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Abstract
[bookmark: _GoBack]Drug-related mortalities and suicides are currently major causes of death in the United States. Given the health implications of drug use, we sought to explore the relationship between substance use and suicidality using country-level data. Substance abuse-related factors were also introduced to explore their associations with suicidality. We retrieved data on a country’s suicide rate (our response variable of interest), alcohol consumption, and deaths attributed directly to alcohol and drug use disorders from the World Bank, Our World in Data, and the Global Health Observatory. After modeling the suicide rate as a function of these variables via linear regression analysis, we found that all three were significant predictors of the suicide rate.



















Introduction
What indicates a propensity toward suicide in a society? It may be tempting to predict the suicide rate of a country based on the modernization or the GDP per capita of a country. However, suicides are currently a public health crisis across many different modernized countries despite their economic prosperity, and the United States is no exception. According to the CDC [2], the suicide rate of United States citizens increased 30% from 1999 to 2016. The tragic reality is that, despite the billions of dollars invested into pharmaceuticals and the increasing awareness of mental health issues, 45,000 Americans committed suicide in 2016 alone. Unfortunately, suicidality is not the only public health crisis that the United States is facing. With opiate-related deaths on the rise in the United States, the role of substance abuse is an interesting covariate to explore. However, because the opioid crisis does not exist in every country, we sought to explore two categories of substance abuse-related mortalities separately –  those related to alcohol disorders and those related to drug disorders – as predictors of suicidality.
We included deaths from substance abuse-related disorders because we believe they measure the emotional pain that individuals are experiencing. This harm is reflected in those who have suffered from substance abuse and also those who have suffered as a result of experiencing substance abuse in their communities. In other words, we hypothesized that substance abuse may lead to emotional hardship in a population. By modeling the linear relationship between deaths directly attributed to substance abuse and the suicide rate of a country, we hope to capture the intangible social factors that are associated with both substance abuse and suicidality.
While it is easy to imagine the correlation between substance abuse-related deaths and suicide, we were particularly interested in the correlation between general alcohol consumption and suicidality. Because alcohol consumption is not an inherently unhealthy behavior in all settings and cultures, we wanted to explore the following question: Is there a significant linear relationship, on a country-wide level, between the amount of alcohol consumption and the suicide rate? To isolate the relationship between alcohol consumption and the suicide rate of a country, we also assessed if a change in the alcohol consumption of a country correlates with a significant change in the suicide rate of the country after accounting for the number of deaths attributed to drugs and alcohol.

Methods
This was an observational study. We collected data from the World Bank, Our World in Data, and Global Health Observatory from nearly all countries in 2016 (n=177). Our intention is to infer relationships that can be generalized to other years. For each country data, we obtained data on the suicide rate (as a percent), the amount of alcohol consumption consumed per capita per year, the number of deaths directly attributable to alcohol use disorders, the number of deaths directly attributed to drug use disorders, and the population size. Alcohol consumption rate was measured in number of liters of pure alcohol consumed per capita for people older than 15 years of age. Alcohol- and drug-related deaths were measured in number of deaths per 100,000 individuals after excluding suicides. These three variables were used to predict the suicide rate, measured in number of suicides per 100,000 individuals, of a country.  
We collected the data by writing a Python script that read in the .csv files of all of the variables. The original variables on alcohol- and drug-related deaths were measured in raw numbers of deaths, so we used the size of each country to transform those variables to number of deaths per 100,000. To do so, we multiplied the raw number of deaths by 100,000/population, where population refers to the population size of that specific country. To evaluate the significance of alcohol consumption as a predictor for suicidality, we used multiple linear regression to model the linear relationship between suicidality and alcohol consumption after controlling for deaths attributed to alcohol and drug use.  All analyses were carried out in R/RStudio.

Results

[image: ][image: ]  Figure 1.                                                                           Table 1.
[image: ][image: ]Table 2.                                                                             Table 3.

