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ORIGINAL RESEARCH

Association of Cardiology Billing Amounts 
With Health Care Utilization and Clinical 
Outcomes in Patients With Atrial Fibrillation
R. Sacha Bhatia, MD, MBA; Cherry Chu, MSc; Anna Kaoutskaia, BSch; Dennis T. Ko , MD, MSc;  
Kaveh G. Shojania, MD; Paul Dorian , MD, MSc; Bing Yu, PhD; Mohammed Shurrab, MD, MSc;  
Jiming Fang, PhD; Heather Ross , MD; Peter C. Austin , PhD, MSc; Zachary Bouck , MPH;  
Shaun G. Goodman , MD; Eugene Crystal , MD

BACKGROUND: The relationship between health care utilization and outcomes in patients with atrial fibrillation is unknown. The 
objective of this study was to investigate whether cardiologists’ billing amounts in a fee- for- service environment are associated 
with better patient- level clinical outcomes.

METHODS AND RESULTS: A retrospective cohort study was conducted using administrative claims data of cardiologists in 
Ontario, Canada between April 1, 2011 and March 31, 2016. The cardiologists were stratified into quintiles based on their me-
dian billing patterns per patient over the observation period. The primary outcomes were patient- level receipt of repeat visits, 
cardiac diagnostic tests, and medications ≤1 year of index date. The secondary clinical outcomes were death, emergency 
department visits, and all- cause hospitalization 1- year post- index visit. The patient cohort comprised 182 572 patients with 
atrial fibrillation (median age 74 years, 58% male) from 467 cardiologists. Patients with atrial fibrillation seen by higher- billing 
cardiologists were 26% more likely to have an echocardiogram (adjusted odds ratio [aOR], 1.26 [95% CI, 1.10– 1.43] for quintile 
5 versus 2), 28% a stress test (aOR, 1.28 [1.12– 1.46] for quintile 5 versus 2), 25% continuous electrocardiographic monitoring 
(aOR, 1.25 [1.08– 1.46] for quintile 4 versus 2), and 79% more likely to get a stress echocardiogram (aOR, 1.79 [1.32– 2.42] for 
quintile 5 versus 2). They also had a higher rate of all- cause hospitalization (aOR, 1.13 [1.07– 1.20]). Mortality rates were similar 
across cardiologists billing quintiles (eg, aOR, 0.98 [0.87– 1.11] for quintile 4 versus 2).

CONCLUSIONS: Higher- billing cardiologists ordered more diagnostic tests per patient with atrial fibrillation but these are not as-
sociated with improvements in outcomes.

Key Words: antiarrhythmia agent ■ atrial fibrillation arrhythmia ■ cost- effectiveness ■ outcome ■ outcome and process assessment

Efforts to manage the rising costs of health care 
have focused in recent years on the reduction of 
low- value care. For example, campaigns such as 

Choosing Wisely have attempted to curb low- value 
service use through clearly defined clinical recommen-
dations.1 However, these contemporary efforts have 
not addressed the contribution of discretionary clini-
cal services to overall health care spending.2 This is 
important because prior research has demonstrated 
that differences between higher-  and lower- spending 

regions in the United States are driven by variation in 
discretionary clinical decision making.3– 5

Atrial fibrillation (AF) is the most common clinical 
cardiac arrhythmia, with an increasing burden of health 
system utilization.6 In patients with AF, only a few ther-
apies, such as anticoagulation for stroke prevention,7 
and catheter ablation in patients with AF with concur-
rent cardiovascular disease,8,9 are proven to reduce 
mortality and morbidity, and the majority of clinical de-
cision making, including rate versus rhythm control, are 
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directed toward symptom management. AF manage-
ment is an example of a disease where discretionary 
clinical services are used for symptom management, 
rather than impacting morbidity and mortality in the 
large majority of patients.

The drivers of discretionary care are multifactorial, 
including clinical guidelines, culture, physician and 
hospital supply, and individual practice settings; how-
ever, it may be that financial incentives play a role in 
discretionary care.10,11 For example, prior research has 
demonstrated an association between ownership of 
cardiac stress testing equipment and performance of 
routine stress tests post– percutaneous coronary inter-
vention.12 Most research to date has focused on total 
health spending in a geographical region, but not on 
the economic incentives for individual physicians. In 
Canada, as in most of the United States, physicians 
are predominantly paid on a fee- for- service (FFS) re-
imbursement model. Under this method of reimburse-
ment, individual physicians’ total billing amounts are 
calculated as the product of price per service and 
volume of services provided. In Ontario, Canada, in 
contrast to the US health care system, the price per 

service is fixed; thus, variation in physicians’ billing is 
driven solely by the number of medical services ren-
dered, whether those services are physician visits, car-
diac tests, or procedures conducted and interpreted 
by the billing physician. Investigating billing variation 
among individual physicians treating clinical conditions 
that lack strict clinical guidelines may provide insight 
into how economic incentives influence the use of dis-
cretionary services.

