.5. Major strengths and limitations of the study

Strengths of the study

1. Study I, based on forensic autopsies of 25-54-years-old men, enabled a
systematic in-depth collection of information about alcohol exposure pro-
vided by proxies, about the presence/absence of all pathologies, regardless of
whether or not they were considered to have contributed to the death. At the
same time, it went considerably beyond what would be recorded routinely at
forensic autopsy.

2. Obtaining a fairly big sample of autopsies for the study enabled to analyse
associations between alcohol exposure, organ damage and alcohol bio-
markers.

3. Higher prevalence of heavy drinkers among deaths subjected to forensic
autopsy together with alcohol exposure provided an excellent source of cases
for understanding more about the presence of multiple alcohol-related patho-
logies as well as taking a close look at the principles of coding of underlying
cause of death.

4. Study II, based on poisoning death among general population, described in
detail all poisoning deaths over the 20 years (2000-2019) with main em-
phasis on alcohol and psychotropic substances poisonings.
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Limitations of the study

1.

The study was restricted to deaths subject to forensic autopsy. We did not
have access to medical records and had no information on medical history of
the study subjects at this time.

Brain pathology results would have been a valuable addition to our data, but
was not included in the study because of lack of neuropathology expertise in
Estonia.

Restricted information on alcohol exposure regarding sample size and accu-
racy of information. We could only reach families of those men who had
lived in the five biggest cities. Also, the only source of alcohol exposure
information was proxies who may provide less reliable information on alco-
hol exposure and this information may be biased due to recall and social
responsibility.

Toxicology was based on preliminary data as in routine forensic practice no
predefined list of medicine for the toxicology analysis exists.

53



7. CONCLUSIONS

This study gave an evidence-based overview of the alcohol exposure, under-
lying causes of death, existence and the extent of pathologies and alcohol bio-
markers detected at forensic autopsy among working-age men and of fatal poi-
sonings caused by alcohol, psychotropic and other substances among general
population over two decades in Estonia.

1. Alcohol-related pathologies are common among working age men subject
to forensic autopsy in Estonia indicating harmful alcohol consumption in
this age group.

2. Several of the novel alcohol biomarkers (Etg, Ets and PEth) appear to per-
form well in post mortem samples.

3. In case of multiple alcohol-related pathologies it is not possible to allocate
underlying cause of death because of rigidity of classification.

4. Among poisoning deaths in Estonia, ethanol was the most frequent cause of
death in 20002009, but psychotropic substances prevailed in 2010-2019.
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8. MAIN PRACTICAL IMPLICATIONS

The findings of this study are useful for health policy makers and institutions
involved in forensic and patoanatomical autopsies in Estonia.

More specific suggestions are the following:

1.

2.

To use post mortem alcohol biomarkers (Etg, Ets and PEth) more widely to
identify both recent and chronic alcohol use.

To develop and incorporate neuropathology into forensic practice in order to
obtain more complete information concerning alcohol-related organ-patho-
logy.

To advise using the leading organ-pathology as the underlying cause of
death on the death certificate in case of multiple organ-damage by alcohol.
To increase the use of betahydroxybutyrate as an indicator of significant
ketoacidosis as the possible direct cause of death in case of alcohol-related
harm.

. To improve the quality of forensic database concerning poisoning deaths by

regular quality checks and routine validation against autopsy protocols.
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SUMMARY IN ESTONIAN

Alkoholist, psihhotroopsetest ja muudest ainetest
pohjustatud surmad Eestis: kohtuarstlikel lahangutel
pohinev téendus

Eestis oli 2019. aastal keskmine oodatav eluiga meestel 74,4 ja naistel 82,8 aas-
tat (Eesti Statistikaamet, 2021), mis on madalam ja mille sooline erinevus on
suurem kui Euroopa Liidus keskmiselt. Oodatava eluea sooline 16he on tingitud
suurel médral tdoealiste meeste liigsurmadest ning on sageli seotud alkoholi
tarvitamisega.

Liigne alkoholi tarvitamine rahvastikus on iiks peamistest enneaegsete sur-
made pohjustest (Jasilionis et al., 2020; Leon et al., 1997; Popova et al., 2007,
Shield & Rehm, 2015). Liigsest alkoholi tarvitamisest pohjustatud enneaegne
suremus on Eestis kdrge just meeste hulgas (Bogstrand et al., 2011; Rahu et al.,
2019). Teine enneaegste surmade vélditav pohjus Eestis on miirgistused
psiithhotroopsete ainetega.

Alkohol voib surma pdhjustada voi selle saabumist soodustada nii otseselt
kui kaudselt (Bogstrand et al., 2011) ning on suuresti seotud kroonilise toimega
siseorganitele (Britton & McKee, 2000; Lahti et al., 2011; Leon et al., 2010;
Mikeld, 1998; Persson et al., 2013). Muuhulgas soltub alkoholi tarvitamisest
pohjustatud surmade hulga ning jaotuse kajastamine surmapdhjuste kodeerimise
tavast ning asjakohaste Rahvusvahelise Haiguste Klassifikatsiooni (RHK) koo-
dide olemasolust.

