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The Provincial and Territorial Present Value of Smoking Attributable Expenditures 

EXECUTIVE SUMMARY

Glenn Harrison
March 14, 2024

I was asked in March 2020 to calculate the present value of the total expenditure by
each Province and Territory for the health care benefits that have been provided, and that
could reasonably be expected will be provided, for insured persons resulting from
tobacco-related disease or the risk of tobacco-related disease. This report presents those
calculations from March 2020. The methodology used reflects the full reports prepared for
litigation in New Brunswick, British Columbia, Alberta and Ontario, extended consistently to
all other Provinces and Territories.

My calculations apply the results of a statistical analysis of the fraction of public
health expenditures that are attributable to smoking. The statistical analysis relies on public
data collected for the Canadian Community Health Survey (“CCHS”) between 2000 and 2014.
These data from the CCHS include information on the smoking history and intensity of
Canadians, their utilization of hospital and physician services, and many other demographic
characteristics. 

My statistical analyses of data from the CCHS allow me to estimate the Smoking
Attributable Fraction (“SAF”) for Hospital service expenditures and Physician expenditures.
The SAF is expressed as a percentage of utilization and hence expenditures attributable to
smoking. For Canada as whole I estimate the Hospital SAF between 2000 and 2014 to be
18.4%, with a 95% confidence interval between 16.4% and 20.5%. And for Canada as whole I
estimate the Physician SAF between 2000 and 2014 to be 6.7%, with a 95% confidence
interval between 6.1% and 7.3%. I calculate the SAF for each province and for the territories
separately, to better reflect their smoking attributable expenditures. I use similar data from
a precursor to the CCHS to calculate a Prescription Drugs SAF for Canada as a whole: the
estimated SAF in this case is 13.2%, with a 95% confidence interval between 11.0% and 15.3%.

A critical feature of these SAF estimates is that in all cases the lower bound of the 95%
confidence interval is well above zero. Hence I am able to say that there is statistically
significant evidence that the SAE I calculate are positive. There is nothing in the statistical
methods used here which “pre-ordained” this result: it is what the data says, in the context
of the standard model and specification employed.

I collated the provincial and territorial expenditures for Hospital services, Physician
services, Prescription Drugs, and Additional Health Care services, based on publicly available
data between 1954/1955 and 2019/2020 from the Public Accounts of each province and
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territory.

I then calculate the SAE for the provinces and territories between 1954/1955 and
2019/2020 by applying the SAF estimates to the appropriate public heath expenditures. The
SAE for this period, in expenditures during these years, was $381.1 billion. The SAE from
2020/2021 to 2050/2051 for each province and territory is calculated as a statistical
extrapolation of trends between 1954/1955 and 2019/2020.

My calculation then reflects the assumption that a legal breach occurred between
January 4, 1954 and March 1, 1996. This implies that I restrict the calculation of SAE to the
effects of smoking that occurred during this breach-exposure window. For this calculation I
utilize the rich history of smoking reflected in the CCHS to infer the SAE within this time
period attributable to smoking within the time period. I also calculate the future SAE beyond
March 1, 1996 that is associated with nicotine dependence attributed to smoking within the
breach period.

I then calculate the present value in 2020 dollars of these SAE. For past SAE between
1954/1955 and 2019/2020 I use historical Canadian borrowing rates, and for future SAE
between 2020/2021 and 2050/2051 I assume that current interest rates in 2020 persist.

For each province and the territory, Figure ES-1 reports the cumulative SAE in present
value 2020 dollars between 1954/1955 and 2049/2050, solely reflecting the effects of
smoking from within the breach period. Monetary units are billions of dollars. Figure ES-2
reports the implied percent shares of cumulative SAE in present value 2020 dollars between
1954/1955 and 2049/2050, again solely reflecting the effects of smoking from within the
breach period. Table ES-1 reports more numerical detail for the SAE and percent shares,
which is of some significance for smaller provinces and all territories.

The aggregate quantum over all provinces and territories is calculated to be $944.5
billion in present value 2020 dollars. This aggregate includes $643.5 billi0n attributable to
smoking and expenditures between January 4, 1954 and March 1, 1996: Figure ES-3 displays
the shares for this pathway for the SAE. The aggregate also includes $301.0 billi0n
attributable to smoking and expenditures after March 1, 1996 that are due to nicotine
dependence from smoking prior to 1996: Figure ES-4 displays the shares for this pathway for
the SAE. The aggregate $944.5 billion in Figure ES-1 and Table ES-1 is the sum of the $643.5
billion in Figure ES-3 and the $301.0 billion in Figure ES-4.

Detailed calculations for each province and territory are documented separately. This
Executive Summary collates the results of those calculations for the purpose of allocation
across provinces and territories. 
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Table Es-1: Numerical Values for Apportionment Calculations

Province or Territory Abbreviations Quantum in $ billions Percent Share

British Columbia BC 136.681 14.4710

Alberta AB 119.266 12.6272

Saskatchewan SK 27.190 2.8787

Manitoba MB 42.741 4.5252

Ontario ON 271.796 28.7761

Quebec QC 253.365 26.8248

New Brunswick NB 22.779 2.4117

Nova Scotia NS 29.979 3.1740

Prince Edward Island PE 6.239 0.6605

Newfoundland & Labrador NL 20.280 2.1471

Yukon YT 3.753 0.3973

Northwest Territories NT 6.866 0.7269

Nunavut NU 3.584 0.3795

NATIONAL 944.519 100.0000%

Note: these numbers correspond to those displayed and defined formally in Figure ES-1 and
Figure ES-2.
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The Provincial and Territorial Present Value of Smoking Attributable Expenditures 

DETAILED CALCULATIONS

Glenn Harrison

I was asked in March 2020 to calculate the present value of the total expenditure by
each Province and Territory for the health care benefits that have been provided, and that
could reasonably be expected will be provided, for insured persons resulting from
tobacco-related disease or the risk of tobacco-related disease. This report presents those
calculations from March 2020. The methodology used reflects the full reports prepared for
litigation in New Brunswick, British Columbia, Alberta and Ontario, extended consistently to
all other Provinces and Territories.

I am the University Distinguished Professor and the C.V. Starr Chair of Risk
Management and Insurance in the Maurice R. Greenberg School of Risk Sciences, Robinson
College of Business Administration, Georgia State University. I am also Director of the Center
for the Economic Analysis of Risk, located at Georgia State University. I completed my
undergraduate education (B.Ec.(Hons.) and M.Ec) at Monash University in Australia in 1978
and the Ph.D. in Economics at UCLA in 1982. I have held teaching appointments at the
University of Western Ontario, University of Arizona, University of Melbourne, Stockholm
School of Economics, University of Stockholm, University of New Mexico, the University of
South Carolina, and the University of Central Florida. I have published over 200 articles in
academic journals and volumes, including Econometrica, Journal of Political Economy,
American Economic Review, Journal of Law & Economics, the Economic Journal, the Rand
Journal of Economics, Journal of the American Statistical Association, International Economic
Review, the Scandinavian Journal of Economics, International Journal of Game Theory,
Experimental Economics, Review of Economics & Statistics, American Journal of Public Health,
Journal of Development Economics, World Bank Economic Review, Economics & Philosophy and
Journal of Environmental Economics & Management. I have been an Associate Editor of the
Journal of Environmental Economics and Management, the Journal of Regional Science, and
Economics Letters. I have also been a consultant for numerous government agencies and
private bodies. These include the Reserve Bank of Australia, the California Energy
Commission, the Atlantic Richfield Company, the World Bank (research into trade
liberalization options for developing countries, as well as the global effects of the Uruguay
Round), the Office of the U.S. Trade Representative (research into the global effects of
agricultural trade wars, and quantitative assessment of negotiation options), Sandia
National Laboratory, the American Petroleum Institute (a critical review of natural resource
damage assessment procedures), the National Commission for Employment Policy
(evaluating the employment effects of regulatory policy), the Swedish government
(examining carbon tax proposals to reduce global warming), the United States
Environmental Protection Agency (evaluating carbon tax proposals), the Danish
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1. The analyses are limited to health care expenditures caused by smoking cigarettes.
2. Only using data available to the public, such as the Canadian Community Health

Survey (“CCHS”) between 2000 and 2014 and the National Population Health Survey
(“NPHS”) between 1994 and 1998.

3. Calculate the Smoking Attributable Fraction (“SAF”) for each of the following
expenditures in each province and territory, based on data from the CCHS and NPHS
and accepted, peer-reviewed statistical models:
a. Hospital service expenditures;
b. Physician expenditures;
c. Prescription drugs program; and
d. Additional health care services expenditures.
To the extent possible, mental health services expenditures should be excluded.

4. Calculate the provincial and territorial expenditures for Hospital services, Physician
services, Prescription Drugs, and Additional Health Care services, based on the
publicly available data between 1954 and 2019 from the Public Accounts of each
province and territory.

5. Assume that January 4, 1954, the date of publication of “A Frank Statement to
Cigarette Smokers,” is the date of the commencement of the legal breach.

6. Assume that March 1, 1996 is the date of the end of the legal breach.
7. Calculate the Smoking Attributable Expenditures (“SAE”) for each province and

territory from 1954 to 2019.
8. Calculate the SAE from 2020 to 2050 for each province and territory as a statistical

extrapolation of trends between 1954 and 2019.
9. Calculate the future SAE relating to nicotine dependence attributed to smoking

within the breach period.
10. Calculate the present value in 2020 dollars of past (1954-2019) SAE using historical

Canadian borrowing rates.
11. Calculate the present value in 2020 dollars of future (2020-2050) SAE, assuming that

current interest rates persist.

Direction #3 means that I cannot use information obtained directly from provinces,
such as Management Information Systems of provincial Health ministries, which would have
been documented as part of the litigation. Direction #4 means that I cannot use information
obtained directly from provinces to allow more refined allocations of total health care
expenditures to the four identified components. In my judgement these limitations are
unlikely to have a significant effect on the final apportionment calculation.

Access to public Legislative Libraries, which house the full set of Public Accounts
documents, was constrained because of the coronavirus pandemic. The minor gaps that
remain are, in my judgment, not significant for the final apportionment calculation.

The results of detailed calculations for each province and territory are logically
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identical, and displayed later in this reports. Each result for each province and territory uses
the same numbering of figures to allow me to describe the calculations for each step, as the
reader examines specific results for any province or territory. Hence, when I refer to Figure 1
below, I am referring to the Figure 1 for each specific province or territory (e.g, page 46 for
Alberta, page 54 for British Columbia, and so on). Figure 9 through Figure 16 are collected at
the end, since they span all provinces and territories. The PDF version of this report has
“navigation tabs” to the left to quickly access those specific results.

I. Health Care Expenditures Attributable to Smoking Cigarettes

The first step in the calculation is to collate public health expenditures for each
province or territory between 1954 and 2019.1 These are displayed in Figure 1, and
Attachment A documents the sources of these data. The most striking feature is the rapid
growth in expenditures starting in the 1980s, and generally sustained to the present. 

When considering the plausibility of the resulting SAE, it is important to note the
scale of the public health expenditures over the past 66 years, since the SAE is some fraction
of those expenditures. In FY2019 alone, public health expenditures over all provinces and
territories totaled $143.8 billion in historical dollars. Between 1954 and 2020, public health
expenditures totaled $2,773 billion in historical dollars. In present value 2020 dollars, using
interest rates described later, these amounts were $150.6 billion and $6,556 billion,
respectively.

