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Abstract: Substance use carries a higher risk of unnatural death. A retrospective analysis of 42
treatment seekers between 2011-2015 was conducted through medical record review to understand
the profile and circumstances leading to premature deaths. Ninety percent of the subjects were males.
The mean age at death was 44.9 (SD =+ 13.1). Opioids (52.4%), benzodiazepines (45.2%) and alcohol
(35.7%) were the main substances used by the group. Suicide was the most common cause of death
(n =27, 64.3%) followed by accidents (n = 15; 35.7%). Among the suicide cases, alcohol was the main
substance used (33.3%) followed by opioids (25.9%). A total of 58.5% (n = 24) deaths occurred within
a year of their last visit while 41.5% (n = 17) were dead more than a year after their last visit. Of the
total cases (n = 41), 63% had a history of mental illness with depressive disorder (53.8%) being the
most common. History of suicide attempts were reported in 34.1% (1 = 14) of cases and 50% of the
subjects (1 = 21) had a history of suicidal ideation. Drug related offences were reported in 57.1% of
the subjects, of which 60% (n = 18) committed suicide. The findings support the need for appropriate
treatment resources to reduce the untimely deaths among substance users.
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1. Introduction

Unnatural deaths are preventable mortality, the number and frequency of which reflects the quality
and effectiveness of public health services. Whilst natural deaths occur through disease progression,
unnatural deaths result from unnatural or external causes that include suicide, homicide and accidents.
Substance use and mental illness are major risk factors for unnatural deaths [1-4].

The type and number of substances used are key contributors to unnatural deaths. Approximately
450,000 drug use related deaths were reported globally in 2015, with opiate use accounting for 76% of
these deaths [5]. A systematic review and meta-analysis showed that the risk of death increases by
15 fold (crude mortality ratio 2.09 per 100 person years) in opiate users [6]. Mortality due to overdose
was reported more frequently than other causes. A study comparing the mortality ratios and expected
years of life lost among two cohorts—opioid-dependent subjects from the U.S. and Taiwan—showed
that half of the subjects died of unnatural causes in both cohorts, with overdose being the common
cause of death in the U.S. cohort (U.S.: 80.6%, Taiwan: 25%) as compared to suicide in the Taiwan
cohort (Taiwan: 51.9%, U.S.: 2.8%). [7]. Similarly, other substances are also implicated in unnatural
deaths. A study showed that amphetamine users had an excessive mortality due to unnatural deaths
with a standardised mortality rate of 6.02 [8]. Alcohol plays a causal role in unnatural deaths [9-11],
which includes deaths due to respiratory depression [12]. Cognitive impairments resulting from
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chronic alcohol abuse have been linked to accidents [13,14], falls [15,16], drowning [17], suicide [18,19]
and homicide [20].

Number of substances used are also important determinants of mortality. Bradvick and colleagues [21]
studied the relationship between number of addictive substances used and the risk of unnatural death.
The study showed a higher risk with every additional substance abused. A study conducted in Hungary
reported heroin either alone (58%) or in combination with alcohol (26%) played a causal role in drug
overdose deaths [22]. Tuusov et al. [23] analysed nine years of data on unnatural death among substance
users and reported ethanol poisoning (35.1%) as the main cause of death followed by carbon monoxide
(27.9%) and illegal drugs (21.5%).

Suicides and accidents are commonly cited causes of death among substance users [24,25]. Lee et al. [26]
studied drug related deaths among a cohort of substance users and showed a 57% increase in drug
related deaths between 2001 to 2013, of which 81.6% were unnatural deaths exhibiting distinctive
demographic profiles for individual drug types and death categories (accidents, suicides, homicides,
etc.). Several meta-analysis have shown higher odds of suicides, suicide ideations and suicide attempts
in substance users [27,28].

In Singapore, 51.07% of the cases between 2009 and 2010 [29] reported to the coroner were
unnatural deaths which included drug toxicity/adverse reactions (6.93%). Falls from height (35.86%),
accidents (17.6%) and drowning (5%) were also reported, however, the number of substance users
among the cases was unknown. Understanding the substance user profile, habits and cause of
death is necessary to implement relevant preventive programmes. This study was mainly aimed
at understanding the specific demographics, substance user profiles and circumstances leading to
unnatural deaths among our clinical population to allow the clinicians to be aware of such risks and
implement key preventative measures to minimise the risk.

2. Materials and Methods

2.1. Study Population

In Singapore, a case receives coroner s attention when the cause of death is either unknown or suspicious.
Coroner’s enquiry involves obtaining the medical report from the respective hospitals. National Addictions
Management Service (NAMS) is the main provider of addiction treatment at the national level and hence
it is also the recipient of such an enquiry when substance use is suspected and the deceased had sought
treatment at NAMS. An internal database was created in 2011 to track the coroner’s enquiries. The study
team compiled a list of such enquires between the period of 2011-2015 for this study. A retrospective analysis
of this data was performed to ascertain the cause of death, circumstances of death, substance use trends and
the clinical/ demographic profile of the patients. Cases of natural death, missing records and behavioral
addictions were excluded from the study while cases of unnatural deaths or deaths due to undetermined
causes where substance use was involved were included.

