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The opioid epidemic is at an all-time high. On average, 115 persons die from opioid 

abuse every day in the United States of America (U.S.) Between the years 1999 – 2016, the death 

toll from opioid overdose is estimated to be over 350,000 individuals (CDC, 2017). The rising 

trend over that period has been identified in three distinct waves. The first wave began in the 

early ‘90s and is associated with marketing efforts of Purdue Pharmaceuticals, manufacturer of 

OxyContin (Kolodny et al., 2015). The next wave began in approximately 2010 and was 

attributed to drug users shifting from prescribed opioids to heroin. The third wave started around 

2013 and deaths were associated to synthetic opioids which include the use of fentanyl (Rudd et 

al., 2016). The U.S. is not the only country devastated by opioid overdose. Canada is also 

suffering staggeringly high rates of hospitalization and deaths attributed to opioid abuse. The 

death toll has more than tripled due to drug overdose in parts of Canada like British Columbia 

(B.C. Coroners Service, 2018). 

The objective of our project is to compare emergency department visits related to opioid 

abuse rates between the American and Canadian population. We then plan to do a deeper dive 

into specific variables such as age and gender that influence opioid abuse rates. We will analyze 

two comparable data sets; one from the U.S. and one from Canada.  

The alternative hypothesis(Ha) is that Males in the U.S. between the ages of 25 and 44 

have a higher rate of opioid abuse in comparison to Males in Canada who belong to the same age 

group and that Females in Canada have a higher rate of opioid abuse in comparison to Females 

in the U.S. The null hypothesis (Ho) is that there is no difference in abuse rates between Males or 

Females ages 25 to 44 in both the American and Canadian population. 

The following variables will be compared between datasets from the U.S. and Canada 

including: rate of emergency department (ED) visits per 100,000 individuals from 2007-2015 
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segregated by age and gender. The main focus of the analysis will be on the age category 25-44 

years old. Data from the Healthcare Cost and Utilization Project (HCUP) indicate that 

hospitalizations due to opioid abuse are higher than any other age category between the years 

2007-2015 and the rate of emergency department visits in that specific age category have more 

than doubled in the last four years of that research (CIHI, 2016). 

Based on current research it appears that Males in the U.S. have a higher rate of 

emergency department visits due to opioid abuse than their Canadian counterparts (CIHI, 2016). 

Alternatively, research also indicates that Females in Canada appear to have a higher rate of 

emergency department visits due to opioid abuse in the U.S. In comparison to the female 

population, men in both the U.S. and Canada are twice as likely to abuse opioids, which could be 

because doctors prescribe higher doses of opioids to men in comparison to women. Opioid abuse 

could be more prevalent in the 25 to 44 age group because those prescribed opioids for the first 

time are assumed to be younger and could continue to use the drugs long after their injury has 

healed. Another assumption is that opioid abuse is highest for lower income Males in both the 

American and Canadian population groups.  

 
Method 

Participants 
 

The data was comprised of over 100,000 male and female participants from both Canada 

and the U.S that were hospitalized due to opioid abuse. Participants were separated into three age 

categories, 25 to 44, 45 to 64 and 65 and above. This was a longitudinal observational study; 

therefore, patients were not recruited for the purpose of this analysis.  
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Materials 
 

The data set from the U.S. was extracted from the Healthcare Cost and Utilization Project 

(HCUP). This project is a Federal-State-Industry partnership. It is the longest longitudinal study 

regarding opioids and hospital care beginning in 1988. This data set provided rates of emergency 

department visits due to opioid overdose on a national level from the years of interest, 2007-

2015, with demographic information captured such as age, gender, healthcare status, etc. The 

collection of data was done through the hospital billing records and other administrative 

manners. Data on individual patients would only be collected once they were discharged from 

the hospital. 

The Canadian data set was provided by the Canadian Institute for Health Information 

(CIHI) which aggregated data regarding opioid trends from 2007-2015. The CIHI is an 

independent, not-for-profit organization that collects information on healthcare and general 

health statistics within Canada. The two sources that provide CIHI its data is the Hospital 

Morbidity Database (HMDB) and the National Ambulatory Care Reporting System (NACRS). 

