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ABSTRACT

A previous study found that Canadian mortality and hospital utilization were reduced during the period 2000-2016 by new drug
authorizations many years earlier. Since 2016, there have been substantial changes in premature mortality and average length of
hospital stays in Canada. This study reexamines the impact that pharmaceutical innovation had on mortality and hospital utilization
in Canada during the period 2000-2022. In addition to analyzing a longer and more recent sample period, this study builds upon
the previous analysis in several important respects. The estimates imply that, in the absence of drug approvals during 1974-1995,
the number of life-years lost before age 75 (YLL75) would have been 49% higher in 2022. Drug approvals during 1974-1995
reduced YLL75 in 2022 by 847 thousand. The authorization of new classes of drugs has a more immediate effect on mortality than
the authorization of new drugs, but the former effect is smaller and less statistically significant than the latter effect. For example,
new classes of drugs authorized during 1990-2011 are estimated to have reduced the growth in the number of years of life lost
before age 65 during 2000-2022 by 29%, whereas new drugs authorized during 1978-1999 are estimated to have reduced the growth
in the number of years of life lost before age 65 during 2000-2022 by 39%. This may signify that mortality is more strongly related
to the importance-weighted number of classes than it is to the unweighted number of classes, and that the more important or
significant a class is, the larger the number of substances that were launched in the class. The estimates also imply that, in the
absence of drug approvals during 1970-1991, the total number of hospital days (DAYS) would have been 55% higher in 2022.
Drug approvals during 1970-1991 reduced DAY in 2022 by 14.2 million. The estimated reduction in 2022 hospital expenditure
attributable to drug approvals during 1970-1991 is about twice as large as 2022 expenditure on all prescribed medicines (CA$ 37.4
billion). These estimates may be conservative, because the models do not fully capture the health impacts of COVID-19 vaccines.
A previous study argued that those vaccines reduced the number of COVID-19 cases by 21%, the number of COVID-19
hospitalizations by 37%, and the number of COVID-19 deaths by 63%. In addition to analyzing the relationship between
pharmaceutical innovation and mortality using national data, this study examined the relationship between access to drugs covered
in public drug program formularies and mortality using data by province, disease, and year. The age-adjusted mortality rate from
a given disease in a given province in a given year is significantly inversely related to the number of drugs that are used to treat
that disease and that were covered in public drug program formularies in that province 4-12 years earlier, controlling for the average
(across years) level of mortality and drug access of each disease in each province, the average (across provinces) level of mortality
and drug access of each disease in each year, and the average (across diseases) level of mortality and drug access of each province
in each year.
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INTRODUCTION

An earlier study (Lichtenberg (2019)) analyzed the impact that pharmaceutical innovation—the introduction and use
of new drugs—had on the burden of disease in Canada during the period 2000-2016. The estimates in that study
showed that new drug launches during 1986-2001 reduced the number of years of life lost in 2016 by 28%, and that,
if no drugs had been launched during 19862001, the average length of 2016 hospital stays would have been about
16% higher.

After 2016, there were substantial changes in premature mortality and average length of hospital stays in Canada. The
data in Figure 1A indicate that, from 2016 to 2022, the Canadian premature (before age 75) mortality rate increased
by 12%; from 2000 to 2016, it had declined by 20%. The data in Figure 1B indicate that, from 2016 to 2022, the
average length of hospital stays increased at an average annual rate of 1.1%; from 2000 to 2016, it had increased at an
average annual rate of 0.3%.

This study analyzed the impact that pharmaceutical innovation had on mortality and hospital utilization in Canada
during the period 2000-2022. Like the previous study, the analysis used a difference-in-differences (or two-way fixed
effects) research design to investigate whether diseases for which more new drugs were launched had larger
subsequent declines (or smaller increases) in mortality and hospital utilization. This design controls for the effects of
general economic and societal factors (e.g. income, education, and behavioral risk factors), to the extent that those
effects are similar across diseases, e.g. smoking increases mortality from respiratory and cardiovascular disease as
well as lung cancer, and education reduces mortality from all diseases.

However, in addition to analyzing a longer and more recent sample period, the analysis in this study differs from, and
builds upon, the previous analysis in several important respects:

e The previous study analyzed a single measure of disease-specific mortality: years of life lost,
as defined in the WHO Global Burden of Disease Project. The present study analyzed four
measures of disease-specific mortality: the number of deaths, and the number of years of life
lost before ages 85, 75, and 65.

e The previous study analyzed just two years—2000 and 2016—of mortality and hospital
utilization data, i.e. it analyzed just the long-run changes in those variables. The present study
analyzed annual data for all 23 years of the period 2000-2022.

e This study used a different classification of diseases by cause of death: the 113 ICD-10 Cause
of Death Recode used in the U.S. Centers for Disease Control and Prevention National Death
Index.!

e In addition to investigating whether diseases for which more new drugs were launched had
larger subsequent declines in mortality and hospital utilization, this study investigated whether
diseases for which more drug classes were launched had larger subsequent declines in mortality
and hospital utilization.

® The study also analyzed the impact of geographical (across provinces) variation in access to
drugs covered in public drug program formularies on age-adjusted mortality rates.

! This disease classification does not separately identify COVID-19. This study augmented the classification to include COVID-
19 (ICD10 U07).
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METHODS

Mortality: national level

To assess the impact that pharmaceutical innovation had on mortality during the period 2000-2022, the following 2-
way fixed effects equation was estimated:

In(Ya) = Bk In(CUM_DRUGq ) + 0tg + 8¢ + &t (D
where Y is one of the following variables:

N DEATHS4 = the number of deaths caused by disease d in year t (t = 2000, 2001, ..., 2022)

YLL854 = the number of years of life lost before age 85 from disease d in year t
YLL754 = the number of years of life lost before age 75 from disease d in year t
YLL654 = the number of years of life lost before age 65 from disease d in year t

and
CUM_DRUGq,tk =Y m INDIC g LAUNCHED, 1.k = the number of (5™ level, WHO ATC)

chemical substances to treat disease d that had been launched in Canada
by the end of year t-k (k=0, 2, 4, ..., 30)

INDIC g =1 if chemical substance m is used to treat (indicated for) disease d 2
= 0 if chemical substance m is not used to treat (indicated for) disease d