The mean suicide rate of a country was 9.29 suicides per 100,000 individuals (standard deviation of 6.04), and the mean alcohol consumption rate was 6.07 liters of pure alcohol per capita (standard deviation of 4.10). Figure 1 shows a clear correlation between the amount of alcohol consumed by a country and its suicide rate. At a significance level of α = 0.05, we found a significant linear relationship between alcohol consumption and the suicide rate of a country before (Table 1) and after controlling for alcohol- and drug-related deaths (Tables 2-3). The regression coefficient of consumption in our final three-predictor model implies that, for every 2-liter increase in per capita alcohol consumption per year, the suicide rate of that country will increase by an average of one suicide per 100,000, assuming the values of alcohol- and drug-related deaths remain the same. Similarly, the two variables measuring substance abuse-related deaths imply that, for every additional two deaths per 100,000 that occur due to substance abuse disorders, the suicide rate of a country will increase an average of about one suicide per 100,000, assuming the values of the other variables stay constant.
Alcohol consumption alone explained nearly 1/3 of the variability in the suicide rate of a country (Table 1, adjusted R2 of 0.3384).  When numbers of alcohol- and/or drug-related deaths were also included, the adjusted R2 value rose to nearly 1/2 (Tables 2 and 3). While these predictors are correlated (see the Appendix, Figures 2-4), the degree of the collinearity observed was not sufficient to doubt the validity of the model. For example, the correlation between the amount of alcohol consumed and the number of drug-related deaths was 0.44. A similar correlation was observed between the amount of alcohol consumed and the number of alcohol-related deaths. However, the correlation between alcohol- and drug-related deaths was much higher at 0.68, making it difficult to separate their independent effects.
To examine the assumptions of our model, we first plotted the residuals of our final three-predictor model against the fitted values (Appendix, Figure 5). There were some noticeable outliers, for example, some with fitted values of about 10 suicides per 100,000, but after excluding those, there does not appear to be a strong deviation from the constant variance assumption. Similarly, because there is no evidence of any pattern in the residuals when plotted against the fitted values, we concluded that the predictors have strong linear relationships with the response variable. Finally, we plotted a histogram of the residuals (Appendix, Figure 6) and a normal probability plot of the sample quantiles against theoretical quantities (Appendix, Figure 7).  Although the sample quantiles are slightly more extreme than expected when compared to the normal distribution, the residuals appear be roughly normally distributed, suggesting that the assumption of normal errors is reasonable.

Conclusions/Inferences
	We found that alcohol consumption, deaths attributed directly to alcohol use disorders, and deaths attributed directly to drug use disorders all had strong linear relationships with the suicide rate on a country-wide level. While these findings are statistically significant, we were unable to measure the intangible factors that determine a society’s tendencies to consume more alcohol or to be more prone to alcohol- or drug-use disorders. However, our study extends the link between alcohol consumption and suicidality from individuals to countries.  As a result, our regression model may have important implications for the role of alcohol consumption in a nation. For example, consider a country such as Russia, which has an alcohol consumption rate of about 12 liters of pure alcohol per capita per year. According to our final model, a 2-liter increase in per capita alcohol consumption is linearly associated with an average increase of one suicide per 100,000, holding all other variables constant. Consequently, an alcohol consumption rate of 12 liters of pure alcohol per capita is predicted to increase the suicide rate of a country by about six suicides per 100,000 when compared to a country with an alcohol consumption rate of zero liters per capita. Even alcohol consumption alone may account for over 8,000 suicides, which is approximately 20% of the suicides in Russia in 2016. 
Our model validates the existing literature on the comorbidity of substance abuse disorders and suicidality [1] by evaluating different components of substance abuse on an international scale. By illustrating the consequences of substance abuse disorders, we hope to influence policy makers to actively implement programs for those in need. Although addressing mental health directly is often very challenging, the significant relationship between substance use and suicidality leads us to believe that there are pragmatic policy decisions a country can make to reduce the loss of life.
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Coefficients:
Estimate Std. Error t value Pr(>Itl)
(Intercept)  3.79254  0.50241 6.402 1.43e-09 ***
Consumption  0.53825  0.09107 5.910 1.81e-08 ***
Alcohol Deaths 0.49894  0.11696 4.266 3.29e-05 ***
Drug_Deaths  0.59715  0.25282 2.362 0.0193 *

Signif. code:

xne’ 0,001 “**’ 0.01 *’ 0.05 ‘.’ 0.1 ¢’ 1

Residual standard error: 4.316 on 171 degrees of freedom
(2 observations deleted due to missingness)

Multiple R-squared: ©.5015,  Adjusted R-squared: ©.4927

F-statistic: 57.34 on 3 and 171 DF, p-value: < 2.2e-16
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Coefficients:
Estimate Std. Error t value Pr(>Itl)

(Intercept) 4.12198  0.66484  6.200 3.98e-09 ***

Consumption 0.85715  0.09085 9.435 < Ze-16 ***

Signif. codes: @ ‘***’ 0.001 **’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ¢ ' 1

Residual standard error: 4.93 on 174 degrees of freedom
(1 observation deleted due to missingness)

Multiple R-squared: ©.338¢,  Adjusted R-squared: 0.3346

F-statistic: 89.02 on 1 and 174 DF, p-value: < 2.2e-16
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Coefficients:
Estimate Std. Error t value Pr(>Itl)
(Intercept) ~ 3.99671  ©.59382  6.730 2.42e-10 ***
Consumption  ©.58479  0.09009  6.491 8.79e-10 ***
Alcohol Deaths ©0.66383  0.09508  6.982 6.09e-11 ***

Signif. codes: © “***’ 0.001 ‘**’ .01 *’ 0.05 ‘.’ 0.1 * ’ 1

Residual standard error: 4.373 on 172 degrees of freedom
(2 observations deleted due to missingness)

Multiple R-squared: 0.4852,  Adjusted R-squared: 0.4792

F-statistic: 81.07 on 2 and 172 DF, p-value: < 2.2e-16




