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Abstract

Several studies have reported a tremendous increase in the rate of drug expenditures in the past few years.  In Canada, the portion of health care expenditures devoted to drug has been rising faster than other components.  Protecting the population against catastrophic drug expenditures is a high priority in Canadian health policy.   In order to help policy makers estimate the current and future revenue impacts of a suite of possible drug insurance proposals and assess the distributional impacts on individuals/households, we have developed the PHARMASIM microsimulation model with a synthesized micro database. 
This presentation discusses two parts of the modelling process and the model’s applications. The first part of the modelling process is to synthesize a comprehensive database with information on income taxes, public and private drug coverage insurance, expenditure and utilization, as well as socio-demographic information of Canadian families/individuals.   The creation of this unique data is one of the biggest challenges in the process due to non-availability of existing data sources that simultaneously contain all of the required information.  The second part is the microsimulation model that incorporates the Canadian tax routines and existing provincial drug programs together. The presentation also uses specific examples to illustrate the performance of the model.

1. Introduction 
Background


Several studies and reports show that the prescription drug costs have increased at a rapid rate in recent years (Canadian Institute for Health Information 2004, 2005), increasing twice as quickly as other health expenditures due to aging population and rising drug prices.  Kirby (The Kirby Report, 2002) and Romanow (The Romanow Report, 2002) also show that people without drug coverage may be at risk of stopping their treatment because of the burden of drug cost.  Currently, only 5 provinces in Canada - Ontario, Quebec, Manitoba, Saskatchewan and British Columbia - have a universal drug plan covering families with high drug cost in relation to low incomes.  The other provinces and territories provide drug coverage mainly for social assistance recipients, senior citizens and people with severe disabilities or extreme diseases. Protecting families without drug coverage against catastrophic drug expenses is essential in order to help this population.  

To help the provinces to fill the gap in their drug coverage programs, we have developed the PHARMASIM model. This model allows policy analysts (i) to analyze patterns of drug utilization; (ii) to quantify the distributional impacts of changes from an existing to alternative drug plans on government revenues and individual/family‘s drug benefits; and (iii) to assess the interaction between an alternative drug and the tax policy. 
Aims of the paper
Rather than describing the detailed methodologies employed to create the micro database for this model which have already been discussed in Kapur & Gupta (2007) and Gupta & Kapur (2001), this paper aims to discuss PHARMASIM’s modelling structure, including the implementation of the Canadian Tax system and the public prescription drug coverage and the interaction between the health and tax policies in detail. The paper briefly discusses a new synthesized micro database used in the model and some new features in the new PHARAMSIM version which enhanced the flexibility of the model in terms of creating new alternative drug options and add-on or replacing existing drug plans by alternative plans.   The paper also presents a specific example to demonstrate some main features of the model as well as to validate the model and the new synthesized database behind the model. 
The rest of the paper is divided into 7 sections. Section 2 provides an overview on the development of the PHARMASIM model. Section 3 discusses the construction of a new synthesized micro database. Section 4 is devoted to the process of modelling the public drug coverage and tax system in the PHARMASIM model. Section 5 describes the model’s output. Section 6 conducts an application of the model.  Section 7 discusses the model’s strengths and limitations, and conclusions are provided in Section 8. 
2. Model Overview and Objectives 
Past and Current 
The Pharmacare Microsimulation Model (PHARMASIM) is an extension of the Canadian Health Tax Micro-simulation Model (CHTSIM) developed in 1999-2000 by the Microsimulation Modelling Data Analysis Division (MSDAD).  This original CHTSIM model simulates federal and provincial incomes taxes, tax transfer program and credits on the Canadian population.
Further development on the CHTSIM took place in 2002-2003 with an add-on component of the provincial Pharmacare drug coverage; the extended model is named PHARMASIM.  Building on an enhancement of the CHTSIM model, the current PHARMASIM model has the capacity to simulate both prescription drug benefits and income tax/credit and to assess the interactions between the family/individual drug benefits and the federal/provincial revenues due to changes in either or both current Health and Tax policies.   
Objectives
Compared to the previous version described by Kapur and Gupta (2007) and Gupta (2007), the current PHARMASIM model has several important improvements in terms of: 

· Simulating the dollar amounts of drug benefits and costs for families/individuals and the federal/provincial governments under both the existing and hypothetical provincial Pharmacare programs.  

· Estimating distributional impacts on the Federal/Provincial/Territories revenues and on families/individuals’ out-of-pocket as a result of changes in the existing Pharmacare program and/or tax policy.
· Comparing the benefits/costs estimated from several different proposal changes to provide policy makers with an evidence-base for decision making.
· Simulating federal and provincial personal income taxes benefit transfers and tax credits.