In this population- based study, we aimed to deter-
mine whether there was an association between indi-
vidual physician billings and their utilization of cardiac 
services, and clinical outcomes in patients with AF. We 
hypothesize that physicians who bill more per patient 
with AF will order more discretionary cardiac services 
for those same patients with no discernable impact on 
their clinical outcomes.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Design and Data Sources
We conducted a population- based, retrospective co-
hort study of cardiologists and general internists who 
practice cardiology who treat patients with AF, using 
routinely collected administrative claims data from 
Ontario, Canada. We used the following databases 
housed at the Institute for Clinical Evaluative Sciences 
(ICES): (1) Registered Persons Database, which pro-
vides basic demographic information for Ontario 
residents covered under the provincial health insur-
ance plan (ie, the Ontario Health Insurance Plan); (2) 
Discharge Abstract Database, which includes clinical, 
demographic, and administrative information on hospi-
tal discharges; (3) National Ambulatory Care Reporting 
System, containing data on hospital-  and community- 
based ambulatory care, including emergency depart-
ment visits and same- day surgeries; (4) Ontario Health 
Insurance Plan (OHIP) database, which records all bill-
ing claims made by physicians for services provided 
to Ontario residents covered under OHIP (the majority 
of the population); (5) ICES Physician Database, de-
tailing demographic information for physicians in the 
province; (6) Ontario Drug Benefit (ODB), which cap-
tures prescription drug dispensations at outpatient 
pharmacies that are reimbursed (at least partially) by 
the province under the ODB program; (7) CorHealth 
Cardiac Registry, containing clinical, administrative, 
and procedure- specific details (including findings and 
complications) for patients receiving a cardiac pro-
cedure in the province; and (8) various ICES- derived, 
disease- specific registries (eg, HYPER for identifying 

CLINICAL PERSPECTIVE

What Is New?
• Patients with atrial fibrillation seen by high- billing 

cardiologists had significantly higher rates of 
diagnostic testing compared with lower- billing 
cardiologists, but these were not associated 
with lower rates of hospitalization or death.

• Previous research analyzes the relationship of 
billing status to clinical activity, whereas our 
study assesses the relationship between total 
billing amounts, clinical activity, and outcomes 
at the individual provider level within a fee- for- 
service system.

What Are the Clinical Implications?
• Variation in atrial fibrillation investigations and 

management are common, and do not neces-
sarily lead to differences in patient outcomes.

• These results suggest the importance of align-
ing reimbursement incentives with health system 
goals, because fee- for- service reimbursement 
may influence physician ordering behavior.

Nonstandard Abbreviations and Acronyms

FFS fee- for- service
OHIP Ontario health insurance plan
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hypertensive patients). All of these data sets were 
linked using unique, encoded identifiers and analyzed 
at ICES. ICES is an independent, nonprofit research 
institute whose legal status under Ontario’s health in-
formation privacy law allows it to collect and analyze 
health care and demographic data, without consent, 
for health system evaluation and improvement. Use of 
these databases for the purposes of this study was 
authorized under §45 of Ontario’s Personal Health 
Information Protection Act, which does not require re-
view by a research ethics board.

Participants
We included cardiologists providing cardiovascular 
care in the study if they billed for services between 
April 1, 2011 and March 31, 2016, as documented in 
the OHIP database, and at least 80% of their billings 
during each year of practice were FFS payments. 
Other payments to the physicians, including stipends 
and salary support for research or administrative ac-
tivities, were not captured as part of this study.

Patients included in the cohort were those seen by 
eligible cardiologists meeting the above criteria. First, 
we identified all OHIP claims dated between April 1, 
2011 and March 31, 2016 for an outpatient visit to 1 
of the study physicians. Using an ICES- validated algo-
rithm,13 we then identified visits concerning a patient 
with a primary diagnosis of AF (ie, patient met at least 
1 of the following criteria within the 3  years before 
their index visit): (1) ≥1 hospitalization or emergency 
department visit with an International Classification of 
Diseases, Tenth Revision (ICD- 10) code I48 listed as the 
most responsible diagnosis but not also as a type II di-
agnosis; (2) ≥1 prescription of a rhythm control medica-
tion (amiodarone HCl, flecainide acetate, propafenone, 
propafenone HCl); (3) ≥1 prescription for an anticoag-
ulant (warfarin sodium, or direct- acting oral anticoag-
ulant) accompanied by an OHIP claim for AF; or (4) ≥1 
cardioversion (OHIP code Z437) accompanied by an 
OHIP claim for AF. If patients had multiple eligible visits 
on their index date, we excluded all visits that day if at 
least 2 of those visits were with different physicians. We 
identified the earliest visit per unique patient and set the 
corresponding date as their index date. Patients were 
excluded if they had invalid or missing information for 
their health card number, age, sex, or neighborhood in-
come quintile (derived from postal code using Statistics 
Canada’s Postal Code Conversion File+), were non- 
Ontario residents, <18 or >105 years old, residents of 
a long- term care home, or were not eligible for OHIP 
within 3 years before their visit.

On the basis of the resulting pool of eligible patients, 
we finalized our study population by excluding those 
physicians (and their corresponding patients) who saw 
<25 patients with AF during the study window. This 

volume- based exclusion was applied with the inten-
tion of limiting our study to physicians with sufficient 
volumes of patients with AF. In addition to analyzing 
all patients with AF seen by physicians, we also con-
ducted subgroup analyses of new AF consults, defined 
as first visits to the cardiologist, and follow- up patients 
with AF, which are subsequent visits to the same car-
diologist after the initial consultation.

Covariates
The following physician characteristics were collected 
based on each physician’s first day of billing dur-
ing the study period: sex, years since medical school 
graduation, international medical graduate status, and 
workload (based on full- time equivalents worked). We 
included a variable indicating whether the physician 
was an electrophysiologist, defined as having submit-
ted at least 1 OHIP billing claim for ablation in the year 
before cohort entry.

Patient sociodemographic variables included age, 
sex, rurality, and neighborhood income quintile. The fol-
lowing medical complications within 3 years before the 
index visit were captured using ICD- 10 and Canadian 
Classification of Health Interventions codes: myocardial 
infarction, coronary revascularization, heart failure, renal 
dysfunction, stroke, and peripheral vascular disease. Any 
history of chronic obstructive pulmonary disease, hy-
perlipidemia, diabetes, and hypertension before cohort 
entry was identified using disease- specific registries.

