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Abstract
Recently concern has been expressed about the effectiveness and cost increase of certain Canadian Federal health benefit programs targeting special populations such as aboriginal peoples. In particular, there is a desire for changes that would reduce the cost burden for the federal government with minimal impact on the populations of interest. We have developed a robust tool to model the distributional impacts of policy changes on federal expenditures on an underprivileged population.  

This presentation discusses the development of the Gupta model based on a sophisticated synthesis of individual-level data.  The required database was created by merging two large complex administrative claim data systems and then simulating non-claimants to obtain a list of all eligible clients of that population with individual and family-level data. Demographic information was imputed using a Monte Carlo technique to further enhance this merged database.   The Gupta model incorporates existing and hypothetical health benefit programs and operates on this comprehensive database to identify policy options that optimize benefits for the population in question while minimizing cost.  The flexibility and generality of this robust tool are illustrated in the context of a specific federal health benefit program for an underprivileged Canadian population, but the model could easily be generalized to underprivileged populations in other countries such as Australia, Brazil or the US.  

1. Introduction
1.1 The Non-essential health benefit program

In Canada, health care services are delivered by the provinces and territories and guided by the provisions of the Canada Health Act. Health care services include insured hospital care and primary health care, such as physicians and other health professional services. As with any other resident, special population such as the War Veterans, First Nations and Inuit people access these insured services through provincial and territorial governments.  However, there are a number of health-related goods and services such as drugs, dental care, vision care, medical transportations etc. that are not insured by provinces and territories or other private insurance plans. In order to support these special populations in reaching an overall health status that is comparable with other Canadians, the Canadian government has offered some non-essential health benefit programs.

The Non-essential benefit programs such as the Veterans Affairs Canada Health Benefits (VACHB) and the Non-Insured Health Benefit (NIHB) programs are national programs, delivered by Veteran Affairs Canada and Health Canada, respectively.  These programs provide coverage for a limited range of goods and services when they are not insured elsewhere.  These are needs-based health benefit programs that fund benefit claims for a specified range of drugs, dental care, vision care, medical supplies and equipment, short-term crisis intervention mental health counselling and medical transportation of eligible Veterans and Registered First Nations and Inuit (FN/I) people.  
1.2 Sustainability of non-essential health benefit program

Due to population growth, population aging, rising utilization, and price increases in medical care, expenditures for the non-essential health benefit programs have experienced rapid average annual growth from 1994 to 2004.  For both VACHB and NIHB programs, the cost for pharmaceutical benefits has been reported as the largest component among other health expenditures in both programs.   Also, it has increased at a faster rate from 1994 to 2004.   The steady cost increases have lead to concern for its sustainability with fears of funding shortfalls in future years.   
In order to access alternative ways of delivering these programs we have developed a microsimulation model: “The Gupta Model” provides policy makers a robust tool for developing hypothetical feasible proposal changes on the Pharmaceutical schemes in non-essential health benefit programs. 
This paper presents the methodology behind the development of a micro-database and modelling in the pharmaceutical benefits scheme (PBS) in the non-essential health benefit programs. The rest of the paper is divided into 7 sections.  Section 2 provides an overview of the model and its objectives.  Section 3 is devoted to the process of assembling the database.  Section 4 describes the simulation framework for the pharmaceutical benefit scheme.  Section 5 presents the model outputs.  Section 6 conducts an application of the model.  Section 7 discusses the strengths and limitations of the model and Section 8 concludes the paper.

2. Overview and Objectives of the Gupta model 
The prototype of the Gupta Model was the Typical User (TPU) model developed in the period of 2003-2004 by MSDAD Division.  This original TPU model simulates provincial Pharmacare program [1, 2] and quantifies changes in out-of-pocket expenses resulting from hypothetical policy changes on typical families. The model operates on a real-time input database according to the specifications of the analyst but handles input information for only one typical family at a time and estimates the benefits for prescription drug costs only.  
Further development on the TPU took place in 2006 with a completely new design in the model structure, adopted from the microsimulation PHARMASIM model [3, 4], so that it can simultaneously i) operate on multiple families recorded in a large, comprehensive health benefit survey/administrative data file, and ii) calculate the pharmaceutical benefits under both the existing health benefit program and a new hypothetical plan. This enhanced model was named the Gupta model.
The Gupta model has two main features.  The first feature is its ability to estimate the pharmaceutical benefits/cost of out-of pocket for families/individuals simultaneously from both the current health benefit program and a hypothetical proposed program. The second is its ability to assess the distributional impacts on federal/provincial expenditures and on individuals/families as a consequence of changes to the parameters of the health benefit program.  
3.  Construction of a micro data file for the Gupta model
The model requires information on the drug utilization, expenses and drug coverage of each family/individual as well as some individual socio-demographic information (e.g. residency, marital status, income etc.) in order to simulate the pharmaceutical benefits for each family/individual under different drug scenarios. No available single data source contains all the required information. We, therefore, assembled the micro-database from several different data sources.  