· Assessing the interaction between the provincial drug policy and the federal/provincial tax policy due to any changes in these two policies. 
3. Construction of an updated micro database
In the previous version, the micro database for the PHARMASIM model was constructed from the 1997 Survey and Drug data.   This database was then updated to the year 2000 using the 2000 Survey and Drug data files.  The following section discusses the data sources used to build the most recent PHARMASIM database and methodologies employed for synthesizing the database.
Data Sources for the updated database
As discussed by Kapur and Gupta (2007) and Gupta (2007), the PHARMARSIM model requires information on individual socio-economic demographic characteristics, income and labour forces, types of drug coverage, and prescription drug utilization and cost of an individual to simulate drug benefits and income taxes for each individual/family. To combine all the required variables in one data file, we synthesize the database from several data sources.    Table 1 shows the data sources and information each source contributed towards the updated database.

Table 1:  Data Sources and information extracted 
	Data Source 
	Socio-economic
	Drug coverage
	Tax deductions
	Drug Expenses
	Drug Claims

	Survey of Labour and Income Dynamic (SLID)
	Detailed
	No
	No
	No
	No

	Survey of Household Spending (SHS)
	Summary
	Partial
	No
	Out-of Pocket
	No

	Personal income tax  
	Some
	No
	Yes
	No
	No

	National Population Health Survey (NPHS)
	Summary
	Yes
	No
	No
	No

	Private Insurance claim data- Brogan Inc.
	Some
	No
	No
	No
	Yes

	Public claim data: Ontario Drug Benefit (ODB) and Quebec drug insurance plan data (RAMQ)
	Some
	No
	No
	No
	Yes


Each of the above data file provides particular information required for the model as follows:

· The 2000 Survey of Labour and Income Dynamic (SLID), conducted by Statistics Canada, serves as the core database.  SLID contains 73,444 individual records, comprising a 2.4% sample of the Canadian population. It provides details on incomes of both individuals and families, as well as other socio-economic and demographic information.

· The 2000 Survey of Household Spending (SHS), conducted by Statistics Canada, contributes health related expenditures such as out-of pocket drug expenditure and private health care insurance premiums.
· Personal income tax data from Canada Revenue Agency (CRA) provides aggregate distributions of income tax and tax deductions/credits for all the income tax filers that are used for the imputation of tax deductions and credits for each individual in the database.  The tax information is required for the computation of family net income, used to simulate drug benefits for families under existing and proposed drug benefit programs.

· The 2000 National Population and Health Survey (NPHS) from Statistics Canada contributes information on drug coverage as response to direct questions.  We used this information to impute drug coverage for individuals.
· Private drug claim data from Brogan Incorporated provides distributions of private drug expenditure and number of prescriptions dispensed for the Canadian population in year 2000.  These distributional data are required for the imputation of the drug expenditures and the number of prescriptions dispensed for each individual in the database with private drug coverage.

· A representative 20% sample of prescription drugs dispensed through public drug programs provided by the Régie de l’Assurance Maladie du Quebec (RAMQ) and distributional data derived from Ontario Drug Benefit data are used to impute the public drug expenditures and number of prescriptions claimed for each individual with public drug coverage.

New micro Database 
Figure 1 describes the process of synthesizing the required database. 
Figure 1:        Flow chart for the process of synthesizing a new micro database for the 

                        PHARMASIM model

The flow chart shows the order of all the steps and methodologies employed to synthesize the new micro database as follows:
1. Merge the three SLID data files, the individual, census family and economic family using the individual and family unique identification numbers to obtained socio-economic demographic characteristics at both individual and family levels (such as individual and family incomes, marital status, family type, family size).

2. Match the health related drug expenditures (including family prescription drug expenditure, vision care, physician care, dental care, health insurance premium, private health care plan, public hospital and medical plan, and health care supplies) from the SHS survey data to all families in the synthesized SLID database created in step 1 using statistical matching.  Gupta and Kapur (2001) provide detailed methodology for this statistical matching. 

3.  Impute tax deductions and credits—donation, taxable allowance, tuition fees, other deduction from the total income, other deduction from net income, carrying charges, dividend income, RRSP—into the synthesized SLID database using empirical distribution of tax data provided by the CRA. Details on the methodology used for imputing income tax-related variables are discussed in the paper by Gupta and Kapur (2001). 

4. Impute drug insurance coverage, both public and private, for families/individuals in the synthesized SLID data using the 2000 NPHS.  Details on the imputation methodology used for this step are discussed in the paper by Basu and Kapur (2002 and 2003).

5. Impute private gross drug cost and prescription drugs dispensed under private coverage to individuals in the synthesized database using the empirical distribution of individual drug utilization and cost under the private plans from Brogan Inc.  Kapur and Gupta (2007) provide detailed methodology used for this step.