The primary exposure was cardiologists’ median 
annual billing per patient, for all patients in their prac-
tice per year. This was calculated using OHIP bill-
ing claims for services coded using professional fee 
codes. Median annual billing amounts per patient were 
stratified into quintiles, from lowest-  (bottom 20%) to 
highest- billing physicians (top 20%). We also con-
ducted a sensitivity analysis that considered income 
as a continuous variable.

Outcomes
The main outcomes of interest were patient- level car-
diac diagnostic and therapeutic procedures. We iden-
tified whether patients had at least 1 claim for each 
of the following: transthoracic echocardiogram, stress 
testing, continuous electrocardiographic monitoring, 
and stress echocardiogram, cardioversion, and abla-
tion. Additionally, we independently captured whether 
patients received at least 1 dispensation for each of the 
following drug classes: β- blockers, calcium- channel 
blockers, digoxin, anti- arrhythmic drugs, direct oral 
anticoagulant drugs, and warfarin. We quantified the 
number of outpatient visits with a primary care physi-
cian, cardiologist, or electrophysiologist. Clinical ser-
vices were measured within 365 days of the index visit 
and re- measured annually for up to 5 years.
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The following clinical outcomes were also ascer-
tained: AF hospitalizations, emergency department 
visits for AF, stroke hospitalization, hospitalization for 
cardiovascular disease, and death. Clinical outcomes 
were measured within 365 days of the index visit and 
re- measured annually thereafter until the end of the fol-
low- up period, for up to 5 years (death was measured 
once, 1 year from the index visit).

Statistical Analysis
Bivariate analyses of baseline characteristics and un-
adjusted outcomes were performed for the first year of 
follow- up among the cardiologist billing quintiles using 
Kruskal– Wallis tests for continuous variables and χ2 
tests for categorical variables. Adjusted analyses were 
conducted using mixed- effects logistic regression for 
dichotomous outcomes and mixed- effects Poisson re-
gression for count- based outcomes. For mixed- effects 
regression analyses, we regressed a given outcome on 
the primary exposure while adjusting for all baseline pa-
tient and physician characteristics listed previously. Both 
physician-  and patient- specific random effects were re-
spectively included to account for clustering of patients 
within physicians and repeated measurements per pa-
tient. With respect to the primary exposure, the second 
physician income quintile was chosen as the reference 
category because the first income quintile appeared 
substantially different (eg, comprising a higher propor-
tion of electrophysiologist physicians and academic 
physicians) compared with the other 4 quintiles. We also 
conducted 2 sensitivity analyses in addition to the main 
analyses. In the first sensitivity analysis we excluded 
electrophysiologist physicians and only included general 
cardiologists in an assessment of cardiac testing utiliza-
tion and outcomes. In addition, we considered income 
as a continuous variable in our adjusted analysis.

All analyses were performed in SAS 9.4 (SAS 
Institute) with a 2- tailed P value ≤0.05 deemed a statis-
tically significant result.

RESULTS
Participant Characteristics
After applying the eligibility criteria, 467 cardiolo-
gists were deemed eligible and included in our study. 
Physician characteristics are detailed in Table  1. The 
median annual billings per patient with AF varied from 
$89 in quintile 1 (lowest) to $463 in quintile 5 (highest). 
The lowest quintile consisted of a significantly higher 
proportion of electrophysiologists (18%) than any of the 
other quintiles. There was no difference in physician age, 
number of patients with AF per physician, or International 
Medical Graduate status, across the quintiles.

Figure S1 describes the flow of patients with AF into 
the study. After exclusions, 182 572 patients with AF 

were identified. Baseline patient characteristics are de-
tailed in Table  2. Patients of physicians belonging to 
quintile 5 had a higher rate of acute myocardial infarc-
tion, coronary revascularization, and diabetes, but a 
lower rate of heart failure and renal dysfunction, com-
pared with patients of physicians in quintile 2.

Cardiac Service Utilization
Figure shows the unadjusted utilization rate of cardiac 
service utilization by billing quintile. The proportion of 
patients with AF who had echocardiograms, continu-
ous ECG monitoring, and stress echocardiograms 
increased from billing quintile 1 to 5. Cardioversion 
rates were similar across billing quintiles, and quintile 
1 patients had higher rate of ablation therapies than 
the other quintiles. This pattern of test utilization was 
similar for all 7 years of study follow- up.

Table 3 lists the adjusted odds ratios (aOR) of use 
of cardiac services for the entire AF cohort, along with 
new and follow- up patients. Compared with patients 
with AF of physicians in billing quintile 2, patients of 
physicians in higher- billing quintiles were more likely to 
receive an echocardiogram (aOR, 1.26 [95% CI, 1.11– 
1.43] for quintile 5) and stress test (aOR, 1.28 [95% 
CI, 1.12– 1.46] for quintile 5), continuous ECG monitor-
ing (aOR, 1.25 [95% CI, 1.08– 1.46] for quintile 4), and 
stress echo (aOR, 1.79 [95% CI, 1.32– 2.42] for quintile 
5) at 1 year. Conversely, patients of physicians in billing 
quintile 1 had higher adjusted rates of electrophysiol-
ogist appointment (aOR, 1.23 [95% CI, 1.03– 1.47] for 
quintile 1) and ablation (aOR, 1.25 [95% CI, 1.07– 1.47] 
for quintile 1). There was no difference in cardioversion 
utilization between billing quintiles. A similar utilization 
pattern was found for both new and follow- up patients, 
except follow- up patients with AF in quintile 1 did not 
have a higher rate of ablation.

Table S1 shows the aOR for physician visits. There 
was no difference in primary care visits and cardiology 
visits between billing quintiles.

