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Abstract

This study reports dose-response estimates for the relative risk (RR) and population attributable 

risk (PAR) between acute alcohol use and serious suicide attempt. Data were analyzed on 272 

suicide attempters arriving at 38 emergency departments (EDs) within six hours of the event in 17 

countries. Case-crossover analysis, pair-matching the number of standard drinks consumed within 

the six hours prior to the suicide attempt with that consumed during the same six-hour period the 

previous week, was performed using fractional polynomial analysis for dose-response. Every drink 

increased the risk of a suicide attempt by 30%, even one-two drinks was associated with a sizable 

increase in the risk of a serious suicide attempt and a dose-response was found for the relationship 

between drinking 6 hours prior and the risk of a suicide attempt up to 20 drinks. Acute use of 

alcohol was responsible for 35% PAR of all suicide attempts. While very high levels of drinking 

were associated with larger RRs of suicide attempt, the control and reduction of smaller quantities 

of acute alcohol use also had an impact on population levels of suicide attempt, as showed here for 

the first time with our PARs estimates. Interventions to stop drinking or at least decrease levels of 
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consumption could reduce the risk of suicide attempt. Screening people more at risk to suffer these 

acute effects of ethanol and offering interventions that work to these high risk groups is a matter of 

urgent new research in the area.
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Introduction

New estimates from the Global Burden of Disease Study (GBD-2010) places alcohol as the 

fifth leading risk factor for disability-adjusted life year (DALYS) on a global scale, with 

3.9% of all DALYS and was the leading risk factor among 14–49 year old individuals. 

Interpersonal violence and suicide (self-injury) alone contributed with about an eighth 

(0.5%) of this burden (Institute for Health Metrics and Evaluation & GBD 2013 2013). On 

the other hand, self-injury was responsible for 1.5% of global DALYS, 4.8% of all female 

deaths and 5.7% of all males deaths in 2010 and ranked in the 13th place for all deaths 

(Lozano et al. 2013) and since globally about 1 in every 5 suicide deaths/DALYs is 

attributable to alcohol (World Health Organization 2014) there is a considerable interest on 

how public policies to reduce alcohol could decrease suicide worldwide (U.S. Department of 

Health and Human Services (HHS) Office of the Surgeon General and National Action 

Alliance for Suicide Prevention 2012; Wilcox, Conner & Caine 2004). Preventive efforts to 

reduce suicide have paid close attention to suicide attempt (Mann et al. 2005) which is one 

of the main risk factors for suicide (Neeleman, de Graaf & Vollebergh 2004) and itself a 

cause of great psychological suffering.

The relation between alcohol use and the risk of suicide attempt has proven to be complex. 

Part of this complexity lay in that alcohol may have a chronic and an acute impact on suicide 

attempt (Hufford 2001). While the chronic impact of alcohol use on suicide attempt, 

expressed by measures of population consumption (per capita alcohol use) individual 

measures of number of standard drinks on a given year or the presence of alcohol use 

disorder, has been studied for a long time (Borges & Loera 2010; Conner, McCloskey & 

Duberstein 2008) there is a great scarcity of studies on the impact of acute alcohol use on 

suicide attempt (Conner 2015). Even when several reports are available on the seemly high 

prevalence of acute alcohol use on suicide or suicide attempts (Cherpitel, Borges & Wilcox 

2004), to our knowledge only 6 studies (Bagge et al. 2013; Borges et al. 2004a; Borges et al. 

2006; Borges & Rosovsky 1996; Branas et al. 2011; Powell et al. 2001) have provided 

relative risk (RR) estimates for this relationship. Only 3 have provided dose-response 

estimates (Bagge et al. 2013; Borges & Rosovsky 1996; Branas et al. 2011). These dose-

response estimates are nevertheless limited in that they only show estimates for a “low” 

drinking group and a “high” drinking group.