6.  Impute public gross drug cost and prescription drugs dispensed under public drug coverage for each individual in the database using the RAMQ and ODB data. Again, detailed methodology used for this step is discussed in the paper by Kapur and Gupta (2007).

4. The current PHARMASIM Modelling Structure  
The current PHARMASIM model is designed with two parallel simulation systems so that it can simultaneously simulate prescription drug benefits for each family and individual in the database from both the existing pharmacare program and the hypothetical program. These two parallel systems are, in general, constructed by two main modules: the Tax module and the Pharmacare module.  This section first discusses the features of the Tax and Pharmacare modules and then describes the implementation of these two modules in the two systems of the PHARMASIM model.  The section then finally discusses the overall simulation framework of the model.
4.1. The Tax module
This module aims to simulate all federal and provincial income taxes and payrolls, cash transfers and credits (including employment income benefits, old age security (OAS) benefits, guarantee income supplement (GIS) benefits, Canada or Quebec Pension Plan (CPP/QPP) benefits, child tax credits, sale tax credits, medical expenses tax credits (METC)) for each individual in the database.  
Income taxes, cash transfers and credits are calculated using the tax algorithm described in T1 General Tax form [2, 3]. This algorithm contains five major tax calculation sections – Total income, Net Income, Taxable income, Non-refundable tax credits and Refund or Balance owing calculation.  Note that the T1 form is the personal income tax form used by Canadian tax payers for calculating and filing their yearly income taxes to the CRA Department.  
The first section calculates the total income. To calculate the total income, the module requires input data of the employment incomes, commissions, OAS and GIS, CPP/QPP pensions, and other earnings since total income is the sum of these incomes.   Before calculating the total income, the model must first calculate the CPP/QPP, OAS, GIS and other earnings that are not available in the input data.  Values used in the calculations of these unavailable incomes (such as maximum income levels for receiving GIS pension) are parameterized and stored in the ‘Simulation parameters’ file. Once all these extra earnings are calculated, total income is simulated using the calculated earnings and earnings available in the database.  
The second section calculates the net income. To calculate net income the model needs to make deductions on the total income. These deductions include moving expenses, Registered Retirement Savings Plan (RRSP) deductions and other deductions, all of which can be obtained directly from the database. 
The third section calculates taxable income, obtained from the net income by taking into account Capital gains deductions and other deductions. These deductions are also obtained directly from the database.

The fourth section simulates the medical expenses tax credits in order to calculate the total amount of non-refundable tax credits.  The total amount of non-refundable tax credits are the sum of personal non-refundable credits, non-refundable credits transferred from other family members and the medical expenses tax credit.  Values for calculating the amounts of personal, transferred and medical tax credits are parameterized and stored in the ‘Tax parameters’ and ‘Transfer parameters’ files.   

The fifth section calculates the refund or balance amount. The federal and provincial taxes and surtaxes, together with the child tax and sale tax credits, are calculated in this last section. Again, all values such as federal, provincial tax rates, rate of federal dividend tax credits used for these tax calculations are parameterized and stored in the “Tax parameters’’ file.  

Methodologies used to calculate all the above tax items mirror the legislative tax system.  Due to the very complicated legislations and formulas used in the tax program, those tax calculations are not parameterized like the values used for the tax calculation as discussed above.  
4.2. The Pharmacare Module 
The aim of this module is to simulate the drug benefits and out-of-pocket drug expenses for a family/individual under the provincial/ territorial Pharmacare programs [9] that provide prescription drug coverage for some but not all Canadians.  They comprise numerous different drug plans targeting different groups of the population, and vary from province to province.  Despite the variation between the provinces, the Pharmacare plans are all composed of four elements: premiums, deductibles, co-payments, and maximum client’s out-of-pocket.
A premium is a registration fee that participants must pay yearly or quarterly regardless of the status of drug purchasing.  In some provinces, subsidized premiums are available to clients with low incomes. Premiums can be expressed as a flat amount and vary from province to province. In Canada, only four provinces (Alberta, Quebec, New Brunswick and Nova Scotia) charge a premium for their pharmacare plans.

A deductible is a dollar amount that a participant must pay in full for their drug purchasing before receiving any benefit.  Deductibles can be expressed in flat dollar amounts, or can be calculated based on a percentage.  Most provincial Pharmacare programs require some deductible. 

After the deductible is reached, the Pharmacare plan may require a co-payment. A co-payment is a share dollar amount that beneficiary is asked to contribute towards the cost of every prescription drug.  Co-payment can be expressed as a percentage or as a dollar amount per prescription.  Most Pharmacare plans require a co-payment, but they differ from plan to plan and from province to province.    