Medication Use
Table S2 shows the aOR for medication use in patients 
with AF >65  years old across billing quintiles. Lower 
β- blocker use was found in billing quintile 1 (aOR, 0.89 
[95% CI, 0.80– 0.98]) and lower digoxin use was seen 
in billing quintile 5 (aOR, 0.97 [95% CI, 0.77– 0.99]). 
Otherwise there was no difference in medication use 
across billing quintiles, including warfarin and direct 
oral anticoagulant use.

Clinical Outcomes
Table 4 shows the adjusted clinical outcomes across 
billing quintiles. There was no statistically significant 
difference in deaths or emergency department vis-
its across billing quintiles. Patients with AF in billing 
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quintile 5 had a higher risk of hospitalization (aOR, 1.13 
[95% CI, 1.07– 1.20]) compared with billing quintile 2.

Sensitivity Analyses
We conducted a sensitivity analysis where we excluded 
electrophysiologists from the analyses. Adjusted rates 
of electrophysiologist visits and ablation were now not 
significantly different across the quintiles. Otherwise, 
the sensitivity analysis did not change the trends in 
utilization, physician visits, medication use, and clini-
cal outcomes. We have included a table that demon-
strates these adjusted rates as Table S3.

A similar pattern of increased echocardiography, 
stress testing, and stress echocardiography utilization 
was observed when billing amounts were treated as 
a continuous variable. In addition, hospitalization rates 
were also higher with higher billing amounts, similar to 
when we conducted the analysis using billing quintiles. 
We have included these results in Table S4.

DISCUSSION
In this large, population- based cohort study, we ob-
served substantial cardiac testing variation that was 
positively associated with physician billings. Patients 
with AF seen by higher- billing physicians were more 
likely to receive diagnostic services such as echocar-
diograms or continuous ECG monitoring but did not 
have more medical visits than patients with AF seen 
by lower- billing physicians. There were differences in 
β- blocker and digoxin use, but not other medications 
such as anticoagulants, across billing quintiles, and no 
difference in cardioversion use. Importantly, likelihood 
of death and emergency room visits was no different 
across billing groups and hospitalizations were higher 
among patients with AF seen by higher- billing cardi-
ologists. In summary, the practice of higher- billing car-
diologists is reflected in higher utilization of testing in 
patients with AF.

Prior research has demonstrated that economic 
incentives impact physician ordering behavior.14– 16 
The ownership of cardiac diagnostic equipment has 
been associated with higher rates of stress test use 
after revascularization.12 Physicians in high spending 
regions of the United States are more likely to order 
discretionary care, such as increased frequency of 
physician visits, compared with lower- spending re-
gions.2 FFS payment models are known to incen-
tivize the greater use of health services, including 
physician visits and diagnostic tests. The prior re-
search analyzes the relationship of billing status to 
clinical activity, whereas our study assesses the re-
lationship between total billing amounts, clinical ac-
tivity, and outcomes at the individual provider level 
within an FFS system.Ta
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It is well known that patients with chronic disease 
who live in regions with higher per capita spending expe-
rience more specialty visits, tests, and hospitalizations 

than lower- spending regions, but with no differences in 
quality of care or outcomes.17 Discretionary care, such 
as testing in conditions such as chest pain, was found 

Table 2. Baseline Patient Characteristics by Billing Quintile

Variable

Median quintile based on billings per patient

P valueTotal (n=182 572) 1 (n=39 003) 2 (n=38 900) 3 (n=37 109) 4 (n=37 048) 5 (n=30 512)

Age, y, median (IQR) 74 (66– 81) 73 (65– 81) 75 (67– 81) 75 (66– 82) 74 (66– 81) 74 (66– 81) <0.0001

Male, n (%) 106 528 (58.3%) 23 564 (60.4%) 22 609 
(58.1%)

20 866 
(56.2%)

21 514 (58.1%) 17 975 
(58.9%)

<0.0001

Income quintile, n (%) <0.0001

1 32 922 (18.0%) 6775 (17.4%) 7288 (18.7%) 6750 (18.2%) 6351 (17.1%) 5758 (18.9%)

2 36 793 (20.2%) 7449 (19.1%) 7930 (20.4%) 7873 (21.2%) 7219 (19.5%) 6322 (20.7%)

3 36 146 (19.8%) 7301 (18.7%) 7859 (20.2%) 7404 (20.0%) 7351 (19.8%) 6231 (20.4%)

4 36 958 (20.2%) 7789 (20.0%) 7662 (19.7%) 7385 (19.9%) 7989 (21.6%) 6133 (20.1%)

5 39 753 (21.8%) 9689 (24.8%) 8161 (21.0%) 7697 (20.7%) 8138 (22.0%) 6068 (19.9%)

Rural, n (%) 350 (0.2%) 77 (0.2%) 47 (0.1%) 0 (0.0%) 0 (0.0%) 226 (0.7%) <0.0001

Acute MI*, n (%) 15 091 (8.3%) 2862 (7.3%) 3412 (8.8%) 2868 (7.7%) 2825 (7.6%) 3124 (10.2%) <0.0001

Coronary 
revascularization*, 
n (%)

19 304 (10.6%) 3613 (9.3%) 4131 (10.6%) 3744 (10.1%) 4083 (11.0%) 3733 (12.2%) <0.0001

Heart failure*, n (%) 34 700 (19.0%) 7845 (20.1%) 7757 (19.9%) 7020 (18.9%) 6444 (17.4%) 5634 (18.5%) <0.0001

Renal dysfunction*, 
n (%)

15 913 (8.7%) 3573 (9.2%) 3320 (8.5%) 3456 (9.3%) 3075 (8.3%) 2489 (8.2%) <0.0001

Stroke*, n (%) 8717 (4.8%) 1838 (4.7%) 1895 (4.9%) 1693 (4.6%) 1765 (4.8%) 1526 (5.0%) 0.0821

