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Among most industrialized countries, policy makers and system

planners assume that medical service intensity will be delivered in

accordance with the medical needs of the population (1-3). In some

jurisdictions, ‘needs-based’ funding models have been developed and

implemented to help guide health service resource allocation to regions

with the greatest medical disease burden. For example, Ontario policy

makers and health care system planners used acute coronary syndrome

hospitalization data to estimate volume requirements of coronary
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BACKGROUND: While health service use appears to be positively cor-

related with resource availability, no study has explored the interactions

among health service supply, cardiovascular disease burden and health

service use. The objective of the present study was to examine the rela-

tionship among cardiovascular evaluation and management intensity,

physician supply and cardiovascular disease burden in the Canadian popu-

lation.

METHODS: The present cross-sectional, population-based study con-

sisted of adult residents in Ontario in 2001. Cardiac evaluation and man-

agement intensity, the main outcome measure, was measured at the

individual level, and consisted of receiving one or more of the following

services: noninvasive cardiac testing, coronary angiography and statin use

(the latter among individuals 65 years of age and older). Mortality was the

secondary outcome measure. Cardiovascular disease burden, and cardiolo-

gist and primary care physician supply were measured at the regional (ie,

county) level. Analyses were adjusted for age and sex using Poisson regres-

sion, accounting for regional clustering.

RESULTS: Regional per capita cardiologist supply varied more than

twofold across regions, but was inversely related to the regional cardiovas-

cular disease burden (r=–0.34, P=0.01). Primary care physician supply was

relatively evenly distributed across regions. Residents in areas with more

cardiologists were more likely to receive some form of cardiac intervention

(RR=1.074, 95% CI 1.066 to 1.082 per additional cardiologist per

100,000). Those in areas with more primary care physicians were also more

likely to receive noninvasive cardiac testing (RR=1.056, 95% CI 1.051 to

1.061 per six additional primary care physicians per 100,000). However,

the intensity of provision of cardiac health services was unrelated to

regional cardiovascular disease burden and was not associated with

improved survival.

CONCLUSIONS: The mismatch between physician supply and cardiac

disease burden may explain why cardiovascular health service use is nei-

ther concordant with the cardiovascular disease burden nor associated

with mortality in the population. These results underscore the importance

of physician service maldistribution and supply-sensitive care on the

appropriateness of cardiac health service use.
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Le lien entre la disponibilité de médecins,
l’utilisation des services de santé cardiovasculaire
et le fardeau des maladies cardiaques en
Ontario : Un décalage entre l’offre et la demande

HISTORIQUE : L’utilisation des services de santé semble être

directement proportionnelle à la disponibilité des ressources, mais aucune

étude n’a porté sur l’interaction entre la disponibilité des services de santé,

le fardeau des maladies cardiovasculaires et l’utilisation des services de

santé. La présente étude visait à examiner le lien entre l’évaluation

cardiovasculaire et l’intensité de la prise en charge, la disponibilité de

médecins et le fardeau des maladies cardiovasculaires au sein de la

population canadienne.

MÉTHODOLOGIE : La présente étude transversale en population se

composait de citoyens adultes de l’Ontario en 2001. Chez chaque patient,

les auteurs ont mesuré l’évaluation cardiaque et l’intensité de la prise en

charge comme principale mesure d’issue, composée d’au moins l’un des

services suivants : test cardiaque non effractif, coronarographie et

utilisation de statine (seulement chez les patients de 65 ans et plus). La

mortalité était la mesure d’issue secondaire. Les auteurs ont mesuré le

fardeau des maladies cardiovasculaires et la disponibilité de cardiologues et

de médecins de premier recours à l’échelle régionale (par comté). Ils ont

rajusté les analyses selon l’âge et le sexe au moyen de la régression de

Poisson, compte tenu de la concentration régionale.