A maximum client’s out-of-pocket is a maximum dollar amount that a beneficiary has to pay out-of-pocket.  If this amount is reached, the Pharmacare plan will cover 100 percent of subsequent drug expenses.  

Unlike the Tax module, in the Pharmacare module all the values used for benefit calculation, as well as the benefit calculation methods themselves, are parameterized and stored in the parameter file named ‘FlexFiles’.  FlexFiles consist of two components, the ‘Pharmval’ and ‘Pharmcalc’ parameter files.  Pharmval is used to store all the values of the four program elements which vary by province and drug plan. For example, in the Pharmval file, values used to calculate the senior drug program in Ontario would be $100 for deductible and $6.11 for co-payment. Pharmcalc is used to store the actual benefit calculation for each drug program. PHARMASIM uses FlexFiles to achieve unprecedented flexibility in terms of creating and modifying Pharmacare plans.  

4.3 The interaction between the Pharmacare and Tax modules

There is a two-way interaction between the tax and health modules. Each module uses outputs from the other in order to improve the accuracy of the simulation of both taxes and drug benefits. This is made possible by storing the data in a database shared between the two modules.

Many of the drug plans simulated by the Pharmacare module require family net income and guaranteed income supplement incomes, which are not available from the original input micro database. These incomes are calculated by the Tax module and stored in the database before the Pharmacare module begins any calculations. Not all of the income taxes or tax transfer/credits are calculated before the Pharmacare module begins. This is due to of the fact that some of the required input values are calculated in the Pharmacare module. For example, the basic federal and provincial taxes or the medical expenses tax credit cannot be simulated without knowing the medical expense amount. Medical expense is the total gross medical expenses less the prescription drug benefits, and the gross medical expenses is the sum of various expenses including dental care, hospital care and out-of-pocket drug expenses.  These amounts are calculated in the Pharmacare module and stored in the database. After the Pharmacare module completes the simulations of drug benefits and out-of pocket drug expenses, the Tax module then calculates the medical expense tax credit, and completes the tax calculations. 

Because of connections, the tax and health modules must interact to each other.  For example, changes in the tax policy causing an increase in net income would lead to a decrease in the drug benefits since many drug plans are based on the family net income, and families with higher income are more likely to have higher deductions and co-payments.  Conversely, increases in the drug benefits would lower medical expenses, thus decreasing the medical expenses tax credit amount.
4.3. The PHARMSIM modelling structure
In general, the PHARMASIM model consists of three parts: the Base system, the Option system and the Impact analyzing system.  The Base and the Option systems are designed with a very similar structures but each has its own features.  This section discusses the objectives of each system as well as implementations and roles of the Tax module and the Pharmacare module in the Base and Option systems.    
4.3.1 The Base system 

As mentioned, the Base system operates by the Tax and Pharmacare modules. The functions of each module in this system are described as follows:
Roles of the Tax module in the Base system
In the Base system, the tax module is designed to simulate the taxes incomes, federal and provincial transfers and credits for each individual and family in the database under the 2000 legislated tax program. For these purposes, methodologies used to calculate these items mirror from the 2000 legislative tax system, and all the values used for calculating the income taxes and transfers/credits in the ‘Tax parameters’, ‘Simulation parameters’ and the ‘Transfer parameters’ files are assigned as legislated tax values in the year 2000.  For example, the tax rate used to calculate the federal income tax for individuals with income of $30,004 or less is 17% as it is regulated in the Tax system.  Values in the parameter files under the Base system are not accessible and modifiable since they are designed for calculating the net income, income taxes and tax credits under the 2000 legislated Tax program only.   
Roles of the Pharmacare module in the Base system
The aims of the Pharmacare module in the Base system are to calculate the prescription drug benefits and out-of-pocket drug expenses for each individual and family in the database under the 2000 provincial Pharmacare program. Since the calculation methods and the values used to calculate the prescription drug benefits are all parameterized, the users can easily access and modify or create a new drug program in both the Base and Option systems.  However, for the purposes of this system, both the Pharmval and Pharcalc parameter files are set with fixed legislated drug calculations and values for the 2000 provincial/territorial Pharmacare programs and are not accessible for any modification.   
4.3.2 The Option System 
Similar to the Base system, the Option system also operates using the Tax and Pharmacare modules.  These two modules, however, contains hypothetical tax and pharmacare programs created by the users.  Now we discuss how these modules are implemented in the Option system.
Roles of the tax module in the Option system 
The Tax module in the Option system is used to estimate income taxes, federal/provincial cash transfers and federal/provincial tax credits for families and individuals in the database under alternative tax options.  In the Option system, users are allowed to create a hypothetical tax proposal by modifying the values used for tax calculations, stored in the three parameter files as mentioned in Section 4.3.1. 
Unlike the Pharmacare module, users do not have an option of creating a completely new hypothetical tax option because as mentioned in previous section, due to the complication of the legislations and formulas used in the tax program, only values used for the tax calculations are parameterized but not the tax calculations.  Algorithms and formulas used for the tax calculations and the tax values in the three parameter files in Tax module constructed in the option system thus are similar to those in the Base system except for the modifiable values which can be modified for any changes in the tax policy. 
Roles of the Pharmacare module in the Option system
The role of the Pharmacare module in the Option system is to simulate prescription drug benefits and out-of pocket drug expenses for each individual and family in the database under the alternative hypothetical drug plans.  Unlike the tax module, the Pharmacare module allows users to create an alternative plan by either modifying the values of the four drug elements of the existing Pharmacare plans in the year 2000, or creating completely new plans through the FlexFiles.  Within the Flexfiles, users are allowed to specify which group should receive a benefit, and then specify the actual formula used to calculate the benefit as well as the values of deductible, copy and maximum of out-of-pocket for the designed benefit plan. It is therefore possible to simulate the effects of any plan based on the standard principles of Pharmacare. 
4.3.4 The Impact analyzing system