PVD*, n (%) 9110 (5.0%) 1991 (5.1%) 1969 (5.1%) 1799 (4.8%) 1795 (4.8%) 1556 (5.1%) 0.2396

COPD†, n (%) 27 751 (15.2%) 5530 (14.2%) 6265 (16.1%) 5632 (15.2%) 5562 (15.0%) 4762 (15.6%) <0.0001

Hyperlipidemia†, n (%) 120 984 (66.3%) 25 155 (64.5%) 25 105 
(64.5%)

24 719 
(66.6%)

25 117 (67.8%) 20 888 
(68.5%)

<0.0001

Diabetes†, n (%) 62 779 (34.4%) 12 651 (32.4%) 13 186 
(33.9%)

13 014 (35.1%) 12 872 
(34.7%)

11 056 
(36.2%)

<0.0001

Hypertension†, n (%) 149 411 (81.8%) 30 543 (78.3%) 31 860 
(81.9%)

30 603 
(82.5%)

30 749 
(83.0%)

25 656 
(84.1%)

<0.0001

Charlson Comorbidity 
Index*, n (%)

<0.0001

0 102 405 (56.1%) 21 673 (55.6%) 21 337 
(54.9%)

20 813 (56.1%) 21 390 
(57.7%)

17 192 
(56.3%)

1 28 801 (15.8%) 6204 (15.9%) 6298 (16.2%) 5835 (15.7%) 5704 (15.4%) 4760 (15.6%)

2+ 51 366 (28.1%) 11 126 (28.5%) 11 265 
(29.0%)

10 461 
(28.2%)

9954 (26.9%) 8560 (28.1%)

CHAD- VASc score, 
n (%)

<0.0001

0 7891 (4.3%) 2290 (5.9%) 1550 (4.0%) 1450 (3.9%) 1490 (4.0%) 1111 (3.6%)

1 16 860 (9.2%) 4379 (11.2%) 3291 (8.5%) 3295 (8.9%) 3297 (8.9%) 2598 (8.5%)

2 28 903 (15.8%) 6452 (16.5%) 6235 (16.0%) 5603 (15.1%) 5860 (15.8%) 4753 (15.6%)

3 45 712 (25.0%) 9269 (23.8%) 9897 (25.4%) 9334 (25.2%) 9419 (25.4%) 7793 (25.5%)

4 46 885 (25.7%) 9275 (23.8%) 9976 (25.6%) 9900 (26.7%) 9732 (26.3%) 8002 (26.2%)

5 23 957 (13.1%) 4825 (12.4%) 5165 (13.3%) 5000 (13.5%) 4836 (13.1%) 4131 (13.5%)

6 8740 (4.8%) 1756 (4.5%) 2001 (5.1%) 1812 (4.9%) 1718 (4.6%) 1453 (4.8%)

7 2733 (1.5%) 583 (1.5%) 591 (1.5%) 540 (1.5%) 525 (1.4%) 494 (1.6%)

8 734 (0.4%) 147 (0.4%) 158 (0.4%) 147 (0.4%) 143 (0.4%) 139 (0.5%)

9 157 (0.1%) 27 (0.1%) 36 (0.1%) 28 (0.1%) 28 (0.1%) 38 (0.1%)

COPD indicates chronic pulmonary obstructive disease; IQR, interquartile range; MI, myocardial infarction; and PVD, peripheral vascular disease.
*Within 3 years before cohort entry.
†Any time before cohort entry.
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to be higher in higher- spending regions than lower- 
spending regions.2 Variation in AF investigations and 
management are common, and do not necessarily 
lead to differences in patient outcomes.18,19 The driv-
ers of this variation are not well described, and may 
be driven by reimbursement, but could also be driven 
by practice style, local norms, or patient expectations. 
Our results demonstrate that substantial physician bill-
ing variation is predominantly driven by cardiac testing, 
not physician visits, which did not seem to drive differ-
ences in treatment utilization or outcomes. If anything, 
greater cardiac testing, seen in the higher physician 
billing quintile, may have led to a greater number of sig-
nificant findings, leading to hospital admissions but not 
mortality differences. While administrative data cannot 
determine the reasons for test ordering, testing differ-
ences either for financial gain or to assess symptoms 
did not seem to impact treatment outcomes, suggest-
ing opportunities to eliminate some of this discretion-
ary testing.

It is important to note that the patterns of cardiac 
service utilization were similar for both new patients 
and follow- ups, except for use of ablation, which 
is lower in follow- up patients. This trend was main-
tained throughout the 7- year follow- up period. While 
we cannot ascertain the indication for test ordering, 

most clinical guidelines are focused on recommenda-
tions for cardiac testing in newly diagnosed AF,7,20,21 
but recommendations are less certain on follow- up 
cardiac testing, particularly in stable outpatients. The 
lack of outcome differences in patients with AF seen 
by higher- billing cardiologists who order more car-
diac services does raise questions regarding what the 
optimal testing strategy is, in both new patients and 
follow- ups.

