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ABSTRACT

Objective: Investigating diurnal variation in the timing of suicidal behaviours offers opportunity to
better understand its various proximal risk factors. Acute use of alcohol is a potent proximal risk
factor for suicidal behaviour, though the nature of this risk is poorly understood. The aim of this study
was to compare the diurnal variation in time of poison ingestion between deliberate self-poisonings
that involve alcohol versus those that do not.

Methods: A retrospective analysis of consecutive presentations to a toxicology service following
deliberate self-poisoning, 1996 - 2016. An independent samples Kolmogorov-Smirov test was performed
to test the null hypothesis that the diurnal distribution of poison ingestion time was equal across self-
poisonings that did and did not involve alcohol co-ingestion. Presence of circadian rhythmicity was
established using cosinor analysis.

Results: 11088 deliberate self-poisoning records, for 7467 patients (60-8% females) were included in
the analysis. 31-3% of the total records involved alcohol co-ingestion. Distribution of exposure time
was significantly different between deliberate self-poisonings that did and did not involve alcohol (p <
0-001). The alcohol co-ingestion group showed a significantly greater prominent peak with poisoning
occurring later in the evening (~2000 hours) compared to poisonings that did not involve alcohol
(~1800 hours).

Conclusion: This study exposed the differential diurnal patterns in deliberate self-poisoning
according to the presence of alcohol co-ingestion. This analysis adds to the accumulating evidence
that suicidal behaviour that involves alcohol co-ingestion represents a distinct subtype, which may be
driven by alcohol consumption patterns in society. This also means that this large proportion of DSPs
may not have otherwise have occurred if it were not for alcohol consumption, underscoring the

importance of drug and alcohol services for alcohol related self-harm.
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INTRODUCTION

Investigating circadian variation in the onset of suicidal behaviours (suicidal thoughts, non-fatal
suicide attempts and suicide deaths) offers opportunity to understand its various proximal risk factors.
Proximal risk is the moment where a distal suicide risk is propelled into an immediate action of
attempted or completed suicide. Both suicide attempts and suicide deaths display significant and
fairly consistent circadian patterns (Manfredini et al., 1994; Motohashi, 1990; Altamura et al., 1999;
Caracciolo et al., 1996), though an in depth understanding of these rhythms is limited. To date the
interpretation of circadian patterns related to suicidal behaviour is largely focused on various intrinsic
circuitry that also fluctuates with the biological clock, such as mood and stress. While there is no
doubt that such intrinsic changes play a role in the timing of a suicidal act, there are also a number of
other external risk factors that; a) interact with the biological clock, b) are known proximal drivers of
suicide and c) whose timing may be more amenable to intervention. Acute use of alcohol is one such
potent proximal risk factor for suicidal behaviour (Conner et al., 2014). Even after adjusting for
underlying alcohol use disorders, co-ingestion of alcohol is involved in around one third of completed

suicides and an even greater number of suicide attempts (Conner et al., 2014).

There is an emerging view that the acute involvement of alcohol represents a clinically distinct, and
potentially even phenotypically distinct, type of suicidal behaviour (Chachamovich et al., 2012;
Moustgaard et al., 2014; Fudalej et al., 2009). Suicidal behaviour driven by patterns of alcohol use are
distinct from highly premeditated actions that occur regardless of whether alcohol is involved (Bagge
et al., 2015). This is supported by noted associations between cultural drinking norms and alcohol
related suicidal behaviours. In a United States study of over 50,000 suicides there were positive
associations found between suicides with a positive blood alcohol concentration and density of
alcohol outlets (Giesbrecht et al., 2015). Sex differences are also indicative of this relationship -
males who more commonly use and misuse alcohol are those also more likely to have alcohol acutely

involved in suicide (Kaplan et al., 2013; Pompili et al., 2010).