The role of this system is to analyse the impacts of the alternative tax and/or pharmacare options on families/individuals and on government expenditures. The system measures the impacts as the differences between the drug benefits, income taxes, transfers and credits simulated in the Base system to those simulated in the Option system.  The differences in these simulated items can be stratified by a variety of socio-economic and demographic characteristics.  For example, the total prescription drug benefits can be analysed by province, age group or by income category.  All these differences are stored in output data files at individual and family levels for further analysis.  
4.4 Simulation frameworks

As discussed in previous sections, the PHARMASIM model is designed to quantify the impacts of drug benefits on family and individuals and federal/provincial revenues as a result of changes in the provincial Pharmacare and/or the tax policies, and to assess the interaction between these tax and health policies.  To perform these assessments, the model uses the micro database with a comprehensive set of socio-economic, demographic, health care utilization and tax related variables as input variables to simulate the basic and alternative prescription drug benefits, income taxes, federal and provincial transfers and credits through the following flow.

The model first reads through individuals and groups all individuals with a common family identifier into a family unit. It then makes two parallel sets of simulations using the comprehensive input variables and parameter sets:  (i) the Base system with the legislated tax and Pharmacare program in year 2000; (2) the Option system with modified or a completely new Pharmacare program, and/or modified tax program. For each system, using the Tax module, the model simulates the OAS, GIS, UI, and CPP/QPP for each individual in the database. The simulated information is stored and used as input data for calculating the total gross income, net income and taxable income.  In the next step the model uses the Pharmacare module, with calculated incomes and other simulated variables as input data, to calculate the drug benefits and out-of pocket drug expenses for each individual and family in the database. Within each system, the model might simulate more than one drug benefit for a family if that family has some members who qualify for multiple drug coverage programs.  If this is the case, the model then compares the entire family drug benefits obtained from different qualified drug plans to select the best estimated drug benefit for that family.  After the family/individual drug benefits are simulated, the model uses the Tax module to continue simulating the medical expenses tax credits, federal and provincial income taxes and surtaxes, the sale tax credits and the child tax benefits.  In the last step, the model performs the dollar impact analyses comparing the two set of simulation estimates -the simulated prescription drug benefit, out-of-pocket drug expenses, income taxes, federal/provincial transfers and credits – to one another under the impact analysis system. The flow chart in Figure 2 shows the overall simulation framework of the Health-Tax modelling. 

Figure 2:    Policy Model’s Framework for the Health-Tax Benefits under Legislated and 
                   Hypothetical   Pharmacare and Tax programs 


5. Model Outputs

The previous version of PHARMASIM produced the following output:
(i) Aggregate dollar amounts of total public drug benefits under the existing and hypothetical drug programs; 

(ii) Distributional impacts of changes on individuals/families and federal/provincial drug expenditures by socio-economic and demographic characteristics;
 

(iv) Aggregate dollar amounts of employment earnings, other earnings, federal/provincial income taxes and transfers, and tax credits;
(v) Two micro data files at the individual and family levels; 

The current PHARMASIM model is updated with the following additional output:

· The distributions of the total, average and per capita dollar amounts of client’s out-of pocket expenditures, total private drug expenditures and total gross drug expenditures by (i) type of drug coverage; (ii) total gross drug expenditure category, (iii) total out-of pocket expenditure category, (iv) total public drug benefit category, (v) age and gender, province of residence, (vi) income, and by category of tax paying status (paying or not paying). These distributional outputs are simulated for both the existing and hypothetical policies and are of the differences between the two systems.