LAUNCHED, 1.k =1 if chemical substance m had been launched in Canada by the end of
year t-k

= 0 if chemical substance m had not been launched in Canada by the
end of year t-k

od = a fixed effect for disease d
St = a fixed effect for year t

To address the issue of heteroskedasticity, eq. (1) was estimated by weighted least squares, weighting by > Y .
Disturbances were clustered within diseases. Eq. (1), which may be considered a “health production function”, has a
logarithmic specification, which is standard in the production function literature. Unlike a linear production function,
this specification is robust to changes in the level of disease classification. Since the logarithm of zero is not defined,
observations where either Y = 0 or CUM_DRUGgq .« = 0 are excluded. The first deaths from COVID-19 occurred
and the first COVID-19 vaccines were approved in 2020.3 Consequently, the set of diseases upon which estimates of
eq. (1) are based will not include COVID-19 when t < 2020, when t = 2020 and k > 0, or when t = 2022 and k > 2.
To test the robustness of the estimates, eq. (1) was estimated in two ways: excluding and including COVID-19
observations. In eq. (1), mortality is allowed to depend on the number of chemical substances that had been launched
up to 30 years earlier.

2 Many drugs have multiple indications: 50% of drugs have 2 or more indications (causes of disease in the WHO Global Health
Estimates disease classification), and 7% of drugs have 5 or more indications.

3 The number of deaths from COVID-19 in 2020, 2021, and 2022, were 16313, 14463, and 19709, respectively. COVID-19
accounted for 5.3% = (50,485 / 954,133) of deaths during 2020-2022 and for 0.9% = (50,485 / 5,857,696) of deaths during 2000-
2022. The first COVID-19 vaccines approved were: JO7BNO1 (COVID-19, RNA-based vaccine), approved 12/9/2020; JO7BN02
(COVID-19, viral vector, non-replicating), approved 2/26/2021; and JO7BN04 (COVID-19, protein subunit), approved 2/17/2022.
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Lichtenberg (2019) showed that utilization of a drug reaches a peak about 12-14 years after it was launched; see Figure
2. It is used about twice as much then as it was 4 years after launch. Due to gradual diffusion of new drugs, the
maximum impact of a drug on mortality is likely to occur many years after it was launched, but the peak effect could
occur either more than or less than 12-14 years after launch. The lag might be longer because some drugs for chronic
diseases (e.g. statins) may have to be consumed for several years to achieve full effectiveness.* But the lag might be
shorter because the impact of a drug on disease burden is likely to depend on its quality (or effectiveness) as well as
on its quantity (utilization), and drugs launched more recently are likely to be of higher quality than earlier-vintage
drugs. > ¢

In addition to estimating eq. (1), the following model was estimated:
In(Ya) = mk In(CUM_CLASS k) + otg + O + €4t 2)

where:

CUM_CLASS .« = the number of (4"-level WHO ATC) chemical subgroups to treat disease d that had been
launched in Canada by the end of year t-k.

If most or all substances within a subgroup are essentially equivalent, mortality may depend more on the number of
subgroups than it does on the number of substances. However, it is possible that the more important or significant a
subgroup is, the larger the number of substances that tend to be launched in the subgroup. Mortality may be more
strongly related to the importance-weighted number of subgroups than it is to the unweighted number of subgroups.
In that case, mortality would depend more on the number of substances than it does on the number of subgroups.

Estimates of eqgs. (1) and (2) will not capture cross-disease spillover effects: the potential effects of pharmaceutical
innovation for one disease (e.g., hypertension) on mortality from other diseases (e.g., acute cerebrovascular disease
(stroke)). Although some spillover effects are adverse, others—perhaps most—are positive. For example, Prince et
al (2007) argued that “mental disorders increase risk for communicable and non-communicable diseases and
contribute to unintentional and intentional injury. Conversely, many health conditions increase the risk for mental
disorder, and comorbidity complicates help-seeking, diagnosis, and treatment, and influences prognosis.” Also, the
NIH National Institute on Aging (2024) says that “conditions such as diabetes, depression, and stroke may increase a
person’s risk for Mild Cognitive Impairment.” A large clinical trial found that the death rate from all causes was
lower among subjects taking an obesity drug (Kolata (2024)).

Mortality: provincial level

In addition to analyzing the relationship between pharmaceutical innovation and mortality using national data, the
study examined the relationship between access to drugs covered in public drug program formularies and mortality
using data by province, disease, and year using the following 3-way fixed-effects model:

In(AA_MORTgp) = px In(N_DRUGqp,1-k) + Qtap + Oac + Opt + Edpt 3)

4 Improvement in outcomes may occur several years after changes in treatment (van de Glind et al (2016), Barter and Waters
(2018)).

3> Grossman and Helpman (1993) argued that “innovative goods are better than older products simply because they provide more
‘product services’ in relation to their cost of production.” Bresnahan and Gordon (1996) stated simply that “new goods are at the
heart of economic progress,” and Bils (2004) said that “much of economic growth occurs through growth in quality as new models
of consumer goods replace older, sometimes inferior, models.” As noted by Jovanovic and Yatsenko (2012), in “the Spence—Dixit—
Stiglitz tradition...new goods [are] of higher quality than old goods.”

¢ The impact on mortality may depend on the interaction (quantity * quality) of the two variables. The mortality impact will
increase with respect to drug age (time since launch) if the rate of increase of quantity with respect to age is greater than the rate of
decline of quality with respect to age; otherwise the mortality impact will decline.
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where:

AA MORTg, = the age-standardized mortality rate from disease (leading cause of
death) d in province p in year t

N _DRUGqx = the number of (5% level, WHO ATC) chemical substances used to
treat disease d that were covered by at least one public formulary in
province p in year t-k (k =0, 2, 4, ..., 18)

Oldp = a fixed effect for disease d in province p
St = a fixed effect for disease d in year t
dpt = a fixed effect for province p in year t

The fixed effects control for the average level of mortality and drug access of each disease in each province, the
average level of mortality and drug access of each disease in each year, and the average level of mortality and drug
access of each province in each year. Eq. (3) was estimated by weighted least-squares, weighting by N DEATHSp¢
= the number of deaths in province p caused by disease d in province p in year t. Disturbances were clustered by
disease and province. The disease classification used for the eq. (3) data is shown in Appendix Table 1.