2.2. Data Collections

A total of 65 cases of unnatural deaths were identified during the study period. Death certificates
were obtained from the Registry of Birth and Death, Immigration and Checkpoint Authority of Singapore
(ICA). The cases were examined for cause of death. For cases where the cause of death was broad or unclear
(e.g., cause of death indicated as multiple injuries, which can be a result of suicide (jumping from high rise
buildings) or accidents), the Coroner’s verdict was collected from the State Courts, Singapore. The Coroner’s
verdict includes a detailed description of the investigation and the final cause of death. Demographic (age,
gender, race, education, etc.) and clinical data (Diagnostic and Statistical Manual of Mental Disorders,
4th Edition (DSM-1V) diagnosis, forensic history, engagement with treatment and community rehabilitation
services, type, number of substances used, adverse childhood experiences, psychiatric history, suicide
and self-harm history, etc.) were collected from patient’s medical records. The data was extracted by
trained clinicians using a data collection form. Those with known substance use were included in the
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analysis. The deaths were broadly classified as natural deaths and unnatural deaths. Unnatural deaths were
further classified as suicide, accidents and homicides. Twenty-three cases were excluded from the analysis,
which included cases of natural deaths (15 cases), unnatural deaths related to gambling addiction, large
amount of missing data and untraceable medical records. The study methodology was approved by the
Domain Specific Review Board (Ref.: 2015/01158).

2.3. Data Analysis

Descriptive analysis was employed to profile the sample population. The values were expressed
as percentage under the specific category and mean/median values are indicated where necessary.
The age of onset across substance categories were analysed using Independent samples Kruskal-Wallis
Test and the relationship between selected variables were studied using Pearson correlation. Multiple
Linear regression was done to determine the effect of sociodemographic factors in the outcome of
interest (years to death after the onset of substance use, days to death since last visit to the clinic).
The model considered gender, ethnicity, employment status, marital status and comorbidities (DSM-IV
Axis I). The data was analysed using IBM SPSS statistics version 23 (IBM, Armonk, NY, USA).

3. Results

3.1. Demographics

Among the substance users, 90.5% (n = 38) were males and 9.5% (n = 4) females (Table 1). All of
them were Singapore citizens.

Table 1. Socio-demographic characteristics of the subjects.

Demographics of the Subjects 1 (%)

Gender N=42
Males 38 (90.5)
females 4 (9.5)
Nationality N =41
Singaporean 100
Ethnicity N=42
Chinese 29 (69)
Malay 6(14.3)
Indian 7 (16.7)
Religion N=37
Christianity 10 (27)
Buddhism 7 (18.9)
Hinduism 4(10.8)
Islam 6 (16.2)
Taoism 2(5.4)
Others 8 (21.6)
Marital status N=42
Single 16 (38.1)
Married 17 (40.5)
Separated 1(2.4)
Divorced 8 (19)
Living arrangement N=41
Living alone 7 (17.1)
living with spouse or children 9(22)
Living with family of origin (e.g., parents, sibling) 19 (46.3)
Others 6 (14.6)
Employment N =40
Employed 17 (42.5)

Unemployed 23 (57.5)
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The majority (n = 29; 69%) were Chinese, followed by Indians (1 = 7; 16.7%) and Malays (1 = 6; 14.3%).
About half of them were married (1 = 17; 40.5%), 38.1% (n = 16) were single, 19% (n = 8) divorced and 2.4%
(n =1) separated. A large proportion of the subjects lived with their family of origin (n = 19; 46.3%) and
were employed (n = 17; 42.5%). The mean age at death was 44.9 (SD + 13.1, age range 18-69).

3.2. Substance Use among the Subjects and Comorbidities

Among those who used substances, 33.3% (n = 14) used alcohol (based on the active DSM-IV
diagnosis and supported by urine tests/breath analyser), and the remainder used other psychoactive
substances. Alcohol dependence was present in 23.8% (1 = 10) of cases and alcohol abuse was 7.1%
(n = 3). Among the 10 subjects with alcohol dependence, one subject was dependent on multiple
substances and was therefore grouped under substance use with more than two substances (Table 2).
The majority of the subjects had a diagnosis of opioids (n = 20; 47.6%) or benzodiazepines dependence
(81%, n = 13), among which eight subjects were dependent on both opioid and benzodiazepine.
These subjects were included under the opioid and benzodiazepine group. Amphetamine and
solvent use contributed to 2.4% (n = 1) each and cases with more than two substances were grouped
as “substance use with more than two substances” and they contributed to 7.2% (n = 3, Table 2).
For the purpose of the descriptive analysis, subjects were grouped into six groups: (1) Alcohol alone
(dependence, abuse and use) (2) Opioid alone (dependence) (3) Benzodiazepine alone (dependence)
(4) Opioid and Benzodiazepine together (5) Substance dependence involving more than two substances
which includes polysubstance dependence with alcohol and without alcohol (6) others (includes
amphetamine and solvent abuse).

Table 2. Represents the percentage of subjects using various drugs (based on diagnosis).

C Dependence Abuse Use
ategory
1 (%) n (%) 1 (%)
Alcohol alone 9(21.4) 3(7.1) 1(24)
Opioid alone 12 (28.6)
Benzodiazepine alone 4(9.5)
Opioid and Benzodiazepine 8 (19.0)
Substance dependence with more than two substances
Polysubstance dependence without alcohol 2(4.8)
Polysubstance dependence with alcohol dependence 1(24)
Others
Amphetamine 1(2.4)
Solvent 1(24)

Approximately 31% (n = 31) of the sample had Axis I psychiatric comorbidities. Seven subjects
(16.6%) with alcohol use (abuse or dependence) had psychiatric comorbidities compared to three subjects
with opioid dependence. Other illnesses such as depression (1 = 2), anxiety (1 = 1), schizophrenia
(n = 1), psychosis (n = 1), gambling (n = 2) and behavioral problems (1 = 1) were observed in trivial
proportions. Approximately 16.7% had an Axis II diagnosis of personality disorder and 57.1% (n = 24)
had an Axis III diagnosis: hepatitis C (1 = 6; 14.3%), hypertension (n = 5; 11.9%), asthma (n = 4; 9.5%)
and cardiovascular conditions (n = 3; 7.1 %) were the most frequent illnesses. Majority (n = 36; 85.7%)
had psychosocial problems (Axis IV). Global Assessment of Functioning score (GAF, Axis V) was
recorded for 31% (n = 13) of the subjects and it showed a mean score of 62.3 (SD + 6). A detailed
description of various Axis IV conditions can be found in Table 3.
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Table 3. DSM-IV Axis IV diagnosis among the study subjects.