Given that drinking is a cultural practice with clear circadian variation, the timing of suicidal
behaviours that involve alcohol is an area of significant interest. In Australia excessive alcohol
consumption commonly takes place after work hours and on weekends(Lloyd et al., 2013). Hence,
these are times where suicidal behaviour that is driven by alcohol would most commonly occur.
Moreover, circadian variations in sensitivity to acute use of alcohol are also apparent, which suggest
that there may be particular times of the day that alcohol has the greatest biological influence on the
initiation of suicidal behaviour. For example, studies in rats and humans have shown that circadian
rhythmicity modulates various physiological, cognitive and psychological effects of alcohol on the
body (Brick et al., 1984; Devaney et al., 2003; Liu et al., 2000), and the pattern of alcohol intake
(Spanagel et al., 2005).

Deliberate self-poisoning (DSP) is the leading cause of attempted suicide, and a strong predictor of
future suicide (Finkelstein et al., 2015). Furthermore, self-poisoning is the method most commonly
associated with alcohol co-ingestion (Boenisch et al., 2010). In our associated toxicology services,
alcohol is one of the most commonly co-ingested agents in non-fatal DSPs (Buckley et al., 2015).
DSPs, like suicide attempts more generally, display a circadian pattern (Manfredini et al., 1994) and
we have recently observed raw differences in the timing of poisonings that involve alcohol in our
associated toxicological services (Chitty et al., 2016). While the influence of co-ingested alcohol on
timing of DSP specifically has not been thoroughly explored, there have been studies to investigate its
role in the timing of self-harming behaviour more generally (Blenkiron et al., 2000; Hawton et al.,
2007; Valtonen et al., 2006). These previous studies by others and ourselves were not designed to
measure specific differences in the circadian patterns associated with alcohol co-ingestion. Though
all studies found that acute use of alcohol is associated with episodes that are more likely to occur
“later” — the definition of which varied between 1700 and 0300 hours (Valtonen et al., 2006; Hawton
et al., 2007; Blenkiron et al., 2000; Chitty et al., 2016). Hence, supporting the idea that societal

alcohol consumption patterns may influence the timing of self-harm.

Thoroughly investigating the timing and circadian patterns of DSP that involve co-ingested alcohol,

and how (or if) they differ from non-alcohol related events, has the potential to further knowledge in



three ways: a) To better define alcohol related suicidal behaviour as a distinct subtype; b) To
determine the degree to which alcohol related DSPs are driven by cultural drinking norms, and ¢) To
identify certain circadian “risk periods” where alcohol consumption may have the greatest biological

influence on the timing of suicidal behaviour.

Aims of the study: We aim to provide a circadian analysis that differentiates deliberate self-poisonings
into those that involve co-ingestion of alcohol versus those that do not involve alcohol. We
hypothesize that those that involve the co-ingestion of alcohol will display a significantly different
circadian pattern to those that do not and this will be largely attributed to the 24-hour pattern of

alcohol consumption in Australia, with peak consumption occurring in the early to late evening.

METHODS

Database

Data was acquired from a cohort study from 1987 to June 2016 of consecutive poisoning
presentations to a tertiary toxicology service (Buckley et al., 2015; Buckley et al., 1999). In 1996 the
database underwent a major revision, so to provide the most consistent representation of DSP we have
only used data since 1996. The toxicology service has direct clinical responsibility for all adult
poisoned patients in all hospitals in an Australian region covering a population of around 500,000. A
comprehensive 24-hour per day toxicology service is provided and data are routinely recorded on all
patients who present to hospital for poisoning (Buckley et al., 2015). A structured data collection form
is used for prospective collection of information on patient demography, all drugs and doses ingested,
co-ingested substances, regular medication, the type of poisoning (e.g. intentional, unintentional), and
details of management (Buckley et al., 1999). Presentation time is recorded as the time that the patient
presented at any healthcare service for their poisoning (including the ambulance). In this study if
presentation time was absent from the record (~9% of total cases), then admission time was used,
which was the time that the toxicology service was consulted and assumed care of the patient. The

ingestion time is the time the poison(s) were ingested as reported by the patient or admitting doctor in



the emergency department. Often these times are only reasonable estimates based on how long prior

to presentation that the poison was ingested (e.g. “approximately 1 hour ago”).