RÉSULTATS : La disponibilité régionale de cardiologues per capita variait

de plus du simple au double entre les régions, mais était inversement

proportionnelle au fardeau des maladies cardiovasculaires (r=–0,34,

P=0,01). La disponibilité de médecins de premier recours était

relativement uniforme entre les régions. Les résidents des régions

comptant plus de cardiologues étaient plus susceptibles de recevoir une

forme d’intervention cardiaque (RR=1,074, 95 % IC 1,066 à 1,082 par

cardiologue supplémentaire pour une population de 100 000 habitants).

Ceux des régions comptant plus de médecins de premier recours étaient

également plus susceptibles de subir des tests cardiaques non effractifs

(RR=1,056, 95 % IC 1,051 à 1,061 par tranche de six médecins de premier

recours pour une population de 100 000 habitants). Cependant, l’intensité

de la prestation de services de santé cardiaque n’était ni reliée au fardeau

régional des maladies cardiovasculaires ni à un meilleur taux de survie.

CONCLUSIONS : Le décalage entre la disponibilité de médecins et le

fardeau des maladies cardiaques peut expliquer que l’utilisation des services

de santé cardiovasculaire ne concorde pas avec le fardeau des maladies

cardiovasculaires et la mortalité au sein de la population. Ces résultats

soulignent l’importance d’une mauvaise distribution des services des

médecins et des soins selon les ressources sur l’adéquation de l’utilisation

des services de santé cardiaque.
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angiography, percutaneous coronary intervention (PCI) and coronary

artery bypass surgery capacity across regions (4). Similarly, in the

United Kingdom, policy makers implemented needs-based funding

models to estimate the cardiovascular resource requirements across

regions, as well as for general national health services funding (1).

Notwithstanding the existence of such funding models, available

evidence in Canada, like elsewhere, has demonstrated marked regional

variations in the use of cardiovascular health services in magnitudes

that exceed those expected from variations in cardiovascular disease

burden and illness severity alone (5-7). While onsite procedural hospi-

tal capacity remains an important determinant of coronary invasive

service use (8,9), available evidence has demonstrated marked varia-

tions in the use of noninvasive and medical services in Canada and the

United States (7,10,11). Given the importance of physician decision

making as a determinant of cardiovascular specialty service use (12),

one may reasonably hypothesize that variations in physician supply

play a more important determining factor in accounting for inter-

regional cardiovascular referral and management disparities than dif-

ferences in cardiovascular disease burden (7,13,14). Moreover, a

mismatch between physician supply and cardiovascular disease burden

may also have downstream repercussions on health outcome dispari-

ties, should a disproportionate intensity of cardiovascular services be

allocated to lower- rather than higher-risk communities.

The objective of the present study was to examine the relationship

between physician supply, health service use and cardiovascular dis-

ease burden across Ontario. Canada is an ideal country to examine,

given that its publicly funded universal health care system is designed

to ensure that all citizens have equal access to necessary medical serv-

ices without out-of-pocket payments or user fees (15). Consequently,

the alignment between service supply, service use and disease burden

should, in theory, be greater than that observed elsewhere, especially

among those countries whose health care systems have parallel private

funding options in place. Nonetheless, we hypothesized that cardio-

vascular health service intensity would correlate poorly with cardio-

vascular disease burden as a result of a service maldistribution of

cardiology specialty providers in the population.

METHODS
System context and study population
The present retrospective, population-based study comprised the

Ontario adult population 20 years of age and older. Ontario is the

largest province in Canada, consisting of 11.9 million people, and is

subdivided into 17,824 census dissemination areas (DAs) and

50 counties. The median population size per DA is 415 adults

(20 years of age and older), and ranges from five to 8365 adults; the

corresponding population per county ranges from 9462 to 1.98 million

adults. In Ontario, the use of tertiary cardiovascular services (ie, coro-

nary angiography, PCI and coronary artery bypass surgery) is regional-

ized, but such service requirements are projected to reflect existing

variations in cardiovascular disease burden across communities (4).