Type of Problem n (%)
Employment related 18 (42.9)
Financial 4(9.5)
Interpersonal relationship 10 (23.8)
Accommodation 4(9.5)
Family related 4(9.5)
Marital 9 (21.4)
Legal 9 (21.4)
Others 1(24)

3.3. Substance Use Profile and Manner of Death

Among the substances reported (self-reported by the subject, not supported by urine tests or
diagnostic criteria) opioids, benzodiazepines and alcohol were the most abused drugs (Table 4). The age
of onset for the substance use ranged from 11 to 59 years, with a mean age of 30 (+ 11), 32.7 (+ 12),
and 22.8 (+ 12) for opioid, benzodiazepines and alcohol respectively. Kruskal-Wallis test was conducted
to examine the distribution of age of onset of substance across different categories of substances.
No statistically significant differences (x%? (2) =59, p = 0.05) were seen in the age of onset between
different substance types. Heroin was the most abused drug among the opioid group (54.4%, n = 12)
followed by buprenorphine (n = 5). The majority of the opioid users were daily users (88.9%, n = 16)
with an average use on 28.2 days (mode: 30, median: 30). Among the benzodiazepine users, midazolam
(dormicum) was the most abused benzodiazepine (68.4%, n = 13) with an average monthly use of
22.8 days (n = 12, mode: 30, median: 30). Subjects who used alcohol reported an average monthly use
of 19.6 days (mode 30 days, median 20).

History of polysubstance use was reported by 65.9% (1 = 27; 65.9%). Heroin (n = 17; 63%), cannabis
(n =9; 33.3%), buprenorphine (1 = 11; 40.7%) and midazolam (n = 8; 29.6 %) were the commonly used
drugs reported by polysubstance users (Table 4).

Table 4. Substance use profile (self-reported).

Substance n (%) Age of Onset
Alcohol 15 (35.7) 22.8 (£ 12)
Opioid 22 (52.4) 30 (£ 11)
Benzodiazepines 19 (45.2) 32.7 (£ 12)
Methamphetamines 3(7.1) 223 (£ 6.1)
Cannabis 3(7.1) 19.5 (£ 2.1)
Ketamine 1(24) 21
Inhalants 1(2.4) 11
Polysubstance 7 (%)
Heroin 17 (63) Midazolam 8 (29.6)
Opium 2(7.4) Diazepam 2 (7.4)
Buprenorphine 11 (40.7) Lorazepam 2(7.4)
Methamphetamines 5(18.5) Nimetazepam 6(22.2)
Cannabis 9 (33.3) Benzodiazepines NOS 2 (7.4)
Codeine 5(18.5) Tramadol 1(3.7)
Cough Mixtures 3(11.1) Inhalant 2(7.4)
Ecstasy 4 (14.8) LSD 2(7.4)
Ketamine 4(14.8) Alprazolam 5(18.5)
Nitrazepam 2(7.4)

NOS: Not otherwise specified; LSD: Lysergic acid diethylamide.
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Of the total number of unnatural deaths during the given period, suicide formed a large proportion
(n = 27; 64.3%) followed by accidental death (n = 15; 35.7%). Among the accident cases, seven (16.7%)
were due to accidental overdose. The substances used by the suicide group included alcohol (33.3%,
n =9), opioid (25.9%, n = 7) and opioid-benzodiazepine combinations (14.8, n = 4). Opioid was the
most abused drug in accidental deaths (n = 5; 33.3%) followed by alcohol and opiate-benzodiazepine
combination (n = 4; 26.7% each, Table 5). Intentional fall from high-rise buildings was the common
mode of suicide in 85% (n = 23) of the cases.

Table 5. Substance use and mode of death.

Alcoholn  Opioidsn  Benzodiaze-pine n Op10} ds al.ld S.ubstance Use Others n
Cause o o o Benzodiazepinesn with More than 2 o
(%) (%) (%) o o (%)
(%) Substances 1 (%)
AC“SET;S‘:E“}‘ 4(26.7) 5(33.3) 1(6.7) 4(26.7) 1(6.7) 0
Suicide (N =27) 9(33.3) 7(25.9) 3(11.1) 4(14.8) 2(7.4) 2(7.4)

The mean age for accidental deaths and completed suicides were 44.4 and 45.1 years, with a median
of 47 and 44 years respectively. The mean and median years to death after the onset of substance use
was 19.4 and 17 years for accidental deaths and 16.3 and 10.5 years for suicides respectively.

Notably, when measured from their last visits, the mean years at death for accidents and suicides
were 1.07 and 2.2 years, respectively. In both cases the median years were 0, which indicates that the
death had occurred within 12 months from their last visit to NAMS clinic. More than half of the cases
(n =24, 57.1 %) had died within the first year from their last visit to the clinic. The remaining deaths
had occurred between wider ranges (2 to 17 years) after the last visit to NAMS clinics. For those deaths
that had occurred within the first year from the last appointment, 12 deaths occurred within 30 days
of their last visit. Of this, six deaths had occurred within 7 days of their last visit. Suicide was the
common cause of death (7 = 9) among those who died within the 30 days of their last appointment.

Among those who sought admission to the hospital, 15 had undergone inpatient detoxification
programme for their substance abuse related difficulties and 23 were admitted for other psychiatric
conditions. The mean number of admissions to inpatient detoxification programme and other
general psychiatric wards were 0.8 (SD + 1.4) and 2.2 (SD + 3.5) respectively, which showed that the
inpatient admissions were predominantly for general psychiatric conditions than for substance abuse
related conditions.