The results of this study have important implications 
for clinical redesign of health care services to contain 
health costs. Our study suggests that some of this dis-
cretionary care in patients with AF (testing in particu-
lar) may have a little impact on health outcomes, both 
in new consults and follow- up patients. These results 
suggest that further outcomes- oriented research into 
the optimal testing and management strategies— at 
the time of diagnosis and longitudinally— is required 
to ensure care is patient- centered and cost effective. 
Furthermore, these results suggest the importance 
of aligning reimbursement incentives with health sys-
tem goals, because FFS reimbursement may influence 
physician ordering behavior. In particular, new models 
of physician funding, including bundled care models 
or shared saving plans, may be opportunities to shift 
financial incentives away from discretionary care.22,23

Figure. Unadjusted utilization rate of cardiac service utilization by billing quintile. 
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Our results need to be interpreted within the con-
text of some important limitations. As mentioned pre-
viously, administrative data used in our study lack the 
clinical granularity to determine appropriateness of 
testing, although even clinical documentation of ap-
propriateness may be unreliable.24,25 As a result, we 
do not know whether the care ordered was clinically 
indicated, though we know some care, such as echo-
cardiography in a newly diagnosed patient with AF, 
is recommended by guidelines. The lack of clinical, 
laboratory, and cardiac testing data may also mean 
that we have underestimated the severity of illness 
in some groups, but some crude markers of clinical 
severity such as list of medications and/or cardiover-
sions used were mostly similar. Our physician billing 
data do not include any additional income as derived 
from on- call activities, administrative or academic sti-
pends, and regional supplemental pay; thus we may 

be underestimating the total physician funding enve-
lope, particularly for lower- billing physicians. We also 
do not have data on physician overhead, which is 
necessary to calculate “take- home” physician income. 
We cannot determine whether cardiac testing was or-
dered by the billing cardiologist, or by other physicians 
involved, thus limiting our ability to identify the extent of 
self- referral. Our analysis did not evaluate facility own-
ership influence on the billing patterns.

Despite these limitations, this study provides novel 
and important insights into the associations between 
physician billing, practice patterns, and outcomes in 
patients with cardiac disease.

CONCLUSIONS
In this population- based retrospective cohort study, 
patients with AF seen by the high- billing cardiologists 

Table 3. Adjusted Results for Dichotomous Health Care Utilization Outcomes in 1 Year*

Outcome
Median billing 
quintile

All patients aOR 
(95% CI)

New consults aOR 
(95% CI)†

Follow- up patients aOR 
(95% CI)

Echocardiogram 1 0.86 (0.76– 0.98)‡ 0.87 (0.78– 0.99)‡ 0.88 (0.76– 1.02)

3 1.12 (0.99– 1.27) 1.10 (0.98– 1.23) 1.16 (1.01– 1.34)‡

4 1.15 (1.01– 1.31)‡ 1.14 (1.01– 1.28)‡ 1.15 (0.99– 1.34)

5 1.26 (1.11– 1.43)‡ 1.26 (1.12– 1.41)‡ 1.30 (1.12– 1.51)‡

Stress test 1 0.92 (0.81– 1.06) 0.91 (0.80– 1.04) 0.92 (0.79– 1.07)

3 1.04 (0.92– 1.19) 1.07 (0.94– 1.22) 1.02 (0.88– 1.18)

4 1.25 (1.10– 1.43)‡ 1.26 (1.10– 1.44)‡ 1.26 (1.08– 1.47)‡

5 1.28 (1.12– 1.46)‡ 1.29 (1.13– 1.47)‡ 1.22 (1.05– 1.42)‡

Holter monitoring 1 0.86 (0.74– 1.00) 0.87 (0.75– 1.01) 0.85 (0.71– 1.01)

3 1.02 (0.88– 1.18) 0.98 (0.85– 1.13) 1.05 (0.89– 1.24)

4 1.25 (1.08– 1.46)‡ 1.22 (1.05– 1.41)‡ 1.26 (1.06– 1.50)‡

5 0.91 (0.79– 1.06) 0.91 (0.78– 1.05) 0.91 (0.76– 1.08)

Stress echocardiogram 1 0.74 (0.54– 1.01) 0.63 (0.45– 0.88)‡ 0.80 (0.56– 1.14)

3 1.19 (0.88– 1.60) 1.24 (0.91– 1.69) 1.17 (0.83– 1.65)

4 1.26 (0.93– 1.70) 1.26 (0.92– 1.72) 1.37 (0.97– 1.93)

5 1.79 (1.32– 2.42)‡ 1.75 (1.28– 2.40)‡ 1.77 (1.24– 2.53)‡

Cardioversion 1 1.00 (0.88– 1.13) 1.06 (0.92– 1.21) 0.94 (0.81– 1.09)

3 0.95 (0.84– 1.07) 0.90 (0.79– 1.03) 0.94 (0.81– 1.08)

4 1.06 (0.93– 1.19) 1.05 (0.92– 1.20) 1.04 (0.90– 1.20)

5 0.90 (0.79– 1.02) 0.90 (0.79– 1.03) 0.90 (0.78– 1.05)

Ablation 1 1.25 (1.07– 1.47)‡ 1.32 (1.10– 1.59)‡ 1.19 (0.99– 1.42)

3 1.09 (0.94– 1.27) 1.01 (0.84– 1.21) 1.10 (0.92– 1.31)

4 1.13 (0.97– 1.32) 1.07 (0.89– 1.29) 1.13 (0.94– 1.35)

5 1.01 (0.87– 1.19) 1.05 (0.87– 1.26) 0.96 (0.80– 1.16)

Electrophysiologist visit 1 1.23 (1.03– 1.47)‡ … 1.07 (0.87– 1.31)

3 1.02 (0.86– 1.21) … 1.10 (0.91– 1.34)

4 1.03 (0.85– 1.22) … 0.97 (0.79– 1.19)

5 0.97 (0.80– 1.16) … 0.96 (0.78– 1.19)

aOR indicates adjusted odds ratio.
*Reference level is quintile 2.
†Model for electrophysiologist visit did not converge.
‡Values that are statistically significant.
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had significantly higher rates of noninvasive testing 
compared with lower-  billing cardiologists, with no dif-
ferences in outcomes at 1 year. Further research into 
optimal testing and treatment strategies for patients 
with AF is warranted.
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Table 4. Adjusted Results for Clinical Outcomes in 1 Year*