From 1996 to 2013 data were entered routinely into a fully relational research Microsoft Access
(Microsoft Corp., Redmond, US) database separate to the hospital's main medical record system.
From 2014 onward similar data was entered into a Filemaker database. A clinical toxicologist reviews
the information for all admissions weekly and any additional information is obtained from the medical
record within a week of hospital discharge. The Hunter New England Area Health Service Human

Research Ethics Committee has approved this study.

Inclusion criteria and coding
Figure 1 shows the inclusion flow diagram for the sample from the database. Records were analyzed if
they satisfied the following inclusion criteria:

1. The poisoning was deliberate;

2. Patient was aged over 18 years of age at the time of admission;

3. Time between ingestion and presentation time <24 hours; and

4. The record had available data for ingestion time and presentation time.

Eighteen years is the legal age for alcohol consumption in Australia, and hence was chosen as a cutoff as
to not introduce potential bias associated with alcohol accessibility. Time between poison ingestion and
first presentation to toxicology service (“time to presentation””) were grouped into 15 minute bins (e.g.
cases presenting to the toxicology service within 15minutes of poison ingestion were binned into the 0 —
15-minute category). In order to provide the best estimate of ingestion time, we limited the time between
reported ingestion and service presentation to 24 hours, as those beyond this timeframe do not represent
acute poisonings and are less likely to be accurate. Repeat presentations to the toxicology service (i.e.
one patient with more than one DSP admission) were included in analyses. If a patient identified him or

herself as transgender, their preferred sex was used for sex analyses.



Admissions were coded into alcohol groups, those that did co-ingest alcohol (Alc+) and those who did
not (Alc-), based on whether alcohol was reported as, or determined to be, an ingested substance in
the DSP. Records were grouped into 24 increments of 1 hour (e.g. 01:00 to 01:59 binned into the 1 AM
category) according to the ingestion time. Records were also separated into month of the year and day of
the week of ingestion, followed by further coding into whether ingestion occurred on a weekday

(Monday — Friday) or a weekend (Saturday or Sunday).

Data analysis

To assess group differences in patient characteristics, data were analyzed using a t-test or chi-square where
appropriate. The Mann-Whitney was used to compare time to presentation between Alc+ and Alc-.
Initially, in order to examine distribution of ingestion times, ingestion time (24 hour) was plotted against
total number of records in each hour bin as a percentage of the total number of records in that group.
Visual inspection of time plots was conducted separately for Alc+ and Alc-. Day of the week was plotted
against total number of records in each hour bin as a percentage of the total number of records in that
group. Once visual patterns were established, an independent samples Kolmogorov-Smirov test was
performed to test the null hypothesis that distribution of ingestion time/day was equal across Alc+ and
Alc-. Using the same methods, a within-group analysis was conducted to investigate whether other
potential determinants had an effect on the poisoning pattern, including sex and whether the poisoning

occurred on a weekend or weekday.

In order to investigate whether month of year influenced the circadian patterns of poisonings within each
group, the Kruskal-Wallis test was used to determine whether there were any significant differences in the
distribution of ingestion time between months. In other words, whether the timing of DSPs shifted

according to time of year.

Cosinor analysis was used to examine differences in the circadian parameters between the groups. These
parameters are as follows: the rhythm adjusted mean, amplitude of oscillation, acrophase and the period.

Using the known period value (24 hour), the cosinor fit was obtained with linear regression by the method



of least squares. The unknown parameters that best fit the cosine wave of the time series are then derived
(Refinetti et al., 2007). Circadian rhythmicity was established for Alc+ vs. Alc- (using R version 3-2-3

and Stata version 14-2 (Stata Corp., College Station, US)).

RESULTS

Sample demographics

11088 DSP admissions for 7467 patients were included in the analysis. Of the 7467 patients included,
4540 (60-8%) of patients were female. Patients were aged 18 — 97 (mean, 35-8; median, 34;
interquartile range: Q1: 25, Q2: 34, Q3; 45) years. Alcohol was co-ingested in 3475 (31-3%) of the

11088 total included admissions.