As shown in Appendix Table 2, the time coverage of the formulary data varies across provinces. Data for four
provinces are available from at least 1995. Data for six other provinces start to become available at some point during
2000-2004. The data for Quebec appear to be quite incomplete. Eq. (3) was estimated both excluding and including
data for Quebec.

Hospital utilization: national level

To assess the impact that pharmaceutical innovation had hospital utilization during the period 2000-2022, the
following 2-way fixed effects equation was used:

In(Ya) = Bx In(CUM_DRUGq ) + 0tg + 8¢ + &t (4)
where Y4 is one of the following variables:

DISCHARGESy: = the number of hospital discharges caused by disease d in year t (t
=2000, 2001, ..., 2022)

ALOSg = the average length of hospital stays for disease d in year t

DAY Sa = the number of hospital days (= DISCHARGES4 * ALOSg) for
disease d in year t

Eq. (4) will be estimated by weighted least squares. When Y ¢ = DISCHARGESg, the weight will Y DISCHARGESq:.
When Y4 = ALOSq;, the weight will be DISCHARGESs. When Y4 = DAY S, the weight will be > DAY Sq.
Disturbances will be clustered within diseases.

DATA SOURCES

National mortality data. Data on N DEATHSq, YLL854, YLL754, and YLL654 were constructed from data
contained in the WHO Mortality Database.

Drug launch data. Health Canada’s Drug Products Database (Health Canada (2024)) was used to determine the years
in which (WHO ATC 5%-level) chemical substances first received market authorization in Canada. The rate of
increase in the number of substances ever approved has declined. During the 1960s and 1970s, the number of
substances ever approved increased at an average annual rate of 4.5%. During the 1980s and 1990s, it increased at an
average annual rate of 3.7%. From 2000 to 2020, it increased at an average annual rate of 1.8%.
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Drug indications data. Indications (coded by ICD-10) of chemical substances were obtained from Theriaque, a
database produced by the French Centre National Hospitalier d'Information sur le Médicament (2024).”

Provincial mortality data. Data on AA MORT g, and N DEATHSp were obtained from Statistics Canada Table 13-
10-0801-01 Ieading causes of death, total population (age standardization using 2011 population).

Provincial drug data. Data on drugs covered in public drug program formularies (N DRUGgp k) were constructed
from Canadian Institute for Health Information Formulary coverage.

Hospitalization data. Data on the number of hospital discharges and average length of stay, by diagnosis, were
obtained from the OECD Data Explorer (OECD (2024a)). The disease classification scheme is provided in OECD’s
International shortlist for hospital morbidity tabulation (OECD (2024b)).

EMPIRICAL RESULTS

Mortality: national level

Estimates of Bx from eq. (1) are shown in Table 1 and plotted in Figure 3.8 Each estimate is from a separate regression.
In the table, estimates in bold are statistically significant (p-value < .05), and “trend” and “effect” are defined as
follows:

trendyx = weighted_mean[ln(CUM_DRUGd,zozz_k/ CUM_DRUGd,zooo_k)]
effecty = Bk * trendg

In the figure, hollow squares denote insignificant estimates, solid squares denote statistically significant estimates,
and the largest solid squares indicate the most significant estimates. Panel A in Table 1 and Figure 3 shows the
estimates when the dependent variable is N DEATHS4. When k < 6 (and when k = 10), the estimates are not
statistically significant. However, when k > 12 (and when k = 8), the estimates are negative and significant. The
number of deaths from a disease is not significantly related to the number of drugs that had been authorized to treat
the disease up until 6 years before, but is significantly inversely related to the number of drugs that had been authorized
to treat the disease up until 12-30 years before. It is most strongly inversely related to the number of drugs that had
been authorized to treat the disease up until 28 years before. The magnitude of the Pk estimate (the elasticity of the
number of deaths to the number of drugs that had previously been authorized) is largest when k = 20. The existence
of a substantial lag is not surprising: as discussed above, peak utilization of a drug occurs many years after it was first
authorized, and some drugs must be consumed for several years to achieve full effectiveness. The magnitude of effecty
(= Bx * trendy) is largest when k = 22. This implies that the drugs authorized during 1978-1999 reduced the growth in
the number of deaths during 2000-2022 by 47% (= 1 — exp(-0.636)).

Panel B in Table 1 and Figure 3 shows the estimates when the dependent variable is YLL854. The estimates are
qualitatively similar to the estimates in Panel A. The number of years of life lost before age 85 from a disease is
significantly inversely related to the number of drugs that had been authorized to treat the disease up until 8-30 years
before. Once again, the magnitude of effectx (= Bx * trendy) is largest when k = 22. This implies that the drugs
authorized during 1978-1999 reduced the growth in the number of years of life lost before age 85 during 2000-2022
by 37% (= 1 — exp(-0.468)). Panels C and D in Table 1 and Figure 3 show the estimates when the dependent variables
are YLL754 and YLL65g;, respectively. The estimates are similar to the estimates in Panel B. The numbers of years
of life lost before ages 75 and 65 from a disease are significantly inversely related to the number of drugs that had
been authorized to treat the disease up until 12-28 years before.

Estimates of mx from eq. (2), in which In(CUM_DRUGg k) is replaced by In(CUM_CLASS.x), are shown in Table
2 and plotted in Figure 4. Panel A in Table 2 and Figure 4 shows the estimates of mx from eq. (2) when the dependent
variable is N DEATHSy. The estimates of mx are significant only when k = 6 and k = 8. Panel B in Table 2 and

7 Theriaque provides data only on labeled indications; it does not provide data on off-label indications.
8 The set of diseases upon which the estimates shown in Table 1 and plotted in Figure 3 are based does not include COVID-19.
Excluding COVID-19 has virtually no effect on the estimates.