Outcome
Median billing 
quintile

All patients aOR 
(95% CI)

New consults aOR (95% 
CI)†

Follow- up patients aOR 
(95% CI)‡

AF hospitalization 1 1.04 (0.97– 1.12) … 1.05 (0.96– 1.13)

3 1.04 (0.97– 1.12) … 1.05 (0.97– 1.13)

4 1.03 (0.96– 1.11) … 1.01 (0.93– 1.09)

5 1.07 (0.99– 1.15) … 1.01 (0.93– 1.10)

Stroke hospitalization 1 0.97 (0.86– 1.09) … …

3 1.02 (0.91– 1.14) … …

4 0.91 (0.80– 1.02) … …

5 0.95 (0.84– 1.07) … …

CVD hospitalization 1 1.02 (0.96– 1.09) 1.05 (0.96– 1.14) 1.03 (0.96– 1.10)

3 1.06 (1.00– 1.13) 1.05 (0.97– 1.14) 1.07 (1.00– 1.14)||

4 1.00 (0.94– 1.06) 1.06 (0.97– 1.15) 0.95 (0.89– 1.02)

5 1.11 (1.04– 1.18)|| 1.17 (1.07– 1.26)|| 1.01 (0.95– 1.09)

ED visits for AF 1 0.95 (0.88– 1.03) 1.01 (0.92– 1.10) 0.91 (0.83– 0.99)||
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Death§ 1 0.96 (0.85– 1.08) 0.98 (0.85– 1.15) 0.96 (0.85– 1.10)

3 0.97 (0.86– 1.09) 0.96 (0.83– 1.11) 0.97 (0.86– 1.10)

4 0.98 (0.87– 1.11) 1.00 (0.86– 1.17) 0.97 (0.86– 1.11)
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Composite outcome: ED visits, 
hospitalizations, death
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AF indicates atrial fibrillation; aOR, adjusted odds ratio; CVD, cardiovascular disease; and ED, emergency department.
*Reference level is quintile 2.
†Models for AF hospitalization and stroke hospitalization did not converge.
‡Model for stroke hospitalization did not converge.
§Includes only patients who were not censored within the first year.
||Values that are statistically significant.
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SUPPLEMENTAL MATERIAL 



Table S1. All patients - Adjusted outcomes for frequency of physician visits in one year* 

Outcome Median Billing Quintile aOR (95% CI) 

Visits with PCP or cardiologist 1 1.00 (0.98-1.03) 

3 1.01 (0.99-1.04) 

4 1.00 (0.97-1.03) 

5 1.01 (0.98-1.03) 

Outpatient visits with PCP 1 1.00 (0.97-1.04) 

3 1.00 (0.97-1.03) 

4 1.00 (0.97-1.03) 

5 0.99 (0.96-1.03) 

Outpatient visits with cardiologist 1 1.06 (0.99-1.14) 

3 1.06 (1.00-1.14) 

4 1.04 (0.97-1.11) 

5 0.98 (0.92-1.05) 

Inpatient visits with cardiologist (non-

emergency) 

1 1.03 (0.91-1.15) 

3 1.08 (0.96-1.21) 

4 0.93 (0.83-1.05) 

5 1.12 (0.99-1.26) 

Visits with index cardiologist* 1 0.82 (0.68-0.99) 

3 0.97 (0.81-1.17) 

4 0.95 (0.79-1.14) 

5 0.61 (0.51-0.74) 

Cardiologist visits with index cardiologist or 

with referral made by index cardiologist†   

1 0.82 (0.68-0.98) 

3 0.97 (0.82-1.16) 

4 0.96 (0.80-1.14) 

5 0.62 (0.52-0.74) 
Abbreviations: PCP = primary care physician 
* Reference level is quintile 2
† Index cardiologist refers to the cardiologist seen on the patient’s index date

Bold numbers show those values that are statistically significant.



Table S2. All patients - Adjusted results for prescription claims in one year* 

Outcome Median Billing Quintile aOR (95% CI) 

Beta blockers 1 0.89 (0.80-0.98) 

3 0.97 (0.88-1.07) 

4 1.01 (0.92-1.11) 

5 1.07 (0.97-1.18) 

Calcium channel blockers 1 0.95 (0.84-1.08) 

3 0.98 (0.86-1.11) 

4 0.89 (0.78-1.01) 

5 0.91 (0.80-1.04) 

Digoxin 1 1.01 (0.89-1.15) 

3 1.01 (0.90-1.15) 

4 0.94 (0.83-1.06) 

5 0.87 (0.77-0.99) 

Anti-arrhythmic 1 1.11 (0.96-1.28) 

3 1.09 (0.95-1.25) 

4 1.01 (0.88-1.16) 

5 0.99 (0.86-1.14) 

Anticoagulant 1 0.99 (0.90-1.10) 

3 1.00 (0.91-1.10) 

4 1.08 (0.98-1.19) 

5 0.98 (0.89-1.08) 

Warfarin 1 1.05 (0.92-1.19) 

3 1.03 (0.91-1.16) 

4 0.92 (0.81-1.04) 

5 0.94 (0.83-1.06) 
* Reference level is quintile 2

Bold numbers show those values that are statistically significant.