Data sources
Patient records were linked across multiple health administrative

databases using a unique encrypted study number to protect patient

confidentiality. Information regarding noninvasive testing and physi-

cian visits was obtained through medical claims data from the Ontario

Health Insurance Plan (OHIP). OHIP captures all outpatient claims

throughout Ontario, but does not capture services provided in alter-

native payment plans (5% of total claims for Ontario). The Registered

Persons Database was used to identify information related to the

patient residence (postal codes) and mortality during the 2001 calen-

dar year. Cardiac hospitalizations and coronary angiography were

identified using hospital discharge abstracts from the Canadian

Institutes for Health Information database. Provider specialty was

obtained from the Institute for Clinical Evaluative Sciences Physician

Database (IPDB) (16). The IPDB contains information on physician

demographics, specialty training and practice location. The quality of

data in the IPDB was validated against the Ontario Physician Human

Resource Data Centre database, which verifies this information

through periodic telephone interviews with physicians. Drug prescrip-

tion data were obtained from the Ontario Drug Benefit Program data-

base. The postal code conversion file was used to link postal codes to

DAs, and official 2001 census data were used to ascertain the DA pop-

ulation (17). The study received ethics approval at Sunnybrook and

Women’s College Health Sciences Centre (Toronto, Ontario).

Physician supply
Physicians self-designated themselves as primary care providers (ie, gen-

eral or family practitioners) or cardiologists in the IPDB survey. The spe-

cialty assignment of ‘cardiology’ was based on ‘functional specialty’, which

reflects what the physician actually does in her/his practice. Functional

specialty was validated by physician self-report. Consequently, internists

who spend most of their time providing cardiac care would be classified as

‘cardiologists’ for study purposes. For each county, in-area head counts of

primary care and cardiology physicians were converted to full-time equiv-

alents using a Health Canada formula (16,18). These were adjusted for

population travel across county boundaries based on claims for cardiac

evaluation and management visits using previously published methods

(19). Rates of physician supply were adjusted for age and sex, and were

expressed per 100,000 county residents.

Cardiac disease burden
Cardiac disease burden was estimated using age- and sex-specific

county-level rates of cardiac hospitalizations for acute myocardial

infarction (International Classification of Diseases, 9th revision [ICD-9],

code 410), unstable angina (ICD-9 codes 411 and 413) and congestive

heart failure (ICD-9 code 428) using the most responsible diagnosis

from hospital discharge abstracts in 2000 (the year preceding the

assessment of noninvasive testing). Hospitalizations were geographi-

cally attributed to the patient’s county of residence based on postal

code data. Hospitalization data provides a surrogate for the ‘expressed’

health service needs and disease burden prevalence of a population,

and have been used as markers of population need in other studies

(9,11,20,21). As a further assessment of validity, county-specific car-

diac hospitalization rates in 2000 were found to be positively correlated

with the prevalence of county-specific, self-reported cardiovascular risk

factors (ie, defined by the presence of smoking, hypertension, diabetes

and heart disease), as obtained from the 1996 Ontario Health Survey

(www.apheo.ca/indicators) (r=0.59, P<0.0001).

Cardiac health service intensity
Cardiac evaluation and management intensity served as our main out-

come variable; it was defined as the use of noninvasive services, inva-

sive services or medical therapy (3-hydroxy-3-methyl-glutaryl

coenzyme A reductase  inhibitors [statins]), and was measured at the

individual patient level. The use of noninvasive tests (echocardiogra-

phy, graded exercise treadmill testing [hereafter termed ‘stress testing’]

and nuclear perfusion imaging) was identified using the professional

component (ie, diagnostic interpretation) of physician claims data

between January 1, 2001, and December 31, 2001. Multiple tests per

day on the same patient for any diagnostic service were excluded.

Codes for echocardiography included one- or two-dimensional studies

with or without Doppler examination (G561, G562, G567, G568,

G571, G572, G575). Stress tests were identified by G319, while per-

fusion imaging tests included exercise or dipyridamole myocardial per-

fusion imaging with or without single photon emission computed

tomography, using either sestamibi or thallium as its radiotracer (J607,

J608, J609, J666, J807, J808, J809, J866). Such codes have previously

been used to examine noninvasive cardiac testing in Ontario (11).