The Hospital Morbidity Database records patient hospitalizations. The National Ambulatory 

Care Reporting System records ambulatory care for 60% of the country. Both provide data 

directly to the CIHI. 

 
Procedure 
 

All data sets had opioid rates categorized by only one predictor variable, however, we 

realized that to run any statistical models on a dataset with multiple predictors, the rates needed 

to be stratified. Since we evaluated age and gender, the data sets needed to have a rate for each 

combination of groups, for example, Male & Age 25-44, Female & Age 25-44, Male & Age 45-
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64, etc. Since the data sets only contained separate rates for each predictor variable, the data was 

stratified by taking the individual ratios of each group, and multiplying by the national rate.  

 

Stratified Rate = (Annual rate)*(Gender specific rate/(Total rate for Gender))*(Age group 

specific rate/(Total Rate for Age)) 

An example is provided below for Canadian Males between the ages of 25-44 in the year 2007.  

Stratified RateM,25-44,2007, Canada = Opioid Rate2007,Canada * ((RateM)/(RateM + RateF)) * ((Rate25-

44)/( Rate<15 + Rate15-24 + Rate25-44 + Rate45-64 + Rate65+) 

 This technique demonstrates good approximation of the actual stratified rate, given the 

assumptions that the proportion of Males and Females in a country is approximately equal, and 

the distribution of age groups amongst Males and Females is roughly similar.  

 The individual data sets for U.S. and Canada had to be aligned as they were collected 

over different time periods and contained various categorical variables. Our first step was to 

identify which variables to evaluate and determine which time period to include in the analysis. 

The variables found in both data sets were: age, gender, year (2007-2015) and opioid 

hospitalization rate. We then created a combined data set with both U.S. and Canada variables of 

interest. The age groups found in common were 25-44, 45-64, 65 and older.  

  Our original plan was to run multiple regression for the combined data, however, once we 

started our analysis it became apparent that we needed to run ANOVA to specifically compare 

rates between the two countries. It was necessary to run an additional test because the rates in 

the U.S. were significantly higher than rates in Canada. Therefore, multiple regression models 

were built to identify patterns within each country separately, and a one-way ANOVA was run 

the for combined data.  
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  To test the alternative hypothesis Ha = µCanada,Male < µU.S.,Male , a data set was created 

which contained stratified opioid hospitalization rates from 2007-2015 for males aged 25-44 in 

U.S. and Canada. A one-way ANOVA confirmed the alternative hypothesis given µCanada,Male = 

1.22 & µU.S.,Male = 35.54, F(1, 16)=63.122, p <0.001. Ho = µCanada,Male = µU.S.,Male  

 To test the alternative hypothesis Ha = µCanada,Female > µU.S.,Female , a data set was created which 

contained stratified opioid hospitalization rates from 2007-2015 for females aged 25-44 in U.S. 

and Canada. One-way ANOVA did not confirm the alternative hypothesis even though the F-

Statistic was significant, µCanada,Female < µU.S.,Female, F(1, 16)=74.483, p<0.001. 

 ANOVA tests help test the hypotheses but did not really give us any insights about the 

epidemic. We explored our data further by building multiple regression models on individual 

data sets. For Canada, the predictors included age and gender. For the U.S., the predictors 

included age, gender, income and patient location. For both data sets, the criteria for normality 

was not met (Figures 11 and 14). We then applied two transformations (square-root and Log) on 

the rate variable and attempted to normalize the data but were unsuccessful. However, the 

coefficients in all the models were statistically significant, and the models gave us an interesting 

outlook on the opioid epidemic. 

Results 

 We stratified and organized the opioid data to perform two types of tests; Multiple 

Regression and one-way ANOVA. One-way ANOVA was performed to test our 

hypotheses with respect to the relation of opioid rates per 100,000 to age and gender in the 

U.S. and Canada. Multiple regression was conducted to determine the impact of the categorical 

variables within each country. 
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 The results for one-way ANOVA on combined data (U.S. and Canada) for Males aged 

25-44 are shown in Figures 1 and 2. The difference between the two countries is significant (F(1, 

16)=63.122, p <0.001; Figure 1), and that the mean rate for Males aged 25-44 in U.S. (35.54) is 

higher than for Males aged 25-44 in Canada (1.22). 

