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Implications of Expenditures
on Care

Prescription Drug Expenditures and
Population Demographics

Steven G. Morgan

Objective. To provide detailed demographic profiles of prescription drug utilization
and expenditures in order to isolate the impact of demographic change from other
factors that affect drug expenditure trends.

Data Sources/Study Setting. Demographic information and drug utilization data
were extracted for virtually the entire British Columbia (BC) population of 1996 and
2002. All residents had public medical and hospital insurance; however their drug
coverage resembled the mix of private and public insurance in the United States.
Study Design. A series of research variables were constructed to illustrate profiles of
drug expenditures and drug utilization across 96 age/sex strata.

Data Collection/Extraction Methods. Drug use and expenditure information was
extracted from the BC PharmaNet, a computer network connecting all pharmacies in
the province.

Principal Findings. Per capita drug expenditures increased at an average annual rate
of 10.8 percent between 1996 and 2002. Population aging explained 1.0 points of this
annual rate of expenditure growth; the balance was attributable to rising age/sex-specific
drug expenditures.

Conclusions. Relatively little of the observed increase in drug expenditures in BC
could be attributed to demographic change. Most of the expenditure increase stemmed
from the age/sex-specific quantity and type of drugs purchased. The sustainability of
drug spending therefore depends not on outside forces but on decisions made by policy
makers, prescribers, and patients.
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Population demographics play important roles in health system trends and
feature prominently in popular rhetoric about health care policy. For exam-
ple, there is little doubt that the effects of the post-war “baby boom” are being
feltin health care systems. Certain and inevitable cost pressures result from the
fact that the generation of baby boomers is now of the age where their health
care needs can be expected to increase significantly every year. Add to this
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demographic phenomenon that of a steady increase in average longevity and
the image of a demographic crisis in health care is not hard to evoke. There is,
however, a danger of misrepresenting the pressures caused by demographic
forces. Overestimating the role of demographic forces in health expenditure
trends can call into question the fiscal prudence of public health care programs
or draw attention away from cost-drivers that might otherwise be managed
(Evans 1985; Evans et al. 2001). In contrast, underestimating the impact of
demographic change on specific health care needs could lull policy makers
into missing opportunities to plan for future requirements.

To foster prudent policy and planning, health services researchers must
accurately depict the health services use of a population by age and sex, and
then carefully measure the impact that population demographics have on
health care systems and specific components thereof. For example, researchers
have shown that, despite steep age-gradients in service utilization, population
aging has explained approximately 1-2 percentage points of medical and hos-
pital expenditure growth (Fuchs 1984; Barer, Evans, and Hertzman 1995;
Reinhardt 2003). Owing in part to a lack of necessary data, and to the fact that
pharmaceuticals have historically been a minor component of health system
expenditures (Berndt 2001), there is less information about the demographics
of prescription drugs. Researchers have illustrated static age gradients in phar-
maceutical use in North America (Mueller, Schur, and O’Connell 1997; Metge
etal. 1999). And, using data from U.S. surveys and private drug plans, or from
public programs in Europe, researchers have estimated that population aging
may increase drug expenditures by 1 to 3 percent per year (Van Tielen, Peys,
and Genaert 1998; Merlis 2000; Gerdtham and Lundin 2004).

With the recent addition of a Medicare drug benefit in the U.S. (U.S.A.
2003), ongoing changes to seniors drug benefits in Canada (Morgan, Barer,
and Agnew 2003), and continued rapid growth in pharmaceutical expendi-
tures (IMS 2004), the extent to which demographics affect pharmaceutical
expenditures will have growing significance in North American policy debates
over the coming years. This study uses a population-based, patient-specific
pharmaceutical database from the Canadian province of British Columbia
(BC) to depict the population’s age/sex profiles of drug utilization and ex-
penditures from 1996 to 2002. It also provides estimates of expenditure trends
that isolate the impact of demographic forces from the impact of utilization
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and expenditure dynamics that may be managed through policy. The unique
dataset used permit demographic patterns to be calculated with an accuracy
and detail not possible with existing surveys or nonrepresentative drug plan
datasets. The main findings should be reasonably generalizable in North
America. For, while all BC residents have public medical and hospital insur-
ance, their drug coverage over the period of analysis resembled somewhat the
mix of private and public insurance that will be in effect in the United States
when the Medicare drug benefit is fully implemented. Potential sources of
differences in drug use are outlined in the discussion.