Given that perfusion imaging tests may be conducted over one or

more consecutive days, a two-day window was applied on either side of

the date of a nuclear imaging claim to avoid duplicate counting. A
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similar two-day window was applied to stress testing to differentiate

isolated stress tests from those with concomitant perfusion. The use of

invasive testing (ie, coronary angiography) was derived using OHIP

procedure codes (11).

The use of statins (among patients 65 years of age and older) served

as our indicator of medical therapy for three reasons. First, statins rep-

resent evidence-based pharmacotherapy associated with irrefutable

survival benefits among patients with cardiovascular diseases (22).

Second, their indications are predicated on estimates of cardiovascular

risk rather than symptoms per se, which should, in theory, positively

correlate with cardiovascular disease burden (see below) if used appro-

priately (23). Third, they are well-tolerated and among the most fre-

quently prescribed cardiovascular drugs in Canada (24).

Mortality
Mortality in 2001 served as a secondary outcome measure, and was

measured using individual-level data.

Statistical analyses
Rates of noninvasive and invasive testing, physician visits and cardiac

admissions were computed as the number of tests or prescriptions

divided by the corresponding population. All rates were directly stan-

dardized according to the age and sex distribution of the Ontario adult

population. Regional (ie, county) variation was expressed using the

interquartile ratio (IQR) and the coefficient of variation. Univariate

associations between per capita rates of physician supply, noninvasive

and invasive testing, statin use and cardiac hospitalizations were

expressed using the coefficient of determination, unweighted for

county population.

To examine the relationship between individual cardiac evaluation

and management intensity, the regional supply of primary care providers

and cardiologists, and the regional cardiac disease burden, an overdis-

persed multilevel Poisson regression model was used, with an offset to

incorporate the stratum-specific population (25). Separate models were

run for echocardiography, stress or perfusion imaging, coronary angiog-

raphy and statin use (patients 65 years of age and older). The unit of

analysis was the five-year age, sex, DA stratum for computational effi-

ciency; the average stratum size was 15 people. Because population-

based rates of invasive and noninvasive testing were low, most strata had

one or no events. The dependent variable was the stratum-specific count

of tests or prescriptions during 2001. Independent variables included age

group and sex (and their interactions), regional per capita supply of gen-

eralists and cardiologists, as well as regional age- and sex-specific cardiac

admission rates for acute myocardial infarction, chronic heart failure or

angina. In the models, cardiologist and primary care supply, as well as

cardiac disease burden, were scaled to assess the effect of similar incre-

ments in supply, specifically, one-half the interquartile range for their

respective specialties (one cardiologist and six primary care physicians

per 100,000). Point estimates and 95% CI for RR were obtained by

exponentiating the corresponding regression parameters. Similar models

were used to study mortality. Variance overdispersion was incorporated

in the estimates of all standard errors to account for nesting of individu-

als within age- and sex-adjusted DA strata, as well as multiple tests to the

same individual (25). All tests were performed at the 5% level of signif-

icance and were two-sided.

RESULTS
Baseline characteristics
Table 1 summarizes descriptive statistics and variations in the rates

across counties for physician supply, cardiac management and hospi-

talization rates throughout Ontario. Intercounty variations were

greater for cardiologist (IQR=1.9) than for primary care physician

(IQR=1.2) supply. The IQR ranged from 1.2 to 1.6 for cardiac evalua-

tion and management intensity, and was similar for both noninvasive

and invasive tests, but lowest for statin use. Intercounty variations in

cardiac disease burden ranged from 1.4 to 1.7, and were slightly higher

than for cardiac evaluation and management intensity.

Correlations between age- and sex-adjusted physician supply,
cardiac evaluation and management and cardiac hospitalization rates
Univariate analyses showed that cardiac hospitalizations were

inversely correlated with cardiology supply (r=–0.34, P=0.01) but

unrelated to supply of primary care supply (Figure 1). Regional inten-

sity of cardiac testing and combined testing and statin use were

strongly correlated with cardiology supply (R2=0.24 and R2=0.48,

respectively) (Figures 2A and 2B) and weakly associated with primary

care supply (R2=0.08 and R2=0.13, respectively) (Figures 2C and 2D)

across regions. In contrast, cardiac testing and statin intensity were

not related to the prevalence of cardiovascular disease across jurisdic-

tions (r2=0.008).