Table S3. Adjusted results for dichotomous healthcare utilization outcomes in one year excluding EP physicians *

Outcome Median Billing 

Quintile 

aOR (95% CI) – All 

Patients  

aOR (95% CI) – New 

Consults† 
aOR (95% CI) – Follow 

Up Patients 

Echocardiogram 1 0.87 (0.75-1.01) 0.89 (0.78-1.02) 0.88 (0.74-1.04) 

3 1.16 (1.02-1.33) 1.14 (1.01-1.29) 1.19 (1.02-1.39) 

4 1.19 (1.03-1.36) 1.18 (1.04-1.33) 1.18 (1.01-1.39) 

5 1.25 (1.09-1.43) 1.26 (1.11-1.42) 1.29 (1.09-1.52) 

Stress test 1 0.97 (0.83-1.13) 0.97 (0.84-1.13) 0.94 (0.79-1.12) 

3 1.07 (0.93-1.23) 1.09 (0.95-1.26) 1.04 (0.88-1.22) 

4 1.30 (1.13-1.51) 1.33 (1.15-1.53) 1.29 (1.09-1.52) 

5 1.30 (1.12-1.50) 1.32 (1.15-1.52) 1.22 (1.03-1.45) 

Holter monitoring 1 0.85 (0.71-1.01) 0.83 (0.70-0.98) 0.84 (0.69-1.03) 

3 1.04 (0.88-1.22) 1.00 (0.85-1.17) 1.07 (0.89-1.29) 

4 1.30 (1.10-1.53) 1.27 (1.09-1.50) 1.30 (1.08-1.57) 

5 0.91 (0.77-1.08) 0.90 (0.77-1.06) 0.91 (0.75-1.10) 

Stress echocardiogram 1 0.74 (0.52-1.06) 0.63 (0.43-0.92) 0.78 (0.51-1.18) 

3 1.25 (0.91-1.72) 1.33 (0.95-1.85) 1.19 (0.82-1.72) 

4 1.27 (0.91-1.77) 1.28 (0.91-1.79) 1.36 (0.93-1.98) 

5 1.74 (1.25-2.43) 1.74 (1.24-2.44) 1.69 (1.15-2.49) 

Cardioversion 1 1.00 (0.87-1.15) 1.00 (0.86-1.16) 0.96 (0.82-1.13) 

3 0.95 (0.84-1.08) 0.91 (0.79-1.04) 0.94 (0.80-1.09) 

4 1.02 (0.89-1.16) 1.02 (0.89-1.18) 1.00 (0.85-1.17) 

5 0.90 (0.79-1.03) 0.90 (0.78-1.04) 0.91 (0.78-1.08) 

Ablation 1 1.04 (0.90-1.20) 1.02 (0.86-1.21) 1.05 (0.88-1.25) 

3 1.10 (0.96-1.25) 1.02 (0.88-1.19) 1.11 (0.95-1.31) 

4 1.04 (0.91-1.19) 0.97 (0.82-1.13) 1.07 (0.91-1.27) 

5 1.01 (0.88-1.16) 1.03 (0.88-1.21) 0.99 (0.82-1.18) 

Electrophysiologist visit 1 1.03 (0.87-1.22) - 0.97 (0.79-1.19) 

3 1.00 (0.86-1.16) - 1.07 (0.90-1.28) 

4 0.95 (0.81-1.10) - 0.92 (0.76-1.11) 

5 0.97 (0.82-1.13) - 0.98 (0.80-1.20) 

Abbreviations: aOR = adjusted odds ratio; CI = confidence interval * Reference level is quintile 2
† Model for electrophysiologist visit did not converge
Bold numbers show those values that are statistically significant.



Table S4. Logistic regression results using billing amounts as a continuous variable*,†,‡ 

Abbreviations:  EP=electrophysiologist; AF= atrial fibrillation; CI = confidence interval; CVD= cardiovascular disease; 

ED=emergency department; OR=odds ratio 
*ORs and P-values reported here are based on median physician billings per patient as a continuous variable. Only billings for AF

patients were used.
†ORs are based on the change per $1000 unit increase in billings per patient 
‡Sample includes all patients (new and follow up) and all physicians (EPs and non-EPs) 
Bold numbers show those values that are statistically significant.  

Outcome OR (95% CI) P-value

Echocardiogram 2.15 (1.62-2.85) <.0001 

Holter monitoring 1.32 (0.94-1.86) 0.1095 

Stress test 2.48 (1.85-3.31) <.0001 

Stress echocardiogram 7.26 (3.76-14.01) <.0001 

EP visit 0.71 (0.48-1.06) 0.0958 

AF hospitalization 1.18 (1.01-1.38) 0.0429 

Stroke hospitalization 0.85 (0.64-1.13) 0.2627 

CVD hospitalization 1.32 (1.15-1.52) 0.0001 

ED visits for AF 0.93 (0.79-1.10) 0.4196 



Figure S1. Patient cohort creation: the flow of atrial fibrillation patients into the study. 

3,743,979 outpatient cardiology visits to a 
cardiologist who billed to OHIP between April 

1st, 2011 and March 31st, 2016 in Ontario 

55,783 visits excluded 
• 1,985 non-Ontario residents
• 9,354 patients aged <18 or >105
• 36,981 in long-term care residence
• 7,463 missing sex or income

  

3,688,196 remaining outpatient 
cardiology visits 

870,146 outpatient office 
visits involving patient 

with recent history of AF 

182,572 patients with a 
history of AF and an 

outpatient visit to one of 
467 cardiologists 

863,273 total outpatients’ visits 
identified for 190,297 unique 

patients  

2,818,050 office visits excluded as patient did 
not have recent history of AF 

7,725 patients excluded: 
• 446 patients excluded as they

saw a low-volume
cardiologist (<25 AF
patients)

• 2,731 patients excluded as
they were not eligible for
OHIP for full 3-year look
back window

• 10 patients excluded whose
death date (as recorded in the
administrative data) was
prior to their office visit

• 4,535 patients of 2
physicians with extremely
large number of patients

• 3 patients with missing value
in LHIN

6,873 visits excluded that occurred on same 
day as visit with another cardiologist 

AF = atrial fibrillation; LHIN = Local Health Integration Network; OHIP= Ontario Health Insurance Plan. 