©Canadian Health Policy Institute Inc. | Page 6 of 21


http://www.theriaque.org/apps/contenu/accueil.php
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310080101
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1310080101
https://www.cihi.ca/en/pharmaceutical-data-tool/formulary-coverage
https://data-explorer.oecd.org/
https://stats.oecd.org/wbos/fileview2.aspx?IDFile=e477970b-3024-4188-8dc6-13f3db201846

LICHTENBERG | Impact of pharmaceutical innovation on mortality and hospital utilization in Canada ‘,)hp

JOURNAL

Figure 4 shows the estimates of mx from eq. (2) when the dependent variable is YLL854. The estimates of 7 are
significant when 2 < k < 10. When the dependent variable is YLL754 (Panel C), the estimates of i are significant
when 0 <k < 10, and when the dependent variable is YLL654 (Panel D), the estimates of mi are significant when 0 <
k < 12. Evidently, the authorization of new classes of drugs has a more immediate effect on mortality than the
authorization of new drugs, but the former effect is smaller and less statistically significant than the latter effect. For
example, new classes of drugs authorized during 1990-2011 are estimated to have reduced the growth in the number
years of life lost before age 65 during 2000-2022 by 29% (= 1 — exp(-0.337)), whereas new drugs authorized during
1978-1999 are estimated to have reduced the growth in the number years of life lost before age 65 during 2000-2022
by 39% (= 1 — exp(-0.496)). This may signify that mortality is more strongly related to the importance-weighted
number of subgroups than it is to the unweighted number of subgroups, and that the more important or significant a
subgroup is, the larger the number of substances that were launched in the subgroup.

Mortality: provincial level

Estimates of px from eq. (3) are shown in Table 3 and plotted in Figure 5. Panel A in the table and figure shows
estimates of px based on data on all Canadian provinces (including Quebec, whose data appear to be quite incomplete).
The estimates of px are negative and statistically significant when k equals 4, 10 and 12. Panel B in the table and
figure shows estimates of px when Quebec is excluded. In this case, the estimates of py are negative and statistically
significant when 4 <k < 12: the age-adjusted mortality rate from a given disease in a given province in a given year
is significantly inversely related to the number of drugs that are used to treat that disease and that were covered in
public drug program formularies in that province 4-12 years earlier, controlling for the average (across years) level of
mortality and drug access of each disease in each province, the average (across provinces) level of mortality and drug
access of each disease in each year, and the average (across diseases) level of mortality and drug access of each
province in each year.

Hospital utilization: national level

Estimates of P from eq. (1) are shown in Table 4 and plotted in Figure 6. Panel A in Table 4 and Figure 6 shows the
estimates when the dependent variable is DISCHARGESy. None of the estimates of B are statistically significant.’
Panel B shows the estimates when the dependent variable is ALOS4. The estimates of B are negative and significant
when 18 < k < 28 (and also when k = 0): average length of stay for a disease is significantly inversely related to the
number of drugs that had been authorized to treat the disease up until 18-28 years before. Panel C shows the estimates
when the dependent variable is DAYSq4. The estimates of By are negative and significant when 0 <k <4 and also
when 18 < k < 30: the total number of hospital days for a disease is significantly inversely related to the number of
drugs that had been authorized to treat the disease up until 18-30 years before.

DISCUSSION

Estimates of eq. (1) and of another, simpler equation allowed comparison with the counterfactual 2000-2022 trajectory
of mortality or hospital utilization, in the absence of previous drug authorizations, to the actual trajectory, in the
presence of those authorizations. The year fixed effects (d:‘s) of eq. (1) indicate the (counterfactual) 2000-2022
trajectory of the dependent variable, holding constant CUM_DRUGqk, i.e., in the absence of pharmaceutical
innovation. For example, the weighted mean growth during 2000-2022 of YLL75 in the absence of drug approvals
during 1974-1995 is indicated by the year fixed effects (5;‘s) of the equation'®

In(YLL754) = P26 In(CUM_DRUGyq,-26) + 0lg + Ot + €4t %)

The weighted mean growth during 2000-2022 of YLL75 in the presence of drug approvals during 1974-1995 is
indicated by the year fixed effects (¢;s) of the equation

° Lichtenberg (2019) also found that the effect of CUM_DRUGu,.x on DISCHARGESa was insignificant during the period 2000
2016.

10 As shown in Panel C of Table 1 and Figure 3, when Y = YLL754, the value of k for which Bk is most significant is k = 26: P26
=-0.355(2=2.79).
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In(YLL754)) = ota + ot + €t (6)

The estimated aggregate 2000-2022 values of YLL75 in the presence and absence of drug approvals during 1974-
1995 are shown in Panel A of Figure 7. The actual value of YLL75 increased from 1499 thousand in 2000 to 1718
thousand in 2022. Our estimates imply that, in the absence of drug approvals during 1974-1995, YLL75 would have
increased from 1499 thousand in 2000 to 2565 thousand in 2022: YLL75 would have been 49% higher in 2022. Drug
approvals during 1974-1995 reduced YLL75 in 2022 by 847 thousand.

Panel B of Figure 7 compares the actual evolution of the number of hospital days to the counterfactual evolution, in
the absence of drug approvals during 1970-1991.!! The actual number of hospital days increased from 20.8 million
in 2000 to 25.9 million in 2022. Our estimates imply that, in the absence of drug approvals during 1970-1991, DAYS
would have increased from 20.8 million in 2000 to 40.1 million in 2022: DAY'S would have been 55% higher in 2022.
Drug approvals during 1970-1991 reduced DAYS in 2022 by 14.2 million.

It is reasonable to suppose that, in the absence of drug approvals during 1970-1991, hospital expenditure would also
have been 55% higher in 2022. According to the OECD, 2022 expenditure on hospital (curative and rehabilitative)
care was CAS$ 143.0 billion. This implies that, in the absence of drug approvals during 1970-1991, hospital
expenditure would have been CA$ 78.7 billion (= 55% * CAS$ 143.0 billion) higher. The estimated reduction in 2022
hospital expenditure attributable to drug approvals during 1970-1991 is about twice as large as 2022 expenditure on
all prescribed medicines (CA$ 37.4 billion).

SUMMARY

A previous study found that Canadian mortality and hospital utilization were reduced during the period 2000-2016 by
new drug authorizations many years earlier. Since 2016, there have been substantial changes in premature mortality
and average length of hospital stays in Canada. This study reexamines the impact that pharmaceutical innovation had
on mortality and hospital utilization in Canada during the period 2000-2022. In addition to analyzing a longer and
more recent sample period, this study builds upon the previous analysis in several important respects.