Time between ingestion and first presentation to toxicology service

There was a longer time to presentation to toxicology service for Alc- compared to Alc+ (p <0-001).

Distribution statistics

Table 1 shows the distribution of Alc+ and Alc- DSP by time. The majority of DSPs occur between
1800 — 2300 hours, with a peak in the raw data at 2000 hours. The radar plot (Figure 2) shows the
differences between groups with peak in ingestion time in the Alc+ sample, also seen at 2000hrs

whereas the raw data peak for Alc- is less pronounced and occurred at 1800hrs.

The K-S test identified that the distribution of ingestion time was significantly different between Alc-
and Alc+ (p < 0-001). Distributions according to alcohol group and sex are shown in Supplementary
Material 1. There were no within-group differences in sex distribution of ingestion times. The
distribution according to day was significantly different between Alc+ and Alc- (J"(6) =39-1,p <
0-001), with a higher percentage of Alc+ poisonings occurring on Saturday and a lower percentage
occurring on Monday and Tuesday (Supplementary Material 2). Within the Alc+ group the K-S test
identified a significant difference in ingestion time between weekend and weekday ingestions (higher

proportion occurring on the weekend) (Supplementary Material 3).



The Kruskal-Wallis test did not identify significant differences in the distribution of ingestion time
between months of the year for Alc+ (0""(11) = 7-61, p > 0-05) or Alc- (7"7(11) = 8-62, p > 0-05)

(Figure 3).

Cosinor analysis

The cosinor model had a good fit to the raw data (r? = 0-95) (Figure 4). The amplitude and mean of
the curve were calculated as the percent of the mean number of DSPs/hour for each group, the
acrophase was calculated in radians. The Wald statistic demonstrated that Alc+ and Alc- groups
differed significantly in mean (0-20, 95% CI 0-19 — 0-21, p < 0-001), amplitude (0-27, 95% CI 0-26 —
0-28, p<0-001) and acrophase (-2-36, 95% CI -2-37, -2-35, p<0-001). This can be observed visually
via inspection of the raw distributions (Figure 2) and the cosine curves (Figure 4). The Alc- group
ingestion times across the day vary by less than 20%, whereas the Alc+ group demonstrates a

prominent peak at 2000 hours.

DISCUSSION

This study has shown clear circadian patterns of DSP, and significant differences between Alc+ and
Alc-. Our Alc- results agree with previous studies looking at attempted suicide, also finding a peak at
approximately 1800 hours (De Maio et al., 1982; Manfredini et al., 1994; Motohashi, 1990). This
consistency is quite remarkable, and we agree with previous researchers that this may be related to
chronobiological changes in serotonergic activity (Manfredini et al., 1994). The cosine curve for the
Alc- closely resembles the general wake and sleep cycle; ingestion times slowly rising from 0600 —
0900 hours and then plateauing for much of the day until 2300 hours when the rates decrease again,
down to a minimum at 0500 hours. In contrast, the pattern observed for Alc+ DSP shows a more
prominent diurnal pattern, and this is reflected in the difference between the parameters. The peak
time of poison ingestion is 2000 hours for Alc+ compared to 1800 hours for Alc- and the much higher

amplitude of the Alc+ circadian pattern reflects the higher predominance of this peak.