· Distributions of total number of recipients and beneficiaries by the characteristics listed above under the existing and hypothetical health-tax systems.

6. Microsimulation Results/Validations

In this section a hypothetical national drug coverage program is used to illustrate some of the main functions of the model, as well as to validate the PHARMASIM model and its database.
6.1  Simulation of a national alternative drug program modelling
This option assumes that (i) the entire 2000 provincial Pharmacare program would be replaced by a national hypothetical drug program; (ii) it provides coverage prescription drug for all Canadians; and (iii) clients would have to pay some deductible, co-payment and up to a maximum amount of out-of pocket.  These three parameters are to depend on the family net income as follows:
	Income Category
	Deductible
	Copay
	Maximum out-of-pocket/Family/year

	
[image: image1.wmf]£

 $20000
	No
	$2/prescription
	$300

	$20,001 -$36,000
	0.5% of family net income
	$2/prescription
	$750

	$36,001- $72,000
	1% of family net income
	$3/prescription
	$1500

	$72,001-$120,000
	2% of family net income
	$5/prescription
	$4000

	> $120,000
	3% of family net income 
	$8/prescription
	$8000


Results of the total provincial costs for the national hypothetical drug option compared to the existing provincial drug coverage, and the impacts on the households as a consequence of implementing such a hypothetical plan, including winner/loser analysis are outlined below.
Table 1 compares simulated dollar amounts of total and per capita drug costs for the provincial Pharmacare program to those costs for the national hypothetical program. The results show that compared to the provincial drug program, the hypothetical national drug option has 3% and 7% lower drug costs in Ontario and British Columbia. It has slightly higher costs, although not significantly different, in Quebec, and significantly higher (varied in the range of 12% to 56%) in the rest of the provinces, especially in PEI, Saskatchewan and Newfoundland and Manitoba. In PEI and Newfoundland, the reasons for this are that the existing Pharmacare program only provides drug coverage to social assistant recipients and senior citizens; in Saskatchewan and Manitoba, even though there are income-based drug programs for families with high drug cost in relation to their low income, these programs requires much higher deductible and co-payment than the hypothetical plan.  In Canada, the total federal/provincial costs for hypothetical drug plan are 2.9% higher than the current provincial plan.
	                       Table 1:     Total And Per Capita Drug Benefits By Province in Year 2000

	Province
	Total Drug  Benefit
	Per capita Drug Benefit 

	
	Provincial Drug Coverage
	Hypothetical National  Drug Coverage
	Ratio (Hypothetical/ Provincial)
	Provincial Drug Coverage
	Hypothetical National Drug Coverage

	
	
	
	
	
	

	
	
	
	
	
	

	 
	($ .000,000)
	($ .000,000)
	 
	($)
	($)

	Newfoundland
	70.2
	93.6
	1.33
	168.5
	173.3

	Prince Edward Island
	14.3
	22.2
	1.56
	123.3
	164.4

	Nova Scotia
	123.4
	147.2
	1.19
	83.0
	129.5

	New Brunswick
	84.9
	104.6
	1.23
	121.8
	145.3

	Quebec
	1,534.5
	1,569.6
	1.02
	102.8
	126.6

	Ontario
	2,091.2
	2,031.4
	0.97
	208.1
	212.9

	Manitoba
	131.1
	174.3
	1.33
	178.0
	172.9

	Saskatchewan
	104.9
	150.7
	1.44
	119.9
	159.4

	Alberta
	385.5
	432.0
	1.12
	106.7
	153.3

	British Colombia
	593.1
	554.2
	0.93
	135.3
	151.6

	Canada
	5,133.2
	5,279.8
	1.03
	154.5
	144.4


Table 2 presents the distributions of number of families and individuals receiving drug benefits under the Pharmacare program and the national hypothetical program. From the table, across the provinces, the hypothetical national drug plan covers more individuals and families than the current provincial plans except for Quebec. In Quebec, the hypothetical plan covers 11% fewer families and 13% fewer individuals than the current drug plan.  The reason for this is that Quebec province currently has better drug coverage than the hypothetical drug option. The Quebec drug plan not only provides drug coverage for everyone in the province but also has no deductible, co-payment and maximum out-of pocket for social assistance recipients, children under 18, living with parents who are covered by public drug plan, and people with severe employment constraints.   Overall, the hypothetical drug plan covers more family and individuals than the 2000 Pharamacare program across the provinces, especially in Newfoundland, Manitoba, PEI, New Brunswick and Nova Scotia. It covers roughly double the number of individuals and families as the provincial drug program.
	   Table 2: Total Number of Families and Individuals With Drug Benefits By Province 
in Year 2000