METHODS
Data

Demographic information and drug utilization data were extracted for virtu-
ally the entire BC population in 1996 and 2002. Demographic information
was assembled from the population registry files of the BC Linked Health
Database at the UBC Centre for Health Services and Policy Research. Owing
to special circumstances concerning stewardship for drug utilization data for
registered First Nations, veterans, and the Royal Canadian Mounted Police,
the study excluded those cohorts. The study cohort therefore comprised ap-
proximately 96 percent of the provincial population: 3.9 million in 1996 and
4.1 million in 2002. All members of this cohort were publicly insured for
medical and hospital care. Their drug coverage was mixed. The government
offered prescription drug coverage to all social assistance recipients and sen-
iors, and subsidized drug expenses exceeding $1,000 for nonseniors (British
Columbia 2001). Approximately 50 percent of the working population had
voluntary, employment-related private drug coverage, and the balance of the
working population was effectively uninsured for routine drug expenditures
(Applied Management, Fraser Group, and Tristat Resources 2000).

Drug use and expenditure information for each member of the study
cohort was extracted from the BC PharmaNet, a computer network connecting
all pharmacies in the province, including dispensaries of long-term care fa-
cilities. A record of all filled prescriptions, regardless of payer type, must be
entered into this database by law. Prescriptions for over-the-counter medicines,
vitamins, and medical supplies (e.g., test strips) were excluded. Each of the 49.7
million records extracted included the following variables: dispensation date,
patient identification number (encrypted), drug identification number, drug
quantity, and cost. Cost information included all sources of public and private
payment for ingredient costs, markups, and pharmacists’ professional fees.
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Each drug identified in the database was assigned to one of 14 broad
therapeutic categories using the World Health Organization’s Anatomic
Therapeutic Chemical Classification System (WHO 2004). These broad and
mutually exclusive groupings include such categories as “alimentary tract and
metabolism,” “blood and blood forming organs,” “cardiovascular system,”
and “dermatologicals.” They were assigned so that analyses could be stratified
by the nature of drugs being used and so that the number of different types of
treatment used by each patient could be quantified (Morgan 2002). A patient
could receive between 1 and 14 different types of prescription drug treatment
provided that she or he filled one or more prescriptions for drugs from re-
spective therapeutic categories.

Variables and Expenditure Equations

Expenditures per capita are a function of the population profile and the age-
specific expenditure profile. To depict these profiles, the BC population was
stratified by sex and by 2-year age intervals. Newborns were included in the
cohort aged 2 and under, and residents aged 91 and older were combined in a
single 91+ cohort, yielding a total of 92 age/sex cells in the population frame.
For each age/sex cell (e.g., 41-42 year-old females), cohort size, and age-
specific average per capita expenditures were computed for 1996 and 2002.
The change in population-wide expenditures per capita was calculated
as the product of changes in the population share falling into each age/sex
category and changes in age-specific average expenditures per capita:

EXP/POPy), agesexPOP,, x agesexEXP/POPy,
EXP/POPH)% B agesexPOPlg% X agesexEXP/POPlgga '

Here, EXP/POP depicts population-wide expenditure per capita; agesexPOP
depicts the matrix of population shares falling into the 92 age/sex cells; and
agesexEXP/POP depicts the matrix of age/sex-specific expenditures per cap-
ita. With this formula, a measure of the impact of population aging on drug
expenditures was computed by forecasting how population-wide per capita
expenditures would change if the population age profile had changed while
age-specific average per capita expenditures remained constant. This was
done separately using the 1996 and 2002 age/sex expenditure profiles as the
constant expenditures, and the geometric mean was taken of the two measures
(which differed by less than 0.2 percent over 6 years). The geographic mean,
known as Fisher’s Ideal index formula, has the desirable property that no
unexplained residual remains after the impact of all variables in the expend-
iture equation are calculated (Diewert 1993).
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The measurement of the impact of aging can be illustrated with a sim-
plified example. Suppose that the population in 1996 was 10 percent elderly
and 90 percent nonelderly, and that drug expenditures were $100.00 per
elderly and $10.00 per nonelderly, yielding an average expenditure per capita
0f $19.00. Suppose also that the population in 2002 was 15 percent elderly and
85 percent nonelderly, with age-specific expenditures per capita of $150.00
and $20.00, yielding an average expenditure per capita of $39.50. The impact
of aging in this scenario can be computed by comparing actual expenditure
per capita in 1996 ($19.00) with a hypothetical level for 2002. The hypothet-
ical level for 2002 is that which would have occurred if age-specific expen-
ditures were held constant at the 1996 level ($100 and $10) but the age of the
population changed to the 2002 level (15 percent elderly): this yields a hy-
pothetical $23.50 per capita for 2002, which compared with actual costs in
1996 reflects an age-related increase of 24 percent. The rest of the change in
expenditure ($16.00 per capita, or 76 percent) would have been because of
changes in age-specific drug expenditure: the 50 percent rise in expenditure
per elderly and 100 percent rise in expenditure per nonelderly.