Alkoholi pikaajalist tarvitamist ning sellest tingitud organkahjustusi tuvasta-
vad kohtuarstid lahanguleiu, voimalusel lahkunud isiku tervishoiuteenuste do-
kumentide ja menetleja poolt antud eelandmete pohjal. Tervistkahjustava alko-
holi tarvitamisega kaasnevad muutused laboratoorsetes niitajates nagu gamma-
glutamiiiili transferaas (GGT), aspartaadi aminotransferaas (AST), alaniini amino-
transferaas (ALT), eriitrotsiiiidi keskmine maht ja siisivesikdefitsiitne trans-
ferriin (CDT). Uuemad markerid uuritava subjekti poolt hiljutise alkoholi tarvi-
tamise médramiseks on etiiiilgliikuroniid (EtG) ja etiiiilsulfaat (EtS) ning pike-
majalise alkoholi tarvitamise tuvastamiseks fosfatidiiiiletanool (PEth). Alkoholi
biomarkereid saab méirata ka surmajargselt sellele eelnenud alkoholi tarvita-
mise kindlaks tegemiseks, kuid nende olulisust surmajérgses diagnostikas pole
veel piisavalt uuritud.

Oluline on viélja selgitada alkoholi roll inimese organismi kahjustamisel ning
suurusjéark rahvastiku tervise mojutamisel. Lahanguleidudel baseeruv uuring on
iiks viis selle teostamiseks. Taolised véartuslikku informatsiooni andvad uurin-
gud on keerukad ning seetdttu pole neid palju 14bi viidud. Selleks, et tuua vilja
alkoholi roll surmade pdhjustajana ning selle kajastamine rahvastiku surmade
statistikas, on omakorda oluline hinnata ja vajadusel parendada surmapdhjuste
kodeerimist.
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Kéesolev uuring késitles tooealiste meeste alkoholist pohjustatud surmasid,
kasutades selleks siivitsi minevat kohtuarstlike lahangute analiiiisi, uuris pohi-
haiguse kodeerimisega seotud probleeme alkoholist pShjustatud hulgiorganite
kahjustuse korral ning kirjeldas surmaga 16ppenud alkoholi, psiihhotroopsete ja
muude ainete miirgistusi Eesti kogurahvastikus. Antud uuring on Eestis esime-
ne, mis kasutab detailset kohtuarstlikku lahangut alkoholi rolli uurimiseks
enneaegses suremuses.

Eesmargid

Uurimist60o iildeesmirk oli anda tdenduspohine iilevaade alkoholi, psithhotroop-
sete ja muude ainete tarvitamisega seotud surmadest ning kirjeldada alkoholi
tarvitamisega seotud surmade registreerimist Eestis.

To6 alaeesmairgid olid jargmised:

1. Kirjeldada alkoholi ekspositsiooni, alkoholi biomarkereid ja peamisi surma-
pohjuseid 25—54aastaste meeste hulgas aastatel 20082009 (I artikkel);

2. Vilja selgitada alkoholi tarvitamisega seotud organkahjustusi ning analiiii-
sida organkahjustuste seoseid alkoholi biomarkeritega 25—54aastaste meeste
hulgas aastatel 2008-2009 (II artikkel);

3. Uurida peamiste surmapohjuste kodeerimise probleeme alkoholi tarvitami-
sega seotud hulgiorgankahjustuste korral (II artikkel);

4. Analiiiisida alkoholist, psiihhotroopsetest ja muudest ainetest pohjustatud
miirgitussurmasid kogurahvastikus aastatel 20002009 (III artikkel) ja 2010-
2019.

Metoodika

To606 pohines kahel uuringul: Eesti tooealiste meeste alkoholi tarvitamisega seo-
tud enneaegse suremuse uuring 2008-2009 (I uuring) ja Eesti kogurahvastiku
miirgistussurmade uuring 2000-2009 ja 2010-2019 (II uuring).

| uuring

1. Uuritavad

Uuritavateks olid Eestis aastatel 2008—2009 kohtuarstlikule lahangule suunatud
25-54aastased mehed. Meeste kohtuarstlikke lahanguid teostati sel ajaperioodil
kokku 2670, 1299 neist kuulusid vastavasse vanuseriihma, kellest 605 kaasati
uuringusse. Loplikult oli sobivaid lahanguid 595, kuna kiimnel juhul ei osutu-

puhul uuriti tipsemalt alkoholist pdhjustatud organkahjustusi (II artikkel).

2. Kohtuarstliku lahangu libiviimise protseduurid

Lahanguprotokoll ja histoloogiline uuring. Lahanguandmete kogumiseks kasu-
tati spetsiaalselt vilja tootatud lahanguprotokolli. Organite siistemaatilise uuringu
tulemused, mis holmasid siidame, neerude, kopsude, maksa, kdhunidirme, mao,
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kaksteistsormiku ja peaaju nii makroskoopilist kirjeldust kui histoloogilist
uuringut, markis lahangu teinud kohtuarst vastavasse protokolli.

Bioloogilised proovid. Etanooli kontsentratsioon madrati veres, uriinis ning
silma klaaskehavedelikus. Seerumis méérati maksaensiiimide AST, ALT, GGT
aktiivsus. Samuti méérati alkoholi metaboliitide kontsentratsioon: PEth veres
ning EtG ja EtS uriinis.

