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[bookmark: _Toc505697933]2 Introduction
Death is the inevitable conclusion to life. However, in material of that conclusion, emphasis is none the less, placed on the preservation of life. A quote from a book written by Dr. John Harris, stated “Health care is one of the clearest and most visible expressions of a society’s attitude to the value of life” (1) which too, suggests that there is emphasis placed on the preservation of human life. Unfortunately, the preservation of life is made more difficult by external factors that influence the rate in which avoidable mortalities occur. One of the factors that influence the avoidable mortality rate is drug related. 
An example that highlights this as a real statistic, is that, the avoidable mortality rate for Wales and England in 2015 was 23%, of that 23%, 11.5% was classed as a drug-disorder (2). Despite not being a majority statistic, it becomes relatively significant when highlighting a drug-disorder is not a disease, yet it is banded with factors such as cardiovascular and respiratory diseases under the Office of National Statistics’ definition of avoidable mortality (2). 
Now, having defined drug-related deaths as an avoidable mortality, information can be deducted through methods of analysis on data surrounding this issue, which can determine where help for this matter can and should be introduced, such as the opening of new health clinics/rehabilitation centres based on locations suffering with high levels of drug-related deaths.
The data that will be visually communicated in this document represents drug related deaths in each of the states in America. The purpose of this data is to identify whether the statistics of drug related deaths have increased over a sixteen-year period in each state of the USA, specifically sampling data from the years 1999, 2006 and 2015 to determine whether the issue is increasing over time. Second to this, analysing each state’s population, as well as its increase over the same time-period, will provide evidence to suggest whether the number of deaths is relative to the potential inflation in populous, or, whether there are isolated cases where the deaths are increasing at a higher rate than that, of the population. This would almost certainly indicate potential epidemics that are occurring within the USA and could further be used to make decisions, to help isolate the issues by determining where and how government health board funds could be used, to help alleviate this issue in states that are suffering the most. 
To summarise, the data collected shall be as follows:
· State Population – To understand how many people were living in the state in the given year
· State drug-related deaths – To understand how many people died in the state from a drug-related cause
· Year – To provide a time frame to analyse







[bookmark: _Toc505697934]3 Data and Sources
[bookmark: _Toc505697935]3.1 Original
The data that was required for QGIS had to be outsourced from websites. The data that would be used for analysis was also outsourced from websites and can be seen below.
	Dataset
	File Type    
	Source

	Base Map
	Shape file - .SHP
	https://www.arcgis.com/home/item.html?id=99fd67933e754a1181cc755146be21ca

	drug-induced-deaths-1999-2015
	Comma Separated Value file - .CSV
	https://www.kaggle.com/yuqizheng/drug-induced-deaths/version/1#_=_



[bookmark: _Toc505697936]3.2 Population
From the original .CSV dataset, more datasets had to be created before the analytical data could be processed in QGIS. The population was separated into 3 individual CSV files to represent each year that was being analysed. The population has been rounded to the nearest 100,000 to help make the data easier to compare in QGIS. The increase rate dataset, in percentage, had to be processed in excel using formulas to calculate the increase from the starting point, which is 1999 to the end-point, 2015.
	Dataset
	File Type    
	Source 

	State Population 1999
	Comma Separated Value file - .CSV
	drug-induced-deaths-1999-2015.csv

	State Population 2006
	Comma Separated Value file - .CSV
	drug-induced-deaths-1999-2015.csv

	State Population 2015
	Comma Separated Value file - .CSV
	drug-induced-deaths-1999-2015.csv

	State Population 16y Increase 
	Comma Separated Value file - .CSV
	Derived from State Population 1999, 2006 & 2015





[bookmark: _Toc505697937]3.3 Drug-related Deaths
Like population, the drug-related deaths too, had to be extracted from the original .CSV dataset. The deaths were also separated into 3 individual CSV files to represent each year that was being analysed. The amount of deaths in each of the years have been rounded to the nearest 100 to help make the data easier to compare in QGIS. The increase rate dataset, in percentage, also had to be processed in excel using formulas to calculate the potential increase in drug-related deaths from 1999 to 2015.
	Dataset
	File Type    
	Source 

	State Deaths 1999
	Comma Separated Value file - .CSV
	drug-induced-deaths-1999-2015.csv

	State Deaths 2006
	Comma Separated Value file - .CSV
	drug-induced-deaths-1999-2015.csv

	State Deaths 2015
	Comma Separated Value file - .CSV
	drug-induced-deaths-1999-2015.csv