To provide information about changes in age/sex-specific expenditures,
matrices of the following measures were computed: agesexUSE, the percent-
age of the age/sex-specific cohort that “used” one or more prescription of any
kind; agesexTx, the age/sex-specific average number of the 14 therapeutic
classes from which prescription users received one or more prescriptions;
agesexRx/Tx, the age/sex-specific average number of prescriptions filled per
patient per therapeutic category; and agesexCOST/Rx, the age/sex-specific
average cost per prescription filled. These factors combine in the following
equation describing changes in age/sex-specific expenditures:

agesexEXP/POP,,
agesexEXP/POP, 4y,

_agesexUSE,, x agesexTx,, x agesexRx/Tx,,, x agesexCOST /Rxy,
~ agesexUSE 494 X agesexTx ;g5 X agesexRx/Tx 495 X agesexCOST /Rx,gq5

Cost per prescription can be further broken down into two components:
agesexMIX/Rx, the age/sex-specific mix of drug products selected per pre-
scription within therapeutic categories, including changes in dosages selected;
and PRICE/PILL, a price index for all products in each therapeutic
category. Because of the underlying data requirements, the price index for
each therapeutic class was computed for five broad age categories (residents
aged 0-19, 20-44, 45-64, 56-84, and 85 and older). With these price
estimates, the age/sex-specific cost per prescription can be described with
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the following equation:

agesexCOST/Rx,,),  agesexMIX/Rx,,,, x PRICE/PILLyy,
agesexCOST/Rx,qqs  agesexMIX/Rx g5 X PRICE/PILL, 9o

The impact of each factor in the equations describing age/sex-specific ex-
penditures per capita and age/sex-specific costs per prescription was calcu-
lated using the methods described for the measurement of the impact of
population aging. Each factor’s impact on population-wide expenditures per
capita is calculated holding constant all other factors, including the effect of
population aging.

RESULTS
Population Profiles of Drug Expenditure and Drug Use

Figure 1 illustrates the age/sex profile of the BC population in 1996 and 2002
and, on the right-hand scale, the total percentage change in the share of the
population (male plus female) that fell in the age-specific cohort between 1996

Figure 1: Age/Sex Profiles of Population, 1996 and 2002
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and 2002. It illustrates the wave of baby-boomers, roughly aged 40-60 in 2002,
followed by a decline in the population profile (the “baby bust” generation, or
generation X), and then a second relatively large generation comprised of the
boomers children (the echo generation) (Foot and Stoffman 1998). Owing to
aging of the boomers, the share of the population aged 45-60 grew signif-
icantly: rising from 18.8 percent in 1996 to 22.5 percent in 2002. In contrast,
the share of the population younger than 10 declined from 13 percent in 1996
to 11.3 percent in 2002, and the population share aged 21-40 fell from 31.6 to
28.3 percent. Owing to increased longevity in BC, the share of the population
aged 85 and older increased from 1.4 percent of the population in 1996 to 1.8
percent of the population in 2002.

The effect of population aging on overall drug expenditures will depend
on the gradient of age-specific drug expenditure—Figure 2. Over the male and
female age-specific drug expenditure profiles in both 2002 and 1996, average
expenditures for an individual increased by roughly 3.5 percent per year of
age from 35 to 65 years of age. Age-specific expenditures per capita fall be-
yond age 80, which may reflect a healthy-survivor selection bias. In addition to

Figure2: Age/Sex Profiles of Expenditures per Capita, 1996 and 2002
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the slope in the age gradient, the other principle finding from Figure 2 is that,
between 1996 and 2002, age-specific drug expenditures increased by between

60 and 90 percent for adults over age 30 and increased by 20-60 percent for
younger populations.