	

	Province
	Number of Families 
	Number of Individuals

	
	Provincial Drug Coverage
	National Hypothetical Drug Coverage
	Ratio (Hypothetical/ Provincial)
	Provincial Drug Coverage
	National Hypothetical Drug Coverage
	Ratio 

(Hypothetical/ Provincial)

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	 
	( .'000)
	( .'000)
	 
	( .'000)
	( .'000)
	 

	Newfoundland
	73.0
	126.3
	1.73
	105.8
	197.9
	1.87

	Prince Edward Island
	20.5
	34.3
	1.67
	30.7
	55.1
	1.80

	Nova Scotia
	123.5
	208.1
	1.69
	171.3
	315.7
	1.84

	New Brunswick
	80.0
	140.1
	1.75
	116.2
	229.3
	1.97

	Quebec
	1,925.9
	1,706.1
	0.89
	2,951.6
	2,556.4
	0.87

	Ontario
	1,484.9
	1,915.5
	1.29
	2,088.6
	2,872.1
	1.38

	Manitoba
	92.3
	188.5
	2.04
	139.4
	292.1
	2.10

	Saskatchewan
	127.7
	158.5
	1.24
	209.3
	243.1
	1.16

	Alberta
	502.7
	510.6
	1.02
	721.9
	788.8
	1.09

	British Colombia
	584.8
	670.9
	1.15
	851.2
	1,009.4
	1.19

	Canada
	5,015.3
	5,658.9
	1.13
	7,385.9
	8,560.0
	1.16


Table 3 shows the distributions of total provincial drug benefits, total number of families receiving drug benefits and average family out-of pocket drug expenditure by family income category.  This table shows that the provincial drug expenditures for families with incomes of $ 36,000 or less under the hypothetical plan is 11.7% higher than those under the provincial plan, but the alternative plan covers 23.6% more of those families than the provincial program. For families with income between $36,001 – $50,000, the hypothetical plan costs 3.5% more and covers 1.9% fewer families than the provincial program. For families with income greater than $50,000, the hypothetical option costs 59.6% less and covers 60.5% fewer families.  

Also, average family out-of pocket drug expenditures under the hypothetical plan are found to be 42% (for family with income under $20001) and 30.1% (for families with incomes between $20,001 –$36,000) less than those under the provincial drug program.  For families with income greater than $36,000, the family average out-of pocket drug expenditures under the hypothetical option are higher than those from the provincial drug program, increasing dramatically as the family income increases.     

	Table 3:   2000 Drug Expenditures By Family Income Category 

	Family Income Category
	Provincial Drug Coverage
	Hypothetical National Drug Coverage
	Ratio for Average out-of-pocket 

	
	Total Provincial Drug Benefit
	Number of Families
	Average out-of-pocket / Family
	Total Provincial Drug Benefit
	Number of Families
	Average out-of-pocket / Family
	Hypothetical /Provincial Plan

	
	
	
	
	
	
	
	

	 
	($ .000,000)
	( '.000)
	($)
	($ .000,000)
	( '.000)
	($)
	 

	<= $20, 000
	1842.9
	2339
	136.3
	2035.4
	3087
	60.2
	0.441

	$20,001 - $36,000
	1539.1
	1363
	279.9
	1741.2
	1489
	198.7
	0.710

	$36,001 - $50,000
	687.1
	561
	352.4
	721.4
	555
	468.0
	1.328

	$50,001 - $60,000
	354.3
	262
	395.5
	357.7
	252
	642.3
	1.624

	$60,001 - $72,000
	245.2
	175
	415.3
	236.4
	152
	740.4
	1.783

	$72,001 - $80,000
	90.7
	73
	435.9
	51.7
	44
	1092.1
	2.505

	$80,001 - $100,000
	157.2
	120
	459.7
	79.7
	46
	1777.8
	3.867

	$100,001 - $120,000
	71.8
	47
	433.8
	33.2
	23
	2203.6
	5.079

	> $120,000
	145.0
	77
	452.4
	23.0
	12
	4341.8
	9.597

	All
	5133.2
	5015
	242.4
	5279.8
	5659
	220.4
	0.999


Table 4 presents the total drug expenditures, total number of benefit families and average family out-of pocket drug expenditures by family out-of pocket drug expenditure category.  The table shows that in the hypothetical plan, the average out-of-pocket expenditures for families with total drug costs less than $100 and family with drug costs greater $750 are less than those from the provincial plan.  Families with total drug costs in the range of $251-$750 have higher average out-of-pocket costs under the hypothetical option than under the provincial program. Average out-of pocket expenditure for the families with incomes between $101- $250 under the hypothetical plan is not significantly different from that under provincial drug plan.
	        Table 4:   2000 Drug Expenditures By Family Total Drug Cost Category 