As the precise details of assembling the database will necessarily depend on the population being modeled (different populations will imply different primary data sources), describing the assembly in full generality would be cumbersome. Rather, we will describe the assembly in a single example: the registered FN/I population. The methodology for other populations is similar, producing a similar final micro-database as input to the Gupta model.
3.1.   Data Sources
The micro-database was constructed from the 2001 Census data files on individual and family, distributional data on the total FN/I population, and an administrative pharmaceutical consumption data of all eligible registered FN/I clients in the fiscal year 2004/5.  
The 2001 Census Public Use micro data files on individual and family contains data based on 2.7% sample of the population enumerated in the 2001 Canadian census conducted by Statistics Canada.  The individual data file provides individual socio-demographic characteristics (e.g. age, sex education, ethnic, origins etc.), income and labour force information on the registered FN/I people,, while the family data file provides information on census family composition (family type, size etc.), income and some socio-economic and demographic characteristics of the head of the family of the aboriginal population.  
The distributional data of the registered FN/I population and distributional data on the total registered claimants and non-claimants in the fiscal year 2004/05 were obtained from the 2004/05 NIHB annual report [5]. These distribution data provide information on the total counts of the registered claimants, non-claimants and whole populations in the fiscal year 2004/5.   

The pharmaceutical consumption data provided by Health Canada contains the Pharmaceutical claims of all registered clients who qualify for the drug benefits in the fiscal year 2004/5.  This data provides information on the utilization and costs of prescription, over-the-counter drugs, medical supplies and equipments of individuals as well as some individual and family social demographic characteristics (e.g. gender, age, residency etc.).    
3.2.     Development of the micro data file
Building the required micro-database included the following steps: (1) created a synthesized single-record person data file; (2) simulated non-claimants for the synthesized micro-database; (3) created family structure for the non-claimants; (4) simulated incomes for individuals in the database.  Methodologies employed to synthesize the micro-database are described in the following section.

3.2.1 Creation of synthesized single-record person data file
The Pharmaceutical consumption data are quarterly claim data with multiple claim records of prescription, over-the counter drugs and medical supplies and equipment per client.  To obtain the required micro data, we first had to create a data file containing a single record of annual pharmaceutical utilization and cost for each client.  To do so, we first had to identify all the eligible claim records in this very large complex data file using the ‘PAID’ status variable. This variable identifies whether the claim was reimbursed. We then extracted these records from the quarterly pharmaceutical data.  Our next step was to sum up all the pharmaceutical cost and utilization of a client in each quarter by three types of medical claims—prescription, over-the-counter drugs, and medical supplies and equipments—using the unique person identification number and pharmaceutical category variables.  The third step was to merge the rolled quarterly data files into one data file using the person unique identification number variable, and then to calculate the total annual pharmaceutical cost and utilization for each claimant by the three types of pharmaceutical claims.    

The synthesized single-record person data file now contains over half million records.  Each record in this data file contains individual socio-demographic characteristics and pharmaceutical utilization and costs claimed in the fiscal year 2004/5 of each claimant and partial information on the family structure.
3.2.2 Simulation of the non-claimants for the micro data file
Since the pharmaceutical consumption data only contains registered FN/I people who utilized drugs in the fiscal year 2004/5, we needed to add the non-claimant population to derive the whole eligible registered FN/I population. This was necessary because non-claimants contribute to family income and plan benefits are typically based on family income and structure.  In addition, the enhanced data would allow us to estimate impacts of policy options on the entire population. To add the non-claimant population to the synthesized single-record person data we performed the following steps:
1. Created a list of all eligible registered FN/I population that contained the total count of this population by region gender and one-year age group. We used the distributional data of the total registered population in the fiscal year 2004/5 by region, gender and 5-year age group and the distribution of the proportion of total registered FN/I population in year 2004 by region, gender and 1-year age group.  The distributional data of the total registered FN/I population was obtained from the Non-Insured Health Benefit annual report and the distribution of the proportion of total registered FN/I population was derived from the 1996 and 2001 census data.  
2. Merged the list of all eligible registered FN/I population with the synthesized single-record person data by region, gender and age to obtain a synthesized model data with simulated non-claimants for the fiscal year 2004/5.
Table 1 shows the total population by gender and age group obtained from the synthesized model data and NIHB annual report.  Overall, the numbers of registered Indians in each gender and age group category between the two data sources are almost identical.
Table 1:
Total Registered Indians by Age Group and Gender Year 2004-05
	Age group
	Synthesized Model Data
	NIHB Annual Report
	Ratio