A cardiovascular supply-need mismatch
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TABLE 1
Baseline summary characteristics for county-specific, age- and sex-adjusted rates of physician supply, noninvasive and
invasive cardiac testing, cardiac hospitalization and statin use in Ontario

Characteristic Total, n* Q1 Median Q3 Interquartile ratio Extremal ratio CV 

Physician supply per 100,000 in 2001

Primary care provider 8257 61.9 68.2 75.1 1.2 2.1 15.7

Cardiologist 434 1.9 3.1 3.7 1.9 10.7 41.6

Evaluation and management intensity per 1000 in 2001

Echocardiography 286,679 22.1 27.5 34.2 1.5 5.4 30.8

Stress or perfusion imaging 284,525 25.4 30.6 36.1 1.4 7.6 29.5

Any noninvasive testing 571,204 48.4 55.7 70.2 1.5 6.4 28.8

Coronary angiography 46,647 4.3 5.2 6.8 1.6 3.1 30.3

Any invasive or noninvasive test 617,851 53.6 63.9 75.6 1.4 5.9 27.8

Statin use (in adults ≥65 years of age) 368,317 205.5 223.6 243.7 1.2 1.8 12.4

Any management or evaluation (in adults ≥65 years of age) 592,324 327.6 360.4 406.9 1.2 2.6 16.4

Cardiac hospitalization per 1000 in 2000

Acute myocardial infarction hospitalization 24,350 2.7 3.0 3.6 1.4 3.0 25.7

Angina hospitalization 25,599 2.8 3.7 4.8 1.7 6.7 35.3

Congestive heart failure hospitalization 21,503 2.3 3.0 3.4 1.4 3.0 25.6

Any cardiac hospitalization 71,421 7.9 9.9 11.3 1.4 2.9 25.7

Noninvasive cardiac testing and physician visits reflect population rates for the year 2001, while cardiac hospitalizations correspond to population rates for 2000.
*Not adjusted for population size. CV Coefficient of variation (SD/mean); Q1, Q3 First, third quartiles
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Predictors of cardiac evaluation and management
Table 2 reports the relationship between cardiac evaluation and man-

agement intensity, physician supply and cardiac disease burden from

multivariate Poisson regression models. Cardiologist supply was signif-

icantly associated with all outcomes (P<0.001), and remained among

the strongest determinant of an individual’s cardiac testing and statin

use after accounting for age, sex and regional cardiac burden. Adjusted

RR for any form of cardiac investigation was 1.074 (95% CI 1.066 to

1.082), and ranged from 1.03 (95% CI 1.02 to 1.04) for coronary

angiography to 1.16 (95% CI 1.15 to 1.17) for echocardiography per

cardiologist per 100,000 population. Primary care physician supply was

significantly associated with an individual’s noninvasive testing

(RR=1.056, 95% CI 1.051 to 1.061 per six primary care physicians per

capita), but not with invasive testing or statin use. In contrast, cardiac

hospitalizations were weakly associated with cardiovascular evaluation

and management, where significant.

Predictors of mortality
While strongly associated with cardiac disease burden, as expected,

physician supply, cardiac testing and statin intensity were not signifi-

cant predictors of individual mortality (Table 3).

DISCUSSION
Our study demonstrated significant regional variations in cardiology

supply throughout Ontario that correlated inversely with cardiac dis-

ease burden, but nevertheless remained among the strongest determi-

nants of an individual’s cardiovascular evaluation and management

intensity after accounting for all baseline factors.

If one assumes that cardiovascular disease burden appropriately

reflects the expressed health service medical needs across populations,

our study was the first to demonstrate poor concordance between the

supply of cardiovascular service providers and cardiovascular popula-

tion needs. Such findings are consistent with other studies (26,27),

which have demonstrated a maldistribution between physician supply

and health service needs across Canada. Moreover, previous work by

our group (28) has also demonstrated a mismatch between cardiovas-

cular tertiary hospital services and population needs, as estimated

using neighbourhood socioeconomic status as a surrogate of cardiovas-

cular disease burden and illness severity.