Full estimates of dose-response relationships in this area are nevertheless important as an 

argument for causality and as argument for the public health impact that a given measure of 

alcohol control may have on the burden of injury (National health and medical research 
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council 2009) and in particular on suicide. Prior meta-analyses on dose-response 

relationship between acute alcohol use and injury (Taylor et al. 2010) found that “the risk of 

injury rises monotonically with increasing alcohol consumption…”, but not only the risk for 

intentional injury was higher than the ones observed for motor vehicle or falls but that also 

the relationship of acute alcohol use and intentional injury was non-linear (that is, 

intentional injuries having a greater proportional per-drink increase in risk). A new report 

(Cherpitel et al. 2015a) found a monotonic increase in RR of injury by increasing alcohol 

prior to the injury (starting from one drink and up to 30 drinks) and a steeper RR function 

curve for violence related injury, compared to traffic and falls. These RR functions were also 

associated with different levels of alcohol-attributable fraction (AAF) of injury (Cherpitel et 

al. 2015b) or the proportion of injury which would be eliminated in the absence of the risk 

factor, also known as population attributable risk (PAR) (Rothman, Greenland & Lash 

2008).

Clearly, a dose-response estimate of the relationship between acute alcohol drinking and the 

risk of suicide attempt and corresponding PARs, while necessary, are lacking. Building from 

a large sample of patients attending emergency departments around the globe (Cherpitel et 

al. 2015a; Cherpitel et al. 2015b) that reported on their acute alcohol use prior to an injury 

and a comparable period in the prior week, the goal of this report is to delve into the dose-

response relationship between acute alcohol use and serious suicide attempt. Moreover, we 

also provide population attributable risk estimates for this sample that could be used for 

monitoring the public health impact of alcohol control measures on suicide.

MATERIALS AND METHODS

Sample

The methods for this case-crossover study are similar to those used previously in emergency 

department (ED) studies from the World Health Organization (WHO) Collaborative Study 

on Alcohol and Injury (Borges et al. 2006) and the Pan American Health Organization 

(PAHO) study in EDs (Borges et al. 2013) that reported on the risk of alcohol use and injury. 

Following the WHO-PAHO standard protocol, probability samples were drawn from 

patients aged 18 years or older admitted within 6 hours of an injury at each site; each shift 

during each day of the week was represented equally in the sampling. Patients were 

approached as soon as possible to obtain informed consent for participation in the study. 

Interviewers were trained and supervised by study collaborators. Interviewers administered a 

standard 25-minute questionnaire. Further details on the general methodology, questionnaire 

development and training for the WHO study and the associated PAHO study can be found 

elsewhere (Borges et al. 2013; Cherpitel et al. 2005).

For this study, only patients attending the ED who reported their cause of injury as a 

consequence of an intentional self-inflicted (suicide attempt) were included here. The 

following study sites contributed with cases: Argentina (2001), Belarus (2001), Brazil 

(2001), Canada (2002 and 2009), China (2001), Costa Rica (2012–2013), Dominican 

Republic (2010), Guatemala (2011), Guyana (2011), India (2001), Ireland (2003–2004), 

Korea (2007), Mexico (2002), Nicaragua (2010), Panama (2010), Sweden (2001) and 
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Taiwan (2009–2010). Ethical approval was obtained from institutional review boards in each 

participating country, as well as by the WHO and PAHO Ethics Review Committee.

The interview included questions on whether the participant reported drinking during the 6 

hours before the suicide attempt and the same 6-hour period in the previous week. For 

alcohol use, during the 6 hours prior to the suicide attempt, patients were asked: ‘In the 6 

hours before and up to you attempt suicide, did you have any alcohol to drink, even one 

drink?’ (yes/no). Information on alcohol use at the same time in the previous week was 

elicited as follows: ‘In this next section, I am going to ask you about what you were doing 

exactly 1 week ago. Think about the time you had your suicide attempt (today) and 

remember the same time a week ago. Last week at the same time, did you have any alcohol 

to drink in the 6 hours leading up to this time?’ (yes/no). If patients reported drinking prior 

to the suicide attempt or in the prior week, they were asked the beverage-specific number 

and size of containers consumed in the six-hour period prior to the suicide attempt. The 

volume of alcohol consumed during the 6-hour period was analyzed by converting the 

number and size of drinks of wine, beer, spirits and local beverages to pure ethanol, and 

summing across beverage types, using a standard drink size of 16 ml (12.8 grams) as a 

common volume measure across beverages.