	State Deaths 16y Increase 
	Comma Separated Value file - .CSV
	Derived from State Deaths 1999, 2006 & 2015
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[bookmark: _Toc505697939]4.1 Base Map and Attribute Table
To begin the process of visualising the data, the shape file is first loaded in to QGIS. This shapefile has an attribute table linked with it, containing data exclusive to the shape file. One of the attributes, “Name” which represents the state data, will be very important in a later stage involving table joins. As shown below, the shape file depicts the USA, fractioned by state.
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[bookmark: _Toc505697940]4.2 Datasets
The data that was to be processed in QGIS consisted of the population as well as the number of drug related deaths for each state, during the years of 1999, 2006 and 2015. The data had been separated into unique CSV files so that the data could be handled more efficiently, leaving 3 population CSVs and 3 drug death CSVs. Second to this, a fourth file was added to both population and drug deaths which calculated the increase from 1999-2015, this will later be used in a visual comparison, to highlight any notable cases where a state’s drug deaths increased more than what the population did.
[bookmark: _Toc505697941]4.2.1 Population Dataset
1999 – Population to nearest 100,000
[image: ]
2006 – Population to nearest 100,000
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2015 – Population to nearest 100,000
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Population increase 1999-2015
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[bookmark: _Toc505697942]4.2.2 USA Drug-related Death Dataset
1999 – Deaths to nearest 100
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2006 – Deaths to nearest 100
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2015 – Deaths to nearest 100
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USA Death rate increase 1999-2015
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[bookmark: _Toc505697943]4.3 Table Joins
Once the data sets were loaded into QGIS, they had to be joined with the pre-existing attribute table that was linked to the shapefile, the purpose of this was to link the state name from the shapefile, to the state name from the dataset. Doing this would allow data from the dataset to be accurately shown in the right location, which in this case, is the state. In summary, the table join is used to join two tables by the attribute they both share, which in the case of this report, is the state name.
[bookmark: _Toc505697944]4.3.1 Population Table Joins
The population table joins were done in a different way compared to the drug-related death table joins. This is because the range of the population from 1999-2015 was much larger than that of the 1999-2015 deaths. Then, to ensure the representation of change on each of the year’s map was consistent, the year that was being displayed was joined to all three tables, 1999, 2006 and 2015, to use the population values in the colour ramp for the year’s visualisation. This ensured consistency, because the shades of colours were no longer dependant on the year that was being represented, but every year’s population, meaning that the colours were accurately representing a change, getting darker if an increase occurred, or lighter, if a decrease occurred. Not doing this would have meant that each map would look identical, conveying no visual depiction of change, since there would be 51 shades allocated to the colour ramp for 1999, 2006 and 2015 and the highest populated state in 1999 would be the same shade as that in 2015, because the colour ramp is dependant and capped, to the single year it is representing. Below is a screenshot that shows the joins for the 1999 layer, this is the same for 2006 and 2015.
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[bookmark: _Toc505697945]4.3.2 USA Drug Deaths Table Joins
The ‘USA Drug Death’ table joins used some aspects from the population table joins but didn’t require each year layer to be joined to the other two years, only the year that it was representing. This is because the range of numbers that were present in this dataset as opposed to the population dataset were far lower, which meant the deaths for each year could be manually input and saved into a style pre-set that could be loaded in each year layer, to again, maintain consistency with regards to the representation of change.
1999  
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2006
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2015
[image: ]
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4.4 Labels
Labelling is relatively important with regards to showing data on a layer, it helps inform the user of what data is relevant to the location that it is assigned to. An example of how it has been used throughout this report, is to name the states, as well as to show the results for population, deaths and the increase of both. Below, examples of each are shown using the year 1999, since the process is identical for each year.  
4.4.1 State Names
State names are useful for informing the end-user of the states and their location. It is relatively important to label this shapefile, because it confirms where the state is situated, to which then, the visualisation no longer relies on the end-user to have a pre-existing knowledge on where each state is located. Labelling the ‘Name’ required the enabling of labels to be shown on the layer followed by selecting the attribute that was to be shown, which in this case, is the ‘Name’. The application of a buffer behind the text was also used to help the label stand out from the colour of the layer. 
[image: ][image: ]

 


4.4.2 Population from 1999
The population can be labelled to help give a direct count of each state as opposed to utilising a legend and a colour ramp. It is a basic yet, useful way of still informing the user of what each state’s population is for the year. It was done in the same way as how state was labelled, with the only difference being that the ‘label with’ section has the ‘USA Drug Deaths 1999_Population 1999 to nearest 100,000’ selected. 
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4.4.3 Deaths from 1999
The deaths can also be labelled to provide users with a direct count to of each state and pose the same uses and purposes as the extract shows on the previous page. Again, this layer differs where the ‘label with’ section, in this layer, has ‘USA Drug Deaths 1999_Standardised Deaths’ selected.
[image: ][image: ]