These results suggest that the timing of Alc+ DSPs are in line with cultural drinking norms in
Australia — with peak ingestion times on weekends and after work hours (Lloyd et al., 2013). On the
other hand, categorizing cases according to sex - a major biological difference - did not show
differences in ingestion time in either the Alc+ or the Alc- group (Supplementary Material 1). This
highlights the primary influence of acute alcohol on the timing of DSP. Further, there was no
difference in timing of ingestions across month of year, which potentially suggests that external
light/dark cues (i.e. changes in sunlight hours throughout the year) do not play a key role, and
surprisingly, nor do seasonal drinking patterns (i.e. increased alcohol consumption during the festive
season). The only Alc+ within-group difference was observed between weekend and weekday
distributions, with early morning ingestions (i.e. 0000 — 0400 hours) more prominent on the weekend
(Supplementary Material 3). This within-group difference again reflects environmental drivers, rather
than biological ones, as in Australia alcohol consumption continues into early morning hours more
prominently on the weekend than during the week. Perhaps better understanding of these findings can
come from drawing on the timing of other alcohol related behaviours, such as non-intentional
poisoning involving alcohol (i.e. recreational poisoning) and alcohol-fuelled violence. Our previous
analysis of recreational poisoning admissions, some of which included alcohol co-ingestion, also
showed peak hospital presentation on weekends and were more likely to occur between 1800 hours
and 0600 hours than other types of poisonings (i.e. deliberate, accidental etc) that did not involve
alcohol (Chitty et al., 2016). Highlighting that alcohol related DSPs share greater similarities in terms
of timing to non-intentional recreational poisonings than to Alc- DSPs. Alternatively, the predominant
increase in alcohol-fuelled violence seen on weekends in Australia (Morgan and McAtamney, 2009;
Briscoe and Donnelly, 2001) is of far greater magnitude than that of alcohol related DSPs seen in the
present study. Hence, alcohol related DSPs might not necessarily reflect binge drinking practices, but

“regular” alcohol consumption patterns.

With results that suggest cultural drinking patterns play a role in the relationship between alcohol and

DSP, support for tightening liquor licensing may be warranted. That said, significant changes to
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Newcastle’s liquor licensing in 2008 did not disrupt the upward trajectory of alcohol related DSPs
between 1996 and 2013 noted in our previous HATS study (Chitty et al., 2016). The reasons behind
this could be related to the aim of these licensing changes (which involved tightening of responsible
service of alcohol regulations and reduced trading hours), which was to reduce violence as a result of
binge drinking (Kypri et al., 2014). Underscoring again, that perhaps the amount of alcohol
consumption associated with DSP is not as great as that associated with alcohol-related violence and
therefore legislation that specifically targets binge drinking may not influence this behaviour. Further

study is required to investigate the level of intoxication involved with DSPs.

Researchers have hypothesized that Alc+ suicide attempts are characterized by lower premeditation
and intent compared to Alc- — though only when alcohol is not used to facilitate the suicidal behaviour
by reducing inhibitions(Bagge et al., 2015). The use of alcohol as a facilitator is an especially relevant
concept when considering DSP, as alcohol may be perceived as a substance that can increase the
toxicity of the poison or to mask its taste. However a recent study has shown that almost 75% of
suicide attempts that involve alcohol do not use it as a facilitator (Bagge et al., 2015). This is
supported by our results — if alcohol was only used as a facilitator it would not display a significantly
different circadian pattern to Alc-. Further, that the mean time until presentation was shorter for co-
ingested alcohol DSP may also represent underlying intent — with those who have less intent to
seriously harm themselves more likely to seek rapid medical attention. The Alc- curve, on the other
hand, may be construed as an indicator of more consistent intent, showing a plateaued curve that

seems to be related to waking hours.

Although the Alc+ results follow cultural drinking patterns, there are also biological considerations
worth noting. The prominent Alc+ peak could also represent a time of the day when the risk of
suicidal behaviour under the influence of alcohol is heightened. Indeed, research has shown that
response to alcohol in humans is influenced by circadian rhythms in terms of: core body

temperature(Devaney et al., 2003), cognition (Liu et al., 2000) and driving performance (Horne and
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Baumber, 1991). Another possible biological pathway between alcohol and timing of self-harm is
through the serotonergic system. This neural system shows significant circadian variation (Matheson
et al., 2015), is heavily implicated in impulsive suicide attempts (Verkes et al., 1996) and is acutely
affected by alcohol consumption (i.e. consumption behaviour, intoxicating effects, tolerance,

withdrawal and reward).