Our study demonstrated at best only a modest correlation between

health service use and cardiovascular disease burden. For example,

the relationship between pre-existing cardiovascular hospitalizations

and cardiovascular service intensity was notably weaker than the
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Figure 1) The relationship between age- and sex- adjusted cardiovascular disease burden (ie, cardiac hospitalization per 100,000) and physician supply (per

100,000). A The relationship between the rates of cardiac hospitalization in 2000 and cardiology supply in 2001. B The relationship between the rates of car-

diac hospitalizations in 2000 and primary care supply
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Figure 2) The relationships between regional age- and sex-adjusted rates of cardiac investigations (per 1000) and physician supply (per 100,000). A The rela-

tionship between the rates of cardiac investigations (echocardiography, imaging and nonimaging stress tests and coronary angiography) and cardiology supply in

2001. B The relationship between the rates of cardiac investigations and primary care supply in 2001. C The relationship between combined regional cardiac

testing and statin intensity and cardiology supply in 2001 among patients 65 years and older. D The relationship between combined regional cardiac testing and

statin intensity and primary care supply in 2001 among patients 65 years and older
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associations between cardiology supply and testing intensity. The

strong positive relationship between angina hospitalizations and coro-

nary angiography, however, was one exception, and might have been

attributable to the evolution of clinical trial evidence favouring mod-

est outcome benefits associated with early invasive coronary manage-

ment among patients hospitalized with acute coronary syndromes

(29). The lack of a relationship between health service intensity and

cardiac disease burden may explain why cardiovascular management

and treatment intensity bore little relationship with mortality.

Our results reaffirm the importance of supply factors on physician

decision-making behaviours in Canada (8), like elsewhere (9,13,14),

and underscore the fact that supply may overshadow medical needs as

a determinant of health service use in the population (5,30,31).

The extent to which physician decision making reflected appropri-

ate or inappropriate evaluation and management behaviour cannot be

ascertained from the present study. In Ontario, cardiovascular

providers often own and operate noninvasive diagnostic services, such

as echocardiography and stress test laboratories. Patients may receive

A cardiovascular supply-need mismatch
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TABLE 2
The relationship between regional physician supply, cardiac hospitalization rates, cardiac evaluation and management
intensity in multivariate analyses in Ontario

Outcome and predictors Adjusted RR 95% CI P

Echocardiography

Primary care supply (per 6 primary care physicians per 100,000 adult population) 1.07 1.07–1.08 <0.001

Cardiology supply (per 100,000 adult population) 1.16 1.15–1.17 <0.001

Acute myocardial infarction hospitalizations (per 200 adult population) 1.00 0.98–1.01 0.685

Angina hospitalizations (per 1000 adult population) 1.00 1.00–1.01 0.003

Congestive heart failure hospitalizations (per 1000 adult population) 1.00 1.00–1.01 0.008

Stress or perfusion imaging

Primary care supply (per 6 primary care physicians per 100,000 adult population) 1.04 1.04–1.05 <0.001

Cardiology supply (per 100,000 adult population) 1.05 1.05–1.06 <0.001

Acute myocardial infarction hospitalizations (per 200 adult population) 1.02 1.01–1.04 0.005

Angina hospitalizations (per 1000 adult population) 1.00 1.00–1.00 0.272

Congestive heart failure hospitalizations (per 1000 adult population) 0.99 0.99–1.00 <0.001

Any noninvasive test

Primary care supply (per 6 primary care physicians per 100,000 adult population) 1.06 1.05–1.06 <0.001

Cardiology supply (per 100,000 adult population) 1.10 1.10–1.11 <0.001

Acute myocardial infarction hospitalizations (per 200 adult population) 1.01 1.00–1.02 0.065

Angina hospitalizations (per 1000 adult population) 1.00 1.00–1.00 0.220

Congestive heart failure hospitalizations (per 1000 adult population) 1.00 1.00–1.00 0.076