(Synthesized Vs. Report)

	
	
	
	

	
	Male
	Female
	Unknown
	Total
	Male
	Female
	Total
	Male 
	Female
	Total

	0 – 4
	23463
	22343
	17486
	63292
	30257
	28850
	59107
	-
	-
	1.07

	5 – 9
	37093
	35828
	0
	72921
	39,370
	37,752
	77,122
	0.94
	0.95
	0.95

	10 – 14
	42447
	40557
	0
	83004
	42,447
	40,564
	83,011
	1.00
	1.00
	1.00

	15 – 19
	38495
	36841
	0
	75336
	38,501
	36,853
	75,354
	1.00
	1.00
	1.00

	20  -24
	33148
	32245
	0
	65393
	33,155
	32,261
	65,416
	1.00
	1.00
	1.00

	25 – 29
	29606
	29369
	0
	58975
	29,615
	29,384
	58,999
	1.00
	1.00
	1.00

	30 – 34
	29466
	29717
	0
	59183
	29,471
	29,729
	59,200
	1.00
	1.00
	1.00

	35 – 39
	29494
	30315
	0
	59809
	29,505
	30,326
	59,831
	1.00
	1.00
	1.00

	40 – 44
	27470
	29822
	0
	57292
	27,470
	29,835
	57,305
	1.00
	1.00
	1.00

	45 – 49
	21641
	24790
	0
	46431
	21,647
	24,807
	46,454
	1.00
	1.00
	1.00

	50 – 54
	15857
	19012
	0
	34869
	15,858
	19,003
	34,861
	1.00
	1.00
	1.00

	55 – 59
	12079
	14786
	0
	26865
	12,081
	14,788
	26,869
	1.00
	1.00
	1.00

	60 – 64
	8551
	10767
	0
	19318
	8,551
	10,768
	19,319
	1.00
	1.00
	1.00

	65 + 
	17217
	24448
	0
	41665
	17,216
	24,459
	41,675
	1.00
	1.00
	1.00

	Total
	366027
	380840
	17486
	764353
	375,144
	389,379
	764,523
	-
	-
	1.00


3.2.3 Simulation of the family structure 

Data issues relating to the family structure in the micro data file
One set of data required for the simulation of drug benefits for the families/individual is information on the family structure.  For the claimants, family structure is stored in the family identification number.  This information is, however, not available for the non-claimants since they were simulated from the list of all eligible registered FN/I population in the fiscal year 2004/5.  We thus simulated a family structure for those non claimants using the distribution of family composition of the FN/I people in the census year 2001.  Due to the non-availability of the distribution of family composition for registered FN/I population in year 2004-05, we decided to use the aboriginal family composition from the census 2001 to map the non-claimants population into claimant families under the assumptions that:  i) the registered FN/I population have the same family structures as aboriginal population; and ii) the family composition of registered FN/I population changed very little from 2000 to 2004.  These are reasonable assumptions under the circumstances.

Methodology 
Family structure was simulated for non-claimants with the understandings that (i) the pharmaceutical consumption data contains several families where some members of those families did not claim their pharmaceutical expenditure in the fiscal year 2004/5; (ii) Some non-claimants will be in the category of unattached family.  With these assumptions, we employed the following steps to randomly match some of the non-claimants to the families in the synthesized model data based on the distribution of family composition of the aboriginal population. 
1.  Derived the distribution of aboriginal family composition by region, and family characteristic as follows:

· Region (10):  Alberta, Atlantic, Pacific, Manitoba, Saskatchewan, Quebec, Ontario, Yukon, North West territory and Nunavut