The interpretations of this study should be considered in light of limitations, as the toxicology
database was not designed to answer questions surrounding the relationship between alcohol use and
DSP. We do not have information on many aspects of the alcohol use that would be beneficial for our
analysis, including the timing of alcohol use in relation to the DSP, the blood alcohol concentration
and the patient’s motivation for drinking on the day of the attempt. This is important information and

an opportunity for further research.

In conclusion, this analysis adds to the accumulating evidence that Alc+ and Alc- represent different
types of suicidal behaviour: Alc+ driven by alcohol consumption patterns in society and, as such,
potentially representing episodes with less premeditation and intent. Importantly this means that this
large proportion of DSP may not have otherwise have occurred if it were not for alcohol consumption.
This supports potential utility of alcohol or substance misuse services in for DSP treatment, as
highlighted in the Royal Australian and New Zealand College of Psychiatrists clinical practice

guideline for the management of self-harm (Carter et al., 2016).

12



ACKNOWLEDGEMENTS

An Australian National Health and Medical Research Council (NHMRC) Program Grant supported
this work (NHMRC; Grant number: 1055176). An NHMRC Early Career Fellowship funds KC
(Grant number: 1122362), GKI is funded by an NHMRC Senior Research Fellowship (NHMRC;
Grant number: 1061041). The funding organization played no part in the design and conduct of the
study; collection, management, analysis, and interpretation of the data; nor in the preparation, review,
or approval of the manuscript. The authors would like to thank the many people that have contributed
to the Hunter Area Toxicology Service database since 1987, including past registrars, advanced

trainees, fellows, nursing staff, research assistants and computer programmers.

DECLARATION OF CONFLICTING INTERESTS

The authors declare that there is no conflict of interest. NB (Discipline of Pharmacology, University
of Sydney) and GKI (Clinical Toxicology Research Group, University of Newcastle) had full access
to all the data in the study and take responsibility for the integrity of the data and the accuracy of the
data analysis. KC and KK (Discipline of Pharmacology, University of Sydney) conducted and are
responsible for the data analysis. KC had the final responsibility for the decision to submit the paper

for publication. The statistical analyses were performed at the University of Sydney.

13



REFERENCES

Altamura C, VanGastel A, Pioli R, et al. (1999) Seasonal and circadian rhythms in suicide in Cagliari, Italy.
Journal of Affective Disorders 53(1): 77-85.

Bagge CL, Conner KR, Reed L, et al. (2015) Alcohol use to facilitate a suicide attempt: an event-based
examination. Journal of Studies on Alcohol and Drugs 76(3): 474-481.

Blenkiron P, House A and Milnes D. (2000) The timing of acts of deliberate self-harm: is there any relation with
suicidal intent, mental disorder or psychiatric management? Journal of Psychosomatic Research 49(1):
3-6.

Boenisch S, Bramesfeld A, Mergl R, et al. (2010) The role of alcohol use disorder and alcohol consumption in
suicide attempts--a secondary analysis of 1921 suicide attempts. European Psychiatry 25(7): 414-420.

Brick J, Pohorecky LA, Faulkner W, et al. (1984) Circadian variations in behavioral and biological sensitivity to
ethanol. Alcoholism: Clinical and Experimental Research 8(2): 204-211.

Briscoe S and Donnelly N. (2001) Assaults on licensed premises in inner-urban areas. In: Research NSW
Bureau of Crime Statistics and Research(ed). Sydney: NSW Bureau of Crime Statistics and Research.

Buckley NA, Whyte IM, Dawson AH, et al. (2015) A prospective cohort study of trends in self-poisoning,
Newcastle, Australia, 1987-2012: plus ca change, plus c'est la meme chose. Medical Journal of
Australia 202(8): 438-442.

Buckley NA, Whyte IM, Dawson AH, et al. (1999) Preformatted admission charts for poisoning admissions
facilitate clinical assessment and research. Annals of Emergency Medicine 34(4 Pt 1): 476-482.
Caracciolo S, Manfredini R, Gallerani M, et al. (1996) Circadian rhythm of parasuicide in relation to violence of

method and concomitant mental disorder. Acta Psychiatrica Scandinavica 93(4): 252-256.