	

	Family Total Drug Cost Category
	Provincial Drug Coverage
	Hypothetical National Drug Coverage
	Ratio For Average out-of-pocket

	
	Total Provincial Drug Benefits
	Number of Families
	Average    out-of-pocket / Family
	Total Provincial Drug Benefits
	Number of Families
	Average out-of-pocket / Family
	Hypothetical /Provincial Plan

	
	
	
	
	
	
	
	

	 
	($ .000,000)
	( '.000)
	($)
	($ .000,000)
	( '.000)
	($)
	 

	< $100
	30.9
	950
	13.1
	35.9
	1112
	6.9
	0.531

	$101 - $250
	82.7
	702
	45.3
	76.7
	698
	46.0
	1.015

	$251 - $500
	177.2
	663
	87.8
	167.9
	714
	90.5
	1.030

	$501 - $750
	162.5
	373
	142.9
	150.6
	424
	170.1
	1.190

	$751 - $1000
	185.6
	306
	208.8
	183.0
	360
	205.8
	0.986

	$1001 - $2000
	832.4
	834
	306.3
	868.9
	965
	257.3
	0.840

	$2001 - $3000
	831.1
	477
	457.4
	881.2
	555
	381.1
	0.833

	$3001 - $4000
	640.7
	271
	556.1
	682.9
	323
	448.7
	0.807

	$4001 - $5000
	506.7
	163
	718.7
	516.1
	189
	641.8
	0.893

	> $5000
	1683.4
	277
	919.4
	1716.5
	317
	850.8
	0.925

	All
	5133.2
	5015
	242.4
	5279.8
	5659
	220.4
	0.909


Overall, the model results show that while the total federal/provincial costs for the hypothetical drug plan are 2.9% higher than the existing provincial plan, the hypothetical plan covers 15.9% more individuals and 12.8% more families than the provincial drug plan.  Compared to the provincial drug plan, the hypothetical drug plan has lower average out-of-pocket costs for families with low income (under $36,001) and higher for families with high income (over $36,000). Also, average out-of-pocket costs under the hypothetical plan are lower for families with high total drug costs as expected.  The hypothetical drug plan covers more families/individuals with low income (under $36,000) and fewer families/ individuals with higher income (over $36,000).  These results suggest that the hypothetical national drug program is better than the existing provincial drug program: it is likely to provide better coverage for families/individuals with high drug costs in relation to their low incomes with a relatively small cost increase.  The simulation results also indicate that our model is working accurately and that its database is a reliable source and a representative sample since it simulates the results in the trend that we expected. 
7. Major improvements in the current version 

The current model is updated with a more recent database which provides better simulation results and impact analysis of changes in drug policy. It is redesigned with parameter control dialog pop-up windows which allow users to change where the parameters come from, as well as their actual values. There are also more output table results to provide policy makers and researchers with more simulation analyses.
Also, adding to the existing ability to create an alternative option by modifying the program elements of the existing health-tax systems through the parameter files, the updated PHARMASIM model now also allows users to create an entirely new hypothetical benefit program from scratch to add onto or entirely replace the existing drug benefit program in all or some selected provinces. Users are also allowed to pick one or more than one provincial drug plan to be applied onto any other province or provinces, and then compare and contrast the impacts of the new to old plans across the provinces.  
8. Conclusions


The purpose of the PHARMASIM model is to explore the aggregate and distributional effects of hypothetical Pharmacare plans. The PHARMASIM model is designed to simulate the dollar amounts of drug benefits and costs for families/individuals and governments under the existing drug plans and the hypothetical drug plan, as well as to simulate the federal/provincial income taxes, transfer benefits and tax credits from the legislated tax programs and the hypothetical tax programs. With PHARMASIM, it is possible to modify existing plans or to create entirely new plans and compare those new plans to the existing provincial plan to see the effects on various subpopulations and the costs to the government.  It is a very powerful tool for policy makers and researchers to model alternative drug options for modifying the current drug coverage policy, as well as assessing the interaction between the health and tax systems as a consequence of changes in either or in both health and tax policies. 

Overall, PHARMASIM is a powerful and reliable model. It has been well validated by comparing its output for the current policy with external data—data that was not used to create the database or model structure. The remarkable degree with which these simulation results match the reality has given us great confidence that simulation results for hypothetical drug plans are giving a reliable picture of what would happen if we were to actually implement those policies. It’s only serious weakness is due to limitations in available survey and administrative data: it cannot implement any drug policy for seniors living in residences; it cannot simulate any drug policy targeting people with special diseases such as MS and HIV, or people with disabilities.
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