Pearson’s correlation was employed to determine the relationships between the collected variables.
There was a moderate negative correlations between the age of onset of the main substance and years
to death (rp(35) = —0.48, p = 0.004), total number of clinic sessions defaulted and time to death after
the last visit (rp(39) = —0.35, p = 0.029), and number of admissions to general psychiatric ward and
time to death after the last visit (rp(41) = —0.34, p = 0.032). After controlling for the sociodemographic
factors, a strong negative correlation was observed between years to death after the onset of substance
use and age of onset of substance use. Gender, marital status, employment and age of onset were
significant predictors of years to death after the onset of substance use (Supplementary Tables S1-53).
Females tend to have a significantly higher chance to die early when compared to males (B = —20.4, CI:
—-36.8-3.9, p = 0.02). Marriage (B =11.9, CI: 2.9-20.9, p = 0.01) and employment (B = 8.5, CI = 0.76-16.3,
p = 0.03) were protective against early death when compared to those who were single and unemployed.
Ethnicity and employment status were stronger predictors of unnatural death following the last visit
to the clinic than the number of defaulted clinic sessions and admissions to general psychiatric wards.
Compared to Malays, Chinese (B = —959.63, CI: —=1743.2-176.1, p = 0.02) and Indians (B = —1209.8, CI:
—-2181.5-238.1, p = 0.02) tend to succumb to unnatural death early after their last visit to the clinic.
Employment was protective against early death (B = 511.3, CI: 5.5-1017.2, p = 0.04).
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3.4. Past Psychiatric History and Suicidality

Of the total cases (n = 41), 63.4% (n = 26) had a history of mental illness. Depressive disorder
(53.8%), was the common diagnosis among those with a reported history, followed by polysubstance
use (26.9%), adjustment disorder (23.1%) and psychosis (substance induced, 15.4%). A history of
adverse childhood experiences was captured in 32 cases, out of which 28.1% (n = 9) reported adversities
such as childhood abuse (1 = 3), involvement in gangs (1 = 3), truancy (n = 2) and bullying (n = 1).
Seven cases (20.6%) had a family history of mental illness and eight (27.6%) had a family history of
addiction. Half of the cases (n = 21) had presented with past history of suicidal ideations. Of those
who presented with past history of attempted suicides 34.1% (n = 14), 10 had eventually committed
suicide. A history of non-suicidal self-harm was recorded for 33.3% (n = 13) of the subjects. Among the
27 who committed suicide, 40% had a history of non-suicidal self-harm; while 55.6% had a history of
suicide ideations and 38.5% had attempted suicide.

3.5. History of Drug Related Offences

Among the 42 cases, 76% (n = 32) reported forensic history, out of which 57.1% (n = 24) had history
of being imprisoned for drug related offences. The detailed description of forensic history and substance
type is depicted in Table 6. Almost 60% (n = 18) of those with forensic history committed suicide.

Table 6. Forensic history of the subjects.

Opioids and Abuse/Dependence
Histo Alcoholn  Opioidsn  Benzodiazepine n Benzg diazepines 1 Involving More than ~ Others n
ry (%) (%) (%) o P Two Substances 1 (%)
’ (%)
Forensic history

alone (N = 30) 9 (30) 9 (30) 3(10) 5(16.7) 2(6.7) 2(6.7)
Drug offences

alone (N = 24) 4(16.7) 8(33.3) 2(8.3) 6 (25) 2(8.3) 2(8.3)
Both (N = 22) 4(18.2) 7 (31.8) 2(9.1) 5(22.7) 2(9.1) 2(9.1)

4. Discussion

Singapore has an overall crude death rate of 4.8 per 1000 residents [30]. The average death
rate reported during the study period was 4.7 per 1000 residents, of which a suicide rate of 8.4 per
100,000 residents [31] had stayed relatively stable over the years. In our retrospective analysis, a higher
proportion of suicides (64.3%) compared to other unnatural causes was observed. Caution must be
exerted while interpreting our findings as these results cannot be generalised to all substance users,
as the datasets only comprise coroner’s unnatural death enquiries for those who had sought treatment
with NAMS. Highest number of suicides was associated with clients who used opioids (those who used
opioids alone or in combination with benzodiazepine) followed by alcohol and benzodiazepines users.
Many studies have previously explored the common substances implicated in unnatural death and
alcohol topped the list [32]. Contrary to that, Gossop et al., [33] observed opioids as the most common
drugs in post-mortem examination of substance users, followed by benzodiazepines and then alcohol.
We observed a higher proportion of opioids users followed by alcohol and then benzodiazepines,
indicating a distinct pattern that is probably region specific. This can be explained by the fact that
opioid dependence runs a chronic course along with significant psychosocial, legal and physical
complications. Comorbidities such as mood and anxiety disorders which can further increase the risk
of suicide. A direct comparison of our data against larger studies is restricted due to the small sample
size of the current study.

Among the cases studied, suicide was the main contributor (64.3%) to unnatural death followed
by accidental causes. There were no homicides reported among the cases. Similar trends have been
observed in a national cohort in Taiwan [7]. A comparison of the Taiwanese cohort with US showed
that the suicide rate is 20 times higher in Taiwan, which was attributed to higher severity of drug use
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and co-morbid conditions. Severity of drug use was not recorded in our study, nonetheless the higher
rate of Axis I disorders supports the above observation. Depression is a risk factor for suicide [34].
Though more than half of the cases had reported a past history of depression, the number of patients
who had an active diagnosis of clinical depression was low in our cohort. Nonetheless, this may not
reflect the true prevalence rate, as many of our opioid and alcohol users do not stay long enough
in our inpatient treatment program to complete the assessment of comorbidities. Suominen and
colleagues [35] in their 5-year follow up study observed similar trends in unnatural death where
suicide formed half of the reported deaths among substance users. Accidental overdoses are higher
among drug users in western countries [36], but in our data, suicide is higher than drug overdose
related deaths. Although the reasons for this observation are not very clear, we assume that this may be
partly due to decreasing intravenous drug use among opiate users in Singapore based on our clinical
data, low purity of diamorphine (4%) available in street heroin [37] and generally low prevalence rate
for opioid prescription abuse in Singapore.