The data shown in Figure 1 come from the Public Accounts (PA) of each province or
territory. In most cases I was able to obtain the PA for each year shown. To the extent
possible, mental health expenditures have been removed. The “extent possible” here refers
to variations across provinces, and over time within provinces, as to how mental health is
recorded in the PA. There are also some understandable limitations in the detail provided in
different PA: sometimes “community services” refers to mental health programs, and
sometimes to included health services. And when specific hospitals are listed it is sometimes
not possible to ascertain, without local historical knowledge, if it was primarily used for
mental health or not. When in doubt, as in the litigation calculations, I made the
conservative call and excluded an item.

Capital expenditures are generally included, again to the “extent possible.”
Sometimes a capital expenditure on a health facility is not recorded in the PA for the

1  Unless otherwise noted, all references to a year are to the fiscal year, which is typically between April
1 of the preceding calendar year and March 31 of the calendar year. Hence FY 2000 refers to April 1, 1999
through March 31, 2000. When I come to “breach period” calculations the expenditures from fiscal years are
apportioned exactly to the relevant calendar dates.
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provincial Department of Health. And occasionally it is not obvious from the PA which
expenditure category a capital expenditure should fall under: in some rural areas, for
example, equipment purchases might be for a regional hospital facility or for a physicians
clinic. Again, when in doubt, and anticipating the differences in SAF values for the
categories, I made the conservative call when assigning expenditures to a specific category.

The decomposition of health expenditures across the four categories is displayed in
Figure 2, using historical dollars. Clearly Hospital expenditures is the lion’s share, with
Physician expenditures a clear second. Prescription Drugs has become more important in
recent years, as provincial and territorial health programs have expanded their coverage.
Considerable effort was expended on identifying the correct allocation of expenditures to
these categories, anticipating differences in the SAF for each category discussed below.

II. The Smoking Attributable Fraction (SAF)

Using CCHS data between 2000 and 2014, I estimated the SAF for Hospitals for each
province and territory. The results are shown in Figure 3, which displays the “point
estimate” and 95% confidence interval. The general methodology for estimation here
follows two peer-reviewed publications of mine:

• “Evaluating the Tobacco Settlement: Are the Damages Awards Too Much or Not
Enough?” (with  Maribeth Coller and Melayne Morgan McInnes), American Journal of
Public Health, 92(6), June 2002, 984-989.

• “Cigarette Smoking and the Cost of Hospital and Physician Care” (with James
Feehan, Alison C. Edwards, and Jorge Segovia), Canadian Public Policy, 29(1), March
2003, 1-19.

The former study is published in the premier public health journal in the world, and the latter
study is an extended application to data from a specific Canadian province. Attachment D
provides an introduction to the calculation and interpretation of the SAF.

A critical feature of these SAF estimates, for statistical and litigation reasons, is that
in all cases the lower bound of the 95% confidence interval is well above zero. Hence I am
able to say that there is statistically significant evidence that the SAE I calculate for Hospital
services is indeed positive. It is important to stress that there is nothing in the statistical
methods used here which “pre-ordained” this result: it is what the data says, in the context
of the standard model and specification employed.

The SAF for Hospitals uses rich information in the CCHS on the smoking
characteristics of individuals as well as their self-reported utilization of hospitals, measured
by the number of nights spent in hospital in the past year. Attachment C documents the
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CCHS data. Research undertaken for the New Brunswick and British Columbia litigation,
conducted in Research Data Centers of Statistics Canada because of the confidential nature
of the data, validated these estimates for those provinces against actual, administrative data
on hospitalizations. Moreover, I estimated a SAF for Hospitals using “resource intensity
weights,” which measure relative costs of visits rather than just the number of nights, and
again validated the SAFs from the CCHS reported in Figure 3.

The SAF estimates across provinces reflect a host of characteristics of the population
and provincial policy. First and foremost they reflect the smoking prevalence levels across
provinces, as well as the time period of the CCHS data in terms of more recent, lower levels
of smoking prevalence. The populations of some provinces simply smoke more than others.
In particular, the smoking prevalence in all of the territories is extremely high, which
accounts in part for their high SAF.2

A secondary factor, also of some significance for the SAF across provinces, can be
called the “efficiency of the health system in delivering hospital care.” These efficiencies
might be due to avoiding expensive rural hospitals, and having intensive care more
centralized geographically. They might also be due to not having to pay for transportation to
a province for many health services: a striking characteristic of the costs of health care in all
of the territories. In sum, provinces that have been more efficient in the provision of health
care would tend to have a lower SAF, ceteris paribus other factors. The figure on the next
page illustrates these differences across provinces, based on Statistics Canada tabulations.
Comparable values for hospital expenditures per capita for territories are literally “off the
charts” by comparison.

Using the CCHS data between 2000 and 2014, I also estimated the SAF for Physician
services for each province and territory. The results are shown in Figure 4, which again
displays the “point estimate” and 95% confidence interval. In this case the CCHS survey
specifically asks for self-reports of the number of visits3 in the past year with a family doctor,
general practitioner, or any other medical doctor.

Again, a critical feature of these SAF estimates, for statistical and litigation reasons, is
that in all cases the lower bound of the 95% confidence interval is well above zero. Hence I
am able to say that there is statistically significant evidence that the SAE I calculate is indeed
positive with respect to Physician expenditures.

2 The SAF for each of the territories is in fact a SAF for all territories combined. The small sample sizes
in the CCHS for each territory did not support estimation at the level of each territory on statistical grounds.

3 Or phone consultations.
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In general the SAF for Physician services is lower than the SAF for Hospital services.
This is why it is important to spend time carefully allocating health expenditures to these
categories, and a considerable amount of time was spent on this dimension of the
calculations.

Again, research undertaken for the New Brunswick and British Columbia litigation,
conducted in Research Data Centers of Statistics Canada because of the confidential nature
of the data, validated these estimates for those provinces against actual, administrative data
on the number of visits to physicians and other medical personnel. Moreover, I estimated a
SAF for Physicians using dollar payments, which measure relative costs of visits rather than
just the number of visits, and again validated the SAFs from the CCHS reported in Figure 4.

There is no tabulation by Statistics Canada of differences in Physician, or even non-
Hospital, expenditures per capita across provinces. But the figure shown below shows that
health expenditures as a whole also display significant disparities across provinces. 
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The calculations then show the effects, in Figure 5, of adjustments for higher
smoking prevalence prior t0 2000, and the effect of restricting the calculations to the
breach-exposure window. In Figure 5 the vertical red line shows the end-breach date.4

Attachment E explains the determination of the quantum breach period 1983-2023. Each of
these adjustments and restrictions are now explained in detail.

First, the SAF for Hospitals from the CCHS, reflecting smoking prevalence between
2000 and 2014, can be extended to years before 2000 to reflect well-known evidence of
significantly higher smoking prevalence in earlier years. Public data on smoking prevalence
in Canada for years prior to 2000 is used to infer the SAF for earlier years, exploiting the fact
that the statistical model of the SAF identifies the role played by smoking prevalence and
allows one to apply counter-factual values for prevalence in a rigorous manner. The solid
black line in Figure 5 illustrates the effect of this adjustment for historical smoking
prevalence, with higher SAF values for earlier years consistent with “Mad Men” experience

4 In Figure 5 this date is literally January 1, 1996, for illustrative purposes. The actual calculations of the
Breach SAE account for the end-breach date being March 1, 1996.
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of heavy, general smoking in the 1950s and 1960s. For years beyond 2000 I assume the same
prevalence levels; allowing for plausible trend reductions in prevalence would not make a
significant difference to the final apportionment.

Second, I recognize that the legal breach is assumed to be defined between February
4, 1954 and March 1, 1996. The solid black line in Figure 5 reflects the assumption that
defendants are responsible for all smoking, whether it occurred within the breach period or
not. I refer to the solid black line as the Global SAF, to convey the sense that it reflects the
effects of all smoking, and not just smoking within the breach period. The Global SAF, and by
implication the Global SAE, has a well-defined role in the quantum calculations for litigation,
consistent with the statutes promulgated in each province to define the scope of the
litigation. But for present purposes I focus on the Breach Exposure SAF and Breach Exposure
SAE. Hence the dashed black line in Figure 5 shows the SAF attributable to smoking that
occurred within the breach period, and not to all smoking. 

The Breach Exposure SAF reflects several calculations. Intuitively, the dashed Breach
Exposure SAF line slowly rises from 0% in 1954 to the level of the Global SAF, around 1990,
because smokers who began smoking after 1954 constitute a larger and larger fraction of all
smokers. If smokers begin smoking in 1954 at 20, say, then in 1984 a (current or former)
smoker that is 50 years old would have experienced about 30 years of smoking history; in
1994 about 40 years of smoking history, and so on.5 By 1994 we have picked up most of the
smoking history after 1954 that drives the Global SAF, but it does take some decades to get
to that point. On the other side of the breach window, after March 1, 1996, we pick up the
effects of former smokers. I zero out any effects on expenditures, after March 1, 1996, of
current smokers, since their current smoking is after the end-breach date. But I know from
the CCHS data, as well as extensive medical evidence, that there are latent effects of
smoking for some years after someone quits. So that effect of smoking is what is being
picked up by the dashed Breach Exposure SAF after 1996, and which trails off to zero after
some decades.

The extent to which the Breach Exposure SAF falls below the Global SAF reflects
smoking behavior that is specific to each province or territory. Prior to 1996 it reflects the
ages at which smokers in those regions started smoking, and whether or not, and how soon,
they became former smokers rather than current smokers. After 1996 it reflects the number
of years earlier that former smokers had stopped smoking.

The same logic can be used to infer a Global SAF for Physicians that reflect historical
smoking prevalence as well as the effect of smoking during the breach period. Figure 6

5 The CCHS data provide information on the starting age of smoking for each respondent with a
smoking history, and it is generally younger than age 20.
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shows the Global SAF and Breach Exposure SAF for Physicians in each province or territory.

The SAF for Prescription Drugs is based on survey responses in the NPHS, which was
a precursor to the CCHS and asked virtually the same questions about smoking history. The
survey responses refer to the number of different drugs taken in the past two days, so is a
utilization SAF.6 There are no questions in the CCHS on Prescription Drug use, or any medical
drug use. The survey data in the NPHS refers to 1994, 1996 and 1998, with the majority of
respondents from 1996. The sample sizes for each province are not sufficient to reliably
estimate a Drugs SAF at that level, so I use a national Drugs SAF. The estimated SAF is 13.2%,
with a 95% confidence interval between 11.0% and 15.3%. Again, the fact that the lower bound
of the 95% confidence interval is greater than zero informs us that the SAE associated with
Prescription Drug expenditures is statistically significantly positive.

These estimates, for 1994 through 1998, are adjusted to reflect different levels of
smoking prevalence back to 1954 and forward to 2014, in the same manner as the
adjustments to the CCHS-based Hospital and Physician SAF estimates. The historical Drugs
SAF ranges between 16.5% in the 1950s to 12.5% in 2014.

This SAF can be validated in two ways. First, a Drugs SAF can be estimated for the
United States, which obviously has a very different health system than Canada. The Medical
Expenditure Panel Survey (MEPS) has data comparable to the data used from CCHS, but
with the benefit of including expenditures for prescription drugs.7 Using data from the MEPS
between 1996 and 2008, the estimated Drugs SAF is 5.9% with a 95% confidence interval
between 4.3% and 7.4%. Second, research undertaken for the New Brunswick and British
Columbia litigation, conducted in Research Data Centers of Statistics Canada because of the
confidential nature of the data, validated these estimates for those provinces against actual,
administrative data on provincial payments for prescription drugs.8 In New Brunswick, for
example, the Prescription Drugs SAF using actual payments by the province exceeded 20%,
with the preferred estimate being 21.0% with a 95% confidence interval between 13.7% and
28.2%.