· Family characteristics:
1. Unattached females without children

2. Lone female parents with 1 child

3. Lone female parents with 2 children

4. Lone female parents with 3 children

5. Lone female parents with 4 or more children

6. Unattached females without children

7. Lone male parents with 1 child

8. Lone male parents with 2 children

9. Lone male parents with 3 children

10. Lone male parents with 4 or more children

11. Couples without children

12. Couples with 1 child

13. Couples with 2 children

14. Couples with 3 children

15. Couples with 4 or more children

16. Unattached female Senior without children

17. Lone female Senior with children

18. Unattached male Senior without children

19. Lone male Senior with children
20. Senior Couples without children

21. Senior Couples with children.

2.  Stratified the registered FN/I population in the synthesized model data by the characteristics listed in Step 1 to obtain the distribution of family composition for claimant population.   This distribution was then mapped into the distribution of aboriginal family structure using a Monte Carlo technique [6] involving three phases and some simplifications on the family composition:
· Phase 1:  Mapping families that only have children who claimed with adult non-claimants under the assumptions of (i) adult non-claimants are the parents of the claimed children; (ii) those parents have to be at least 17 years older than their children.    
· Phase 2:  Mapping non-claimant adults with incomplete claimant families to create families for each sub-population that are consistent with the desired family distribution obtained from the census.  To proceed with this step, we assumed that (i) parents must be 17 years older than the children; (ii) new simulated couples are of opposite sex; (ii) male spouses are at most 20 years older than wife; and (iii) female spouses are at most 10 years older than husbands. 
· Phase 3:  Mapping the non-claimant children to the families under similar assumptions used in phases 1 and 2.
Table 2 shows that overall the family distribution derived from the synthesized model data is slightly different from that derived from the census data. It appears that the number of unattached families under 65 in the synthesized data is 5.5% higher than that in the census family survey data.  The number of unattached senior families in the synthesized model data is not significantly different than that in the census data.  The synthesized model data has more lone parents and couples without children (4.7% and 3.8%, respectively) than the census.  On the other hand, it has 14% fewer couples with children than the census. It is not surprising that the distributions between these two data would be slightly different. First, the family distribution used for matching the non-claimants into claimant families was from year 2001 while the actual data was from 2004/05. Second, the census data describes the entire aboriginal population rather than just the subset consisting of registered FN/I (not all aboriginal people are registered as First Nations and Inuit).
Table 2: Percentage distribution of Family composition for the FN/I Population Year 2004-05

	Family Composition
	Proportion of  families from the 2001 Census
	Proportion of families from the Model  Data

	
	
	

	Single Females

	Unattached females without children
	12.5
	15.1

	Lone female parents with 1 child
	7.0
	8.9

	Lone female parents with 2 children
	4.4
	4.7

	Lone female parents with 3 children
	2.9
	2.8

	Lone female parents with 4 + children
	1.6
	1.2

	 Single Males

	Unattached males without children
	16.7
	20.1

	Lone male parents with 1 child
	2.4
	4.7

	Lone male parents with 2 children
	0.9
	1.6

	Lone male parents with 3 children
	0.3
	0.8

	Lone male parents with 4+ children
	0.3
	0.5

	 Couples

	Couples without children
	11.4
	14.9

	Couples with 1 child
	9.2
	7.6

	Couples with 2 children
	10.6
	5.3

	Couples with 3 children
	6.0
	2.9

	Couples with 4 or more children
	4.6
	1.2

	 Seniors

	Unattached female Seniors no children
	2.4
	2.5

	Lone female Seniors with children
	1.0
	0.5

	Unattached male Seniors no children
	1.4
	1.3

	Lone male Seniors with children
	0.4
	0.2

	Senior Couples without children
	2.8
	2.8

	Senior Couples with children
	1.3
	0.6


Table 3 shows the proportion distributions of families by income for the registered FN/I population in year 2004-05.  The proportion distributions of families in the synthesized model data are similar to those obtained from the census data except for the lowest and highest income levels.  The model data has 4.4% more families with income less than $5000 and 3.9% fewer families with income over $50,000 than the census data.  However, the proportions of families with different income groups between $10,001 and $40,000 in the model data are not significantly different from those obtained from the census data.  The differences are due to the bias created from a small sample size in these income categories. 

Table 3:   Distribution of Proportion of Families by Income Group for the FN/I Population,                                                                  




Year 2004-05
	Family Income Category
	Proportion of families from the Model Data
	Proportion of families from the 2001 Census
	Ratio

(Model Data vs. Census)

	<= 5000
	17.3
	12.9
	4.4

	5001 - 10000
	11.7
	11.0
	0.7

	10001 - 20000
	21.8
	23.0
	-1.3

	20001 - 30000
	15.3
	14.3
	1.0

	30001 - 40000
	11.2
	11.4
	-0.2

	40001 - 50000
	7.7
	8.5
	-0.7

	50001 - 60000
	5.1
	6.2
	-1.2

	> 60000
	10.0
	12.7
	-2.7


3.2.4  Simulation of individual/family income

As mentioned, the model requires income as an input to enable the quantification of impacts on households and government expenditures from changes to family income-based drug benefit programs.  In order to generate and assign synthetic incomes, a Monte Carlo technique [6] was employed to randomly sample incomes from the empirical distributions of incomes in the 2001 census.  This approach ensures that the distribution of synthetic incomes would match that observed in the census. The following steps were employed to simulate incomes:

1. Grew individual income from 2001 to 2004 using the income growth rates for the period 2000-2004 that were estimated from the 1996 and 2001 individual census data, taking into account the effect of inflation rates and population aging for this period. 
2.  Used the results of step 1 to derive percentile distributions of income for the registered FN/I population in 2004, stratified by the following characteristics:
· Region (10) - Alberta, Atlantic, Pacific, Manitoba, Saskatchewan, Quebec, Ontario, Yukon, North West territory and Nunavut

· Gender (2) – male   and   female

· Age group (7)- 15-17, 19-24, 25-34, 35-44, 45-54, 55-64, 65 and over.