Opioids (heroin) and alcohol were the two main drugs associated with suicide among the study
population. Alcohol use and suicide among patients with alcohol use disorders are highly prevalent
and linked. Studies have shown a higher risk of suicide among those with alcohol use disorder [38].
The underlying factors for suicide among this population are multifactorial, involving social and
biological elements. Psychiatric comorbidities are identified by many studies as a factor that contributes
to these suicides [39]. Our sample showed 53.8% of those with alcohol abuse/dependence had Axis
I comorbidity. A study conducted in opioid abusers who underwent treatment showed a suicide
attempt rate of 17.3%, which is four times higher than community sample. Moreover, those who
attempted suicide had childhood adverse events, psychiatric comorbidities along with poorer social/
psychological functioning [40,41]. Similar observations were recorded in a Finnish study [35] among
drug users, where self-harm increased the risk of suicide by 40-fold and male gender was identified as
one of the risk factors. A comparable observation was recorded in our study albeit, the sample size
and analysis limitations limit the generalisation of these observations.

The current study indicated that almost half of the cases had a forensic history and majority
of them had committed suicide. Research has shown that early and repeated offences, especially
drug related offences are linked to high mortality risk [42]. In Singapore, drug consumption and
possession are chargeable offences under the zero-drug tolerance policy and so it is not surprising
that many get arrested and taken into prison where they undergo lengthy rehabilitation programs
before they are released back into the community. Ministry of Home Affairs extend their support
for drug offenders after their release from prison in the form of providing jobs, accommodation and
psychological support through Singapore Corporation of Rehabilitative Enterprises. Nevertheless,
substance use disorder is a chronic relapsing and remitting illness and so the frequent relapses that
lead to subsequent psychosocial disadvantages, frequent clashes with criminal justice system and poor
overall engagement with treatment services could all contribute to increased mortality.

This study has several limitations although it is the first of its kind from Singapore involving
addiction patients. The unnatural deaths enquiries received from the coroner are not inclusive of all
deaths among those with substance use disorder. They include deaths that are classified as “unnatural”
where the deceased had previous contact with NAMS treatment service. Hence this study represents
only the treatment seeking population from NAMS. We were also unable to ascertain the impact of the
duration of their prison sentences, the type and quality of community-based rehabilitation services
attended and the precise details of comorbid physical health conditions on increasing the risk for
unnatural deaths due to lack of data on such factors. Our study did not have a matched comparison
group therefore is subject to observational bias. The small sample size of the study is a major hurdle
in comparing the results against larger cohort studies and drawing strong conclusions. A prospective
study with a larger sample size and with robust analysis will be able to give a clearer picture of the
drug use trajectory and unnatural death.
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In Singapore, Central Narcotics Bureau’s drug situation report 2018 [43] informed that there
was an 11% year-on-year increase in drug users arrested in 2018, primarily due to the enforcement
efforts put in place to detect New Psychoactive Substances (NPS) such as synthetic cannabinoids and
methamphetamine abusers. It is worth looking at the impact of new synthetic substances on our
treatment seeking population and the evidence emerging that synthetic cannabinoids are reported
to cause severe adverse events such as stroke, seizure, myocardial infarction, rhabdomyolysis, acute
kidney injury, psychosis and associated deaths [44]). Another big concern for clinicians worldwide is
the significant increases in overdose deaths reported in the US involving new synthetic opioids such
fentanyl and others [45]. Therefore, future research will include exploring the role of these substances
in unnatural deaths.

5. Conclusions

This is the first time we studied the psychosocial factors that may have an association with
unnatural death in our clinical population. Despite the small sample size and number of other
limitations in the study, our analysis suggests that previous contact with mental health service, early
onset of substance use, number of defaulted clinic sessions are associated with unnatural death.
The study also highlighted more unnatural deaths among alcohol and opioid users compared to other
substance users and these deaths occurred within the first 12-month period after their last contact with
our service. These findings align with other previous studies and reiterate the importance of early
identification of risky substance users and the necessity of a close follow up.

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/16/15/2743/s1,
Table S1: Predictors of years to death, Table S2: Predictors of days to death following last visit to the addiction
clinic, Table S3: Predictors of days to death since last visit following inpatient admissions.

Author Contributions: The authorship contributions for this manuscript is as follows: conceptualization, G.K.,,
A.P.and M.Z K; methodology, G.K., C.C., A.C.,, AP, TJ.W,; validation, A.P., G.K. and M.Z K ; formal analysis, A.P.;
investigation, G.K., A.P; resources, A.P., G.K.; writing—original draft preparation, A.P., T.].W.; writing—review
and editing, G.K., M.Z K. and A.P; supervision, G.K. and C.C.; project administration, A.P.; funding acquisition,
AP,GK,C.C.