A SAF for “Other” health care expenditures has been obtained from CCHS responses

6 The precise question is, “In the last two days, how many different medications did you take?” This
comes in the survey after a long series of specific questions about things such as diet pills, birth control pills,
laxatives, and so on. Hence it is not limited to prescription drugs.

7 A distinction between expenditures and charges is of great importance in the United States. Charges
are the phony price that health care providers list on bills, and expenditures are what the patient actually pays.
All of the major health insurance schemes in the United States, which span private and public schemes,
negotiate their own prices in relation to the phony price. Hence the SAF defined over expenditures reflects
those negotiated prices.

8 It was also possible to filter out drugs that were for the treatment of mental health diagnoses.
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to questions about the number of consultations with certain health professionals other than
medical doctors. Specifically, for most survey years,9 questions were asked about the
number of consultations, defined as a visit or phone conversation, in the past year with a
nurse, a chiropractor, a physiotherapist, or a speech, audiology or occupational therapist. I
exclude consultations with psychologists, social workers, or counselors.

The “Other” SAF estimate for Canada is 2.1%, with a 95% confidence interval between
0.8% and 3.4%. In the time available it was not possible to estimate this SAF at the level of the
province or territory.10 Nor was there time to adjust it for higher smoking prevalence in years
before 2000, resulting in the use of a conservative “Other” SAF for the breach period.

The Breach Exposure SAF correctly reflects the medical and physiological fact that
even if all cigarettes vanished from Canada tomorrow, there would still be former smokers
clinically presenting for Hospital and/or Physician services tomorrow, the day after that, and
likely for some years into the future. With the rich data in the CCHS on smoking history, I can
put some numerical values to these facts, as shown in Figures 5 and 6 after 1996.

III. Smoking Attributable Expenditures (SAE)

In order to infer the SAE after 1996, I need to know health care expenditures after
1996. Since 1996 is such an early year for an end-breach calculation, I have the benefit of
having observed actual health expenditures between 1997 and 2019, and hence the Global
SAE associated with those health care expenditures. Beyond 2019 I extrapolate based on a
simple statistical model of trends prior to 2019. This extrapolation is illustrated in Figure 7 for
each province or territory.

The solid dots in Figure 7 reflect actual, observed data on SAE. The vertical dashed
line shows the point at which future extrapolation starts. The solid line, running “more or
less” through the actual, observed data prior to 2020, and extending beyond 2020, is the
prediction of the statistical model used for extrapolating beyond 2020. The “more or less”
here is the usual statistical sampling error, but one can see that the trend is easy to predict
and the sampling error is small (by comparison to many other macroeconomic variables).

This Baseline Projection just assumes that there is no reason to expect the recent
historical trend to suddenly drop to zero. Having said that, an alternative, dramatically

9 These questions were not asked in survey years 2011, 2012 and 2013.
10 Coverage by provincial health care schemes varies, in ways that could in principle be accounted for.

For example, the services of chiropractors was covered in Ontario until 2004, but not after that; they are
covered up to a certain number of visits in Alberta; and have never been covered in New Brunswick. And many
provinces cover certain health care services for the elderly or very poor, but not for the general population.
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conservative, assumption is that the SAE “flatlines” after 2019, at the 2019 levels. In the end,
I show that this Flatline Projection generates comparable aggregate SAE and apportionment
shares.

I now have all of the ingredients to calculate the Breach Exposure SAE, displayed in
Figure 8. The solid line shows the SAE using the Global SAF, with the cumulative SAE value
shown in the box in the top left corner. The dashed line shows the Breach Exposure SAE
using the Breach Exposure SAF, again with the cumulative Breach Exposure SAE value
shown in the box in the top left corner.

IV. Present Value of Health Care Cost Expenditures

Each of these SAE are presented and displayed in nominal or historical dollars, and
must be converted into present value 2020 dollars. To undertake this conversion Canadian
interest rates, reflecting longer-term borrowing, were used. Attachment B documents the
source of these interest rates, which were obtained from the International Monetary Fund
and the OECD. The figure below shows these interest rates over the 1954 to 2020 period
(using the vertical axis on the right for the values of the interest rate). The relatively high
interest rates of the 1970s, 1980s and 1990s is clearly displayed, and take on some
importance when recalling the significant growth in public health expenditures during the
1980s and 1990s (see Figure 1). 

Given these interest rates, I can calculate the implied Compound Interest Multiplier11

that is used to convert historical dollars to present value 2020 dollars. By definition this
multiplier is 1 for current 2020 dollars, and larger than 1 for historical dollars for previous
years. The figure below shows that the multiplier is very large for historical dollars as far
back as 1954, as one would expect. 

When discounting future dollars, between 2021 and 2050, back to 2020 dollars, the
multiplier is less than 1. I assume that existing borrowing rates in 2020 persist into the future,
and calculate the discount factor accordingly.

The final line in the box in the top left corner of Figure 9 shows the cumulative
Breach Exposure SEA in present value 2020 dollars, applying these multipliers.

11 Also generally called a Discount Factor in economics and finance.
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It is possible to collate the cumulative Breach Exposure SAE in present 2020 dollars
across all provinces and territories, and this is what Figure 9 does. The totals for each
province or territory are displayed above the appropriate bar, and are the same values listed
numerically in Figure 8. The aggregate cumulative Breach Exposure SAE, across all provinces
and territories, is displayed in the top right corner. This national total is $643.5 billion.

Converting the Breach Exposure SAE in Figure 9 into shares is a simple matter, but
obviously central to the goal of apportionment across provinces and territories. This is what
Figure 10 does, again with the percent share displayed above the appropriate bar. 

The significant growth in future Global SAE displayed in Figure 8 could give the
impression that the statistical extrapolation behind it, documented in Figure 7, might be
driving the Breach Exposure SAE.  In fact, it is not. The Breach Exposure SAF for Hospitals
declines sharply after the end-breach date: see Figure 5. Similarly, the Breach Exposure SAF
for Physicians declines steadily after the end-breach date: see Figure 6. The combination of
these declines leads to a persistent decline in the Breach Exposure SAE after the end-breach
date: compare the dashed Breach Exposure line in Figure 8 with the solid Global SAE line in
Figure 8. Thus the growth in Global SAE is largely offset by the reduction in the fraction of
the SAE that is attributable to the breach period exposure. Moreover, the Compound
Interest Multiplier is below 1 after 2020, by definition, and declining further with every extra
year into the future.

A direct way to see this logic is to assume that there is no growth whatsoever in
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public health expenditures after 2020, hence no growth in the Global SAE after 2020. In
Figure 7 this would mean that the solid line after 2020 is horizontal, rather than steadily
increasing. Working through all of the calculations with this Flatline Projection generates the
apportionment and aggregate Breach Exposure SAE shown in Figure 11. The aggregate
Breach Exposure SAE is $638.6 billion over all provinces and territories, which is just slightly
smaller than the $643.5 billion for the Baseline Projection (from Figures 9 and 10).

V. Nicotine Dependence

An additional source of SAE attributable to breach exposure between January 4, 1954
and March 1, 1996 derives from the effect that the exposure has by making individuals
nicotine dependent. This is a well-studied effect of exposure to cigarettes. There are also
good data on the connection between the characterization of someone being nicotine
dependent and the number of years since the onset of smoking. Figure 12 displays the best-
available, recent data on this dependence, using methods employed by me in “Behavioral
Responses to Surveys About Nicotine Dependence,” Health Economics, 26, 2017, 114-123. The
long-term dependence illustrated here is not surprising, given the knowledge of the effects
of nicotine.

The formal definition of nicotine dependence only applies if someone is a current
daily smoker, so the SAF applicable in this case is the one appropriate for that sub-sample of
smokers, and they are only a fraction of all smokers. Hence the implied SAF is much lower
than the regular SAF for all smokers.12 But, as Figure 12 shows, the longevity of dependence
means that this can be a significant pathway to future SAE from past breach exposure.

The cumulative Breach Exposure SAE from nicotine dependence is collated for each
province and territory in Figure 13 and Figure 14. A major reason for some provinces or
territories to have larger or smaller shares in this instance is the relative growth the Global
SAE in recent years (recall Figure 7). If a province had a slower growth rate of public health
care expenditures than another province in recent years, this would mean that their
projected future SAE would be smaller, all else being equal.

12 For Saskatchewan the implied SAF for Hospitals by current daily smokers was +1.8%, with a 95%
confidence interval between -2.7% and +6.3%. So this SAF was conservatively set to zero for these calculations.
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VI. The Aggregate Quantum

 Figure 15 and Figure 16 add together the two pathways to Breach Exposure SAE: 

• the Breach Exposure SAE attributable to smoking between January 4, 1954 and
March 1, 1996 (Figures 9 and 10); and

• the Breach Exposure SAE attributable to smoking after 1996 by current smokers who
became nicotine dependent because of the breach exposure between January 4,
1954 and March 1, 1996 (Figures 13 and 14).

The aggregate quantum over all provinces and territories is calculated to be $944.5 billion in
present value 2020 dollars. This aggregate includes $643.5 billi0n attributable to smoking
and expenditures between January 4, 1954 and March 1, 1996: Figure 10 displays the shares
for this pathway for the SAE. The aggregate also includes $301.0 billi0n attributable to
smoking and expenditures after March 1, 1996 that are due to nicotine dependence from
smoking prior to 1996: Figure 14 displays the shares for this pathway for the SAE. The
aggregate $944.5 billion is the sum of $643.5 billion and $301.0 billion. Figure 15 displays the
aggregate SAE for each province and territory, and Figure 16 the implied percent shares.

Only one decimal point is used in the displays in Figures 15 and 16, and with such large
amounts of money the decimals can matter, particularly for smaller provinces and the
territories. Hence Table 1 below displays these values numerically with more precision.

Finally, to get some perspective it is worth returning to the totals for 2019 and 1954-
2020 from Figure 1, over all provinces and territories, and comparing these to the SAE. For
simplicity, just focus on the historical health care expenditures and the Global SAE. Recall
that for 2019 total expenditures were $143.8 billion in historical dollars and $150.6 billion in
2020 dollars. The corresponding Global SAE were $18.5 billion and $19.2 billion, respectively,
for an implied overall SAF of 12.9% and 12.9%. And for the 1954-2020 period total expenditures
were $2,773 billion in historical dollars and $6,556 billion in 2020 dollars. The corresponding
Global SAE were $381.1 billion and $958.2 billion, respectively, for an implied overall SAF of
13.7% and 14.6%.
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Table 1: Numerical Values for Apportionment Calculations

Province or Territory Abbreviation Quantum in $ billions Percent Share

British Columbia BC 136.681 14.4710

Alberta AB 119.266 12.6272

Saskatchewan SK 27.190 2.8787

Manitoba MB 42.741 4.5252

Ontario ON 271.796 28.7761

Quebec QC 253.365 26.8248

New Brunswick NB 22.779 2.4117

Nova Scotia NS 29.979 3.1740

Prince Edward Island PE 6.239 0.6605

Newfoundland & Labrador NL 20.280 2.1471

Yukon YT 3.753 0.3973

Northwest Territories NT 6.866 0.7269

Nunavut NU 3.584 0.3795

NATIONAL 944.519 100.0000%

Note: these numbers correspond to those displayed and defined formally in Figure 15 and
Figure 16.
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Attachment A: Documentation of Expenditures Data

All data reflect public information and can be found online or in the respective
provincial legislative libraries.