Alkoholi toimest pohjustatud patoloogilised muutused. Meeste enneaegse
suremuse uuringu tdhelepanu keskmes olid alkoholi tarvitamisega seotud sur-
mad, mistottu médratleti kuus potentsiaalselt alkoholist pohjustatud patoloo-
giliste muutuste klassi vastavalt organitele (maks, kGhunéére, magu, sdogitoru,
kops ja siida), kus muutused esinesid. Organite alkoholikahjustusest tingitud
patoloogilised muutused tehti kindlaks kombineeritult makroskoopilise vaatluse
ja histoloogilise uuringu tulemuste alusel. Sodgitoru veenilaiendid tuvastati
ainult makroskoopiliselt. Iga patoloogiliste muutuste klassi esinemine vdi puu-
dumine maérgiti {iles kahendmuutujana ilma vahepealsete variantideta.

3. Omaste intervjueerimine

Juhul, kui lahkunu oli elanud iihes viiest Eesti suuremast linnast (Tallinn, Tartu,
Parnu, Kohtla-Jarve, Narva), kiisitleti nende omakseid (n=169), et koguda
detailseid andmeid eelkdige lahkunu alkoholi tarvitamise harjumuste kohta.

4. Pohihaiguse kodeerimine

Kohtuarstid mérkisid lahanguprotokolli ning kodeerisid surma pdhjuse ja kuni
kolm kaasuvat haigust vastavalt RHK-10-le. Eesti surma pdhjuste registrist
saadi pohihaiguste RHK-koodid, mille virdlemine kohtuarstide poolt omistatud
koodidega vGimaldas tuvastada kodeerimisel tekkivaid probleeme. Keskenduti
jérgmistele pdohihaigustele: alkoholisdltuvus (F10.2), alkohoolne kardiomiio-
paatia (I42.6), maksa alkoholtobi (K70), alkoholimiirgistus (X45), kardiovasku-
laarsed haigused (I00-199, v.a. 142), teised kardiomiiopaatiad (142, v.a. 142.6),
seedeelundite haigused (K00-K93, v.a. K70), hingamiselundite haigused (JOO-
J99) ning valispohjused (VO1-Y98, v.a. X45).

Il uuring

Andmete kogumine. Uuring baseerus Eesti Kohtuekspertiisi Instituudi lahangu-
protokollidest ja kohtukeemia laborist 2000-2009 aastate (III artikkel) ja 2010—
2019 aastate kohta saadud andmetel (vanus, sugu, surma pohjus, toksikoloogia-
uuringute tulemused). Uuringusse kaasati koik lahangujuhud, kus pohihaiguseks
oli miirgistus: aastatel 2000—2009 oli 4132 ja jargmisel kiimnel aastal 2822 sur-
maga 16ppenud miirgistust. RHK koodidest kasutati uuringus T jaotust vastavalt
ainele (etanool, illegaalsed ained/ravimid, ravimid, teised alkoholid, siisinikmono-
oksiid, muud ja teadmata).
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Tulemused

Alkoholi ekspositsioon, alkoholi biomarkerid ja peamised surmapohjused
25-54aastaste meeste hulgas aastatel 2008—2009. (I artikkel)

Surmale eelnenud aasta jooksul olid tarvitanud alkoholi peaaegu iga péev voi
mitu korda néddalas iile poole todealistest meestest ning umbes 10% neist olid
mitmel korral tarvitanud surrogaatalkoholi. 55%-1 juhtudest oli alkoholi sisaldus
surnu veres 0,2 mg/g voi enam, mis kinnitab nende liigset alkoholi tarvitamist.

Mitmed uudsed alkoholi biomarkerid osutusid sobivaks surmajirgses diag-
nostikas kasutamisel. Korge spetsiifilisusega olid surmajirgselt miiratuna PEth
veres ning EtG ja EtS uriinis. Biomarkerite védirtused olid nende isikute proo-
vides negatiivsed voi madalad, kes ei tarvitanud surmale eelnenud aasta jooksul
alkoholi {ildse voi peaaegu mitte kunagi.

Eesti tooealiste meeste surma pohjustest moodustasid ligikaudu kaks kol-
mandikku vélispdhjused ning ithe kolmandiku haigused. Vélispdhjustest oma-
korda olid iilekaalus enesetapud (25,6%) ja miirgistused (24,8%). Haigustest
olid surma pohjuseks pooltel juhtudel siidame-veresoonkonnahaigused (eeskatt
siidame isheemiatdbi) ning sageduselt jargmiseks seedeelundite haigused (pShi-
liselt maksa alkoholtobi).