Funding: This research received no external funding.
Acknowledgments: The authors thank Edimansyah Bin Abdin for the guidance with the statistical analysis.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Hakansson, A.; Berglund, M. All-cause mortality in criminal justice clients with substance use problems—
A prospective follow-up study. Drug Alcohol Depend 2013, 132, 499-504. [CrossRef] [PubMed]

2. Martin, R.L,; Cloninger, C.R.; Guze, S.B.; Clayton, P.J. Mortality in a follow-up of 500 psychiatric outpatients.
II. Cause-specific mortality. Arch. Gen. Psychiatry 1985, 42, 58—66. [CrossRef] [PubMed]

3. Martin, R.L.; Cloninger, C.R.; Guze, S.B.; Clayton, PJ. Mortality in a follow-up of 500 psychiatric outpatients.
I. Total mortality. Arch. Gen. Psychiatry 1985, 42, 47-54. [CrossRef] [PubMed]

4. Olsson, M.O,; Bradvik, L.; Ojehagen, A.; Hakansson, A. Risk factors for unnatural death: Fatal accidental
intoxication, undetermined intent and suicide: Register follow-up in a criminal justice population with
substance use problems. Drug Alcohol Depend 2016, 162, 176-181. [CrossRef] [PubMed]

5. United Nations Office on Drugs and Crime. World Drug Report 2018. Available online: http://www.unodc.
org/doc/wdr2018/prelaunch/WDR18_Booklet_1_EXSUM.pdf (accessed on 3 June 2019).

6. Degenhardt, L.; Bucello, C.; Mathers, B.; Briegleb, C.; Ali, H.; Hickman, M.; McLaren, J. Mortality among
regular or dependent users of heroin and other opioids: A systematic review and meta-analysis of cohort
studies. Addiction 2011, 106, 32-51. [CrossRef] [PubMed]

7.  Chang, K-C; Wang, J.-D.; Saxon, A.; Matthews, A.G.; Woody, G.; Hser, Y.-I. Causes of death and expected years of
life lost among treated opioid-dependent individuals in the United States and Taiwan. Int. ]. Drug Policy 2017, 43,
1-6. [CrossRef] [PubMed]


http://www.mdpi.com/1660-4601/16/15/2743/s1
http://dx.doi.org/10.1016/j.drugalcdep.2013.03.014
http://www.ncbi.nlm.nih.gov/pubmed/23623042
http://dx.doi.org/10.1001/archpsyc.1985.01790240060006
http://www.ncbi.nlm.nih.gov/pubmed/3966853
http://dx.doi.org/10.1001/archpsyc.1985.01790240049005
http://www.ncbi.nlm.nih.gov/pubmed/3966852
http://dx.doi.org/10.1016/j.drugalcdep.2016.03.009
http://www.ncbi.nlm.nih.gov/pubmed/27020324
http://www.unodc.org/doc/wdr2018/prelaunch/WDR18_Booklet_1_EXSUM.pdf
http://www.unodc.org/doc/wdr2018/prelaunch/WDR18_Booklet_1_EXSUM.pdf
http://dx.doi.org/10.1111/j.1360-0443.2010.03140.x
http://www.ncbi.nlm.nih.gov/pubmed/21054613
http://dx.doi.org/10.1016/j.drugpo.2016.12.003
http://www.ncbi.nlm.nih.gov/pubmed/28160734

Int. |. Environ. Res. Public Health 2019, 16, 2743 10 of 11

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Kuo, CJ.; Liao, Y.T.; Chen, WJ.,; Tsai, S.Y.; Lin, SK.; Chen, C.C. Causes of death of patients with
methamphetamine dependence: A record-linkage study. Drug Alcohol Rev. 2011, 30, 621-628. [CrossRef]
Ingoldsby, H.; Callagy, G. Alcohol and unnatural deaths in the West of Ireland: A 5-year review. J. Clin. Pathol.
2010, 63, 900-903. [CrossRef]

Sjogren, H.; Eriksson, A.; Ahlm, K. Role of alcohol in unnatural deaths: A study of all deaths in Sweden.
Alcoholclin Exp. Res. 2000, 24, 1050-1056. [CrossRef]

Darke, S.; Duflou, J.; Torok, M.; Prolov, T. Characteristics, circumstances and toxicology of sudden or unnatural
deaths involving very high-range alcohol concentrations. Addiction 2013, 108, 1411-1417. [CrossRef]

Yoon, Y.H.; Stinson, ES.; Yi, H.Y.; Dufour, M.C. Accidental alcohol poisoning mortality in the United States,
1996-1998. Alcohol Res. Health 2003, 27, 110-118. [PubMed]

Glucksman, E. Alcohol and accidents. Br. Med. Bull. 1994, 50, 76-84. [CrossRef] [PubMed]

Saf3, A.-C.; Rabenberg, M.; Rommel, A. Traffic accidents under the influence of alcohol. J. Health Monit. 2016,
1,28-35.

Johnston, J.; McGovern, S. Alcohol related falls: An interesting pattern of injuries. Emerg. Med. |. 2004, 21,
185-188. [CrossRef] [PubMed]

Honkanen, R.; Ertama, L.; Kuosmanen, P; Linnoila, M.; Alha, A.; Visuri, T. The role of alcohol in accidental
falls. J. Stud. Alcohol 1983, 44, 231-245. [CrossRef] [PubMed]

Ahlm, K,; Saveman, B.-I.; Bjornstig, U. Drowning deaths in Sweden with emphasis on the presence of alcohol
and drugs-a retrospective study, 1992-2009. BMC Public Health 2013, 13, 216. [CrossRef] [PubMed]
Darvishi, N.; Farhadi, M.; Haghtalab, T.; Poorolajal, J. Alcohol-related risk of suicidal ideation, suicide
attempt, and completed suicide: A meta-analysis. PLoS ONE 2015, 10, e0126870. [CrossRef]

Kaplan, M.S.; Huguet, N.; McFarland, B.H.; Caetano, R.; Conner, K.R.; Giesbrecht, N.; Nolte, K.B. Use of
alcohol before suicide in the United States. Ann. Epidemiol. 2014, 24, 588-592. [CrossRef]