In order to categorize public expenditures in healthcare for each province, a detailed
review of the line items contained in the public accounts, and corresponding Annual Reports
of the appropriate Ministry or Department, was undertaken. For the purposes of this report,
expenses were categorized as one of Hospital Expenditures or Physician Expenditures.
When facility-based Mental Health services and Long-term Care were provided by the
Ministry of Health, they were included in the Hospital category.  Prescription Drug
Expenditures and “Other” Health Expenditures were itemized separate from Hospital and
Physician Expenditures and are excluded from this analysis, although some overlap between
the categories likely exists. For example, Drugs administered in hospitals are frequently
captured by Hospital Expenditures line items, as are emergency room or in-hospital
Physicians Expenditures.

Detailed displays of the expenditures are provided in Figures 1 and 2 in the
attachments for each Province or Territory.
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Attachment B: Documentation of Interest Rates Data

The borrowing rates used for determining current dollar values are obtained from
publicly available data for Canada published by the International Monetary Fund and the
OECD. These data can be found at the following URLs:

https://fred.stlouisfed.org/series/INTGSTCAM193N (Treasury Bills; 1950 - 2017)
https://fred.stlouisfed.org/series/IRLTLT01CAM156N (10-Year Bonds; 1960 - 2019)

From 1983 to 2019, I use the “Long-Term Government Bond Yields: 10-year: Main (Including
Benchmark) for Canada, Percent, Monthly, Not Seasonally Adjusted” series, the latter of the
two links listed above. These data are reported on a monthly basis and were converted to
annual rates, by fiscal year, by taking an arithmetic average of the twelve monthly rates from
April through March. The 2019 rate is used for discounting future smoking attributable
expenditures. All rates are lagged one year such that the actual rate for 2019 is recorded as
FY2018 in Table B1. This facilitates establishing 2019 as the base year and calculating the
corresponding current dollar values correctly.

Table B1: Lagged Canadian Borrowing Rates 1983-2023

FY Ending Interest Rate

1983 11.60263

1984 12.62579

1985 10.41108

1986 8.783708

1987 9.742958

1988 10.04425

1989 9.7625

1990 10.61108

1991 9.134458

1992 7.911375

1993 7.027833

1994 8.857516

1995 7.750209

1996 7.023376

1997 5.871908

1998 5.201485

1999 5.838385

2000 5.699718

2001 5.495409

2002 5.177517

2003 4.671142
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2004 4.54007

2005 4.031507

2006 4.199304

2007 4.16243

2008 3.401286

2009 3.375644

2010 3.196621

2011 2.463947

2012 1.843655

2013 2.400094

2014 1.974012

2015 1.465372

2016 1.37577

2017 1.914663

2018 2.183114

2019 0

2020 2.183114

2021 2.183114

2022 2.183114

2023 2.183114
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Attachment C: Documentation of the Public CCHS Database

The Canadian Community Health Survey (CCHS) is conducted by Statistics Canada,
and began in 2000. It originally consisted of two cross-sectional surveys conducted over a
two-year repeating cycle. The first survey was designed to collect data from a sample of
more than 125,000 respondents to provide information on a wide variety of topics such as
health status, health care utilization and determinants of health. The second survey
collected data from a smaller sample of approximately 30,000 respondents, and provided
information to provinces on a specific health topic, such as mental health or nutrition. The
first, general, survey is referred to as “cycle 1,” and the second, specific survey as “cycle 2.”
Cycle 1.1 was collected in 2000/2001, cycle 2.1 in 2003, and cycle 3.1 in 2005. From 2007 on, the
general surveys were collected annually. The variable names vary slightly from year to year,
although the definitions usually stay constant.

Documentation on the CCHS is provided through Statistics Canada, and can be
accessed via online links to their website. For example, the websites

Cycle 1.1: http://www.statcan.gc.ca/concepts/health-sante/index-eng.htm
Cycle 2.1: http://www.statcan.gc.ca/concepts/health-sante/cycle2_1/index-eng.htm
Cycle 3.1: http://www.statcan.gc.ca/concepts/health-sante/cycle3_1/index-eng.htm

provides documentation and links for the first three cycles, and

www.statcan.gc.ca/imdb-bmdi/3226-eng.htm

provides documentation for the latest CCHS 2014 survey. Data files may be obtained directly
from Statistics Canada, via links provided on these websites.

Sample sizes for Canada were roughly 130,000 in 2000/2001, 2003, 20005 and
2007/2008, and roughly 63,000 in 2009, 2010, 2011, 2012, 2013 and 2014. For Canada as a
whole the CCHS sample between 2000 and 2014 was 906,443. 

Sample sizes in each province are designed to allow inferences to be made at the
provincial and “regional health region” level within provinces. Using British Columbia as an
example, the CCHS collected responses from around 15,500 to 18,300 residents of British
Columbia in each survey between 2000/2001 and 2007/2008, and around 7,600 for each
survey since 2009. For CCHS survey years 2000/1, 2003, 2005, 2007/8, 2009, 2010, 2011, 2012,
2013 and 2014 respectively, the CCHS sample in British Columbia consisted of 18301, 16058,
15407, 15903, 7599, 7751, 7896, 7517, 7710 and 7703  individuals, for a total sample of 111,846.
Using New Brunswick as another example, for CCHS survey years 2000/1, 2003, 2005, 2007/8,
2009, 2010, 2011, 2012, 2013 and 2014, respectively, the CCHS sample in New Brunswick
consisted of 4,996, 4,929, 5,100, 5,509, 2,486, 2,429, 2,329, 2,457, 2,501 and 2,459 individuals,

-27-

Page 266 of 1283



for a total sample of 35,195.

The sample sizes for Canada are very large for the statistical objective here, a
quantitative characterization of the smoking attributable fraction. The sample sizes for each
of the individual Provinces and Territories are also large for the same purpose. However,
these sample sizes are slightly larger than those that can be used in certain statistical models
that contain covariates. One reason that there may be some missing data for some
respondents. There are various formal ways to handle this issue of “missing data,” but the
problem is not severe for these samples. Another reason for smaller samples in the
statistical model compared to the original CCHS sample is that the CCHS sample included
children and teenagers from the ages of 12 and up. I restrict my statistical analysis to those
15 or over, dropping roughly 4% of the sample.

The sample frame is described in Statistics Canada [2010; p. 4] as follows, referring to
the 2010 CCHS survey:

The CCHS data is always collected from persons aged 12 and over living in private
dwellings in the 117 health regions covering all provinces and territories. Excluded
from the sampling frame are individuals living on Indian Reserves and on Crown
Lands, institutional residents, full-time members of the Canadian Forces, and
residents of certain remote regions. The CCHS covers approximately 98% of the
Canadian population aged 12 and over.

Thus the CCHS provides a representative sample of the Canadian population over 12, with
the exclusions noted.

The Public CCHS data I use comes from the Public Use Microdata File (PUMF). This is
an edited version of the detailed CCHS data that is collected, to ensure confidentiality of
respondents. The CCHS data provided to each of the provincial health authorities contains
much more detailed information on individual respondents than provided in the PUMF, and
is referred to as the Share File. Recent changes in policy with respect to the distribution of
the PUMF version of the CCHS files allows them to be made available.

The Public CCHS data are converted into the variables used in the statistical model
explained in Attachment D. To illustrate for cycle 3.1, referring to survey year 2005, consider
the variable that measures whether the respondent has ever smoked 100 cigarettes in their
life. This variable is originally coded as SMKC_01A, and contains the following data for
Canada as a whole:
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 Smoked 100 or |
          more |
  cigarettes - |
          life |      Freq.     Percent        Cum.
---------------+-----------------------------------
           YES |     66,504       50.30       50.30
            NO |     65,185       49.30       99.60
    DON'T KNOW |        278        0.21       99.81
       REFUSAL |        254        0.19      100.00
---------------+-----------------------------------
         Total |    132,221      100.00

In the Data Dictionary provided with these data, one finds the documentation in
Figure C1 for this variable. Thus one can see that the original CCHS question was named
SMK_Q201A, that the actual question asked was “In your lifetime, have you smoked a total
of 100 or more cigarettes (about 4 packs)?,” that it was asked of all respondents and not a
selected sample, and how to interpret the numeric data provided. Of the national sample of
132,221, representing a population of 27,126,165, there were 66,504 respondents that said
“yes,” 65,185 that said “no,” 278 that did not recall, and 254 that declined to answer. In this
instance I created a variable called smoke100 that was set to 0 for those coded here as 2,
equal to 1 for those coded here as 0, and set to “missing” for those coded here as 7 or 8.

Figure C1: Extract from CCHS Documentation
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The tabulation I generated had “labels” associated with these numbers, and displayed them
for ease of interpretation. In my model a variable that is set to missing is normally dropped
from the analysis, and the entire record for that subject dropped. Thus, the variable
smoke100, which appears in the statistical model in Attachment D, contains these data:

 Smoked 100 or |
          more |
  cigarettes - |
          life |      Freq.     Percent        Cum.
---------------+-----------------------------------
             0 |     65,185       49.30       49.30
             1 |     66,504       50.30       99.60
             . |        532        0.40      100.00
---------------+-----------------------------------
         Total |    132,221      100.00

The variables constructed from the Public CCHS data are listed here, and used in the
statistical models documented in Attachment D:

variable name   type   format      label      variable label
-------------------------------------------------------------------------------

hospdays        byte   %8.0g       HCUAG01A   No./nights as patient - (G)
medcons         byte   %8.0g       LABL       No. of consultations/med. doctors - (G)

smoke100        byte   %8.0g       LABA       Smoked >=100 cigarettes
smokgr1         byte   %9.0g                  Smokes daily or occasionally
smokgr2         byte   %9.0g                  Former smoker
cigprday        byte   %8.0g       LABB       # cigarettes per day (daily smoker)
cigdaysq        int    %9.0g                  Cigprday squared
cigoccas        byte   %8.0g       LABB       # cigarettes per day (occasional smoker)
cigoccsq        int    %9.0g                  Cigoccas squared
cigforme        byte   %8.0g       LABB       # cigarettes per day (former daily)
cigforsq        int    %9.0g                  Cigforme squared
smokyear        byte   %8.0g       LABQ       Number of years smoked - (D)
smokyrsq        int    %9.0g                  Smokyear squared

agegr3          byte   %8.0g                  Aged 20 to 24 years
agegr4          byte   %8.0g                  Aged 25 to 29 years
agegr5          byte   %8.0g                  Aged 30 to 34 years
agegr6          byte   %8.0g                  Aged 35 to 39 years
agegr7          byte   %8.0g                  Aged 40 to 44 years
agegr8          byte   %8.0g                  Aged 45 to 49 years
agegr9          byte   %8.0g                  Aged 50 to 54 years
agegr10         byte   %8.0g                  Aged 55 to 59 years
agegr11         byte   %8.0g                  Aged 60 to 64 years
agegr12         byte   %8.0g                  Aged 65 to 69 years
agegr13         byte   %8.0g                  Aged 70 to 74 years
agegr14         byte   %8.0g                  Aged 75 to 79 years
agegr15         byte   %8.0g                  Aged 80 or older
male            byte   %9.0g                  Male
spouse          byte   %9.0g                  Married or common-law
incomgr2        byte   %9.0g                  Income between $15,000 and $29,999
incomgr3        byte   %9.0g                  Income between $30,000 and $49,999
incomgr4        byte   %9.0g                  Income between $50,000 and $79,999
incomgr5        byte   %9.0g                  Income more than $80,000
educagr2        byte   %9.0g                  Secondary school graduation
educagr3        byte   %9.0g                  Some post-secondary education
educagr4        byte   %9.0g                  Post-secondary graduation
bmi             double %10.0g      LABI       Body Mass Index - (D, G)
bmisq           float  %9.0g                  BMI squared
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doctor          byte   %8.0g       LABA       Has regular medical doctor

drnkreg         byte   %9.0g                  Regular drinker
drnkocc         byte   %9.0g                  Occasional drinker
drnkfor         byte   %9.0g                  Former drinker
drnkgr2         byte   %9.0g                  2 to 5 drinks weekly
drnkgr3         byte   %9.0g                  6 to 9 drinks weekly
drnkgr4         byte   %9.0g                  10 to 13 drinks weekly
drnkgr5         byte   %9.0g                  14 to 17 drinks weekly
drnkgr6         byte   %9.0g                  18 to 21 drinks weekly
drnkgr7         byte   %9.0g                  22 or more drinks weekly

The first two variables are the “left hand side” dependent variables to be modeled with the
CCHS data. The second block is the set of variables characterizing smoking behavior. The
third block is the set of core socio-demographic variables. The fourth block is a set of alcohol
consumption variables.