Alkoholi tarvitamisega seotud organkahjustused ning selle seosed alkoholi
biomarkeritega 25-54aastaste meeste hulgas aastatel 2008-2009.
(IT artikkel)

Alkoholist pohjustatud siseelundite patoloogiliste muutuste leid oli sage, mis
kinnitab kohtuarstlikule lahangule suunatud 25-54aastaste meeste tervist ohus-
tavat alkoholi tarvitamist. Ainult veerandil juhtudest ei tuvastatud lahangul
alkohoolsele kahjustusele viitavaid organkahjustusi. Kahe voi enama organi
kahjustus esines 32%-1 juhtudest ning kahjustatud organite arv suurenes vanuse
kasvades, olles kdrgem vanuserithmas 45-54 aastat. Organite 1dikes oli koige
sagedamini kahjustatud maks (orienteeruvalt 60% juhtudest). Vdimalikud alko-
holiga seotud patoloogilised muutused, nt pneumoonia ja aspiratsioon, esinesid
18,6%, mao ja sodgitoru kahjustused 18,9% juhtudest ning dge voi krooniline
pankreatiit sedastati 14% juhtudest.

Biomarkeritest olid PEth ja GGT tdusnud véirtused seotud suurema arvu
kahjustunud organitega. Samas EtG ja EtS viértused korreleerusid mistahes
organkahjustuse olemasolu voi nende tiieliku puudumisega.

Peamiste surmapohjuste kodeerimise probleemid alkoholi tarvitamisega
seotud hulgiorgankahjustuse korral (II artikkel)

Arstil on raske valida {ihe organi alkoholist pohjustatud patoloogiat pShihaigu-
seks juhul, kui tegelikult esineb mitme organi kahjustus. Sellisel juhul peavad
Eesti kohtuarstid digeks diagnoosi “Alkoholi krooniline toksiline toime sise-
organitesse”. Uuring niitas, et see diagnoos kodeeriti Statistikaametis koodiga
F10.2 (alkoholsoltuvus), mis on pigem kliiniline diagnoos ning pole sobiv
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kasutamiseks lahangujuhtudel. Kuna koige sagedamini on hulgiorganpatoloo-
giate korral kahjustunud maks, siis kasutavad kohtuarstid enim diagnoosi K70
ehk maksa alkoholtdbi, kuigi see pole alati tdiesti korrektne.

Alkoholist, psiihhotroopsetest ja muudest ainetest pohjustatud
miirgitussurmad kogurahvastikus aastatel 2000—2009 (III artikkel) ja
2010-2019

Kdigist surmadest Eestis moodustasid uuringuperioodil 2000-2009 miirgistused
2,4%. Kodige rohkem esines etanoolist pohjustatud miirgistussurmi, millele jarg-
nesid miirgistused siisinikmonooksiidi ja narkootiliste ainetega. Sellel perioodil
oli mérgatav alkoholimiirgistuste arvu langus ning viimastel aastatel ka vingu-
miirgistuste vdhenemine. Narkootiliste ainete miirgistustest moodustasid pohi-
osa (65,3%) miirgistused fentaniiiilidega. Orienteeruvalt 6% miirgistustest olid
pohjustatud metadooni toksilisest toimest, samas ei sedastatud iihtegi surma,
mis oleks pdhjustatud buprenorfiinist.

Aastatel 2000-2009 moodustasid mono-intoksikatsioonid, peamiselt alkoholi-
miirgistused iile poole kdigist letaalsetest miirgistustest. Vingugaasist ning nar-
kootilistest ainetest tingitud surmad olid sageli kombineeritud miirgistused mit-
me ainega, neist narkosurmade puhul leiti kaasuvana sageli bensodiasepiine
ning amfetamiini. 61%-1 narkosurmadest oli alkoholi kontsentratsioon veres alla
0,2 mg/g.

Vorreldes eelneva kiimnendiga oli aastatel 2010-2019 miirgistussurmade arv
viiksem, samas oli langenud ka Eesti Kohtuekspertiisi Instituudis teostatud la-
hangute iildarv. Miirgistuste osakaalus koigist kohtuarstlikest lahangutest esines
vihene tous. Kui aastatel 20002009 moodustasid miirgistused 14,3% koigist
lahangutest, siis jargmisel kiimnel aastal moodustas see 17,6%. Mérkimisvadrne
langus esines vingumiirgistustes — aastatel 2010-2019 vihenes nende arv vor-
reldes eelmise kiimnendiga ligikaudu kahe kolmandiku vorra.

Jareldused

Uuring andis tdenduspdhise ja detailse iilevaate, et Eestis kohtuarstlikule lahan-
gule suunatud todealistel meestel esinevad sageli voimalikud alkoholist poh-
justatud haiguslikud muutused siseorganites, mis viitab selles vanuserithmas
alkoholi harjumuspérasele ja tervistkahjustavale tarvitamisele. Uuringu tule-
mustest nihtus, et osad alkoholi biomarkerid (PEth, EtG ja EtS) on kasutatavad
surmajargses diagnostikas ning neid voiks tavapraktikas ja lahanguid hdlma-
vates uuringutes enam kasutada, eriti kui puuduvad l1&dhedastelt saadud andmed
lahkunu alkoholi tarvitamise mustri kohta.

Lahanguleiuna hulgiorganite alkoholkahjustuse esinemise korral oli raske
diagnoosida pohihaigust RHK-s puuduvate vdoimaluste tSttu.

Miirgistussurmade uuringu pdhjal olid aastatel 2000-2009 esikohal alkoholi-
mirgistused kuid aastatel 2010-2019 miirgistused psiihhotroopsete ja narkoo-
tiliste ainetega.
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Praktilised soovitused

Uuringu tulemused on vajalikud alkoholistrateegia ja -poliitika kujundajatele
ning Eesti Kohtuekspertiisi Instituudile kui kohtuarstlikke lahanguid teostavale
asutusele.