Kuhns, J.B.; Exum, M.L.; Clodfelter, T.A.; Bottia, M.C. The prevalence of alcohol-involved homicide offending:
A meta-analytic review. Homicide Stud. 2014, 18, 251-270. [CrossRef]

Bradvik, L.; Berglund, M.; Frank, A.; Lindgren, A.; Lowenhielm, P. Number of addictive substances used
related to increased risk of unnatural death: A combined medico-legal and case-record study. BMC Psychiatry
2009, 9, 48. [CrossRef]

Horvath, M.; Dunay, G.; Csonka, R.; Keller, E. Deadly heroin or the death of heroin—Overdoses caused by
illicit drugs of abuse in Budapest, Hungary between 1994 and 2012. Neuropsychopharmacol. Hung. 2013, 15,
253-259. [PubMed]

Tuusov, J.; Vals, K.; Tonisson, M.; Riikoja, A.; Denissov, G.; Vili, M. Fatal poisoning in Estonia 2000-2009.
Trends in illegal drug-related deaths. ]. Forensic Leg. Med. 2013, 20, 51-56. [CrossRef] [PubMed]

Stenbacka, M.; Leifman, A.; Romelsjo, A. Mortality and cause of death among 1705 illicit drug users: A 37 year
follow up. Drug Alcohol Rev. 2010, 29, 21-27. [CrossRef] [PubMed]

Jonsson, A K.; Holmgren, P,; Druid, H.; Ahlner, J. Cause of death and drug use pattern in deceased drug
addicts in Sweden, 2002-2003. Forensic Sci. Int. 2007, 169, 101-107. [CrossRef]

Lee, D.; Delcher, C.; Maldonado-Molina, M.M.; Thogmartin, J.R.; Goldberger, B.A. Manners of Death
in Drug-Related Fatalities in Florida. J. Forensic Sci. 2016, 61, 735-742. [CrossRef]

Carra, G.; Bartoli, F.; Crocamo, C.; Brady, K.T.; Clerici, M. Attempted suicide in people with co-occurring
bipolar and substance use disorders: Systematic review and meta-analysis. J. Affect Disord. 2016, 167, 125-135.
[CrossRef]

Poorolajal, J.; Haghtalab, T.; Farhadi, M.; Darvishi, N. Substance use disorder and risk of suicidal ideation,
suicide attempt and suicide death: A meta-analysis. J. Public Health (Oxf.) 2016, 38, €282—e291. [CrossRef]
Wang, M.; Ching, C.K. Pattern of coroner’s autopsies at Health Sciences Authority, Singapore: A retrospective
study (2009-2010). Med. Sci. Law 2013, 53, 149-153. [CrossRef]

Department of Statistics Singapore. Death Rates, Annual. Available online: https://data.gov.sg/dataset/
death-rates-annual?view_id=cadd37b8-cd75-40e9-9e0b-a7064c6al87c&resource_id=db3aa9df-d7c2-460c-
ab0a-0a99ab74ba6a (accessed on 4 June 2019).

Rachel Au-Yong. Slight Rise in Number of Suicides Last Year. The Straits Times 2017. Available online: https:
/[www straitstimes.com/singapore/slight-rise-in-number-of-suicides-last-year (accessed on 4 June 2019).

Von Greiff, N.; Skogens, L.; Berlin, M.; Bergmark, A. Mortality and cause of death-A30 year follow-up of
substance misusers in Sweden. Subst. Use Misuse 2018, 53, 2043-2051. [CrossRef]


http://dx.doi.org/10.1111/j.1465-3362.2010.00255.x
http://dx.doi.org/10.1136/jcp.2010.078741
http://dx.doi.org/10.1111/j.1530-0277.2000.tb04649.x
http://dx.doi.org/10.1111/add.12191
http://www.ncbi.nlm.nih.gov/pubmed/15301405
http://dx.doi.org/10.1093/oxfordjournals.bmb.a072886
http://www.ncbi.nlm.nih.gov/pubmed/8149202
http://dx.doi.org/10.1136/emj.2003.006130
http://www.ncbi.nlm.nih.gov/pubmed/14988344
http://dx.doi.org/10.15288/jsa.1983.44.231
http://www.ncbi.nlm.nih.gov/pubmed/6645509
http://dx.doi.org/10.1186/1471-2458-13-216
http://www.ncbi.nlm.nih.gov/pubmed/23497055
http://dx.doi.org/10.1371/journal.pone.0126870
http://dx.doi.org/10.1016/j.annepidem.2014.05.008
http://dx.doi.org/10.1177/1088767913493629
http://dx.doi.org/10.1186/1471-244X-9-48
http://www.ncbi.nlm.nih.gov/pubmed/24380966
http://dx.doi.org/10.1016/j.jflm.2012.04.023
http://www.ncbi.nlm.nih.gov/pubmed/23217376
http://dx.doi.org/10.1111/j.1465-3362.2009.00075.x
http://www.ncbi.nlm.nih.gov/pubmed/20078678
http://dx.doi.org/10.1016/j.forsciint.2006.08.002
http://dx.doi.org/10.1111/1556-4029.12999
http://dx.doi.org/10.1016/j.jad.2014.05.066
http://dx.doi.org/10.1093/pubmed/fdv148
http://dx.doi.org/10.1258/msl.2012.012058
https://data.gov.sg/dataset/death-rates-annual?view_id=cadd37b8-cd75-40e9-9e0b-a7064c6a187c&resource_id=db3aa9df-d7c2-460c-a50a-0a99ab74ba6a
https://data.gov.sg/dataset/death-rates-annual?view_id=cadd37b8-cd75-40e9-9e0b-a7064c6a187c&resource_id=db3aa9df-d7c2-460c-a50a-0a99ab74ba6a
https://data.gov.sg/dataset/death-rates-annual?view_id=cadd37b8-cd75-40e9-9e0b-a7064c6a187c&resource_id=db3aa9df-d7c2-460c-a50a-0a99ab74ba6a
https://www.straitstimes.com/singapore/slight-rise-in-number-of-suicides-last-year
https://www.straitstimes.com/singapore/slight-rise-in-number-of-suicides-last-year
http://dx.doi.org/10.1080/10826084.2018.1452261