Coronary angiography

Primary care supply (per 6 primary care physicians per 100,000 adult population) 1.00 0.99–1.00 0.217

Cardiology supply (per 100,000 adult population) 1.03 1.02–1.04 <0.001

Acute myocardial infarction hospitalizations (per 200 adult population) 0.98 0.95–1.00 0.066

Angina hospitalizations (per 1000 adult population) 1.01 1.01–1.02 <0.001

Congestive heart failure hospitalizations (per 1000 adult population) 0.99 0.98–0.99 <0.001

Any cardiac investigation

Primary care supply (per 6 primary care physicians per 100,000 adult population) 1.05 1.05–1.06 <0.001

Cardiology supply (per 100,000 adult population) 1.10 1.09–1.10 <0.001

Acute myocardial infarction hospitalizations (per 200 adult population) 1.01 1.00–1.02 0.120

Angina hospitalizations (per 1000 adult population) 1.00 1.00–1.00 0.026

Congestive heart failure hospitalizations (per 1000 adult population) 1.00 1.00–1.00 0.004

Statin use 

Primary care supply (per 6 primary care physicians per 100,000 adult population) 1.00 1.00–1.01 0.071

Cardiology supply (per 100,000 adult population) 1.06 1.06–1.07 <0.001

Acute myocardial infarction hospitalizations (per 200 adult population) 1.01 1.00–1.02 0.004

Angina hospitalizations (per 1000 adult population) 1.00 1.00–1.00 >0.99

Congestive heart failure hospitalizations (per 1000 adult population) 1.00 1.00–1.00 0.223

Any cardiac investigation or statin use*

Primary care supply (per 6 primary care physicians per 100,000 adult population) 1.02 1.01–1.02 <0.001

Cardiology supply (per 100,000 adult population) 1.07 1.07–1.08 <0.001

Acute myocardial infarction hospitalizations (per 200 adult population) 1.01 1.00–1.02 0.107

Angina hospitalizations (per 1000 adult population) 1.00 1.00–1.00 0.810

Congestive heart failure hospitalizations (per 1000 adult population) 1.00 1.00–1.00 0.075

Multivariate analyses were also adjusted for age, sex and an age-sex interaction. Physician supply and noninvasive testing rates refer to the year 2001. Cardiac
hospitalizations correspond to admissions for angina, acute myocardial infarction or congestive heart failure during 2000. *Among patients 65 years of age and older
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noninvasive diagnostic services through direct referrals from primary

care providers or through a consulting cardiologist who uses his/her

own facility (or others’) to conduct further evaluation when necessary.

Although fee-for-service systems provide potential financial incen-

tives to those who ‘self-refer’ patients to their own diagnostic labora-

tories for evaluation, the indications for tests may not necessarily be

inappropriate. Indeed, available evidence has demonstrated that inap-

propriate indications comprise a low prevalence of the total case vol-

umes referred for cardiac evaluation (32). In short, geographical

variations in the use of supply-sensitive care may largely be attributa-

ble to differences in referral propensity among discretionary rather

than inappropriate or appropriate indications (12).

Our study was not designed to explore the underlying reasons for

the health service mismatch between physician service supply and

cardiovascular disease burden. Nonetheless, two hypotheses exist.

First, physicians’ personal and social values favour practice locations

in urban and/or medical service supply-intensive regions, regardless of

population needs – an effect that may partially be overcome through

explicit recruitment and retention strategies (33). Second, population

health service demands may be driven by perceptions more than by

true medical needs (34).

Canada’s universal health care system prohibits parallel private

funding streams. One may reasonably hypothesize that the additional

market-driven forces that exist in other first-payer private health care

systems (eg, United States) may further erode the alignment between

service supply and population needs, especially given that disease bur-

den correlates inversely with the socioeconomic affluence of a com-

munity (35). Therefore, the poor alignment between service supply

and medical needs observed in our study is likely conservative com-

pared with other international jurisdictions.