Uuringu tulemuste pdhjal saab teha jargmised ettepanekud:

1. Kasutada surma jirgselt laialdasemalt alkoholi biomarkerite (Etg, Ets ja
PEth) méddramist kroonilise alkoholi tarvitamise ja/vdi vahetult enne surma
toimunud alkoholi tarvitamise tdestamiseks.

2. Arendada ja juurutada neuropatoloogiat alkoholist pohjustatud organkahjus-
tuste detailsemaks uurimiseks kohtuarstlikus praktikas

3. Mirkida alkoholist pdhjustatud hulgiorgankahjustuse korral surma pohjuse
teatisele pdhihaigusena juhtiva organi kahjustus.

4. Kasutada sagedamini beetahiidroksiibutiiraati kui viljendunud ketoatsidoosi
nditajat otsese surmapdhjuse médramiseks juhul kui on tegemist alkoholist
pohjustatud hulgiorgankahjustusega.

5. Parandada miirgistussurmade andmebaasi kvaliteeti Eestis regulaarse andme-
kontrolli ja lahanguprotokollide sisu vordlusega.
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APPENDIX I: Autopsy protocol

Study subject number

Forensic autopsy protocol number

Forensic department number

Date and time

1 Date of death

2 Time of death

3 Date of autopsy

4  Time of autopsy

5 Date blood sample taken

6 Time blood sample taken

Instructions for completing the protocol

Please circle the appropriate number in front of the text answer.
Please record numeric data on the line provided.

Please write free text answers in Histology section.

Autopsy findings

Heart

7 Weight (g)

8 Length (cm)

9 Breadth (cm)

10 Depth (cm)

11 Thickness of left ventricular wall (cm)
12 Thickness of right ventricular wall (cm)
13 Thickness of intraventricular septum (cm)
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Evidence of acute infarction

14 Anterior
no
yes
15 Posterior
no
yes
16 Intraventricular septum
no
yes
17 Apical
no
yes
Evidence of old infarction
18 Anterior
no
yes
19 Posterior
no
yes
20 Intraventricular septum
no
yes
21 Apical
no
yes
Other gross cardiac anomaly
22 Dilated (cause unspecified) cardiomyopathy
no
yes
23 Alcoholic cardiomyopathy
no
yes
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24 Hypertrophic cardiomyopathy

0 no

1 vyes

25 Chronic ischaemic heart disease

Atheromatous occlusion of coronary arteries

0 no

1 vyes

26 Left circumflex

w N =, O

none
<50%
51-75%
>75%

27 Left anterior descending

w N O

none
<50%
51-75%
>75%

28 Right coronary

Appearance of arteries of coronary arteries

w N O

none
<50%
51-75%
>75%

29 Left circumflex

w N 2 O

clean
fatty streak +/- fibrosis
complicated

calcified

30 Left anterior descending

w N = O

clean
fatty streak +/- fibrosis
complicated

calcified

75



31 Right coronary

0 clean
1 fatty streak +/- fibrosis
2 complicated
3 calcified
Thrombus of coronary arteries
32 Left circumflex
0 no
1 vyes
33 Left anterior descending
0 no
1 vyes
34 Right coronary
0 no
1 vyes
Other cardiovascular system
35 Anomaly of cardiac valves
0 no
1 vyes
36 End organ damage from hypertension
0 no
1 vyes
37 Renal damage from hypertension
0 no
1 vyes
38 Aorta
0 clean
1 fatty streak +/- fibrosis
2 complicated
3 calcified
Kidneys
39 Renal disease
0 no
1 vyes
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Lungs

40 Pneumonia
0 no
1 vyes
41 Aspiration of gastric contents
0 no
1 vyes
42 Active tuberculosis
0 no
1 vyes
43 Healed tuberculosis with scarring
0 no
1 vyes
Liver
44 Weight (g)
45 Right lobe height (cm)
46 Right lobe depth (cm)
47 Left lobe height (cm)
48 Left lobe depth (cm)
49 Length (cm)

Liver pathology

50

Liver pathology
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none

fatty liver (focal)

fatty liver (generalised)
fibrosis (incomplete)
fibrosis (complete)
cirrhosis (incomplete)
cirrhosis (complete)

morbis hepatis



Pancreatitis

51 Pancreas pathology

Oesophagus, stomach and duodenum

0
1
2

normal
acute pancreatitis

chronic pancreatitis

52 Gastritis

no
yes
53 Gastric ulcer
no
yes
54 Duodenitis
no
yes
55 Duodenal ulcer
no
yes
56 Oesophageal varicosities
no
yes
57 Oesophagitis
no
yes
Brain
58 Weight (g)
Brain pathology
59 Haemorrhage
no
yes
60 Infarction
no
yes
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61

New contusions

0 no

1 vyes
62 Old brain trauma

0 no

1 vyes
63 Cortical atrophy

0 no

1 vyes
64 Cerebellar atrophy

0 no

1 vyes
Laboratory investigations
Blood, vitreous humour and urine alcohol level
65 Blood (mg/ml)
66 Urine
67 Vitreous humour (mg/ml)
Surrogates