The results for one-way ANOVA on combined data (U.S and Canada) for Females aged 

25-44 are shown in Figures 3 and 4. As portrayed, the difference between groups is significant 

(F(1, 16)=74.483, p<0.001; Figure 1), and that the mean rate for Females aged 25-44 in U.S. 

(28.18) is higher than for Females aged 25-44 in Canada (1.39). Multiple regression is performed 

individually for both Canada and U.S. We did not perform multiple regression for the combined 

data as the rates in Canada are grouped so closely compared to the U.S. This skews the data 

tremendously such that normality tests fail (see histograms in Figures 5 and 6); a square root 

transformation of the rates does not fix it (Figure 6 and 5). 

 Multiple regression for Canada included the predictor variables gender and age. Our data 

does not meet the criterion for normality, evident from the Durbin-Watson value of 0.548 (less 

than 1 is a concern), the histogram in Figure 10 and the normal P-P plot in Figure 11. Having 

said that, observing the high R2 value in Figure 9 and significant coefficients in Figure 12, 

interpretations can still be made. The model with age and gender included has only a slight gain 

in R2 (0.915 vs. 0.930) over a model that includes just the age groups. In the coefficients table, 

for model 2 (age and gender) are as follows: bAges 15-24=0.750, t(7) = 12.17, p<.001. bAges25-44 = 

1.15, t(7) = 18.61, p<.001. bAges 45-64 = 1.16, t(7) = 26.27, p<.001. Ages 65 and older, bAges65 and 

older = 1.803, t(7) = 29.27, p<.001. 

For gender, Females are coded as 1 and Males are coded as 2. The coefficient table show 

Males are significantly more likely to be hospitalized than Females, bGender = -0.167, t(7) = -
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4.291, p<.001. The model was able to account for 96.5% of the variance in rates of opioid 

hospitalization in the U.S., F(1,84) = 18.409, p<.001. R2 = .97 shown in Figure 12. 

 Multiple regression for U.S. included the predictor variables gender, age, income and 

patient location. Income contained four categories of income quartiles from lowest to highest. 

Patient Location contained the categories rural, and four metro groups from smallest to largest. 

Again, our data did not meet the criterion for normality exhibited in Figure 14, but the significant 

coefficient values in the model did help gain valuable insight. Model 4 in Figure 13 included all 

the categorical variables and had an Adjusted-R2 of 0.883. This model was able to account for 

94% variance in rates of opioid hospitalizations in Canada, F(1,1787) = 183.328, p<.001, R2 = 

.94. In the age category, 25-44 had the highest statistically significant coefficient, bAges 15-44 = 

1.551, t(1773) = 66.90, p<.001. In the income category, all the statistically significant 

coefficients were negative, suggesting the constant which represented the lowest income 

category, had the greatest impact on rate. In patient locations, the coefficients for small 

metropolitans and large fringe metropolitans were statistically insignificant, suggesting their 

influence on the rate is like the constant group (rural). Medium metropolitans had the highest 

significant coefficient amongst all location groups, bMedium metro= .125, t(1773) = 5.4, p<.001. 

Gender was coded as female 1 and male 2, and the coefficient value was positive and significant, 

bGender=.157, t(1773) = 10.71, p<.001. 

Discussion 

 Comparing a sample of over 100,000 men and women in the U.S. and Canada between the 

years 2007 to 2015, it was hypothesized that there would be a difference in opioid abuse rates 

between males and females aged 25-44 of the two countries. It was predicted that males in the U.S. 

from the aforementioned age group would have higher rates of Emergency Department visits 
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compared to their male counterparts in Canada. It was further predicted that Canadian females in 

the 25-44 age group would have higher rates of Emergency Department visits compared to females 

in the U.S. The Ha was found to be true for the U.S. population, in that males aged 25-44 had the 

highest rates of Emergency Department visits, but for Canada the Ha was not confirmed, as females 

in the U.S. had higher rates. However, it was interesting to find that in Canada, those aged 65 and 

older in both male and female groups had higher Emergency Department visits than those between 

the ages of 25-44. It was anticipated that in both the U.S. and Canada, intentional overdose would 

be the most common reason for hospitalization, this was found to be true in the U.S. Surprisingly, 

the prime reason for hospitalization related to opioid abuse in Canada was accidental. 