Reference

Statistics Canada, Canadian Community Health Survey (CCHS) Annual Component: User Guide
2009 and 2009-2010 Microdata Files, June 2011.
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Attachment D: Documentation of the SAF Calculations

The objective of the statistical analysis presented here is to characterize the effect of
smoking on utilization of medical services, and to control for other factors which might
cause differences between the use of medical services by smokers and non-smokers, to the
extent possible using the available data.

Arithmetic, Statistics and the SAF

For explanatory purposes it may be useful to start with some arithmetic based on the
Public CCHS data, and then see how the calculations change when one allows for some of
the obvious factors. It will then be possible to see:

• that there is nothing assumed in the statistical model about the SAF being positive,
and that finding a positive SAF in the estimates is because the positive effect of
smoking on medical utilization is “in the data,”

• that the simple arithmetic is quite consistent with the statistical claim, and the
epidemiological conclusion, that there is a positive SAF;

• that the full-blown statistical analysis is just an extension of the arithmetic that allows
one to control for some obvious factors.

The overall goal is to show that the careful statistical analysis used in the report is just a
more elaborate version of some simple arithmetic.

What is the Simple Arithmetic SAF?

The Simple Arithmetic SAF will be calculated for the Public CCHS sample of
respondents between 2000 and 2010.  First, calculate the (unweighted) average number of
hospital days in the past year for the individuals that are non-smokers. For expository
purposes I use here a simple dichotomy of “smoker” and “non-smoker,” defined
immediately below. The full statistical analysis takes into account several aspects of the
smoking history of the individual, as discussed later. Second, do the same for all individuals,
whether or not they are smokers. Third, take the difference between these numbers, to get
the difference between the average number of hospital days and the average number of
hospital days by non-smokers. Fourth, divide this difference by the average number of
hospital days for all individuals, and express it as a percentage. This last step allows one to
simply multiply the SAF by Hospital Expenditures to calculate back the excess expenditures
due to smoking.

To take a specific numerical example, using some real numbers which are drawn from
the Public CCHS database for British Columbia:
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1. Calculate the average number of hospital days for individuals in the CCHS who say
that they have never smoked: 0.46.

2. Calculate the average number of hospital days for all individuals in the CCHS,
including smokers and non-smokers: 0.60.

3. Subtract the first number from the second to get the difference between the
average number of hospital days of smokers and non-smokers and the number of
hospital days of non-smokers: 0.60 - 0.46 = 0.14.

4. Divide this excess number of hospital days by the average number of hospital days,
0.60, and express as a percentage: 0.14  ÷ 0.60 = 0.233, and then I get 100 × 0.233 =
23.3%.

So the Simple Arithmetic SAF here is 23.3%. Note for future reference that the average
number of hospital days for individuals who have ever smoked is 0.72.  Hence the difference
in the average number of hospital days of smokers and non-smokers is 0.26 = 0.72 - 0.46.
This difference is used below, when relating this arithmetic to the statistical approach.

The overall average number of hospital days with smokers and non-smokers is 0.60,
with smokers having an average of 0.72 and non-smokers having an average of 0.46, as
noted above. The overall average is a weighted average of the 0.72 and 0.46 values, where
the weight is the fraction of smokers in the population. Hence the Arithmetic SAF implicitly
reflects information on smoking prevalence.

Apples and Oranges, and Where Statistics Comes In

 The main problem with the Simple Arithmetic SAF is that I am really comparing
apples and oranges when I undertake the above comparisons. What happens when one
refines this arithmetic a bit to allow for some of the other factors that might be affecting the
average number of hospital days listed above?

Consider age differences.  The average age of the “non-smoking” person in the
above comparison was 45.2 years, but the average age of the “smoking” person was 51.2
years. So the average smoker was 6 years older than the average non-smoker. If one
intuitively expects that older people are more likely to have higher medical utilization, all
other things being equal, then it is possible that some of the difference in medical utilization
due to age is masking the difference due to smoking. In other words, one would expect the
“smoking” group to have more hospital days just because they are older, quite apart from
the effect that they are smokers. In fact, this difference in age between smokers and non-
smokers is entirely due to the broader definition of a smoker used here, to include current
and former smokers. If one uses a more narrow definition, in terms of current smokers or
others, the average age of smokers in British Columbia is several years less than others. The
full statistical model includes allowances for these nuances in the interpretation of smoking
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history.

This difference in age of the average smoker and non-smoker, using the broader
definition of smoking, enables one to see the error of just relying on the Simple Arithmetic
SAF.  It is as if one were comparing the average medical utilization of a youthful non-smoker
and a geriatric smoker, and claiming that the difference in utilization is solely due to whether
they currently smoke.

Controlling for Other Factors

To see how one uses statistics to control for factors other than smoking, one can
start by demonstrating how statistical methods can be used to get the same answers that I
obtained above when only looking at smoking.  Although this may not seem like progress, it
provides an important check that the statistical methods are not doing anything that plain
old arithmetic cannot do, at least in the simplest possible case.

Let an individual’s number of hospital days be referred to as Y, and let the variable
SMOKE tells us if that person is a “non-smoking” person (if SMOKE =  0) or a “smoking” person
(if SMOKE = 1). Then I can write out the following equation

Y = á + â SMOKE

to represent how I explain the number of hospital days and the effect on it of smoking. This
just says in words that the number of hospital days is predicted to be equal to some
constant á plus some coefficient â multiplied by the variable SMOKE.

Continuing with the earlier example, I use “ordinary least squares” regression to
estimate that

Y = 0.46 + (0.26 × SMOKE)

for the sample of individuals in the CCHS database. This says that the average number of
hospital days for a non-smoker was 0.46, since if someone is a non-smoker I know that
SMOKE = 0 and so the equation just becomes

Y = 0.46 + (0.26 × 0) = 0.46.

If the person smokes, then SMOKE = 1, and the average number of hospital days would be

Y = 0.46 + (0.26 × 1) = 0.72,
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or 0.26 higher on average.  These are exactly the same 0.46, 0.72 and 0.26 noted earlier. So
this statistical approach is just a more general way of doing the arithmetic I was doing
earlier, and allows us to quickly see what the excess number of hospital days are when
someone is a smoker.

If this gives the same answer, why bother with the equation and the statistics?
Because this statistical approach can be extended to include the other factors that might
confound inferences about the effect of smoking on number of hospital days, whereas the
simple arithmetic approach cannot.

To include age, for example, extend the general equation as follows:

Y = á + â SMOKE + ã AGE

where AGE gives the age of the individual in years and ã is just another coefficient to be
calculated. In the Public CCHS database I only know age in intervals of 5 years for most
people, but one can take midpoints of those intervals and use that for present purposes. The
coefficient ã multiplies AGE, just like the coefficient â multiplies SMOKE. When one uses the
computer to estimate this equation I get

Y = -0.35 + (0.149 × SMOKE) + (0.018 × AGE).

This equation can be read much as the last one, except that now the coefficients have
changed on the constant term and the SMOKE variable. Once I allow for the age of the
person, the excess number of hospital days due to their smoking is found to be 0.15 (.
0.149) instead of 0.26 in the previous equation.

Why did the excess number of hospital days due to smoking go down when I added
in AGE? Precisely because of the simple logic mentioned earlier: the “smoking” residents of
British Columbia were on average older than the “non-smoking” residents, and so what I
was previously picking up when I included SMOKE and did not include AGE was an age-effect
as well as a smoking-effect. And the age effect must have been exacerbating the smoking
effect, since older individuals are more likely on average to have more number of hospital
days, as one might expect on common sense grounds. In fact, this last equation tells us that
every year of age causes the number of hospital days to go up by 0.018 on average for every
extra year older, confirming that intuition.

By using statistics, it is as if one can now compare the average number of hospital
days of a middle-aged smoker and a middle-aged non-smoker.  Hence one is better able to
see the pure effect of smoking on the number of hospital days. In this simple example, the
average number of hospital days for the typical 43 year old smoker are 0.15 higher than the
average number of hospital days for a 43 year old non-smoker.
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When I use the appropriate “hurdle model” and statistical estimation procedure,
discussed in the next section of this attachment, I estimate the following SAF and
decomposition when I only allow for smoking:

    hospdays |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
        psML |   .0875537   .0010233    85.56   0.000      .085548    .0895593
       pnsML |   .0733921   .0013452    54.56   0.000     .0707554    .0760287
     pdiffML |   .0141616   .0009153    15.47   0.000     .0123677    .0159555

      totsML |   6.682683   .0990329    67.48   0.000     6.488582    6.876784
     totnsML |   6.333212    .153428    41.28   0.000     6.032499    6.633926
   totdiffML |   .3494702   .1017986     3.43   0.001     .1499486    .5489918

       saf_h |    .205584   .0163153    12.60   0.000     .1736066    .2375615
------------------------------------------------------------------------------

The SAF is estimated here to be 20.6%, close to the 23.3% calculated above. The smokers in
this under-specified model do have a higher likelihood of having a hospitalization (0.0142 =
0.0875 - 0.0734), and when in hospital they spend more days there (0.350 = 6.683 - 6.333). 

And when I extend the hurdle model to include age I obtain

    hospdays |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
        psML |   .0852855    .001022    83.45   0.000     .0832824    .0872885
       pnsML |   .0742471   .0013686    54.25   0.000     .0715647    .0769295
     pdiffML |   .0110383   .0009378    11.77   0.000     .0092003    .0128764

      totsML |   6.211081   .0993988    62.49   0.000     6.016263    6.405899
     totnsML |   6.009439   .1502649    39.99   0.000     5.714925    6.303952
   totdiffML |   .2016428    .099377     2.03   0.042     .0068675    .3964181

       saf_h |   .1576911   .0176244     8.95   0.000     .1231478    .1922344
------------------------------------------------------------------------------

This shows that the SAF is now inferred to be 15.8%, that it has a 95% confidence interval
between 12.3% and 19.2%, and has virtually no statistical chance of being equal to 0. Once I
correct for the confounding effect of age, smokers are seen to have a higher probability of a
hospitalization (+0.011) and to spend more days in hospital when admitted (+0.202).