The estimates imply that, in the absence of drug approvals during 1974-1995, the number of life-years lost before age
75 (YLL75) would have been 49% higher in 2022. Drug approvals during 1974-1995 reduced YLL75 in 2022 by 847
thousand.

The authorization of new classes of drugs has a more immediate effect on mortality than the authorization of new
drugs, but the former effect is smaller and less statistically significant than the latter effect. For example, new classes
of drugs authorized during 1990-2011 are estimated to have reduced the growth in the number of years of life lost
before age 65 during 2000-2022 by 29%, whereas new drugs authorized during 1978-1999 are estimated to have
reduced the growth in the number of years of life lost before age 65 during 2000-2022 by 39%.

The estimates also imply that, in the absence of drug approvals during 1970-1991, the total number of hospital days
(DAYS) would have been 55% higher in 2022. Drug approvals during 1970-1991 reduced DAYS in 2022 by 14.2
million. The estimated reduction in 2022 hospital expenditure attributable to drug approvals during 1970-1991 is
about twice as large as 2022 expenditure on all prescribed medicines (CAS$ 37.4 billion).

These estimates may be conservative, because the models do not fully capture the health impacts of COVID-19
vaccines. Wyonch and Zhang (2022) argued that those vaccines reduced the number of COVID-19 cases by 21%, the
number of COVID-19 hospitalizations by 37%, and the number of COVID-19 deaths by 63%, or 34,900 (from January
2021 to May 2022).

In addition to analyzing the relationship between pharmaceutical innovation and mortality using national data, this
study analyzed the relationship between access to drugs covered in public drug program formularies and mortality
using data by province, disease, and year. The age-adjusted mortality rate from a given disease in a given province in
a given year is significantly inversely related to the number of drugs that are used to treat that disease and that were

11 As shown in Panel C of Table 4 and Figure 6, when Y4 = DAY Sat, the value of k for which Bk is most significant is k = 30: 330
=-0.511 (Z=4.33).
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covered in public drug program formularies in that province 4-12 years earlier, controlling for the average (across
years) level of mortality and drug access of each disease in each province, the average (across provinces) level of
mortality and drug access of each disease in each year, and the average (across diseases) level of mortality and drug
access of each province in each year.
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TABLES AND CHARTS
Table 1
Estimates of Bx from eq. (1): In(Yat) = Bk In(CUM_DRUGq,t-k) + 0ta + &t + €at
lag Est. ‘ Std. Err. ‘ z ‘ Pr>|Z] ‘ trend | effect Est. | Std. Err. | z ‘ Pr>|Z| | trend ‘ effect
A. Yar=N_DEATHSt B. Yat=YLL85at
0 0.018 0.245 0.07 0.942 0.385 0.007 -0.302 0.271 -1.11 0.265 0.412 -0.124
2 -0.025 0.233 -0.11 0.914 0.435 -0.011 -0.307 0.273 -1.13 0.260 0.451 -0.138
4 -0.211 0.206 -1.03 0.305 0.542 -0.114 -0.386 0.261 -1.48 0.138 0.539 -0.208
6 -0.367 0.192 -1.91 0.056 0.565 -0.207 -0.431 0.232 -1.86 0.063 0.560 -0.241
8 -0.411 0.204 -2.01 0.044 0.607 -0.250 -0.450 0.212 -2.13 0.034 0.577 -0.260
10 -0.390 0.202 -1.93 0.053 0.645 -0.251 -0.449 0.198 -2.27 0.023 0.616 -0.276
12 -0.363 0.183 -1.98 0.048 0.727 -0.264 -0.404 0.168 -2.41 0.016 0.701 -0.283
14 -0.430 0.197 -2.18 0.029 0.790 -0.340 -0.428 0.162 -2.65 0.008 0.750 -0.321
16 -0.499 0.212 -2.36 0.018 0.835 -0.417 -0.448 0.171 -2.61 0.009 0.810 -0.362
18 -0.547 0.210 -2.61 0.009 0.881 -0.482 -0.468 0.173 -2.70 0.007 0.850 -0.397
20 -0.606 0.208 -2.92 0.004 0.962 -0.583 -0.492 0.166 -2.96 0.003 0.928 -0.457
22 -0.581 0.189 -3.07 0.002 1.096 -0.636 -0.437 0.146 -2.99 0.003 1.072 -0.468
24 -0.533 0.162 -3.30 0.001 1.166 -0.621 -0.389 0.118 -3.29 0.001 1.144 -0.445
26 -0.493 0.149 -3.30 0.001 1.141 -0.562 -0.359 0.098 -3.65 0.000 1.150 -0.413
28 -0.414 0.124 -3.33 0.001 1.232 -0.510 -0.310 0.089 -3.50 0.001 1.226 -0.380
30 -0.361 0.116 -3.10 0.002 1.191 -0.430 -0.290 0.096 -3.03 0.002 1.210 -0.351
C. Yat=YLL754 D. Yat=YLL65at
0 -0.504 0.331 -1.52 0.128 0.401 -0.202 -0.777 0.434 -1.79 0.074 0.365 -0.284
2 -0.475 0.338 -1.40 0.160 0.439 -0.208 -0.718 0.436 -1.65 0.100 0.402 -0.289
4 -0.485 0.331 -1.46 0.143 0.518 -0.251 -0.679 0.420 -1.62 0.106 0.471 -0.320
6 -0.466 0.294 -1.58 0.113 0.539 -0.251 -0.608 0.357 -1.70 0.088 0.490 -0.298
8 -0.454 0.268 -1.69 0.091 0.553 -0.251 -0.565 0.313 -1.80 0.071 0.505 -0.285
10 -0.453 0.251 -1.80 0.071 0.592 -0.268 -0.558 0.284 -1.97 0.049 0.544 -0.303
12 -0.417 0.204 -2.05 0.041 0.674 -0.281 -0.510 0.217 -2.35 0.019 0.620 -0.316
14 -0.425 0.192 -2.21 0.027 0.724 -0.308 -0.502 0.202 -2.49 0.013 0.678 -0.341
16 -0.438 0.202 -2.17 0.030 0.784 -0.343 -0.520 0.215 -2.42 0.016 0.733 -0.381
18 -0.464 0.203 -2.28 0.022 0.826 -0.383 -0.550 0.220 -2.50 0.012 0.786 -0.432
20 -0.486 0.192 -2.54 0.011 0.903 -0.439 -0.565 0.213 -2.65 0.008 0.859 -0.485
22 -0.430 0.169 -2.54 0.011 1.040 -0.448 -0.507 0.196 -2.58 0.010 0.978 -0.496
24 -0.377 0.144 -2.63 0.009 1.119 -0.422 -0.444 0.180 -2.46 0.014 1.071 -0.475
26 -0.355 0.127 -2.79 0.005 1.129 -0.401 -0.430 0.176 -2.44 0.015 1.082 -0.466
28 -0.305 0.120 -2.55 0.011 1.211 -0.370 -0.370 0.169 -2.19 0.028 1.182 -0.438
30 -0.289 0.131 -2.21 0.027 1.207 -0.349 -0.345 0.183 -1.88 0.060 1.198 -0.413