4.4.4 Population increase 1999-2015
The increase of population is an integral part to this report and it can be conveyed to provide the end-user with a simplistic and minimal visualisation that still informs the user of the population increase as a percentage, among each state. The ‘label with’ section has ‘Population increase 1999 - 2015_Population Increase 1999-2015’ selected.
[image: ]
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4.4.4 Death increase 1999-2015
The increase of deaths is also an integral part in this report, it is identical in the process of labelling the population increase, however, it differs in the ‘label with’ section, selecting ‘USA death rate increase 1999-2015_Drug Death increase from 1999-2015’ instead.
[image: ][image: ]



[bookmark: _Toc505697947]4.5 Style
The style of each layer dictates what data is represented as well as how, it is visualised to the user. The method that has been chosen for this project is a categorised colour ramp, because, by using a colour ramp of different shades to represent a value of high and low, users engage their pre-conscious perception (4), meaning the need for the user to manually process the data is unnecessary, because the information is being graphically conveyed using a spectrum of colours, that determine a value. In summary, a user can visually interpret the data and how and where changes are occurring through identifying a change in a colour shade, darker represents a higher value where lighter represents a lower value.
Each layer used in this report are as follows: 
Population
· USA Population 1999
· USA Population 1999 Label (Values labelled rather than state)
· USA Population 2006
· USA Population 2006 Label (Values labelled rather than state)
· USA Population 2015
· USA Population 2015 Label (Values labelled rather than state)
· USA Population Increase 99-15
· USA Population Increase 99-15 Label (Values labelled rather than state)
USA Deaths 
· USA Drug Deaths 1999
· USA Drug Deaths 1999 Label (Values labelled rather than state)
· USA Drug Deaths 2006
· USA Drug Deaths 2006 Label (Values labelled rather than state)
· USA Drug Deaths 2015
· USA Drug Deaths 2015 Label (Values labelled rather than state)
· USA Drug Deaths Increase 99-15
· USA Drug Deaths Increase 99-15 Label (Values labelled rather than state)

As the method is the same, an example will only show the style creation for ‘USA Population 1999’ and the ‘USA Drug Deaths 1999’. 


4.5.1 USA Population Style
Mentioned previously, was the method used in joining the year layer with the other two years’ attributes for the purpose of keeping the scale consistent, following this, each of the year’s population could be selected and added to the colour ramp by selecting the column that was to be added, which in this case was the population for 1999, 2006 and 2015, followed by clicking ‘classify’ to add them to the list. The colour ramp is also selected to allocate lighter shades to low values and darker shades to higher values.
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Since the values are coming from different tables, the list is not numerically sorted, keeping the data from each table together as opposed to mixing all of the data together. To fix this, the ‘value’ tab was selected to sort from low to high, which would assort the whole list of values, making a complete colour ramp. Because this method would be used for each of the population maps, the style was saved as ‘population’ to ensure that each map would assign colours to the values based on one colour ramp as opposed to three separate versions, ensuring consistency in data representation.
[image: ]
Each of the other maps for population beside the increase map, would only need to load the ‘Population Style’ followed by selecting the column that the map was representing and the style was complete. 
[image: ]


The end result is shown below, depicting the map of population in 1999. The lighter areas represent low population and the darker areas represent higher population. 
[image: ]
4.5.2 USA Drug Deaths Style
[image: ]The drug death maps used the same method of creating the style but each layer was only joined to one table, which was of the year being represented. This, as explained, was done differently because the range of numbers were lower in this representation and thus, the values that were present from the other years could be input manually, all for the purpose of creating one colour ramp that applied to each of the three years being visualised. Red was used for the drug death colour ramp to provide a distinctive differential between the population maps and the drug death maps. The style was created by adding the data from one year, which in this case was 1999, then manually inputting the values from the other two years that were not present in the list, following this, the style was saved, then loaded for each of the other two years that represented drug deaths. The only difference between them was the selection of the column, which would be set to the year being represented.










Below is the colour ramp followed by a screenshot depicting the saved drug death style file. 
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The end result is shown below, depicting the map of drug deaths in 1999. The lighter areas represent low drug death states and the darker areas represent higher drug death states. 
[image: ]