This example also illustrates that controlling for other factors than smoking can
sensibly result in a lower SAF estimate. Adding statistical controls does not always reduce
the smoking attributable fraction. If I repeated the same calculation for most other Canadian
provinces, or for Canada as a whole, then adding a statistical control for age would lead to
an increase in the SAF estimate.

What is really useful about the statistical approach is that one can keep adding
pertinent variables to correct for other things, apart from smoking, that might be affecting
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the number of hospital days. It is then possible to see what effect things other than age
might have had.

When I control for both age and gender at the same time, I estimate this equation:

Y = á + â SMOKE + ã AGE + ä GENDER,

where GENDER is coded as a 1 for men and 0 for women. Ordinary least squares regression
techniques estimate this equation as

Y = -0.33 + (0.153 × SMOKE) + (0.018 × AGE) + ((-0.041) × GENDER)

so the excess number of hospital days due to smokers increases slightly from +0.149 to
+0.153 when I continue to allow for these “other factors.”

Essentially one just keeps adding other things in an attempt to control for as many
factors as possible. Although the effects of allowing for age and gender were to decrease
the SAF compared to having neither included, many of the factors I include increase the SAF. 
I just looked at these two factors as examples here since they are so widely used in the
public health field and are so obviously relevant.

Allowing for Smoking Intensity

Another advantage of the statistical approach is that one can take into account the
intensity of smoking. The CCHS database contains detailed information on smoking history
and intensity. This information leads to variables which can be included in the statistical
specification, just as age and gender were included above. In this manner the preferred
statistical model, described below, incorporates a great deal of information about the
smoking history of the individual.

Allowing for Interval Censoring

One of the features of the reports of open-ended questions in surveys is that the
responses are often classified into intervals. An example is the age of the respondent:
although this is asked about in years, and those responses are in the Master CCHS data for
2013/2014 in variable dhh_age, for confidentiality reasons they are reported in multi-year
intervals in the Public CCHS as variable dhhgage: 12 to 14, 15 to 17, 19 to 19, 20 to 24, and so
on up to 80 years or older. The first categories are referred to as “interval censored”
observations, and the last category is referred to as a “right censored” observation.

For our purposes an important example of an interval-censored variable is the
reported number of nights spent in hospital in the past 12 months. Whenever a responses
greater than 31 is received it is coded as a response of 31, and of course that fact is well
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documented in the CCHS. The same issue arises with the number of visits to a physician, but
is much less pronounced.

The Statistical Model for British Columbia

To illustrate the manner in which Full Information Maximum Likelihood (FIML)
estimates of the statistical model can be interpreted, consider again the estimation of a SAF
for hospital days using data for British Columbia from the Public CCHS, for all survey years
between 2000 and 2014. The dependent variable is the number of hospital days, and the
independent variables characterize smoking history and socio-demographic characteristics.
These variables were defined in Attachment D. The “hurdle model” assumes that there is
one statistical process governing whether an individual has any hospital visits or none, and
that there is another statistical process governing how many hospital days there are
conditional on there being any. The coefficient vector for the former process is referred to
below as “beta” and constitutes a “probit specification.” The coefficient vector for the
latter process is referred to below as “r” and constitutes a constrained “interval regression
specification.” The FIML model estimates are as follows, where the excluded observations in
the sub-population employed here are individuals under the age of 15:

Number of strata   =       140                 Number of obs     =      86,371
Number of PSUs     =    86,371                 Population size   =  24,889,922
                                               Subpop. no. obs   =      81,858
                                               Subpop. size      =  23,639,207
                                               Design df         =      86,231
                                               F(  36,  86196)   =       30.13
                                               Prob > F          =      0.0000

------------------------------------------------------------------------------
             |             Linearized
             |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
beta         |
    smoke100 |   -.138174   .1476737    -0.94   0.349    -.4276132    .1512652
     smokgr1 |   .4084913   .1496171     2.73   0.006     .1152431    .7017395
     smokgr2 |   .2607577   .1487717     1.75   0.080    -.0308336    .5523489
    cigprday |  -.0000982   .0076444    -0.01   0.990    -.0150811    .0148847
    cigdaysq |    .000114    .000166     0.69   0.493    -.0002115    .0004394
    cigoccas |   .0186452   .0318038     0.59   0.558    -.0436901    .0809804
    cigoccsq |  -.0010094   .0017931    -0.56   0.574    -.0045239    .0025052
    cigforme |   .0001681   .0028611     0.06   0.953    -.0054396    .0057758
    cigforsq |   .0001038   .0000486     2.13   0.033     8.41e-06    .0001991
    smokyear |   .0006361    .006704     0.09   0.924    -.0125037    .0137758
    smokyrsq |  -.0000218   .0001024    -0.21   0.832    -.0002225     .000179
      agegr3 |   .2969664   .0768418     3.86   0.000     .1463571    .4475757
      agegr4 |   .2777325   .0721988     3.85   0.000     .1362234    .4192416
      agegr5 |   .3697049    .074665     4.95   0.000      .223362    .5160477
      agegr6 |   .1845355   .0718316     2.57   0.010     .0437462    .3253249
      agegr7 |  -.0670616   .0732005    -0.92   0.360    -.2105339    .0764107
      agegr8 |  -.0338449   .0827994    -0.41   0.683    -.1961311    .1284413
      agegr9 |  -.0775986   .0746492    -1.04   0.299    -.2239104    .0687132
     agegr10 |   .0598408    .072924     0.82   0.412    -.0830897    .2027713
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     agegr11 |   .0737776   .0712321     1.04   0.300    -.0658368     .213392
     agegr12 |   .2706555    .080184     3.38   0.001     .1134955    .4278154
     agegr13 |   .3801939   .0733222     5.19   0.000      .236483    .5239049
     agegr14 |   .4590278    .070509     6.51   0.000     .3208307    .5972249
     agegr15 |   .6976365   .0674018    10.35   0.000     .5655296    .8297434
        male |  -.2313248   .0239201    -9.67   0.000     -.278208   -.1844416
      spouse |   .0943362   .0286762     3.29   0.001      .038131    .1505414
    incomgr2 |  -.1025398   .0351377    -2.92   0.004    -.1714095   -.0336701
    incomgr3 |  -.0922842   .0369631    -2.50   0.013    -.1647316   -.0198369
    incomgr4 |  -.1656335   .0372863    -4.44   0.000    -.2387144   -.0925527
    incomgr5 |  -.2273064   .0333183    -6.82   0.000    -.2926099   -.1620028
    educagr2 |  -.0920804   .0383767    -2.40   0.016    -.1672984   -.0168624
    educagr3 |  -.1062675   .0458784    -2.32   0.021    -.1961888   -.0163463
    educagr4 |  -.0902794   .0324786    -2.78   0.005    -.1539372   -.0266216
         bmi |  -.0131214   .0140113    -0.94   0.349    -.0405834    .0143405
       bmisq |   .0004596    .000235     1.96   0.050    -9.98e-07    .0009202
      doctor |   .4692542   .0432152    10.86   0.000     .3845529    .5539556
       _cons |  -1.866954   .2028552    -9.20   0.000    -2.264548    -1.46936
-------------+----------------------------------------------------------------
r            |
    smoke100 |   2.353791   1.358657     1.73   0.083     -.309165    5.016747
     smokgr1 |   1.064083   .9723977     1.09   0.274     -.841808    2.969974
     smokgr2 |  -3.201378   1.388852    -2.31   0.021    -5.923515   -.4792405
    cigprday |    .068639   .1094847     0.63   0.531    -.1459502    .2832281
    cigdaysq |   .0015064    .002397     0.63   0.530    -.0031917    .0062045
    cigoccas |  -1.084571   .4807039    -2.26   0.024    -2.026746   -.1423952
    cigoccsq |   .0426442   .0229381     1.86   0.063    -.0023142    .0876026
    cigforme |   .0897992   .0313695     2.86   0.004     .0283152    .1512832
    cigforsq |  -.0008861   .0004529    -1.96   0.050    -.0017738    1.72e-06
    smokyear |  -.2460234    .122885    -2.00   0.045     -.486877   -.0051699
    smokyrsq |   .0029822   .0017425     1.71   0.087    -.0004332    .0063975
      agegr3 |    -.27271   1.539432    -0.18   0.859    -3.289984    2.744564
      agegr4 |  -.6512396   1.572653    -0.41   0.679    -3.733627    2.431147
      agegr5 |  -.3195951   1.432176    -0.22   0.823    -3.126649    2.487459
      agegr6 |   .5044844   1.444801     0.35   0.727    -2.327313    3.336282
      agegr7 |   1.469679   1.622418     0.91   0.365    -1.710247    4.649605
      agegr8 |    .850261   1.474009     0.58   0.564    -2.038785    3.739307
      agegr9 |   1.339996   1.419313     0.94   0.345    -1.441844    4.121837
     agegr10 |   2.232656   1.452548     1.54   0.124    -.6143261    5.079639
     agegr11 |   1.401723   1.409509     0.99   0.320    -1.360902    4.164349
     agegr12 |   1.481328   1.475438     1.00   0.315    -1.410518    4.373174
     agegr13 |   2.685057   1.404185     1.91   0.056    -.0671326    5.437247
     agegr14 |   3.122598   1.388815     2.25   0.025     .4005326    5.844663
     agegr15 |   4.769218    1.33655     3.57   0.000     2.149592    7.388845
        male |   .4122818   .3582341     1.15   0.250    -.2898541    1.114418
      spouse |  -1.558004   .3725295    -4.18   0.000    -2.288158   -.8278489
    incomgr2 |  -.7201281   .4879522    -1.48   0.140     -1.67651     .236254
    incomgr3 |   -1.68871   .5151871    -3.28   0.001    -2.698472   -.6789475
    incomgr4 |  -.5619011   .6193079    -0.91   0.364    -1.775739    .6519372
    incomgr5 |  -2.072322   .4650263    -4.46   0.000     -2.98377   -1.160875
    educagr2 |     .77065   .5382048     1.43   0.152    -.2842268    1.825527
    educagr3 |   .5471378   .6554909     0.83   0.404    -.7376188    1.831894
    educagr4 |   -.105638   .3638981    -0.29   0.772    -.8188752    .6075991
         bmi |  -.3871845   .1748562    -2.21   0.027    -.7299012   -.0444678
       bmisq |   .0069683    .002812     2.48   0.013     .0014569    .0124797
      doctor |   1.254902   .6027146     2.08   0.037     .0735867    2.436218
       _cons |   10.11168    2.53769     3.98   0.000     5.137831    15.08553
-------------+----------------------------------------------------------------
sigma        |
       _cons |   1.995069   .0274741    72.62   0.000      1.94122    2.048918
------------------------------------------------------------------------------
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Some of the smoking variables are individually statistically significant for each process, as
shown by the p-values in the P>|z| column being less than some critical value, normally taken
to be 0.05, or 5%. On the other hand, some of the smoking variables are not individually
statistically significant, so one would want to then know if they are jointly statistically
significant. This is a simple matter to check with FIML estimates, and it turns out that these
variables are jointly significant for the first and second processes, each with a p-value less
than 0.0001.13

An immediate corollary of this type of FIML estimation is that one can infer the
estimated SAF and it’s statistical significance as well. Evaluating the SAF with the above
estimates at the sample means of all variables, I obtain these results:

    hospdays |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
   saf_all_h |    .215391   .0268034     8.04   0.000     .1628574    .2679246
------------------------------------------------------------------------------