3.  Simulated income for individuals in the model data from the distribution of income using the Monte Carlo technique. The Monte Carlo technique can be described as follows: for each individual in the dataset, randomly sample an income from cumulative distribution in the appropriate stratum from step 2.  Uniform distribution was used to assign an income percentile for each individual in a database.  Linear interpolation was then used to extrapolate the cumulative distributions of step 2 to the synthetic income percentile assigned to each individual.  This methodology ensures that the simulated distributions for each sub-population are the same as those observed in the growth income data.
Table 4 compares imputed average and median incomes by region and gender in the model data to those from the grown income data described in step 1.  Both average and median incomes between these two data sources are very similar except for Territories.  In the Territories, average and median female incomes from the grown data are 17% and 8% higher than those from the synthesized model data.  Average and median incomes for male in the grown income data are 14% higher than those from the model data.  The reason for these significant differences may be bias due to a small sample size in this region. These discrepancies should have a very small effect on the simulation results since this region contains only a small subset of the population.  As a result, the overall average and median simulated income are comparable to the expected values.  
The results in the section 3.2 show that, overall, the synthesis process was very effective in achieving a representing data for the registered FN/I population.
Table 4:
Average and Median Incomes of Registered Indians in year 2004

	Region
	Gender
	2001 Income From Census Data
	2004 Income From Grown Income Data 
	2004 Income From Model Data
	Ratio                             (2004 Grown Income/ 2004 Simulated Income)

	
	
	
	
	
	

	
	
	Mean
	Median
	Mean
	Median
	Mean
	Median
	Mean
	Median

	Canada 
	Female 
	14,310
	10,665
	16,768
	12,194
	16,484
	12,046
	1.017
	1.012

	Canada 
	Male
	17,711
	11,771
	19,308
	12,939
	19,356
	12,792
	0.998
	1.011

	British Columbia 
	Female 
	13,912
	10,248
	17,079
	11,823
	15,607
	10,980
	1.094
	1.077

	British Columbia 
	Male
	18,781
	12,562
	19,366
	13,772
	18,760
	13,370
	1.032
	1.03

	Alberta 
	Female 
	13,651
	10,344
	15,867
	11,463
	15,317
	10,953
	1.036
	1.047

	Alberta 
	Male
	17,147
	10,559
	17,625
	10,419
	17,982
	11,012
	0.98
	0.946

	Saskatchewan 
	Female 
	12,157
	8,545
	13,757
	10,105
	13,828
	10,136
	0.995
	0.997

	Saskatchewan 
	Male
	12,127
	7,489
	14,107
	9,040
	14,221
	8,316
	0.992
	1.087

	Manitoba 
	Female 
	12,300
	8,998
	15,056
	10,399
	15,514
	11,082
	0.971
	0.938

	Manitoba 
	Male
	13,964
	9,205
	15,555
	10,656
	15,177
	9,680
	1.025
	1.101

	Ontario 
	Female 
	16,503
	12,419
	18,714
	14,333
	18,326
	14,135
	1.021
	1.014

	Ontario 
	Male
	22,575
	15,306
	24,828
	17,227
	24,911
	17,482
	0.997
	0.985

	Quebec 
	Female 
	16,198
	12,868
	18,410
	14,616
	18,038
	13,693
	1.021
	1.067

	Quebec 
	Male
	18,885
	14,140
	22,396
	16,391
	22,645
	16,479
	0.989
	0.995

	Atlantic
	Female 
	13,271
	10,505
	13,555
	10,459
	13,947
	10,782
	0.972
	0.97

	Atlantic
	Male
	15,265
	10,816
	16,523
	11,615
	15,842
	11,032
	1.043
	1.053

	Territories
	Female 
	19,145
	12,736
	25,458
	14,829
	21,623
	13,713
	1.177
	1.081