Figure 3a: Age/Sex Profiles of Contributors to Expenditures, 1996 and 2002
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Factors contributing to the age/sex profiles of drug expenditures are
illustrated in Figure 3. Each graph in Figure 3 illustrates the age-specific levels
of a variable for males and females as well as the percentage change in these
variables for all persons of given ages (male and female combined). The scale

Figure 3b:  Age/Sex Profiles of Contributors to Expenditures, 1996 and 2002
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of the percentage change measures is found on the right side of each graph;
moreover, it is identically scaled across all graphs in Figure 3, allowing ready
comparison of the differences in growth across ages and across variables.

The profile of “use” of any drug treatment shows that the share of an
age/sex cohort that receives one or more prescription drugs increases slightly
with age and is notably higher for females, particularly those of childbearing
age. While not shown in the figure, secondary analysis illustrated that use in
drugs from ATC categories G (“genito urinary system and sex hormones”)
and N (“nervous system”) explain virtually all of the gender difference be-
tween ages 13 and 73. In both 1996 and 2002, greater than 75 percent of
females over age 17 filled one or more prescriptions; only males over age 55
filled prescriptions at a rate of 75 percent or more. The rate of drug use among
adults over age 50 increased by 2-5 percent between 1996 and 2002, while use
fell for younger cohorts, particularly children under 13 years of age.

Conditional on use of at least one drug of any kind, the average number
of distinct therapeutic categories from which patients received prescriptions
increased with age and was consistently higher for females beyond childhood.
The average child that was exposed to any drug therapy filled prescriptions
from approximately 1.5 different therapeutic categories. Rising steadily with
age, the average number of categories of drug received by prescription users
was above three for residents aged 50 and older and above four for residents
aged 80 and older. Between 1996 and 2002, this age/sex-specific profile rose
only slightly, with the rate of change slightly greater for older adults.

The age/sex profile of prescriptions filled per patient per therapeutic
category had a moderate, positive slope between ages 15 and 65. Beyond age
65, this positive age-gradient increases substantially, particularly for females.
The number of prescriptions per patient per therapeutic category increased
between 1996 and 2002 at rates ranging from 20 to 31 percent across adult
cohorts. The change was more rapid for males than females. Whereas males
and females age 23-64 filled comparable numbers of prescriptions per course
of therapy in 1996, male prescription users age 23-64 filled a larger number of
prescriptions per therapeutic category than their female contemporaries did in
2002.

The average cost per prescription filled increased with age up to age 70
for both the 1996 and 2002 age/sex profiles. Costs per prescription fell sharply
with age beyond age 70. Given the profile of prescriptions per patient per
category, it appears that older users of prescription drugs fill a greater quantity
of less costly prescriptions per course of treatment. This may reflect the dis-
pensation of “shorter” prescriptions for older populations. Age/sex-specific
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costs per prescription, which rose at rates of 17-50 percent, increased more
rapidly than other factors contributing to age-specific expenditures per capita.
Growth in costs per prescription was highest among children, and lowest
among residents aged 67-84. Total price inflation between 1996 and 2002 for
the drug products selected per prescription was approximately 0.9 percent for
adults (of all ages) and 1.2 percent for children (average annual rates of 0.13
and 0.17 percent, respectively). This indicates that almost all of the change in
costs per prescription stemmed from changes in the mix of products selected.

Causes of Change in Population-Wide Expenditures per Capita

The preceding profiles of drug expenditure and utilization measures combine
to determine population-wide expenditures per capita. Prescription drug ex-
penditures per BC resident increased by 86 percent from $186 in 1996 to $344
in 2002. Expenditures per female increased by 82 percent, from $213 to $389,
and expenditures per male increased by 90 percent, from $158 to $300. Table 1
lists the determinants of these changes in expenditure per capita for all prescrip-
tion drugs, and for the fastest growing therapeutic categories.