Each estimate is from a separate regression. Estimates in bold are statistically significant (p-value <.05).
trend = weighted_mean[In(CUM_DRUG 2022+/ CUM_DRUGa2000)].  effect =p« * trend.
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Table 2
Estimates of ntx from eq. (2): In(Yar) = 7tk In(CUM_CLASS4,t-k) + 0ta + 8¢ + €at

lag Est. it: z T;T trend effect Est. Std. Err. z Pr>|Z| trend effect
A. Yat=N_DEATHSat B. Yut=YLL854:
0 -0.427 0.403 -1.06 0.289 0.226 -0.097 -0.519 0.272 -1.91 0.057 0.236 -0.123
2 -0.616 0.400 -1.54 0.123 0.259 -0.159 -0.645 0.283 -2.28 0.023 0.264 -0.170
4 -0.725 0.379 -1.92 0.055 0.297 -0.215 -0.749 0.291 -2.57 0.010 0.294 -0.220
6 -0.772 0.358 -2.16 0.031 0.326 -0.252 -0.804 0.295 -2.72 0.006 0.321 -0.258
8 -0.665 0.331 -2.01 0.045 0.343 -0.228 -0.792 0.292 -2.71 0.007 0.320 -0.253
10 -0.497 0.287 -1.73 0.083 0.380 -0.189 -0.691 0.283 -2.44 0.015 0.363 -0.251
12 -0.294 0.197 -1.49 0.136 0.443 -0.130 -0.396 0.218 -1.82 0.070 0.448 -0.177
14 -0.194 0.168 -1.16 0.246 0.460 -0.089 -0.217 0.196 -1.11 0.269 0.457 -0.099
16 -0.083 0.160 -0.52 0.604 0.467 -0.039 -0.007 0.160 -0.04 0.966 0.491 -0.003
18 -0.013 0.172 -0.07 0.941 0.476 -0.006 0.077 0.144 0.54 0.592 0.500 0.039
20 -0.059 0.174 -0.34 0.735 0.614 -0.036 0.056 0.146 0.38 0.701 0.626 0.035
22 -0.120 0.165 -0.72 0.469 0.646 -0.077 0.007 0.142 0.05 0.962 0.669 0.005
24 -0.185 0.161 -1.15 0.252 0.678 -0.125 -0.055 0.144 -0.38 0.704 0.697 -0.038
26 -0.237 0.162 -1.47 0.142 0.720 -0.171 -0.100 0.146 -0.68 0.494 0.756 -0.075
28 -0.254 0.158 -1.61 0.108 0.882 -0.224 -0.125 0.132 -0.95 0.341 0.941 -0.118
30 -0.206 0.158 -1.30 0.192 0.920 -0.190 -0.121 0.118 -1.03 0.305 1.001 -0.121
C. Yat=YLL754: D. Yat=YLL65at
0 -0.694 0.320 -2.17 0.030 0.229 -0.159 -0.938 0.424 -2.21 0.027 0.208 -0.195
2 -0.769 0.350 -2.20 0.028 0.255 -0.196 -0.995 0.467 -2.13 0.033 0.232 -0.230
4 -0.838 0.372 -2.25 0.024 0.282 -0.236 -1.065 0.497 -2.14 0.032 0.254 -0.271
6 -0.873 0.381 -2.29 0.022 0.307 -0.268 -1.103 0.501 -2.20 0.028 0.277 -0.306
8 -0.863 0.386 -2.24 0.025 0.303 -0.262 -1.110 0.505 -2.20 0.028 0.277 -0.308
10 -0.789 0.390 -2.02 0.043 0.347 -0.274 -1.066 0.514 -2.07 0.038 0.316 -0.337
12 -0.516 0.303 -1.70 0.089 0.433 -0.224 -0.815 0.406 -2.01 0.045 0.398 -0.324
14 -0.320 0.267 -1.20 0.230 0.440 -0.141 -0.579 0.363 -1.60 0.110 0.402 -0.233
16 -0.059 0.193 -0.31 0.760 0.488 -0.029 -0.195 0.273 -0.72 0.474 0.469 -0.091
18 0.032 0.162 0.20 0.842 0.506 0.016 -0.056 0.223 -0.25 0.804 0.507 -0.028
20 0.026 0.166 0.16 0.877 0.626 0.016 -0.041 0.226 -0.18 0.857 0.617 -0.025
22 -0.011 0.163 -0.07 0.944 0.669 -0.008 -0.063 0.220 -0.28 0.777 0.654 -0.041
24 -0.064 0.168 -0.38 0.704 0.697 -0.045 -0.108 0.228 -0.47 0.637 0.685 -0.074
26 -0.104 0.174 -0.60 0.549 0.754 -0.079 -0.152 0.239 -0.63 0.526 0.734 -0.111
28 -0.138 0.159 -0.87 0.385 0.933 -0.129 -0.200 0.222 -0.90 0.368 0.891 -0.178
30 -0.153 0.143 -1.07 0.283 0.992 -0.152 -0.238 0.202 -1.18 0.239 0.938 -0.224