Concentration
Blood Urine
68 Methanol
69 Iso-propanol
70 Iso-butanol
71 Iso-amyl alcohol
72 Ethylene Glycol
Drugs
Detected Blood concentration
73 Morphine
0 no
1 vyes

9 not tested
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74 Fentanyl

no
yes

not tested

75 Marijuana

no
yes

not tested

76 Amphetamine

no
yes

not tested

77 Cocaine

no
yes

not tested

78 Buprenorphine

no
yes

not tested

79 Methadone

no
yes

not tested

80 Other, specify

Enzymes etc

no
yes

not tested

Substance Concentration
81 vy GT
82 Alanine Transferase

83 Aspartine Transferase




Histology

Heart

84 Right ventriculum

85 Left ventriculum

86 Septum intraventricularis
87 Left atrium

88 Right atrium

Coronary artery

89 In case of thrombus
Liver

90 Right

91 Left

Pancreas

92 Head

93 Tail

Brain

94 Cortex

95 Cerebellum (superior vermis)
96 Basal ganglia

97 Mamiliary bodies
Kidneys

98 Right

99 Left

Lung

100 Parenchyma

101 Any lesion
Stomach & duodenum

102 Lesion
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Cause of death
To be completed once death certificate issued

103 Cause of death (ICD10)

104 Immediate cause
105 Intermediate cause
106 Main cause

107 External causes

108 Other important diseases (1)

109 Other important diseases (2)

110 Other important diseases (3)

111 Manner of death
disease

suicide
accident
homicide

unknown

A U A W N R

other
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APPENDIX II: Participant proxy questionnaire

Participant proxy questionnaire
Cover Sheet: to be completed by the interviewer

Subject number

Date of interview MM YYYY

Date of previous

. . MM YYYY
interview

INErVIEWET fIrSt NAME e e e e eeabrae e e s

INTEIVIEWEN [aST NAME ettt e e e e s s e s s e s e s e seseanns

Interviewer code

Time started

Time ended

Having read the information sheet, are you willing to be interviewed and for the
information collected to be used for the purposes of this scientific study?

Has respondent read the|YeS

study information sheets?

Has respondent given verbal Yes

consent?
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LOi. Has he ever drunk alcohol in his life other than on a few occasions?
Please circle the single most appropriate answer.

1 Yes Bl go to L35a

2 No Bl go to L46

97 difficult to answer B go to L46

98 refuse to answer B go to L46

L9. How much beer does he usually drink on one occasion? (‘occasion’ means a

single continuous period of drinking)
Please circle the single most appropriate answer.
1 never drinks beer
2 1 bottle (0.5l) or less
3 2-4 bottles (0.5l)
4 5-6 bottles (0.5l)
5 more than 6 bottles(0.5l)

97 difficult to answer

98 refuse to answer

L10. How much wine does he usually drink on one occasion?
Please circle the single most appropriate answer.
1 never drinks wine

2 up to 200g

3 between 200 - 400g

4 between 400 - 600g

5 between 600 - 1000g

6 more than 1 litre

97 difficult to answer

98 refuse to answer

L11. What quantity of spirits, such as vodka or other strong drinks, does he
usually drink on one occasion?

Please circle the single most appropriate answer.

never drinks spirits

Up to 50g

between 50 — 100g

between 100 - 200g

between 200 - 300g

between 300 - 400g

between 400 - 500g

more than 500g

difficult to answer

refuse to answer

L12. What is the maximum quantity of beer ever drunk on one occasion?

Please circle the single most appropriate answer.

never drinks beer

1 bottle (0.5l) or less

2-4 bottles (0.51)

5-6 bottles (0.5l)

more than 6 bottles (0.5l)

YNV EWN R

O
o

u b wWN PR
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97
98

L13.

difficult to answer
refuse to answer
What is the maximum quantity of wine ever drunk on one occasion?

Please circle the single most appropriate answer.

L14.

never drinks wine

up to 200g

between 200 - 400g

between 400 - 600g

between 600 - 1000g

more than 1 litre

difficult to answer

refuse to answer

What is the maximum quantity of spirits ever drunk on one occasion?

Please circle the single most appropriate answer.

oOoNOOULLhA, WN B

never drinks spirits
up to 50g

between 50 — 100g
between 100 - 200g
between 200 - 300g
between 300 - 400g
between 400 - 500g
more than 500g
difficult to answer
refuse to answer
Does he ever drink spirits together with either beer or wine at the same
sitting?

Please circle the single most appropriate answer.

1
2
3
97
98

L16.

yes, often

yes, sometimes

no, never

difficult to answer

refuse to answer

Does he ever drink large quantities of spirits without also eating some food
at the same sitting?

Please circle the single most appropriate answer.

1
2
3
97
98

always
sometimes
rarely/never
difficult to answer
refuse to answer
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L17. How often does he become excessively drunk?
Please circle the single most appropriate answer.

1 every day

2 several times a week

3 once a week

4 several times a month

5 once a month

6 less than once a month

7 never or almost never

97 difficult to answer

98 refuse to answer

L18. Does he ever drink alcohol before noon?
Please circle the single most appropriate answer.
1 no

2 yes, occasionally

3 yes, frequently

97 difficult to answer

98 refuse to answer

L19. How often does he have a hangover?
Please circle the single most appropriate answer.