Carter G, Page A, Large M, et al. (2016) Royal Australian and New Zealand College of Psychiatrists clinical
practice guideline for the management of deliberate self-harm. Australian and New Zealand Journal of
Psychiatry 50(10): 939-1000.

Chachamovich E, Ding Y and Turecki G. (2012) Levels of aggressiveness are higher among alcohol-related
suicides: results from a psychological autopsy study. Alcohol 46(6): 529-536.

Chitty KM, Osborne NJ, Cairns R, et al. (2016) Trends in recreational poisoning in Newcastle, Australia,
between 1996 and 2013. Drug and Alcohol Dependence 159: 17-25.

Conner KR, Bagge CL, Goldston DB, et al. (2014) Alcohol and suicidal behavior: what is known and what can
be done. American Journal of Preventative Medicine 47(3 Suppl 2): S204-208.

De Maio D, Carandente F and Riva C. (1982) Evaluation of circadian, circaseptan, and circannual periodicity of
attempted suicides. Chronobiologia 9(2): 185-193.

Devaney M, Graham D and Greeley J. (2003) Circadian variation of the acute and delayed response to alcohol:
investigation of core body temperature variations in humans. Pharmacology, Biochemistry & Behavior
75(4): 881-887.

Finkelstein Y, Macdonald EM, Hollands S, et al. (2015) Risk of Suicide Following Deliberate Self-poisoning.
JAMA Psychiatry 72(6): 570-575.

Fudalej S, llgen M, Fudalej M, et al. (2009) Clinical and genetic risk factors for suicide under the influence of
alcohol in a Polish sample. Alcohol and Alcoholism 44(5): 437-442.

Giesbrecht N, Huguet N, Ogden L, et al. (2015) Acute alcohol use among suicide decedents in 14 US states:
impacts of off-premise and on-premise alcohol outlet density. Addiction 110(2): 300-307.

Hawton K, Bergen H, Casey D, et al. (2007) Self-harm in England: a tale of three cities. Multicentre study of
self-harm. Social Psychiatry and Psychiatric Epidemiology 42(7): 513-521.

Horne JA and Baumber CJ. (1991) Time-of-day effects of alcohol intake on simulated driving performance in
women. Ergonomics 34(11): 1377-1383.

Kaplan MS, McFarland BH, Huguet N, et al. (2013) Acute alcohol intoxication and suicide: a gender-stratified
analysis of the National Violent Death Reporting System. Injury Prevention 19(1): 38-43.

Kypri K, McEIlduff P and Miller P. (2014) Restrictions in pub closing times and lockouts in Newcastle,
Australia five years on. Drug and Alcohol Review 33(3): 323-326.

Liu Y, Higuchi S and Motohashi Y. (2000) Time-of-day effects of ethanol consumption on EEG topography and
cognitive event-related potential in adult males. Journal of Physiological Anthropology and Applied
Human Science 19(6): 249-254.

Lloyd B, Matthews S, Livingston M, et al. (2013) Alcohol intoxication in the context of major public holidays,
sporting and social events: a time-series analysis in Melbourne, Australia, 2000-2009. Addiction
108(4): 701-709.

Manfredini R, Gallerani M, Caracciolo S, et al. (1994) Circadian variation in attempted suicide by deliberate
self poisoning. British Medical Journal 309(6957): 774-775.

14



Matheson GJ, Schain M, Almeida R, et al. (2015) Diurnal and seasonal variation of the brain serotonin system
in healthy male subjects. Neuroimage 112: 225-231.

Morgan A and McAtamney A. (2009) Key issues in alcohol-related violence. In: Criminology Alo (ed).
Canberra: Australian Government.

Motohashi Y. (1990) Circadian variation in suicide attempts in Tokyo from 1978 to 1985. Suicide & Life
Threatening Behavior 20(4): 352-361.