Each estimate is from a separate regression. Estimates in bold are statistically significant (p-value <.05).
trend = weighted_mean[In(CUM_DRUG,2022.«/ CUM_DRUGaq,2000x)].  effect = * trend.
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Table 3
Estimates of px from eq. (3):
In(AA_MORT4pt) = px IN(N_DRUGup,t-x) + otdp + dat + dpt + €dpt
Lag Estimate Std. Err. z Pr> |Z]
A. Quebec included

0 0.031 0.047 0.66 0.509

2 0.007 0.041 0.16 0.872

4 -0.059 0.022 -2.69 0.007

6 -0.047 0.028 -1.70 0.088

8 -0.041 0.035 -1.19 0.232
10 -0.121 0.048 -2.50 0.012
12 -0.116 0.047 -2.46 0.014
14 -0.034 0.043 -0.79 0.428
16 -0.012 0.032 -0.37 0.709
18 -0.014 0.031 -0.47 0.639

B. Quebec excluded

0 0.112 0.076 1.47 0.141
2 0.018 0.067 0.26 0.792
4 -0.085 0.033 -2.58 0.010
6 -0.108 0.047 -2.30 0.022

8 -0.120 0.047 -2.53 0.012
10 -0.124 0.049 -2.53 0.012
12 -0.116 0.047 -2.46 0.014
14 -0.034 0.043 -0.79 0.428
16 -0.012 0.032 -0.37 0.709
18 -0.014 0.031 -0.47 0.639

Each estimate is from a separate regression. Estimates in bold are statistically significant (p-value < .05).
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Table 4
Estimates of Pk from eq. (4): In(Yat) = Bx In(CUM_DRUGq,t.k) + cta + &¢ + &at
lag | Estimate I Std. Err. | 4 | Pr>|Z] |trend | effect Estimate | Std. Err. | 4 | Pr>|Z] |trend I effect
A. Yat= DISCHARGESq: B. Yat=ALOSqt
0 0.149 0.142 1.05 0.294 0.205 | 0.031 -0.229 0.117 -1.95 0.051 0.207 | -0.047
2 0.088 0.119 0.74 0.462 0.262 | 0.023 -0.176 0.108 -1.62 0.105 0.260 | -0.046
4 0.013 0.130 0.10 0.921 0.313 | 0.004 -0.171 0.108 -1.59 0.113 0.313 | -0.053
6 -0.045 0.154 -0.29 0.769 0.346 | -0.016 -0.156 0.110 -1.42 0.156 0.341 | -0.053
8 -0.077 0.163 -0.47 0.635 0.390 | -0.030 -0.139 0.112 -1.24 0.216 0.387 | -0.054
10 -0.086 0.132 -0.65 0.515 0.442 | -0.038 -0.111 0.105 -1.06 0.291 0.439 | -0.049
12 -0.087 0.107 -0.81 0.418 0.493 | -0.043 -0.093 0.089 -1.05 0.295 0.494 | -0.046
14 -0.081 0.100 -0.81 0.418 0.535 | -0.043 -0.101 0.075 -1.34 0.179 0.537 | -0.054
16 -0.059 0.101 -0.59 0.558 0.567 | -0.034 -0.103 0.067 -1.54 0.124 0.570 | -0.059
18 0.024 0.096 0.25 0.801 0.651 | 0.016 -0.121 0.056 -2.16 0.031 0.642 | -0.077
20 0.071 0.102 0.69 0.491 0.734 | 0.052 -0.140 0.052 -2.71 0.007 0.723 | -0.101
22 0.065 0.106 0.61 0.540 0.834 | 0.054 -0.163 0.050 -3.28 0.001 0.832 | -0.135
24 0.037 0.111 0.34 0.737 0.893 | 0.033 -0.159 0.052 -3.09 0.002 0.886 | -0.141
26 -0.036 0.109 -0.33 0.744 0.847 | -0.030 -0.152 0.053 -2.86 0.004 0.862 | -0.131
28 -0.128 0.117 -1.09 0.274 0.898 | -0.115 -0.127 0.058 -2.18 0.029 0.917 | -0.117
30 -0.169 0.119 -1.42 0.155 0.907 | -0.153 -0.104 0.059 -1.78 0.075 0.920 | -0.096
C. Y4t =DAYSqat

0 -0.526 0.197 -2.67 0.008 0.236 | -0.124

2 -0.371 0.170 -2.19 0.029 0.299 | -0.111

4 -0.359 0.166 -2.16 0.031 0.336 | -0.121

6 -0.310 0.171 -1.81 0.070 0.384 | -0.119

8 -0.255 0.181 -1.41 0.158 0.435 | -0.111

10 -0.210 0.171 -1.23 0.220 0.490 | -0.103

12 -0.189 0.152 -1.25 0.213 0.542 | -0.103

14 -0.203 0.139 -1.46 0.146 0.578 | -0.117

16 -0.218 0.128 -1.70 0.089 0.602 | -0.131

18 -0.234 0.118 -1.97 0.049 0.655 | -0.153

20 -0.290 0.131 -2.21 0.027 0.709 | -0.205

22 -0.359 0.144 -2.50 0.013 0.802 | -0.288

24 -0.434 0.155 -2.80 0.005 0.827 | -0.358

26 -0.499 0.152 -3.28 0.001 0.828 | -0.413

28 -0.527 0.131 -4.03 <.0001 0.861 | -0.454

30 -0.511 0.118 -4.33 <.0001 0.849 | -0.434

Each estimate is from a separate regression. Estimatesin bold are statistically significant (p-value <.05).
trend = weighted_mean[ln(CUM_DRUGq 2022/ CUM_DRUGu2000«)].  effect =m« * trend.
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Flgure 1

Premature mortality and average length of hospital stays in Canada, 2000-2022

A. Canadian premature (before age 75) mortality rate, 2000-2022
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B. Average length (in days) of Canadian hospital stays, 2000-2022
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Source; DECD Data Explorer, hitps:/fdata-explorer.oecd.org/
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Figure 2
12 Drug age-utilization profile
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Figure 3
Estimates of B, from eq. (1): In(Y 4) = p In(CUM_DRUG,,.,) + o+ 8, + &y
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Estimates of 7, from eq. (2): In(Y &) = & Im{CUM_CLASS,,.,) + oy + & + ay
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Figure 6
Estimates of B, from eq. (4): In(Y 4) = Py In(CUM_DRUG,.,) + ay+ 8, + 84
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Flgure 7