	Territories
	Male
	21,570
	15,306
	26,038
	15,934
	22,838
	13,964
	1.14
	1.141


4.  Models of Pharmaceutical Benefit Policies 
It is worth noting that the Gupta model can be used to assess impact of any proposed changes to the current pharmaceutical benefits policy of both the VACHB and the NIHB programs.  Also, the model was designed so that it is able to simultaneously simulate and compare the benefits from both the current program and new hypothetical program, which can be built from scratch or can be modified from the existing provincial Pharmacare plans. The model thus was designed with two parallel benefit calculation streamlines, the benefit calculated from the basic program and the benefit calculated from the hypothetical program.  Despite the variation in the program regulations and the level of payments in each program, the methodology used to calculate benefit is universally based on three concepts: the deductible, co-payments, and maximum client’s out-of pocket.  This section describes the concepts of the three program elements, as well as basic formula used for the calculation of drug benefits and the general structure of the Gupta model.
4.1 Structure of the Gupta Model
4.1.1  Basic Formula for the Pharmaceutical benefits calculation
As mentioned, the basic formula used to calculate pharmaceutical benefits is the same for every program:
 Drug benefits = Drug expenses – Minimum of ((deduct + co-payment), or maximum clients’ out-of-

                                                                                                                        pocket)                                                                                                                    

A deductible is a dollar amount that must be reached (by spending that much on drugs) before one can receive any benefit.  Once the deductible is reached, the Pharmacare plan may involve a concept known as a co-payment. A co-payment entails that for every prescription (after the deductible has been reached), the beneficiary will contribute an amount towards the cost (i.e. contribute their co-payment), and the Pharmacare program will subsidize the remainder. A maximum limit defines a dollar amount that represents the maximum a beneficiary will have to pay out-of-pocket.  Once a beneficiary has reached this out-of-pocket expense limit, any further drug expenses incurred are completely covered by the program. 

4.1.2  Modules for the Modelling of the VACHB and NIHB pharmaceutical benefit policies
In order for the model to calculate the benefit simultaneously under the basic and hypothetical programs the model needs parallel operation systems—the base system and the option system—to store the basic pharmaceutical plans and new hypothetical pharmaceutical plans, respectively.  

The Base Module   
The aim of the Base module is to calculate pharmaceutical benefit for the families/individuals under the basic program (either the VACHB or the NIHB programs: their respective pharmaceutical benefits policies are similar).  Even though the VACHB program only covers registered Veterans, and the NIHB program is designed to provide coverage for the registered First Nation and Inuit people, under both health benefit programs the pharmaceutical benefit plans cover 100% costs of qualified prescription drug, over-the-counter drug and medical supplies and equipments regardless to the family incomes, family size, status, age, and residency.  
In the base system, the benefit calculation for the basic pharmaceutical benefit program was constructed by 4 program elements: drug expenses, deductible, co-payment and maximum client’s out-of-pocket. To apply the current pharmaceutical policy of NIHB and VACHB programs, the payment levels of the deductible, co-payment and maximum client’s out-of-pocket for the basic program are set as follows:  
	Model Parameters
	Non-essential Health Benefit program 

	Deduct
	Zero amount

	Co-payment
	Zero amount

	Maximum client’s out-of-pocket
	No Maximum


The Option Module
The aim of this module is to simulate the pharmaceutical benefits for family/individual under new hypothetical changes in the current program.  As mentioned, a new hypothetical pharmaceutical program can be built from scratch or can be copied and/or modified from the existing provincial Pharmacare plans.  Provincial Pharmacare programs contain numerous different plans targeting different groups of the Canadian population, and vary from province to province.  Despite the variation between the provinces and Pharmacare plans, the Pharmacare plans all consist of four program elements: drug expenses, deductibles, co-payments, and maximum clients’ out-of-pocket.  Descriptions of the deductible, co-payment and maximum client’s out-of-pocket for the existing provincial Pharmacare plans are defined as follows:
	Model Parameters
	Provincial Pharmacare program 

	Deduct
	Deductible can be expressed in flat dollar amounts, or can be calculated based on a percentage of income.  Its amount varies by province and drug plan and can be viewed in the ‘Drug Expenditure in Canada’ report [7]. 

	Co-payment
	Co-payments can be expressed as a percentage or as a dollar amount per prescription. Its amount varies by province and drug plan and can be viewed in the ‘Drug Expenditure in Canada’ report [8].

	Maximum of client’s out-of-pocket
	Maximum out-of pocket can be expressed as a flat amount or as a percentage of income. The maximum client’s out-of-pocket amount varies by province and plan and can be viewed in the ‘Drug Expenditure in Canada’ report [9].