The integration of ‘needs-based’ modelling into health system

policy decision making is becoming more frequent in many industri-

alized nations worldwide (1,4,36-38). Our study illustrates the signif-

icance of physician supply factors and underscores the importance of

alignment between physician supply and population need when pro-

jecting future cardiovascular resources. Conversely, resource alloca-

tion processes, which do not take into account physician supply, may

result in suboptimal resource use in the population. In the absence of

appropriate supply-need resource alignment, policy makers may

require the implementation of referral networks between high- and

low-supply regions to mitigate physician shortfalls and unmet cardio-

vascular needs. Other strategies may include information technology

(eg, telemedicine), which may allow for more remote access to

provider and procedural services (39,40). However, others may argue

that service maldistribution may not necessitate specific reallocation

initiatives – that it will equilibrate passively through increases in

physician supply. Nonetheless, available evidence has suggested oth-

erwise (41).

Our study has several limitations. First, census DAs reflect

geopolitical boundaries and were not designed to demarcate health

service areas, which provide a more relevant regional unit of analysis

by optimally aligning resource supply and use (42). Nonetheless,

these methodological limitations would have biased our results

toward the null. Second, cardiac disease burden, by design, was

measured using regional- rather than individual-level cardiac-specific

hospitalizations to estimate the ‘expressed’ population cardiac need.

While cardiac health service intensity was measured at the individual

level, more rigorous risk adjustment might have altered our results.

However, the predominant variations in population clinical status are

correlated with age, sex and regional burden of cardiac disease.

Moreover, county-specific cardiac hospitalization rates correlated

well with self-reported cardiovascular risk factors using previous

population health survey data. While better risk adjustment may

explain the relationship between supply and use, it is unlikely to

explain the mismatch between individual use and population disease

burden (43). In addition, our data were five years old at the time of

writing, and cardiac service supply and population needs might have

changed in the interim. Moreover, the regional allocation and

delivery of cardiac services in Ontario may continue to evolve

through the development and implementation of Local Health

Integration Networks over the next several years. Nonetheless, future

alignment between service capacity and population needs remains

speculative. Finally, our data were limited to Ontario. However,

Ontario has the largest population size of any province in Canada,

consisting of over 10,000,000 people, including 10,000 physicians.

Moreover, the relationship between health service supply and use has

been demonstrated to exist throughout many jurisdictions outside of

Ontario, both within Canada and beyond. Accordingly, we have no

reason to believe that our results would not be adaptable to other

Canadian jurisdictions.

CONCLUSIONS
Physician supply maldistribution may explain the poor concordance

between cardiovascular service use and cardiovascular disease burden

in Ontario. Such results underscore the potential importance of physi-

cian service maldistribution and supply-sensitive care on the appropri-

ateness of cardiac health service use in Canada and elsewhere.
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TABLE 3
The relationship between regional physician supply, cardiac hospitalization rates, cardiac evaluation, management
intensity and mortality in multivariate analyses in Ontario  

Predictor Adjusted RR 95% CI P

Primary care supply (per 6 primary care physicians per 100,000 adult population) 1.00 0.99–1.01 0.97

Cardiology supply (per 100,000 adult population) 0.99 0.97–1.00 0.12

Echocardiography (per 100 adult population) 1.00 0.99–1.01 0.50

Stress or perfusion imaging (per 100 adult population) 1.00 0.98–1.01 0.84

Angiography (per 100 adult population) 1.03 1.00–1.06 0.07

Statin use (per 100 patients ≥65 years of age) 1.00 1.00–1.01 0.43

Cardiac hospitalizations (per 100 adult population) 1.04 1.03–1.06 <0.001

Multivariate analyses were also adjusted for age, sex and an age-sex interaction. Physician supply and noninvasive testing rates refer to years 2001. Cardiac hos-
pitalizations correspond to admissions for angina, acute myocardial infarction or congestive heart failure during the year 2000. The model for statin use was con-
ducted separately, and applied to patients 65 years of age and older. There was no significant relationship between evaluation and management intensity (ie, any
invasive test, noninvasive test or statin) and mortality among patients ages 65 years and older (Adjusted RR 1.00, 95% CI 1.00–1.00, P=0.77)
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