2000-2022 growth In YLL75 and DAYS In the presence and absence of previous drug approvals
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Disease classfication used In Statistics Canada Table 13-10-0801-01 Leading Causes of death, total population

[age standard zation using 2011 population)

[[=1ed [1] Leading ceuses_of death_ 1CD_10
ADD-YES Toital, all causea of death [AD0-YES]
AD1-ADZ Salmonela infections [A01-A02)
ADS, ADE Shigefiosis and amoebiasis [A03, ADE]
AlE-A19 Tuberculosia [A16-A15]
A7 Whenoping cough [A37)
AZE, AdE Scarlet fever and erysipelas [A3E, AdE)
AZE Meningococcal infection [A3E]
AdD-A41 Siepais [Ad0-A41]
ASD-ALR Syphiliz [A50-A53]
ABD Acute poliomyelitis [AB0]
ABS-AB4 ARLZ2 Arthropod-bonne viral encephalitis [AE3-A84, AR5 2]
BOS Meaalea [BOS]
B15B15 iral hepatitis [B15-B15]
B20-B24 Human immunodeficiency vires [HI] disease [B20-B24)
BSO-BS4 Malaria [BS0-B54]
CO0-C87 Malignant neoptaama [CO0-C4HT)
DO0-D4E In aitu neoplasma, benign neoplasms and neoplasma of uncertain or unknown behaviowr [DO0-
D4g)
D50-Died Anzemias [D50-D64)
E10-E14 Diabates melites [E10-E14]
E4l-E64 Mutritional deficiencies [E40-E64)
G0, GO3 Meningitia [G00, GO3]
G20-G21 Parkinson's disease [G20-G21)
G30 Alzheimers diseass [G30]
0008, 111, 113, 2051 Diseases of heart [00-108, 111, 13, 20451]
g, 1Nz 1s Esaential hypertenaion and hypertensive renal disease [110, 112, 115]
e0-E8 Cerebrovascular diseases [B0-165]
il Atheroachencaia [0]
m Auortic aneuryam and dissection [[71]
M-8 Infleenza and preumonis [MS-118)
20-121 Acute bronchitia and bronchiolitia [120-121)
MD-M7 Chronic lower reapiratony diseases [MO-M7)
ME0-MEE, 6B Preumoconicaes and chemical effecta [Me0-66, M6E]
=] Prewmaonitis due to solids and liquids [M65]
K25K28 Feptic ulcer [K25-K.28)
K35K38 Diseases of appendi: [K35-K 38]
k40K 46 Hemia [K40-K 48]
K70, K73-KT4 Chronic Fver disease and cirrhosis [K70, K73-K74)]
KE0-KE2 Chodelithiasis and other disorders of galibladdar [K80-K B2]

MOO-NOT, N17-N 1S, N25-
WET

Mephitis, nephrotic ayndrome and nephroais [NOD-NOT, N17-N18, N25-M27]

MI0-N12Z, M128 N153

Infectiona of kidney [N10-M1Z N136, N15.1)

W40

Hyperplasia of proatate [N4.0]

NTO-NTE Inflammatory diseases of famale peblvic ongans [N7T0-MN7TE]

OD0-08d Pregnancy, childbirth and the puerperium [O00-045]

POOPSE Certain conditions originating in the perinatal pericd [PO0-P5E6)

Q-0 Congenital malformations, deformations and chromoaomal abnormalities [QD0-05E)

L7, U072, U0

COVID-18 [UO7.1, U072, U10.4)

W01-X58, YBS-YBE

Accidents (unintentional injuriea) [Vl -X58, YE5-YEE]

Xe0-X84,YET D Intentional self-hamm (suicide) [X60-X84, YET.0)

XBE-Y0E, YT Aasault [homicide) [X85-¥09, YE7.1)

Y35, YEGD Legal intervention Y35, YE5.0]

Y36, Y&6.1 Operations of war and their seguelss [Y36, Y&85.1)
YA0-YE4, YEE Complications of medical and surgical care [Y40-YE4, YEE]

P
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Appendix Table 2

Number of (5th-level, WHO ATC) chemical substances covered by public drug formularies, by jurisdiction and

yEar
m M m = — i ] L]
| =2 5 =l E2&| % s|&°| &| §| %
3 = & 33 2 & =
= = = ]
Bl 3 : 3
1985 739 829 905 384
19846 o0 Bdd 9239 410
1957 741 818 950 433
19498 739 B23 471 449
19849 TB2 TB2 9498 471
2000 7BE 779 1014 483 452
2001 7B5 B22 1020 492 452 G683
2002 775 BD2 1022 4939 452 705
2003 il B26 1037 a70 G647 a00 2 712
2004 740 405 1039 594 BE9 781 6ol 521 2 723
2005 Fa3 919 1041 631 941 Fa0 G445 549 2 Fa3
20086 708 927 1046 6ol BGS Ta2 G639 591 a L]
2007 691 933 1044 672 BYS Td4 621 G639 7 G6o9
2008 Go0 941 1041 G887 BE3 753 591 G639 11 il
2009 G659 953 1041 710 4901 il a02 G678 13 GE9
2010 653 861 853 725 a08 J69 G603 a670 56 593
2011 G659 973 938 730 914 776 593 a70 87 705
2012 G665 k=117 g40 741 933 BAB &03 g692 143 719
2013 672 985 9339 747 943 852 a9 G638 295 73l
2014 672 8995 S84 TBS 8969 B0 G20 G655 318 F42 il
2015 679 993 403 810 9495 BES9 717 a90 363 763 801
2016 G683 a87 932 Bad 1029 BO1 763 695 428 778 B25
2017 G839 1028 955 B4 8BGO 802 ] 695 486 797 B5H3
2018 G939 1042 9386 BG3 BE61 799 BagG 711 G633 813 BG2
20149 708 1017 932 BE1 B74 827 Bdd 713 748 B26 BGS
2020 704 965 924 B9B BG3 845 Bo2 691 Bdd Ba7 918

aource: authors calculations based on data in Canadlan Instiute for Health Information. Formulary coverage.
https A, clinl cars tes/defaultfiles/documenttformulary-coverage-d ata-table-gn . xlsx
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