All existing provincial Pharmacare plans were constructed in the option system but the model currently cannot estimate the drug benefits from some special disease plans.  Those plans are not included in the model because there is no available information in the database sufficient to identify people with special diseases. For example the Prescription Drug program U in Quebec that covered Quebec patients with HIV positive was not mapped in the model because of the lack of information to identify individuals with HIV in the database. 
4.3 Simulation Framework 

As discussed, the policy model was constructed according to the Pharmaceutical insurance policy under the NIHB/VACHB and the provincial Pharmacare programs in year 2004.   The model used the synthesized micro data file with the following variables at the individual level as input data:

· Socio demographic variables: region of residence, age, gender, family identifier, relationship to the head of the family, characteristic of family the individual belongs to.
· Economic variables:  individual annual income.
· Pharmaceutical utilization variables: the total number of individual claims for each medical category including the prescription drug, over-the-counter drug and the medical supply and equipment.
· Pharmaceutical expenditure variables: the total individual annual costs for each the three medical categories as listed above. 

Using the above variables, the model simulates the basic and the alternative pharmaceutical benefits through the following flow.  The model first iterates through individual records and then rolls them into family units. It then examines the individuals/family incomes and family socio-demographic characteristics to simulate the GIS (guaranteed income supplement for senior citizens) and the SA (social assistance) income flags for seniors and individuals/families with no or low income.  These two simulated variables are used as input data to simulate the drug benefits under the provincial Pharmacare program.  In the next step, the model makes two sets of benefit simulations using the rich parameter set :(1) the base system with the current NIHB/VACHB program; (2) the option system involved in making changes to the level of payments of the existing NIHB/VACHB program and/or introducing either the existing provincial Pharmacare program or the modified Pharmacare program.   For each benefit system the model calculates the dollar impact of each program, simulated at both the family and individual levels.  If a family with some members qualified for more than one drug plan within the benefit system, the model then simulates the benefits from all qualified plans and sums up the total benefits of the family under each plan to select the best drug plan for those members in the family.   From doing these, the model can provide best estimated benefits for households from both the basic and hypothetical programs.

The overall simulation framework for pharmaceutical benefit modelling is shown in the flowchart in Figure 1

Figure 1:  Gupta Model’s Framework for Pharmaceutical Benefits under the basic benefit 

      program and the hypothetical Pharmacare program  


[image: image1]
5. Model Outputs
The output of the model shows, at the aggregate level, the total dollar amount, the average and per capita drug benefits, and number of beneficiaries for both current and hypothetical drug plans by region of residence, income, age, gender.  The model also outputs a text data file containing all the registered individuals/families with socio-demographic information, income, SA and GIS indicators, the total Pharmaceutical costs, Out-of pocket drug expenses and drug benefits for each individual/family. These data are useful for further distributional analysis.

6. Results 
As we did with our discussion of assembling the micro-database, we will discuss the results in the context of a single example: a hypothetical change to the FN/I program.  Two scenarios are used to demonstrate some of the main features of the model.
6.1 Option 1:  Provinces/Territories cover FN/I prescribed drugs as per other residents 
This option assumes provincial governments cover only prescription drug costs for the registered FN/I people as they would for any other resident of the province/territory. 
We ran the model on our synthesized database employing existing provincial drug programs. The total benefits paid to individuals/families are the costs for the provincial governments and the difference between the total Pharmaceutical costs and prescription drug benefits are the federal expenditures for the pharmaceutical coverage for the FN/I population.
Table 5:  2004-05 Drug Costs for the Provincial and Federal Governments under Option 1

	Province
	Proportion of people with Drug cost Paid By the Provincial Government only  
	Proportion of people with drug cost Paid By Both Federal and Provincial Governments
	Proportion of people with drug cost paid by the Federal Government only
	Proportion Pharmaceutical cost Paid By the Provincial Government 
	Proportion Pharmaceutical cost Paid by Family/ Individuals

	
	
	
	
	
	

	
	
	
	
	
	