The SAF is estimated to be 21.5% with a 95% confidence interval between 16.3% and 26.8%. A
test of the hypothesis that the SAF is not statistically significantly different from 0 can be
rejected with a p-value of less than 0.0001. It is also possible to decompose the positive SAF
into the two processes, leading to the following estimates of the levels and differences in
the probability of a hospital visit in the past year and the number of days of any
hospitalization:

    hospdays |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
        psML |   .0653775   .0015743    41.53   0.000     .0622918    .0684631
       pnsML |   .0536285   .0019472    27.54   0.000      .049812     .057445
     pdiffML |    .011749   .0011356    10.35   0.000     .0095233    .0139748

      totsML |   5.439496   .1806681    30.11   0.000     5.085393    5.793599
     totnsML |   5.201202   .2535666    20.51   0.000      4.70422    5.698183
   totdiffML |   .2382943   .1408752     1.69   0.091    -.0378159    .5144046
------------------------------------------------------------------------------

So we see that both processes are positively affected by smoking: on average, there is a 1.17
percentage point increase in hospitalizations, and the number of extra days is 0.239. The
former is statistically significantly different from 0, with 95% confidence intervals with lower

13 These two joint tests could have been undertaken with Limited Information Maximum Likelihood
(LIML) procedures, albeit with less statistical precision, but would leave one uncertain about the overall effect
of smoking variables on the entire two-process model. The LIML approach is to estimate one statistical model
for the process, and a separate statistical model for the second process. This is where the FIML estimation of
the same model allows one to directly answer the question of the overall significant of the estimated SAF, by
undertaking a joint significance test of the smoking variables across both processes. In this case the p-value has
a value less than 0.0001, implying that these smoking variables do significantly affect the overall two-stage
process.
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bounds well above zero; the latter is significantly different from zero at the (two-sided) 10%
level, but not at the (two-sided) 5% level. Of course, the statistical significance of the SAF is
an interaction of these two differences. So the fact that one of the two differences is not
statistically significant at the 5% level, even if it is statistically significant at the 10% level,
implies nothing necessarily about the statistical significance of the SAF.

Comparable FIML estimates for medical consultations leads to the following SAF
estimates

     medcons |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval]
-------------+----------------------------------------------------------------
   saf_all_m |   .0629943   .0076115     8.28   0.000      .048076    .0779125

        psML |   .8490344   .0023476   361.66   0.000     .8444331    .8536356
       pnsML |   .8381483   .0036545   229.35   0.000     .8309857    .8453109
     pdiffML |   .0108861   .0024229     4.49   0.000     .0061374    .0156348

      totsML |   4.839945    .038548   125.56   0.000     4.764392    4.915498
     totnsML |   4.594296   .0535312    85.82   0.000     4.489377    4.699215
   totdiffML |   .2456491   .0345118     7.12   0.000     .1780073     .313291
------------------------------------------------------------------------------

So we conclude that the SAF for physician visits is 6.3% with a 95% confidence interval
between 4.8% and 7.8%, that the SAF is again statistically significantly greater than zero, and
that each process contributes towards the positive SAF.

The CCHS surveys have weights that indicate how representative each survey
respondent is in terms of the target population. For instance, a weight of 10 would imply
that this person should be viewed as representing 9 additional Canadians, and a weight of
100 would imply that this person should be viewed as representing 99 additional Canadians.
These weights are derived by Statistics Canada using information from the census on the
detailed demographic mix of the population. The average survey weight over the entire
CCHS database is 264.8, and the range is between 1.07 and 26,332.6. The statistical models I
use allow one to include these survey weights in the estimation process, and for the effects
of these statistical weights to apply to the derived calculations such as those illustrated
above for the SAF estimate. I also recognize the stratification of the CCHS survey with
respect to provinces and health regions within provinces. Furthermore, the estimates for
British Columbia above are formally implemented by including the entire survey for Canada,
and recognizing British Columbia as a sub-population of Canada, to ensure that the complex
survey design for the nation is correctly characterized when estimating coefficients and
standard errors for British Columbia.

The concept of a “p-value” is explained earlier in this report. The concept of a
confidence interval tells us the range of estimates for which I can have 95% confidence in
them containing the true estimate of the SAF. This degree of confidence, or lack of
precision, comes entirely from the statistical model being used to estimate the SAF. If I were
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measuring the average height of Canadians from a sample of 100, I might have considerable
variation as I take the average from one sample of 100 and then take the average from
another sample of 100, even if they were random samples from the population. If I had
samples of 100,000 in each case, and they were again random, I would expect to have less
variation in the two averages calculated from each sample. Hence the precision of an
estimate will depend on the sample size in an intuitive manner. I would then expect that the
95% confidence interval in the larger sample to be much tighter: for me to have a more
precise idea what the true average height is. When I say that the 95% confidence interval for
the Hospital SAF is 16.3%  : 26.8%, I am saying that the precision of my estimate implies that
there is only a 2.5% chance of the true SAF being below 16.3% and a 2.5% chance of the true
SAF being above 26.8%. Hence there is a 5% chance of it not being between 16.3% and 26.8%.

Effect of Alcohol Consumption

It is possible to evaluate the robustness of the estimated SAF to include potential
confounds characterizing drinking behavior. The data collected on drinking are documented
in Attachment C, and consists of the following information:

• an indicator to flag regular drinkers (more than one drink per month in the past year);
• an indicator to flag occasional drinkers (less than one drink per month in the past

year);
• an indicator to flag former drinkers (nothing in the past year, but some in the past);
• an indicator of someone drinking 2 to 5 drinks on a weekly basis;
• an indicator of someone drinking 6 to 9 drinks on a weekly basis;
• an indicator of someone drinking 10 to 13 drinks on a weekly basis;
• an indicator of someone drinking 14 to 17 drinks on a weekly basis;
• an indicator of someone drinking 18 to 21 drinks on a weekly basis; and
• an indicator of someone drinking 22 or more drinks on a weekly basis.

These variables were added to the model of the SAF for British Columbia. The Hospital SAF is
estimated to be 26.9% with a 95% confidence interval of 21.8% : 31.9%, and the Physicians SAF
is estimated to be 7.8% with a 95% confidence interval of 6.2% : 9.4%. So the effect of
allowing for alcohol consumption is to significantly increase the estimated SAF: an increase
of 5.5 percentage points for Hospitals, and an increase of 1.5 percentage points for Physicians.
Omitting controls for alcohol consumption is therefore conservative with respect to
estimates of smoking attributable expenditures.

The same qualitative effect of adding controls for alcohol consumption is found in
the models for all other provinces.
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Attachment E: Selecting the Quantum Period 1983 to 2023

I have reviewed the relevant statute governing this litigation in each province. All
have similar provisions with respect to the quantum that can be recovered. To take one
specific example, I reviewed the Tobacco Damages and Health Care Costs Recovery Act of the
Province of New Brunswick, proclaimed on March 7, 2008, and it allows for recovery of the
present value of the total expenditures for health care services, payments and other
expenditures by the provinces resulting from tobacco-related disease. Disease is defined in
the Act to include “general deterioration of health.” I refer to this amount as the Full SAE
when necessary for clarity. I am also aware that the statutes allow for the possibility of
recovery of the proportion of the Full SAE that is associated with the exposure caused by
the “tobacco-related wrong” defined by the statutes. I therefore also consider the
calculation of historical SAE, as well as SAE into the future attributable to the latent effects
of those wrongs. I have been asked to consider an assumed beginning and end date for the
exposure to tobacco attributable to these wrongs, solely to illustrate how my model can
quantify the SAE arising from these exposures. These procedures demonstrate how to
calculate the effect on attributable expenditures of smoking that occurred after or before a
certain date, and I refer to them as the Breach Exposure SAE when necessary for clarity. The
same model allows calculations that can be adjusted for different dates.

In this Attachment I undertake one such Breach Exposure SAE calculation and use it
to evaluate if calculation of the Full SAE calculation over a limited historical period, 1983 to
2023, reasonably represents the Breach Exposure SAE. One reason for selecting a limited
historical period is to be able to compare SAE across provinces with comparable data.
Another reason for selecting a limited historical period and calculating the Full SAE for it is
that the Full SAE is arguably more transparent than the Breach Exposure SAE, making it
easier to evaluate the reliability of the calculations.

The manner in which the Breach Exposure SAF and Breach Exposure SAE are
calculated exploits rich data about smokers collected in the CCHS. Intuitively, data from the
CCHS allows me to statistically model the age at which a now-current smoker or now-former
smoker started smoking, as well as to statistically model the age at which they will quit
smoking or quit smoking, respectively. These models then allow one to calculate how much
smoking started after a certain date (the beginning of the breach period), as well as how
much of that smoking ended before a certain date (the end of the breach period). This
calculation is conservative in the sense that it does not account for those smokers that
started smoking during the breach period, and who continued to smoke after the breach
period because they had become dependent on nicotine during the breach period.

Figures 5 and 6 in the detailed displays for each Province and Territory illustrate the
effect of this breach calculation over time on the SAF for Hospitals and Physicians,
respectively. As one might expect, it takes some time after the initial breach of January 1954
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for the Breach Exposure SAF to become positive and significant, but eventually it
approaches the Full Exposure SAF. Similarly, soon after the end of the breach period there is
a reduction in the Breach Exposure SAF compared to the Full Exposure SAF, with the Breach
Exposure SAF eventually tapering off: there is a latent effect of smoking that occurred
during the breach period on health utilization after the breach period. The displays make it
clear that there is a large period of time for which the Breach Exposure SAF is the same as
the Full Exposure SAF.

Focusing on Hospitals, displayed in Figure 5 for each Province and Territory, between
roughly 1970 and 1982 there is a significant Breach Exposure SAF that is being completely
ignored when I limit the quantum to 1983-2023. The Breach Exposure SAF is smaller than the
Full Exposure SAF, but not by much. For roughly 10 years after 1983, up to about 1993, the
Breach Exposure SAF is below the Full Exposure SAF, but by very small amounts. Between
roughly 1993 and 2007 the Breach Exposure SAF is identical to the Full Exposure SAF. After
2007 the Breach Exposure SAF is below the Full Exposure SAF. And after 2023 the Breach
Exposure SAF is positive for many years but is completely ignored when I limit the quantum
to 1983-2023. It is apparent that the amounts by which the Breach Exposure SAF are below
the Full Exposure SAF during the 1983-2023 period are more than compensated by the
amounts by which the Breach Exposure SAF is positive, but being implicitly set to zero prior
to or after the 1983-2023 period. This compensation is particularly large prior to 1983, back to
roughly 1970. I conclude from these observations that using the Full Exposure SAF for the
1993-2023 period provides a reliable measure of the quantum for Hospitals that would have
been generated by applying the Breach Exposure SAF over the entire period between 1954
and 2060.

Focusing on Physicians, displayed in Figure 6 for each Province and Territory, the only
differences are that the Breach Exposure SAF is much closer to the Full Exposure SAF in the
years immediately after 1983, and that the Breach Exposure SAF falls below the Full
Exposure SAF at a much slower rate immediately after 2007. Hence I conclude from these
observations that using the Full Exposure SAF for the 1993-2023 period provides a reliable
measure of the quantum for Physicians that would have been generated by applying the
Breach Exposure SAF over the entire period between 1954 and 2060.

It is also easy to see that later end-breach periods would make minor differences to
this conclusion.