1 every day

2 several times a week

3 about once a week

4 several times a month

5 about once a month

6 less than once a month

7 never or almost never

97 difficult to answer

98 refuse to answer

L20. This question is deliberately omitted

L20a During the last month, were they any days when he missed work because he
felt unwell due to alcohol?

Please circle the single most appropriate answer.

1 Yes

2 No[l gotol21

3 Did not work B go to L21

97 difficult to answer R go to L21
98 refuse to answer B go to L21

L20b  If yes, approximately how many days?

(1] oo

97 difficult to answer
98 refuse to answer
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L22.

How often does he fail to fulfil his family or personal obligations due to
drinking alcohol?

every day

several times a week

about once a week

several times a month

about once a month

less than once a month

Never

difficult to answer

refuse to answer

Does he ever go to sleep at night with his clothes on because of being drunk?

Please circle the single most appropriate answer.

L23.

every day

several times a week
about once a week
several times a month
about once a month

less than once a month
never or almost never
difficult to answer

refuse to answer

Does he ever drink alone?

Please circle the single most appropriate answer.

1
2
3
97
98

L24.

yes, often

yes, sometimes

no, never

difficult to answer

refuse to answer

Does he usually drink alcohol at home or in other places?

Please circle the single most appropriate answer.

1
2
3
97
98

usually at home

sometimes at home, sometimes elsewhere
usually elsewhere

difficult to answer

refuse to answer

89



L24a With whom does he usually drink?
Multiple responses are permitted.

with the members of your household
with other relatives

with friends who work with you

with neighbours

with friends from childhood (youth)
with friends you know through your hobbies
a variety of people

usually drinks alone

other

difficult to answer

refuse to answer

O oo NOULD WNPRP

O
[ SRR N

| would now like to ask you about episodes of ‘zapoi’ in the subject’s life. By ‘zapoi’, |
mean a period of continuous drunkeness of several days or more during which the
person does not work and is withdrawn from normal life.

L25. Has he had one or more episodes of zapoi in the past year?
Please circle the single most appropriate answer.

1 yes, often had episodes of zapoi

2 yes, sometimes had episodes of zapoi

3 no, never )

97 difficult to answer ) Bgo to L32

98 refuse to answer )

L26. Has he had one or more episodes of zapoi in the past month?
Please circle the single most appropriate answer.

1 yes

2 no )

97 difficult to answer ) Bgo to L27b

98 refuse to answer )

L27. Has he had one or more episodes of zapoi in the past week?
Please circle the single most appropriate answer.

1 yes

2 no

97 difficult to answer

98 refuse to answer

L27b  How long does a typical episode last?
Please circle the single most appropriate answer.

1 2 days

2 3 days

3 4 or more days

97 difficult to answer
98 refuse to answer
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L27c How many episodes has he had in the past year?
Please circle the single most appropriate answer.

1 1

2 2-4

3 5-9

4 10 or more

97 difficult to answer
98 refuse to answer

L28. This question is deliberately omitted

L29. This question is deliberately omitted

L30. This question is deliberately omitted

L31. During his most recent episode of zapoi, did he drink surrogates (any
alcoholic substances not intended for drinking) ?

Please circle the single most appropriate answer.

1 yes

2 no

97 difficult to answer

98 refuse to answer

L32. Has he been arrested because he was drunk during the past year?
Please circle the single most appropriate answer.

1 yes

2 no

97 difficult to answer

98 refuse to answer

L33. Is he currently drinking more than, less than, or about the same as he was

one year ago?
Please circle the single most appropriate answer.

1 more than a year ago go to L35a

2 about the same as a year ago go to L35a
3 less than a year ago

97 difficult to answer go to L35a

98 refuse to answer go to L35a

L33b s this because of...

Please circle the single most appropriate answer.

He was afraid of losing his job

Advised by doctor to stop

After treatment for alcohol problems

Felt too ill to drink

Pressure from or influence of his family or friends

Financial reasons

He decided he didn’t want to drink alcohol any more for other health-/illness-

related reasons (please specify).......cccce coveeeuruneee

8 He decided he didn’t want to drink alcohol any more for other non health-
/illness-related reasons (please specify)......cccee coevvvevenee.

97 difficult to answer

98 refuse to answer

NOoOuh~hwN
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L34.

L35a

This question is deliberately omitted
Has he drunk any alcohol in the past month?

Please circle the single most appropriate answer.

1
2
97
98

L35b

Yes go to L35

No

difficult to answer go to L35

refuse to answer go to L35

When did he stop drinking alcohol?

Please circle the single most appropriate answer.

1

2

3

4

97
98
L35c

up to 6 months ago

more than 6, up to 12 months ago
more than 1, up to 5 years ago
more than 5 years ago

difficult to answer

refuse to answer

Why did he stop drinking alcohol?

Please circle the single most appropriate answer.

NOoOupbhwN R

97
98
L35.