	Atlantic
	0
	0.343
	0.657
	0.262
	0.738

	Quebec 
	0.141
	0.802
	0.056
	0.648
	0.352

	Ontario 
	0
	0.430
	0.570
	0.408
	0.592

	Manitoba 
	0.082
	0.439
	0.479
	0.523
	0.477

	Saskatchewan 
	0.032
	0.512
	0.456
	0.448
	0.552

	Alberta 
	0.059
	0.872
	0.069
	0.640
	0.360

	Pacific
	0.142
	0.392
	0.466
	0.532
	0.468

	Yukon 
	0.023
	0.075
	0.901
	0.195
	0.805

	North West Territory 
	0.193
	0.199
	0.608
	0.404
	0.596

	Nunavut 
	0.276
	0.256
	0.468
	0.526
	0.474

	All
	0.071
	0.508
	0.421
	0.498
	0.502


Table 5 shows that under this scenario, the provincial government would share 49.8 % of the total pharmaceutical costs, while the federal government would cover 50.2% of the cost for the NIHB pharmaceutical program.  The table also shows that 7.1% of the total claimants will be covered by the Provincial government, 50.8 % of claimants would be covered by the Federal government, and 42.1% of the total claimants would be covered by both the Federal and Provincial governments. 
6.2 Option 2:  The insurance option – Shared Federal-Client contribution
To offset growth expenditure through client shared contributions, in this option, we assume that the regular adult or child client’s co-payment is either 25% of total pharmaceutical cost or maximum of $30/claim after the deductible amount of $50/person was paid, and up to a maximum out-of-pocket of $500 per person.  For senior or social assistant clients, the out-of-pocket is calculated as $5/claim and up to a maximum of $100/person.
Table 6:  2004-05 Drug Costs for the Federal Government and Individuals out-of-pocket 

                                                              under Option 2
	Province
	Proportion of people with Some Benefit 
	Proportion of people with No Benefit 
	Proportion Pharmaceutical Benefit
	Proportion Pharmaceutical clients’ out-of-pocket

	
	
	
	
	

	
	
	
	
	

	Atlantic
	0.855
	0.145
	0.162
	0.838

	Quebec 
	0.838
	0.162
	0.141
	0.859

	Ontario 
	0.810
	0.190
	0.174
	0.826

	Manitoba 
	0.855
	0.145
	0.155
	0.845

	Saskatchewan 
	0.868
	0.132
	0.165
	0.835

	Alberta 
	0.849
	0.151
	0.158
	0.842

	Pacific
	0.820
	0.180
	0.163
	0.837

	Yukon 
	0.827
	0.173
	0.150
	0.850

	North West Territory 
	0.823
	0.177
	0.151
	0.849

	Nunavut 
	0.887
	0.113
	0.116
	0.884

	All
	0.841
	0.159
	0.160
	0.840


Table 6 shows that under this drug scenario, the Federal government would pay 84% of the total Pharmaceutical cost and the registered FN/I individuals/families would share only 16% of the total drug cost (very modest savings for the federal government; assumes no behavioural impact on the consumer part).  The results also show that 15.9% of the total claimants would not receive any benefits and the 84.1% of them would have some drug benefits after the deductible and co-payment were reached.   
7.  Model Strengths and Limitations
Strengths
The Gupta model is a robust tool which can be used to:
· Mmodify existing drug programs with different levels of deductible, co-payment and maximum amount of out-of pocket to show the program’s impacts on household and the federal costs

· Create a hypothetical insurance program and then add it on top, or use it to replace the current benefit plans.  
· Users also have an option of building a new hypothetical program from scratch or modifying/copying any selected provincial Pharamcare plan  

Limitations
The main weaknesses of the model are data limitations due to lack of available survey data. Here are some of the key limitations of our database:

· As discussed, the family structure for a quarter of individuals in the database was simulated from the family composition of the Aboriginal in 2001 and the individual income was simulated from the 2000 income originally.  We have attempted to overcome these weaknesses by making reasonable assumptions and growing the simulated 2000 income to the 2004 income. 

· There is no variable in the data to identify the health status of individuals.  The model thus fails to deliver demands for analysis of the impacts of the special drug policy for people with special diseases such as MS, HIV, or people with disability.

· The model also can not implement any drug policy for seniors who live in the residence since there is no variable in the database to identify those seniors.
8.  Summary/conclusions

The model provides an empirical tool to assess the distributional impacts on Federal/provincial expenditures, as well as the impact on individuals/families, of changes to drug plan parameters. The model can estimate drug benefits for families/individuals from existing provincial drug plans, or drug plans of a selected province or new national hypothetical drug plans, as well as compare the new hypothetical plans to existing provincial plans, and aggregate fiscal impacts on governments and households.

Due to serious data limitations, we could not obtain distributions of family composition for the registered Indian population. To compensate we used distributions of aboriginal family composition derived from the 2001 census to create family structures in the synthesized data.  Distributions of individual incomes were also derived from 2001 census to simulate the individual incomes in the database. Distributions of family composition and family income for registered Indians can be improved in the future if more recent distributions of FN/I family composition and income can be obtained from the 2006 census data. 
Overall, our database and the model provide a reliable policy tool that provides the evidence base for decision-making on feasible alternative options for the current pharmaceuticals benefit policy. With the characteristics of being extremely flexible and general, even through the model and its database were constructed on the NIHB/VACHB drug policy, and on socio-economic demographic characteristics of the registered First Nation and Inuit population, it still can be adapted to be used for other populations in Canada or abroad.
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