The Breach Exposure SAE for the 1983-2023 period, shown in Figure 8 for each
Province and Territory, is conservative. It does not consider the positive and significant
Breach Exposure SAE prior to 1983 and after 2023. It therefore is a significant
understatement of the quantum of the Breach Exposure SAE.
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#SACV-10-61-CJC (ANx); 2011 - 2013.
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Analyses to quantify smoking-attributable conditions that could be compensable and 
quantification of these conditions for each province and over time from 2003-2019 

March 24, 2021 

Prabhat Jha, Professor of Epidemiology, University of Toronto (prabhat.jha@utoronto.ca) 

Summary: 
This is a two-part report. The first part provides epidemiological justification to define the diseases that 
are made sufficiently common by prolonged smoking of manufactured cigarettes so as to be 
considered in possible compensation of legal claims. 

The second part provides estimates of the numbers of people affected by these smoking-attributable 
diseases for each province and territory for the eligible periods of compensation. 
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Part 2: Quantification of totals of diseases attributable to prolonged smoking in Canada that are 
potentially compensable for each province/territory  

Based on part 1, the agreed list of diseases as possibly compensable is: 
1. COPD
2. Oral cancer
3. Cancer of the larynx, oropharynx or hypopharynx
4. Esophageal cancer
5. Lung Cancer
6. Bladder cancer
7. Kidney cancer

The next step involves quantifying the numbers of Canadians affected by these conditions for each 
province/territory during the eligible period, as defined by the legislation in each jurisdiction. For each, 
the eligible period was the number of people diagnosed in each eligible year and alive as of March 8, 
2019. I was provided the following time periods for each jurisdiction (Table 2). For these, available data 
allow only annual estimates, so I created equivalent no. of years and time periods as shown below. For 
example, survival for the whole of 2017 and 2018 (i.e. from Jan 1, 2017 until Jan 1, 2019) is taken as 
the equivalent of survival of March 8, 2017 to March 8, 2019. At the summary of the calculations 
however, I reduce the actual no of years included (based on no. of days of eligibility divided by 365.25) 
by prorating the totals.  

Table 2: Jurisdiction and time frames 

Jurisdiction Time period 
Equivalent 
years 

Computed years 
and adjusted years 

British Columbia June 25, 2008 to March 8, 2019 2008-18 11/10.7 
Alberta March 8, 2015 to March 8, 2019 2017-18 4/4 
Saskatchewan June 12, 2007 to March 8, 2019 2007-18 12/11.7 

Manitoba June 12, 2007 to March 8, 2019 2007-18 12/11.7 
Ontario June 27, 2010 to March 8, 2019 2010-18 10/9.1 
Quebec March 8, 2015 to March 8, 2019 2016-19 4/4 

New Brunswick March 8, 2015 to March 8, 2019 2017-18 4/4 

Nova Scotia June 18, 2003 to March 8, 2019 2003-18 16/15.7 
Prince Edward Island March 8, 2013 to March 8, 2019 2013-18 6/6 

Newfoundland and Labrador March 8, 2015 to March 8, 2019 2017-18 4/4 
Yukon March 8, 2013 to March 8, 2019 2013-18 6/6 
Northwest Territories March 8, 2013 to March 8, 2019 2013-18 6/6 

Nunavut March 8, 2013 to March 8, 2019 2013-18 6/6 

Page 430 of 1283



7 

Steps for cancer estimation 
Statistics Canada compiles data on new cases of cancer from provincial cancer registries for every year 
with the latest available data being for 2017 
(https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310074701). Each cancer registry provides 
numbers of newly diagnosed (or incident) site-specific cancers by sex (I combined males and females in 
all analyses). I grouped the cancers as follows, based on their International Classification of Disease 
(ICD-10) coding.  

1. Oral cancers include: Lip [C00.0-C00.9]; Tongue [C01.9-C02.9]; Salivary gland [C07.9-C08.9];
Floor of mouth [C04.0-C04.9]; and Gum and other mouth [C03.0-C03.9, C05.0-C05.9, C06.0-
C06.9]

2. All Pharynx cancers include: Nasopharynx [C11.0-C11.9];Oropharynx [C10.0-C10.9];
Hypopharynx [C12.9, C13.0-C13.9]; Other oral cavity and pharynx [C09.0-C09.9, C14.0-C14.8];
Larynx [C32.0-C32.9]

3. Esophagus [C15.0-C15.9]
4. All lung cancers: Lung and bronchus [C34.0-C34.9]; Other respiratory system [C30.0-C30.1,

C31.0-C31.9, C33.9, C38.1-C38.8, C39.0-C39.9]
5. Urinary bladder (including in situ) [C67.0-C67.9]
6. All Kidney cancers includes: Kidney and renal pelvis [C64.9, C65.9]; Ureter [C66.9]; Other urinary

organs [C68.0-C68.9]

Quebec stopped reporting cancer registry data as of 2010, and for this province, 1 I used the values 
reported independently from the Canadian Cancer Society (https://www.cancer.ca/en/cancer-
information/cancer-101/canadian-cancer-statistics/past-editions-canadian-cancer-
statistics/?region=on ). For Quebec, I applied the 2016 estimates for each cancer to 2017 and 2018. For 
other provinces, to create forward projections for the number of new cancers in 2018, I applied to 
each province the average annual growth in Ontario for that specific cancer from 2003-5 to 2015-17 to 
the average number of that specific cancer in 2015-17. I chose Ontario as it has the largest number of 
cases, and hence is more stable statistically. For example, Nova Scotia reported for 2015, 2016 and 
2017 a total of 1,015, 965, and 970 incident lung cancers in both sexes, respectively. The average is 983 
to which I applied the 9.94% annual growth rate observed in Ontario (between 2015-17 and 2003-5) to 
arrive at 2018 estimate of 1081 incident lung cancers. Despite falling age-specific incidence rates for 
nearly every cancer in Canada (due in large part to declines in smoking), the absolute number of 
cancers shows slower declines or even increases depending on population growth. Hence the above 
procedure, while crude, is approximately correct (and transparent). 

1 My thanks to Talía Malagón at McGill University for assistance with Quebec data. 
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Cancer cases (blue tab), which provides the estimates for cancer and survival as described above. 
COPD incidence (blue tab), which provides the estimates for COPD and survival as described above. 

Table 3: Sample summary sheet for British Colombia 

The summary sheet is linked to the subsequent sheet such that any adjustments made to each 
condition or jurisdiction will auto-update the summary.  

The remaining sheets are background for calculations and are included for completeness. 

Limitations of analyses 
These numbers should be treated with caution, as they rely on a series of cautious assumptions, but 
nonetheless assumptions. The main concerns about missing eligible Canadians arises from under-
registration in cancers, for which I have made an arbitrary adjustment. Similarly, the requirement of a 
physician diagnosis or hospital admission for COPD may miss some Canadians who had incorrect billing 
codes or hospitalization codes, but this error should be small in comparison to the total numbers. 
Moreover, the verification, if any of eligible Canadians would have to rely on the same definitions of 
physician or hospitalization diagnosis. There are uncertainties also in survival, with improvements over 
time for both cancer and COPD. I mostly ignore these as the changes are likely modest in comparison 
to the reasonably short time period of 2-10 years for most provinces. For Nova Scotia, where survival 
to 16 years is considered, there will be greater uncertainty about the numbers of those surviving from 
earlier years in the calculations. 

Province
Actual no of 

years
Proxy 
years

Brit ish Columbia 2008-18 10.7 June 25, 2008 to March 8, 2019 11

Condition/     Equivalent years 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

TOTAL ALL 
YEARS, adjusted 
to actual years of 

ADJUSTED FOR 
MISSING/SURVIVAL 
(Cancer only)

1. COPD 16,916 24,385   24,249 22,659 22,179 21,898   21,852   22,200   22,090   23,721   24,449   239,862   239,862   
2. Oral cancer 186   180   201   202   200   241   286   287   329   324   408   2,765   3,650   
3. Cancer of the larynx, oropharynx or hypopharynx 145   163   153   162   161   185   224   228   239   286   329   2,213   2,921   
4. Esophageal cancer 28   40   34   43   57   48   62   75   82   120   191   759   1,002   
5. Lung Cancer 276   337   362   399   474   536   640   730   836   1,035   1,728   7,152   9,440   
6. Bladder cancer 773   772   826   903   885   945   963   1,138   1,194   1,061   1,431   10,593   13,983   
7. Kidney cancer 297   343   380   416   549   464   517   630   611   721   784   5,555   7,333   
  Sub total CANCERS   1,706   1,834   1,957   2,124   2,326   2,420   2,691   3,088   3,292   3,547   4,870 29,037     38,329 
TOTAL ALL CONDITIONS 18,622 26,219 26,206 24,783 24,505 24,317   24,543   25,287   25,382   27,268   29,319   268,900   354,947   
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P a g e | 3 
 

 Class Actions Arbitration, Adjudication and Leadership 
The unique background and skillset related to both litigation and alternative dispute 
resolution led to an opportunity for Mr. Shapiro to deepen his service beyond 
Saskatchewan to serve vulnerable Canadians nationally, in the form of class actions , 
arbitrations, references and adjudications.  
 
In 200 1, Mr. Shapiro was appointed by Justice Winkle r (as he then was) of the Superior 
Court of Ontario as the Saska tchewan (a nd at times Manitoba and Newfoundland and 
Labrador) arbitrator /referee under the national Hepatitis C 1986 - 1990 class action  
settlement agreement . This work has continued since . 
 
Following this, Mr. Shapiro assumed the leadership role with which he is most closely 
identified and associated, namely as Chief Adjudicator of the IAP of the Indian Residential 
Schools Adjudication Secretariat . 

In the fall of 2003, Mr. Shapiro was initially appointed in the first group of senior 
adjudicators under  the Al ternati ve Dispute  Resolution (ADR)  p rocess  to adjudicate upon 
claims of physical and sexual abuse brought by former students at  Indian Residential 
Schools.   The ADR process dealt with approximately 5,000 individual claims before it 
began to conclude in 2007, with the implementation of the IAP.  ADR introduced the 
concept of  reconciliation , before that term was in common usage, into the hearing 
process. In this and other important respects, while not in itself the product of class 
action litigation, this  ADR process  was an important precursor to the IAP.  

In 2007, Mr. Shapiro was appointed Deputy Chief Adjudicator of the IAP, Indian Residential 
Schools Adjudication Secretariat. The IAP operated under supervision of superior court 
judges in 9 provinces and territories. The IAP was one of two reparations comp onents of 
the Indian Residential Schools Settlement Agreement. Brokered by retired Supreme Court 
of Justice Frank Iacobucci, it was the largest and most comprehensive pan - Canadian 
class action settlement in Canadian history. This historic settlement is the  first such 
program internationally and has been studied in countrie s with similar dark chapters in 
their own histories, such as New Zealand and Australia. The IAP was the private, 
confidential, reparations component of the IAP and the sister tribunal to the Truth and 
Reconciliation Commission (TRC), the public face of the S ettlement Agreement.   Designed 
to deal with an estimated 12,500 claims over five years, in fact, 38,276 applications were 
filed.   While serving as Deputy Chief Adjudicator, in addition to presiding over his own 
hearings in urban settings, remote and northern communities across the country, and 
conducting reviews of decisions of other adjudicators, Mr. Shapiro chaired the Technical 
Sub- committee of the IAP Oversight Committee.   In that capacity, he was the lead in 
working with the multi - party stakeholders, facilitating the development of the innovative 
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