Population aging per se was sufficient to increase per capita drug ex-
penditures by 6 percent (6 percent for females and 7 percent for males). Aging
had a slightly larger impact on expenditures per male because the age gradient
of expenditure per male was steeper over the range of ages for which pop-
ulation growth was most rapid. After accounting for aging, increases in age-
specific drug expenditure along the demographic profile caused population-
wide prescription drug expenditures per capita to increase by 75 percent
between 1996 and 2002. Age-specific expenditures increased more rapidly for
males (77 percent) than for females (73 percent).

The most significant determinant of drug spending at the population
level—slightly more so for females than males—was changes in the age-spe-
cific mix of drugs prescribed per prescription. These changes were sufficient to
increase the average expenditures per capita by 31 percent (29 percent for
males and 32 percent for females). The second largest impact on per capita
drug expenditures was the age-adjusted number of prescriptions filled per
patient per therapeutic category, which increased population-wide per capita
expenditures by 26 percent (29 percent for males and 23 percent for females).
Changes in the age-specific rates at which residents used one or more pre-
scription drugs had no measurable impact on population-wide drug expen-
ditures, whereas the rise in age/sex-specific average numbers of categories
used per “exposed” patient caused expenditures per capita to increase by 5
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percent. Finally, drug price inflation (for existing products) increased expen-
ditures per capita by 1 percent.

Causes of Change by Drug Category

In 1996 and 2002, over 75 percent of total drug expenditures were
concentrated in the five fastest-growing broad therapeutic categories of
drug treatment—Table 1. In descending order of expenditure, these catego-
ries were cardiovascular; nervous system; alimentary tract and metabo-
lism; genitourinary system and sex hormones; and antiinfectives for
systemic use.

Cardiovascular medicines were the largest drug category in terms of
spending for males and second largest for females. Population aging caused
per capita cardiovascular drug expenditures to rise by 10 percent between
1996 and 2002. This was slightly higher than the impact of aging on overall
drug expenditures per capita because of the fact that there is a relatively steep
age gradient in cardiovascular drug expenditures. Increases in the rate at
which patients received cardiovascular drugs and increases in the quantity of
prescriptions filled per recipient explained most of the expenditure change in
this category. Given the breadth of the cardiovascular category, some of
the increase in prescriptions filled per patient may reflect increased treat-
ment of concomitant cardiovascular conditions (e.g., high cholesterol and
hypertension).

Expenditure on nervous system treatments grew more quickly
than overall drug expenditures, and accounted for 25 percent of total
expenditures in 2002. Population aging had a relatively modest, 5 percent
impact on nervous system drug expenditures because the age gradient was
relatively flat for this therapeutic category. Most of the increase in nervous
system drug expenditures resulted from age-adjusted increases in the number
of prescriptions per recipient of therapy and changing mix of products
selected.

Demographics played varying roles in the remaining top-selling
therapeutic categories. While population aging had a pronounced impact
on cardiovascular drug expenditure, it played a minor role in the anti-
infective category. Aging had a small impact on genitourinary drug expend-
iture per female, but had a significant impact on expenditure per male
in the same class. After adjusting for aging, the rate of use was the most
significant determinant of increased spending on genitourinary drugs.
Changes in the mix of drugs selected per prescription had the most
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significant impact on expenditures per capita for the remaining large thera-
peutic categories: alimentary tract and metabolism drugs; and antiinfectives
for systemic use.

DISCUSSION

Between 1996 and 2002 in BC, per capita drug expenditures grew at a rate
of 10.8 percent per annum. Despite steep age gradients in drug expenditure,
population aging explained 1.0 points of the observed annual rate of expend-
iture growth. Most of the observed increase in per capita expenditures resulted
from the fact that age/sex-specific drug expenditures rose significantly at
all points in the population’s demographic profile. The increase in
age/sex-specific drug expenditures was largely the result of increases in the
age/sex-specific numbers of prescriptions filled per patient per therapeutic
category of drugs, and from changes in the age/sex-specific mix of products
selected per prescription.