Data analysis

Patients who reported drinking at any time within the 6 hours prior to injury were considered 

exposed cases. The pair-matching approach compared the reported use of alcohol of each 

patient during the 6 hours prior to the suicide attempt with their respective use of alcohol 

during the same time-period on the same day in the previous week. Conditional logistic 

regression was used to calculate matched-pair RRs and 95% confidence intervals (CI) [19]. 

Three models were calculated: one with alcohol prior as a dichotomous exposure, and two 

with alcohol volume as continuous: linear and polynomial. The analysis of dose-response 

relationship between the amount of drinking 6 hours prior and the suicide attempt used the 

second-degree fractional polynomial and calculations of AAFs are explained in full details 

on two prior works from our group (Cherpitel et al. 2015a; Cherpitel et al. 2015b). Briefly, 

this approach circumvents the more usual categorized alcohol exposure levels that while 

assumes no specific form or shape of the dose response implies that the RR of suicide 

attempt changes abruptly at the somehow arbitrarily set cut-points. As an alternative to 

categorical step-functions, fractional polynomials have recently been used to estimate the 

alcohol and injury dose-response relationship in a systematic review and meta-analysis 

(Taylor et al. 2010). Models were fitted using the STATA version 13.1 (Stata Corp LP 2013) 

fracpoly command. Royston (Royston, Ambler & Sauerbrei 1999) provides details of model 

fitting as well as estimation of analytic 95% CIs. PAR where calculated based on the RR 

estimates, evaluating the fractional polynomial function at the observed mean volume for a 

given range of drinks, by the prevalence of drinking six hours prior in that range: PARi = 

Prevalencei × (1−1/RRi) (Steenland & Armstrong 2006). The total PAR was computed as the 

summation of all PARi.
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RESULTS

The merged sample of patients that attempted suicide summed 272. Most were males 

(66.2%) with a median age of 28 years (Table 1). Among these 272 cases, 37% reported any 

alcohol use 6 hours prior to the attempt. The common, merged, RR of suicide attempt given 

any alcohol consumption 6 hours prior by the matched analysis was RR=16.00; 95% 

CI=(6.48–39.49). Figure 1 shows the number of suicide attempt cases that each study site 

contributed with and the variation in estimates when these sites were deleted from the 

common estimate. The common RR varied from a low RR estimate of 12.0 (4.8–29.9) when 

we deleted the site of Ireland to a high RR of 19.8 (7.2–53.9) when we deleted the site of 

Nicaragua. These variations are all within the confidence intervals of the common estimate. 

Alcohol 6 hours prior, as a continuous variable modeled on a liner regression, was associated 

with an increase RR=1.30; 95% CI = (1.18–1.44). That is, an increase in one drink was 

associated with a 30% increase in the likelihood of a suicide attempt.

Table 2 presents the dose-response estimates for alcohol use and suicide attempt up to 30 

drinks. The number of drinkers at each consumption level ranged from 9 to 28 and the 

prevalence at each consumption level ranged from 3.28% up to 10.08%. First, even one-two 

drinks increased the likelihood of a suicide attempt, with an RR=3.98; 95% CI=(2.34–6.77) 

and the RRs for up to 30 drinks was 54.33 (7.43–397.46). In all instances the confidence 

intervals were wide, reflecting the fact that even with such large sample size, there are few 

discordant pairs for specific levels of drinking. The corresponding Graph of these RRs 

(Figure 2) suggests a monotonic increase in risk of suicide attempt with more alcohol 

consumption up to 20 drinks and then a decrease in risk that nevertheless keeps being 

extremely high. Table 2 also presents the corresponding PAR associated with these drinking 

levels. It is interesting that while the lower categories of drinking have comparatively lower 

RRs, these categories have a large number of cases, similar or sometimes higher prevalences 

of exposure and PARs that are lower but still comparable with those of higher number of 

drinks (with the exception of category (10,15). Across levels of drinking, the summation of 

PARs implies that the elimination of alcohol would reduce suicide attempts by about 35% 

(28.58–40.94). It should be noted here that suicide attempt cases appear to be 

overrepresented by India, with 38% of the total cases coming from that country. Sensitivity 

analysis, removing India, made little difference in the common risk estimate, although PAR 

increased from 35% to 51%, possibly reflecting typically lighter drinking patterns in that 

country (data not shown).

