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Abstract

Background: Variations in primary care
practices may explain some differences
in health outcomes during the COVID-19
pandemic. We sought to evaluate the
characteristics of primary care practices
by the proportion of patients unvaccin-
ated against SARS-CoV-2.

Methods: We conducted a population-
based, cross-sectional cohort study
using linked administrative data sets in
Ontario, Canada. We calculated the per-
centage of patients unvaccinated
against SARS-CoV-2 enrolled with each
comprehensive-care family physician,
ranked physicians according to the pro-
portion of patients unvaccinated, and

identified physicians in the top 10%
(v. the other 90%). We compared char-
acteristics of family physicians and their
patients in these 2 groups using stan-
dardized differences.

Results: We analyzed 9060 family phys-
icians with 10837909 enrolled patients.
Family physicians with the largest pro-
portion (top 10%) of unvaccinated
patients (n = 906) were more likely to be
male, to have trained outside of Canada,
to be older, and to work in an enhanced
fee-for-service model than those in the
remaining 90%. Vaccine coverage
(= 2 doses of SARS-CoV-2 vaccine) was
74% among patients of physicians with

the largest proportion of unvaccinated
patients, compared with 87% in the
remaining patient population. Patients
in the top 10% group tended to be
younger and live in areas with higher
levels of ethnic diversity and immigra-
tion and lower incomes.

Interpretation: Primary care practices
with the largest proportion of patients
unvaccinated against SARS-CoV-2
served marginalized communities and
were less likely to use team-based care
models. These findings can guide
resource planning and help tailor inter-
ventions to integrate public health pri-
orities within primary care practices.

Among people in Canada, concerns about risks and adverse
effects are the top reasons for non-intent to receive a SARS-
CoV-2 vaccine.! These trends are most commonly observed
among communities that have low levels of trust and confidence
in government because of deep histories of marginalization by
institutions and harm, including being subjected to unethical
medical procedures and experimentation.?

Family physicians can play an important role in increasing
vaccine uptake through building vaccine confidence and debunk-
ing misinformation among their patients,>* as many people in
Canada consider family physicians as their most trusted source
of vaccine information.3* This requires that physicians first pro-
actively identify vaccine-hesitant patients, and then have the

necessary communication skills and capacity to engage in conver-
sations that take time and may require several encounters.®* Some
family physicians may prioritize such work more than others or
may have more capacity to undertake it. Successful partnerships
between public health and primary care requires understanding
of which practices are in most need of support.

We sought to evaluate characteristics of family physicians
with the largest proportion of patients unvaccinated for SARS-
CoV-2. We sought to describe these physicians, their practices,
and their patients, and to explore characteristics associated with
vaccination, with the goal of informing tailored supports that can
leverage primary care to support vaccination or similar public
health efforts.
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Methods

Study design

We conducted a cross-sectional, population-based analysis using
linked health administrative data in Ontario, Canada, to assess
the characteristics of family physicians with the largest propor-
tion of patients (aged = 12 yr) unvaccinated for SARS-CoV-2,
namely patients who had not received any doses of SARS-CoV-2
vaccine as of Nov. 1, 2021. We a priori defined this group as the
10% of physicians who had the highest proportion of unvaccin-
ated patients in their practices, knowing that future efforts to
support primary care practices in achieving public health prior-
ities would need to focus on those with the greatest opportunity
forimprovement.

We compared the group of comprehensive-care family phys-
icians who cared for the largest proportion of unvaccinated
patients to the remaining 90% of comprehensive-care family
physicians in the province. We used data as of Nov. 1, 2021, just
before the Omicron wave of the COVID-19 pandemic. At that
time, we were launching an intervention to support primary care
physicians in encouraging uptake of SARS-CoV-2 vaccinations
among their patients. We designed this study to provide baseline
insights for a randomized trial of practice supports to improve
vaccination rates (clinical trial no. NCT05099497).