Unique factors that may have affected the findings in BC include the
drug pricing system in Canada, the lack of the Medicare-style “doughnut
hole” (Anderson et al. 2004) for the seniors benefit plan in BC, and changes in
sociocultural demographics. Difference in pricing systems between Canada
and the U.S. may imply that U.S. spending trends would exhibit a much
greater impact from changes in the price of drugs on the market than is shown
here. In Canada, such changes are now rare, owing to “frozen” prices for large
public drug formularies (Morgan, Barer, and Agnew 2003). Terms of coverage
for seniors are another source of potential difference in expenditure growth
between BC and the U.S. The Medicare Drug Benefit contains a substantial
gap in coverage (a “doughnut hole”) wherein patients must pay their own drug
costs between approximately $2,000 and $5,000. No such gap in coverage
existed in BC during the study period. Thus, owing to seniors’ more favorable
access to public subsidy in BC, the age gradient computed in this study may
have been “steeper” than that which would occur in the U.S. If this were the
case, age-related cost growth would be even lower in the U.S. than it has been
in BC. Finally, there are other demographic changes that have not been ac-
counted for in this study that will differ between BC, the U.S., and the rest of
Canada. Notably, BC has experienced a significant immigration of population
from China and South Asia over the period of study. An analysis of regional
variation in BC has shown that areas that have recently experienced signif-
icant immigration from China and South Asia have lower rates of prescription
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drug use than other areas of the province (Morgan et al. 2005). To the extent
that these regional variations owe to sociocultural background, and to
the extent that BC has experienced greater than average immigration of these
populations, growth in drug expenditure in BC will be lower than other re-
gions of North America. Notwithstanding these potential sources of difference
in drug utilization and expenditure, the general findings of this study are likely
to be true of the U.S. and Canada.

The detailed findings of this study illustrate the value of universal drug
claims data systems to help separate fact from perception for those tasked with
policy and planning. Moreover, datasets such as the one used here could be
used to assess drug use, safety, and outcomes in the real world with much
greater detail than has been provided in this study. While further research is
needed to investigate the details lying beneath the age/sex profiles computed
in this study, hypotheses about the major trends emerge from the results. First,
it is likely that some portion of the increased numbers of prescriptions per
patient per broad therapeutic category reflects poly-therapy in the manage-
ment of given conditions (e.g., using several drugs to manage asthma) as well
as the treatment of multiple diagnoses that fall under the same broad ther-
apeutic category (e.g., managing high cholesterol and high blood pressure
simultaneously). Policy makers may not wish to alter such dynamics except in
cases where contraindications may occur or when the benefit of treating the
Nth condition of a given patient no longer justifies the cost of that treatment
(Marshall 2003). Some of the increase in drug utilization per therapeutic cat-
egory may also reflect better compliance with the management of chronic
conditions. Trends in compliance with treatment should be studied in relation
to evidence-based clinical guidelines and adherence to treatment of appro-
priate duration and type should be encouraged through policy.

Second, given that both the number of prescriptions filled per patient
and the mix of products selected per prescription caused significant expend-
iture increases in the market overall and in five of the six largest therapeutic
categories, the changing mix of products selected likely reflects substitutions
from lower to higher cost medicines rather than a trend toward filling longer
prescriptions of unchanging products. This trend deserves careful scrutiny and
is a potential target for policy intervention. Substitutions from low-cost to high-
cost alternatives that generate improvements in health outcomes commensu-
rate with the relative costs should not be a policy concern. However, where
expenditures escalate more rapidly than quality, policy interventions such as
generic substitutions, tiered formularies, or reference pricing may be war-
ranted.
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The primary objective of this study was to isolate the impact of immu-
table demographic forces from the impact of utilization and expenditure dy-
namics that may be managed through policy. The related finding is that very
little of the increase in drug expenditures in BC could be considered the
inevitable result of demographics. Even as the baby boomer cohort threatens
to swell the ranks of seniors entitled to public drug subsidy, the major drivers
of expenditures and therefore public liability are endogenous to the pharma-
ceutical market. For, prevailing trends in choices concerning the quantity and
type of drugs provided to people of all ages are sufficient to double age-specific
drug expenditures in 10 years. Demographic change will not double the ben-
eficiaries of seniors’ drug programs for nearly 30 years (George and Statistics
Canada, Demography Division 2001; U.S. Census Bureau 2004); by which
time, age-specific drug expenditures per capita could be up to eight times
current levels if left unchecked. The sustainability of pharmaceutical spending
therefore depends not on outside forces but on decisions made by policy
makers, prescribers, and patients.
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