Since the RR for a range of drinking prior to injury (as shown in table 2) was calculated 

based on both the functional form of the polynomial function and the mean value of drinking 

in a given range (second column of table 2) our RR estimates did not fully reflect the form 

of the exponential function shown in Figure 2, where there is an increase in risk up to 20 

drinks and then decrease. This happens because the last range (15–30) has a mean value of 

24.2 drinks, which is close to the inflexion point of the curve and the estimate is still higher 

than the previous one. A lower estimate could be shown if the mean value of the range was 

higher.
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DISCUSSION

The main findings of this research is that every drink increased the risk of a suicide attempt 

by 30%, even one-two drinks were associated with a sizable increase in the risk of a serious 

suicide attempt and a dose-response was found for the relationship between drinking 6 hours 

prior and the risk of a suicide attempt up to 20 drinks, with lower but still high risks after 20 

drinks. While very high levels of drinking were associated with large RRs of suicide attempt, 

the control and reduction of smaller quantities of acute alcohol use could have a similar 

impact on population levels of suicide attempt, as showed here for the first time with our 

PARs estimates. The PARs findings reported here may be underestimated, given the 

overrepresentation of India with lighter drinking patterns.

These findings are in line with prior research in this area, showing a relationship between 

acute alcohol use and suicide attempt (Bagge et al. 2013; Borges et al. 2004a; Borges et al. 

2006; Borges & Rosovsky 1996; Branas et al. 2011; Powell et al. 2001). Most importantly, 

the case-crossover methodology assured that fixed personal characteristics, such as age and 

sex, are kept constant and does not confound this association. Even more, this methodology 

also implies that our estimate on the role of acute alcohol use is independent of patient’s 

chronic alcohol use (alcohol use disorder) a matter of great relevance in the field. While in 

line with prior work, the findings reported here also brings novel information. First, the 30% 

increase on risk per-drink (16 ml or 12.8 grs of ethanol) is higher than increases reported for 

falls, motor vehicle and other unintentional injuries but not for intentional injury as reported 

before (Taylor et al. 2010). A comparison with prior results from our group (Cherpitel et al. 

2015a) shows nevertheless that our dose-response estimates are higher for suicide attempt 

than for any other cause of injury, including violence-related injury, for each level of 

consumption. Secondly, we show here for the first time that even one-two drinks were 

associated with an increase in suicide attempt, a matter not reported before by prior dose-

response estimates (Bagge et al. 2013; Borges & Rosovsky 1996; Branas et al. 2011) 

probably because of sample size limitations. As per our results, 35% of all attempts were 

attributable to acute alcohol, an estimate that is higher than the current value of about 20% 

of all DALYS ((World Health Organization 2014), figure 14). Current estimates of PAR for 

alcohol and suicide are based mainly on death by suicide and chronic alcohol use and 

alcohol use dependence, while our estimate was based on acute use of alcohol. Combining 

these two estimates and RRs provided here, area a matter of future research. While our PAR 

estimate of 35% is high, it is nevertheless below the PAR of about 40% for acute alcohol use 

and violence-related injuries (Cherpitel et al. 2015b).

Since most of the drinking takes place at low levels of consumption, with smaller but non-

negligible PARs, and by prior work in this area (Bagge et al. 2013; Borges et al. 2004a) most 

of the risk period occurs in the hour before the attempt, reducing drinking while important 

maybe a difficult task. An alternative is to act on other acute factors that, combined with 

drinking, put people on higher risk for a suicide attempt. Research delving into the 

coalescence between acute drinking and other acute events (such as anger, the presence of 

negative events or a depressive episode) that then may trigger an attempt is then an 

important task for new research (Bagge et al. 2014; Conner et al. 2014a; Conner et al. 