Moustgaard H, Joutsenniemi K, Myrskyla M, et al. (2014) Antidepressant sales and the risk for alcohol-related
and non-alcohol-related suicide in Finland--an individual-level population study. PLoS One 9(6):
£98405.

Pompili M, Serafini G, Innamorati M, et al. (2010) Suicidal behavior and alcohol abuse. International Journal
of Environmental Research and Public Health 7(4): 1392-1431.

Refinetti R, Lissen GC and Halberg F. (2007) Procedures for numerical analysis of circadian rhythms.
Biological Rhythm Research 38(4): 275-325.

Spanagel R, Rosenwasser AM, Schumann G, et al. (2005) Alcohol consumption and the body's biological clock.
Alcoholism: Clinical and Experimental Research 29(8): 1550-1557.

Valtonen H, Suominen K, Partonen T, et al. (2006) Time patterns of attempted suicide. Journal of Affective
Disorders 90(2-3): 201-207.

Verkes RJ, Kerkhof GA, Beld E, et al. (1996) Suicidality, circadian activity rhythms and platelet serotonergic
measures in patients with recurrent suicidal behaviour. Acta Psychiatrica Scandinavica 93(1): 27-34.

15



FIGURE LEGENDS

Fig. 1 Flow diagram of patient inclusion.

Time to hospital calculated as time between reported ingestion time and time of hospital presentation,
or hospital admission if hospital presentation time was missing. Incomplete time data included records
where estimate poison ingestion time or time of hospital presentation and admission were missing.

Alc+: alcohol co-ingestion; Alc-: absence of alcohol co-ingestion

Fig 2. Raw distributions of ingestion time

Radar plot showing percentage of poisonings/group/hour (e.g poison ingestion for 1.65% of the Alc-
group occurred at 2 am). Time is represented clockwise on the external axis. Percentage is represented
on concentric axes. The 2-sample K-S test identified that the distribution of time of ingestion was

significantly different between Alc- and Alc+ (p < 0.001).

Alc+: alcohol co-ingestion; Alc-: absence of alcohol co-ingestion

Fig. 3 Percentage of overall poisonings that occurred per time/month/group

Separated according to alcohol group (Alc+, Alc-). Bars represent the distribution of poisonings
overall that occurred per 24hr time/month/group. Sum of all bars equal 100% (e.g. 0.05% of all
poisonings between 1996 — 2016 were Alc- and occurred at 0600hr in January)

Alc+: alcohol co-ingestion; Alc-: absence of alcohol co-ingestion

Fig. 4 Fitted cosinor curves

Fitted cosinor curves for Alc+ (orange line represents fitted curve, red solid dots represent observed
values) and Alc- (green line represents fitted curve, blue circles represent observed values). Hourly

mean for observed counts was calculated as a percent of overall mean for that group.

Supplementary Material 1: Raw distributions of ingestion time for male versus female ingestions
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Distributions of day of ingestion separated according to alcohol group (Alc+, Alc-), then sex. Plotted
points were the percentage of poisonings per group that occurred per time bin (e.g. poison ingestion
for 5.1% of females in the Alc+ group occurred at 0000 hours).

Alc+: alcohol co-ingestion; Alc-: absence of alcohol co-ingestion

Alc+: alcohol co-ingestion; Alc-: absence of alcohol co-ingestion

Supplementary Material 2: Raw distributions of ingestion time for day of week

Distributions of day of ingestion separated according to alcohol group (Alc+, Alc-). Bars represent the
percentage of poisonings per group that occurred per day (e.g. poison ingestion for 16.1% of the Alc+
group occurred on Sunday).

Alc+: alcohol co-ingestion; Alc-: absence of alcohol co-ingestion

Supplementary Material 3: Raw distributions of ingestion time for weekday versus weekend ingestions
Distributions separated according to alcohol group (Alc+, Alc-), then whether the ingestion occurred
on a weekday or weekend. Plotted points were the percentage of poisonings per group that occurred
per time bin

Alc+: alcohol co-ingestion; Alc-: absence of alcohol co-ingestion; WKEND: weekend; WKDAY;

weekday
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