Limitations 

 One limitation is that the Canadian data set was grouped by the fiscal cycle of April 1st to 

March 31st of the following year, and the U.S. data set was based on calendar year. Furthermore, 

once we started analysing our data, we found that although our hypothesis was formulated based 

on the effects of opioid abuse in regard to gender in each country, age presented itself as a much 

more influential factor than gender. Types of opioids were not specified, so for future studies it 

would be beneficial to examine which types of opioids were most commonly prescribed and 

used. The Durbin-Watson in our results is lower than 1 meaning there is serious concern for 

normalcy within our data and it hints at high positive autocorrelation. This could be attributed to 

the fact that our data set is a time series with high autocorrelation. 
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Conclusions 

  Opioid-related deaths are an important issue which requires attention in both the U.S. and 

Canada. Highlighted in this paper are important differences in the patterns that could influence 

these behaviors, specifically, prescribing practices between the two countries and opioid use 

amongst Males and Females in the varying age groups.  

We were interested in examining the patterns of opioid abuse rate in the neighboring 

countries who rank first (U.S.) and second (Canada) in the world based on opioid abuse rates 

(“Understanding the epidemic,” 2017). Through our research we have uncovered that in the U.S., 

the age group of 25 to 44 years is significant because it speaks to the pattern of drug abuse which 

mirrors the three waves of the rise in opioid-related deaths. The first wave was attributed to the 

use of prescription of opioids in the 1990’s as general pain management. During this time, 

opioids were being marketed as "safe" and "non-addictive." Opioids acted as a gateway to 

stronger drugs like heroin, namely the second wave which began in 2010. It is believed that once 

students graduated college, they were able to support their drug habit. The third wave began in 

2013 with higher rates of opioid related deaths associated with fentanyl (“Understanding the 

epidemic,” 2017).  

In comparison to the U.S., it was found in Canada that those aged 65 and older had a 

higher rate of hospitalization due to opioid abuse. It was noted that there was a difference in 

prescribing habits between Canada and the U.S. which resulted in an increase in hospitalization 

in the age category of 65 and older. We believe a contributing factor could be comorbidities in 

that age group due to drug interactions or general decline in health. Although the rate of drug 

abuse is higher in the U.S., it is important to note that hospitalizations in the 65 and older group 
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are proportionally higher in Canada. In summation, our research draws important findings as it 

relates to the opioid epidemic and provides considerations for future studies. 
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APPENDICES 

One-way ANOVA – Males and Ages 25-44 

	

Figure 1  

	

Figure 2 

One-way ANOVA – Females and Ages 25-44 

	

Figure 3  

	

Figure 4 
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Figure 5 – Histogram of Opioid Rates for Female (Combined Data) 

	

Figure 6 – Histogram of Opioid Rates for Male (Combined Data) 
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Figure 7 – Histogram of square-rooted Opioid Rates for Female (Combined Data) 

	

Figure 8 – Histogram of square-rooted Opioid Rates for Male (Combined Data) 
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Multiple Regression (Canada) 

	

Figure 9 – Model Summary (Canada Data) 

	

Figure 10 – Histogram of Opioid Rates (Canada Data) 

	

Figure 11 - Normal P-P plot for Opioid Rates (Canada Data) 
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Figure 12 - A table of coefficient values obtained for multiple regression models (Canada Data) 
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Multiple Regression (U.S.) 

	

Figure 13 – Model Summary (U.S. Data) 

	

Figure 14 – Normal P-P plot for Opioid Rates (U.S. Data) 
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Figure 15 – A table of coefficient values obtained for all multiple regression models (U.S. Data) 

	