2014b; Fang et al. 2012). This task will ask for new and challenging methodologies. The 
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dose-response relationship reported here is novel in this area and shows a relationship 

between drinking and serious suicide attempt, with likely important consequences for 

patients under clinical care for mental disorders where acute drinking can have a devastating 

consequences (Sher et al. 2009).

Limitations

Similarly to prior reports from our group, this study is limited to analysis of data from 

patients with non-suicide attempts who attended specific EDs. Although the study design 

provides a representative sample of patients attending the ED from each facility, patients 

may not be representative of other facilities in the city or the country. Even if we merged 

14,193 injured patients, we were only able to gather 272 cases of suicide attempt (less than 

2% of the entire injury sample) and the dose-response estimates are thereby unstable. This is 

especially relevant for the higher consumption categories where we can observe large 

confidence intervals, for which an inflection on the risk curve was observed, suggesting that 

our study is limited when inspecting the shape of the curve for upper levels of alcohol use. 

Additionally, as is common with other studies conducted in EDs, cases cannot be assumed to 

be representative of other individuals who attempted suicide but did not seek medical 

attention. All analyses reported here are based on the patient’s reported alcohol consumption 

across different times, and it is possible that participants were more likely to recall their 

consumption more accurately immediately before an injury than during any previous period, 

thereby producing an overestimate of the association between alcohol and suicide attempt. 

Findings using control periods other than drinking during the previous week have been 

mixed suggesting either higher estimates (Borges et al. 2004b; Gerlich & Rehm 2010; Gmel 

& Daeppen 2007), lower estimates (Borges et al. 2013) or no differential report (Ye et al. 

2013); this is a topic for further research. Despite the fact that case–crossover studies are 

well suited to control for between-person confounders, they do not remove the possibility 

that within-person confounders may exist; for example, that alcohol use followed an episode 

of other drug use. Because we lack measures of other variables that vary over time, such as 

cocaine use, and that could be considered as possible confounders of the relationship 

between acute alcohol use and injury, we are not able to adjust for these potential biases. 

Nevertheless, a prior study (Bagge et al. 2013) that included data on other time-varying 

variables does not support the idea that these estimates are much confounded by other drugs 

or negative life events. This is the largest case-crossover study reported to date but our 

sample size was still insufficient to preform analyses by gender or age groups.

CONCLUSION

Despite these limitations, this is one of the largest studies ever reported on acute alcohol use 

and non-fatal, serious suicide attempts with data coming from a large and representative 

sample of patients from several countries and regions of the world. Our results expand the 

common clinical and post-mortem finding that people who commit or attempt suicide have 

large traces of alcohol consumption, but we added to these prevalences the corresponding 

estimates of high and increasing levels of RR by drinking levels. Our results imply that acute 

alcohol use, independent of long term chronic use, poses a risk for a serious suicide attempt. 

Preventive efforts could target those at risk of episodes of intoxication and heavy drinking 
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beyond merely screening for alcohol use disorders. Perhaps efforts directed to groups of 

persons with an already increased risk of a suicide attempt, such as patients consulting for 

suicide ideation and those with prior mental health disorders, would make interventions to 

reduce alcohol use more practical. Interventions to stop drinking or at least decrease levels 

of consumption could reduce the risk of a suicide attempt. Screening people more at risk to 

suffer these acute effects of ethanol and offering interventions that work to these high risk 

groups is a matter of urgent new research in the area.
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Figure 1. 
Relative Risk of self-injury by any alcohol use six hours prior. Matched analysis. Total and 

without one study at a time.
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Figure 2. 
Relative Risk of self-injury by alcohol volume consumed before injury. Best fit polynomial 

model with powers 0 (i.e. ln(x)), 2. Volume capped to 30 drinks (10 measures in 7 subjects).
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