4.5.3 Increase Style
Both of the maps that represent the percentage increase for both, population and drug deaths, are only joined to one table each. The drug deaths is joined to the ‘USA death rate increase 1999-2015’ table and the population is joined to the ‘Population increase 1999-2015’. The population increase is represented using a blue colour ramp where the drug death increase utilises a red colour ramp. The reason for using different colours for both of these maps, is due to the fact that they are to be compared as part of the analysis, and using different colours to represent the data makes the map more distinguishable in terms of what data (deaths or population) is being shown. The style for either does not necessarily need to be saved since only one layer will utilise the style. Below shows the style options and colour ramp for both the population increase as well as the drug death increase.
4.5.3.1 Population Increase
Represents how much a state’s population has increased from 1999-2015.
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4.5.3.2 Drug Death Increase
Represents how much a state’s statistic of drug related deaths has increased from 1999-2015.
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[bookmark: _Toc505697948]5 Analysis
[bookmark: _Toc505697949]5.1 Have drug related deaths increased?
Firstly, to address the first question of whether the amount of drug related deaths have increased over time, a heat map displaying each of the selected year’s data on the drug related deaths will be compared.
[bookmark: _Toc505697950]1999
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Based on the contrast that occurs from the year 1999 – 2015, it is clear that the drug-related deaths have increased over the span of 16 years. In states such as Ohio, Pennsylvania and New York, the amount of drug-related deaths seems to have increased the most drastically based on the shade of colour allocated to those states in 1999, being very light compared to 2015, where they are coloured very dark. States such as Wyoming, South Dakota and Nebraska appear to have increased the least over the 16-year period, which is indicated in the very subtle change in the colour allocated to those states. However, regardless of subtlety, a general increase of drug-related deaths in every state seems to be present based on the contrast in the above maps, with not one state becoming lighter over the time-frame which suggests that this issue is going to keep increasing over time, as no signs of stopping are currently present. A trend that does seem apparent from the map is that the largest increases appear to be in the eastern part of the USA, the reason for this is unknown but could potentially share a correlation between the rust belt and the workers that would be more inclined to abuse pain killers. Ohio, New York and Pennsylvania, the three states with the biggest change are part of the rust belt. This would further correlate with multiple studies conducted that suggest opioid, both prescription and non-prescription type overdoses are increasing, due to dependencies that have been created by first prescribing opioids as a pain relief. (5) (6) (7)
One of the studies goes on to say that prescription drugs accounts for majority of drug-overdose deaths in the United States. (6)
Below, the values of each state can be shown as opposed to the state name. 
[bookmark: _Toc505697953]1999
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[bookmark: _Toc505697956]5.2 Is the increase in deaths relative to population growth?
The second question to be answered was whether the increase in deaths was relative to the growth in population for each state, which if true, would suggest that the issue is not becoming worse and that the drug-related deaths were only scaling with the population. However, if the death rate is shown to be increasing at a higher rate than the population, it may indicate a potential epidemic that is occurring within a state, since it would mean that the rate of people using and dying to drugs are increasing at a higher rate than that of the population growing. 
[bookmark: _Toc505697957]Population increase 1999-2015
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[bookmark: _Toc505697958]Drug-related deaths increase 1999-2015
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It is clear from visualising both maps that, while the population appears to increase far more dramatically in the west, the drug-related death rates increase substantially more in the east. This clearly indicates that the drug-related deaths are increasing at a higher rate in the eastern states, than that of the population, compared to the western states. Below, the values of each state can be shown as opposed to the state name. 
[bookmark: _Toc505697959]Population increase values 1999-2015
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[bookmark: _Toc505697960]Drug-related deaths increase values 1999-2015
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[bookmark: _GoBack]Based on the values, it appears that West Virginia has the most dramatic disproportional rate of increase in both drug-related deaths and population growth, with the drug-related death amount increasing by 700%, and the population increases by only 1.65%, this signifies a serious problem is occurring in the state and this information could lead to prioritising this state in the development of rehab/health clinics. States such as Wyoming had the most proportional increase, with a population growth of 18% and a drug death increase of 0% from 1996 to 2015, this is because the drug-related deaths from the dataset had been rounded to the closest 100, meaning the increase of deaths in Wyoming was so insignificant that it did not surpass 50 throughout the entire 16-year time frame. Which proves, that not every state is suffering with this problem.
[bookmark: _Toc505697961]6 Conclusion
The overall conclusion based on the data that has been visualised, is that, drug-related deaths are undeniably increasing over time, which correlates with three individual studies on the same matter (5) (6) (7) , and that while some state’s drug-related death rates are relatively close to the population growth rate, it is undeniable that predominantly eastern states such as Ohio, New York, Kentucky and specifically West Virginia are becoming more problematic as time goes on, with the rate of drug-related deaths soaring, in comparison to western states, with West Virginia being a stand-out example, showing a huge disproportion between the drug-related death increase to the population growth. As previously mentioned, this could be due the eastern states being part of the rust belt which encompassed lots of manufacturing and factory work that over the years, caused lots of workers to require pain relief for injuries caused by performing tedious and repetitive tasks. But, overall, the data conveys a rather concerning image of how bad the problem has become based on a 16-year time frame, which at the rates shown, can only be on a continuous incline until action is taken. 
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