Int. |. Environ. Res. Public Health 2019, 16, 2743 11 of 11

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Gossop, M.,; Stewart, D.; Treacy, S.; Marsden, J. A prospective study of mortality among drug misusers
during a 4-year period after seeking treatment. Addiction 2002, 97, 39-47. [CrossRef]

Darke, S.; Ross, J. Suicide among heroin users: Rates, risk factors and methods. Addiction 2002, 97, 1383-1394.
[CrossRef]

Suominen, K.; Isometsa, E.; Haukka, ].; Lonngvist, ]. Substance use and male gender as risk factors for deaths
and suicide—A 5-year follow-up study after deliberate self-harm. Soc. Psychiatry Ppsychiatr. Epidemiol. 2004,
39, 720-724. [CrossRef] [PubMed]

Rudd, R.A.; Aleshire, N.; Zibbell, J.E.; Matthew Gladden, R. Increases in drug and opioid overdose
deaths—United States, 2000—2014. Am. J. Transpl. 2016, 16, 1323-1327. [CrossRef]

Central Narcotics Bureau Singapore. Two Bundles of Heroin Seized at Woodlands Checkpoint. Singapore, CN.B., Ed.;
Central Narcotics Bureau: Singapore, 2017. Available online: https://www.cnb.gov.sg/NewsAndEvents/News/Index/
two-bundles-of-heroin-seized-at-woodlands-checkpoint (accessed on 4 June 2019).

Flensborg-Madsen, T.; Knop, J.; Mortensen, E.L.; Becker, U.; Sher, L.; Gronbaek, M. Alcohol use disorders
increase the risk of completed suicide-irrespective of other psychiatric disorders. A longitudinal cohort
study. Psychiatry Res. 2009, 167, 123-130. [CrossRef] [PubMed]

Pompili, M,; Serafini, G.; Innamorati, M.; Dominici, G.; Ferracuti, S.; Kotzalidis, G.D.; Serra, G.; Girardi, P;
Janiri, L.; Tatarelli, R.; et al. Suicidal behavior and alcohol abuse. Int. J. Env. Res. Public Health 2010, 7,
1392-1431. [CrossRef] [PubMed]

Murphy, S.L.; Rounsaville, B.J.; Eyre, S.; Kleber, H.D. Suicide attempts in treated opiate addicts.
Compr. E Psychiatry 1983, 24, 79-89. [CrossRef]

Roy, A. Characteristics of opiate dependent patients who attempt suicide. J. Clin. Psychiatry 2002, 63, 403—407.
[CrossRef]

Coffey, C.; Wolfe, R.; Lovett, A.W.; Moran, P; Cini, E.; Patton, G.C. Predicting death in young offenders:
A retrospective cohort study. Med. J. Aust. 2004, 181, 473-477.

Central Narcotics Bureau Singapore. Local Drug Situation Report. Available online: http://www.cnb.gov.sg/
newsandevents/reports-(overview)/drug-report/index/drug-situation-report-2018 (accessed on 28 May 2019).
Tait, R.J.; Caldicott, D.; Mountain, D.; Hill, S.L.; Lenton, S. A systematic review of adverse events arising
from the use of synthetic cannabinoids and their associated treatment. Clin. Toxicol. (Phila. Pa.) 2016, 54,
1-13. [CrossRef]

Jones, C.M.; Einstein, E.B.; Compton, W.M. Changes in Synthetic Opioid Involvement in Drug Overdose
Deaths in the United States, 2010-2016. JAMA 2018, 319, 1819-1821. [CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1046/j.1360-0443.2002.00079.x
http://dx.doi.org/10.1046/j.1360-0443.2002.00214.x
http://dx.doi.org/10.1007/s00127-004-0796-7
http://www.ncbi.nlm.nih.gov/pubmed/15672292
http://dx.doi.org/10.1111/ajt.13776
https://www.cnb.gov.sg/NewsAndEvents/News/Index/two-bundles-of-heroin-seized-at-woodlands-checkpoint
https://www.cnb.gov.sg/NewsAndEvents/News/Index/two-bundles-of-heroin-seized-at-woodlands-checkpoint
http://dx.doi.org/10.1016/j.psychres.2008.01.008
http://www.ncbi.nlm.nih.gov/pubmed/19359047
http://dx.doi.org/10.3390/ijerph7041392
http://www.ncbi.nlm.nih.gov/pubmed/20617037
http://dx.doi.org/10.1016/0010-440X(83)90053-6
http://dx.doi.org/10.4088/JCP.v63n0505
http://www.cnb.gov.sg/newsandevents/reports-(overview)/drug-report/index/drug-situation-report-2018
http://www.cnb.gov.sg/newsandevents/reports-(overview)/drug-report/index/drug-situation-report-2018
http://dx.doi.org/10.3109/15563650.2015.1110590
http://dx.doi.org/10.1001/jama.2018.2844
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Population 
	Data Collections 
	Data Analysis 

	Results 
	Demographics 
	Substance Use among the Subjects and Comorbidities 
	Substance Use Profile and Manner of Death 
	Past Psychiatric History and Suicidality 
	History of Drug Related Offences 

	Discussion 
	Conclusions 
	References