He was afraid of losing his job

Advised by doctor to stop

After treatment for alcohol problems

Felt too ill to drink

Pressure from or influence of his family or friends

Financial reasons

He decided he didn’t want to drink alcohol any more for other health-/illness-
related reasons (please Specify).......ccee. wovereverennns

He decided he didn’t want to drink alcohol any more for other non health-
/illness-related reasons (please specify)......cccee coevervrveneee

difficult to answer

refuse to answer

Was there ever any period in his life when he drank heavily other than
during the past 12 months?

Please circle the single most appropriate answer.

1

2

97
98
L36.

yes
No

difficult to answer

refuse to answer

Has he ever had help or advice from a doctor, narcologist, social worker or
some other professional for an alcohol problem?

Please circle the single most appropriate answer.

1
2
97
98

yes
no

difficult to answer go to L38
refuse to answer

92



L37. Did he get such help or advice in the past 12 months?
Please circle the single most appropriate answer.

1 yes

2 no

97 difficult to answer
98 refuse to answer

L37b  Has he ever attended the Narcology Dispensary?
Please circle the single most appropriate answer.

1 Yes

2 No

97 difficult to answer

98 refuse to answer

L38. Has he ever been taken to a sobering-up centre?
Please circle the single most appropriate answer.

1 yes

2 no

97 difficult to answer go to L41

98 refuse to answer

L39. Was this during the past 12 months?
Please circle the single most appropriate answer.

1 yes

2 no

97 difficult to answer

98 refuse to answer

L40. This question is deliberately omitted

La1 How long, in minutes, does it take to get to the nearest place where one can

buy beverages?
Please circle the single most appropriate answer.

1 <5 minutes

2 5-10 minutes

3 10-30 minutes

4 >30 minutes

97 Difficult to answer

98 refuse to answer

La4 Has he ever been admitted to hospital/clinic because of alcohol poisoning?
Please circle the single most appropriate answer.
1 Yes

2 No gotol46

97 Difficult to answer go to L46

98 refuse to answer go to L46

L45 What had he drunk?

97 Difficult to answer
98 refuse to answer
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L46 Did his father go on zapoi when he was growing up?
Please circle the single most appropriate answer.

1 Yes

2 No

97 Difficult to answer

98 refuse to answer

La7 Did his father drink surrogates when he was growing up?

Please circle the single most appropriate answer.

1 Yes

2 No

97 Difficult to answer

98 refuse to answer

L48 Does anyone in the participant’s household apart from him go on zapoi?

Please circle the single most appropriate answer.

1 Yes

2 No

97 Difficult to answer

98 refuse to answer

L49 Does anyone in the participant’s household apart from him drink
surrogates?

Please circle the single most appropriate answer.

1 Yes

2 No

97 Difficult to answer

98 refuse to answer

Interviewer: ask the following questions to proxies of men who drink surrogates a few
times per year or more often

S1 What is the main reason that he drinks surrogates?

Please circle the single most appropriate answer.

1 Taste

2 Psychological /physical effect

3 Ease of purchase

4 Price

5 Other reasons. P1ease SPECIfY .......cveeverireeereniniee s e
97 difficult to answer

98 refuse to answer

S2 When did he start consuming surrogates?

Please circle the single most appropriate answer.

1 within the past month

2 within past 6 months

3 within the last year

4 more than a year ago

97 difficult to answer

98 refuse to answer
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S3 What surrogates does he drink?
Interviewer! Please show respondent card S3.
Select all possible answers

1 Yason

2 Troyar

3 Composition

4 Troynoy or any other cologne or perfume (write what exactly he consumes)

5 Infusion of juniper
6 Infusion of hawthorn
7 Pepper tincture
8 Other types of spirituous infusions (what exactly)
9 Spirits (technical, medical or other)
10 Windows cleaning liquid, other cleaners
Other types of liquids containing spirits (which exactly?)

97 difficult to answer

98 refuse to answer

sS4 Does he ever drink surrogates at home?
Please circle the single most appropriate answer.
1 Yes

2 No

97 difficult to answer

98 refuse to answer

S5 Where does he usually buy surrogates?
Please circle the single most appropriate answer.

1 Kiosk
2 Pharmacy
3 Market

4 Other shop

97 difficult to answer

98 refuse to answer

S6 How long time does it take him to get to the nearest place that he buys

surrogates?
Please circle the single most appropriate answer.
1 <5 minutes

2 5-10 minutes

3 10-30 minutes

4 >30 minutes

97 difficult to answer

98 refuse to answer

S7 When he drinks surrogates, how many bottles does he usually drink per day?
bottles

97 difficult to answer

98 refuse to answer
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S8

97
98
S9

When he drinks surrogates, how much in mls does he usually drink a day? (not
diluted)
mls
difficult to answer
refuse to answer
How do you know that the participant consumes surrogates?

(mark all possible answers)

S10

he drank openly (in front of you, told you about it)

you bought surrogates for him or gave him money to buy surrogates
you found empty bottles, flacks

you could smell that he had

someone told you
other (please specify)
difficult to answer
refuse to answer
What best desribes his drinking behaviour before he started using surrogates?

Please circle the single most appropriate answer.

1
2
3
97
98

drank beverages, but not very much
drank beverages a lot but had no zapoi
drank beverages a lot and went on zapoi
difficult to answer

refuse to answer
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