Setting
In Ontario, vaccination against SARS-CoV-2 began in December 2020
for priority groups; by May 2021, vaccines were available to everyone
aged 12 years and older. In July 2021, people were eligible for their
second dose using the shortened 28-day interval. Therefore by
Nov. 1, 2021, everyone in the study cohort had the opportunity to
have 2 doses. At the time of this study, SARS-CoV-2 vaccinations were
freely available in Ontario in pharmacies, large public health immun-
ization centres, and pop-up immunization clinics, as well as in a small
number of primary care clinics. Furthermore, the vaccination of
essential workers, their families, and other residents living in COVID-
19 hotspots was accelerated and prioritized.®

Ontario has publicly funded health care for medically neces-
sary physician and hospital services for permanent residents,
without deductibles, and does not limit patients’ choice of phys-
ician. Almost all primary care is delivered by family physicians;
85% of the population is enrolled with a family physician.”

Study population

We included family physicians practising in a patient enrolment
model, as opposed to a strictly fee-for-service model. In patient
enrolment models, between 15% and 70% of payment for phys-
icians is based on age- and sex-adjusted capitation.® The enrol-
ment model is meant to reinforce a mutual commitment
between patient and physician. Around 80% of family physicians
in Ontario work in a patient enrolment model.

Data sources

We used routinely collected administrative data from the
Ontario Health Insurance Plan (OHIP) database for physician
claims; the Registered Persons Database, which is Ontario’s

health care registry for OHIP-eligible patients; the Client Agency
Provider Enrolment tables for patients in primary care enrol-
ment models; the Corporate Provider Database for physicians in
patient enrolment models; and the ICES Physician Database for
physician characteristics. We used the COVaxON database,
Ontario’s central point-of care SARS-CoV-2 vaccine management
system and database for the entire province. We also used
sociodemographic data from the 2016 Canadian Census. Finally,
we used the Immigration Refugee and Citizenship Canada (IRCC)
Database, which includes people with landed immigrant or per-
manent resident status at any time from 1985 to 2014,° to iden-
tify recent immigrants, defined as those identified who had
immigrated to Canada within the 10 years before Nov. 1, 2021.

These data sets were linked using unique encoded identifiers
and analyzed at ICES, an independent, nonprofit research insti-
tute whose legal status under Ontario’s health information pri-
vacy law allows it to collect and analyze deidentified health care
and demographic data, without the need for explicit consent, for
health system evaluation and improvement.

A review of Canadian studies of data quality in administrative
databases revealed that demographic and clinical data have high
levels of completeness and are reliable.l® Data used in this study
relied on administrative fee codes for physician payments and,
despite small differences in completeness of billing between capi-
tation and fee-for-service practices, the data were sufficiently
complete. A small proportion (< 5%) of health services would not
have been captured in our data (e.g., interactions with salaried
professionals such as nurse practitioners).!® Nevertheless, we are
confident that the data are sufficiently comprehensive and valid
for this study.

Physician and patient characteristics

For primary care physicians, we collected data on sex, years prac-
tising medicine, country of graduation, and total OHIP billings.
Practice characteristics included primary care enrolment model
(enhanced fee for service, blended capitation, blended capitation
with an interprofessional family health team), roster size and pay-
ment via fee for service.’* An explanation of funding models and
Ontario’s patient enrolment model can be found in Appendix 1,
available at www.cmaj.ca/lookup/doi/10.1503/cmaj.230816/tab
-related-content. We calculated SARS-CoV-2 vaccination coverage
among enrolled patients. We also looked at quality-of-care indica-
tors including screening for colorectal and cervical cancer, and
diabetic care (e.g., at least 1 test of low-density lipoprotein chol-
esterol in the previous 2 years).

Patient demographics included age, sex, public health unit,
distance to the rostered physician’s location, and recent immi-
gration status. We also included existing comorbidities (i.e.,
hypertension, congestive heart failure, diabetes, asthma, and
chronic obstructive pulmonary disease) and SARS-CoV-2
vaccination.

We used postal codes at the neighbourhood level, linked to
census data to assign income quintiles, marginalization quin-
tiles, and rurality scores. We used Matheson’s Canadian Margin-
alization Index!?*® to assign marginalization quintiles for 4 com-
ponents of marginalization — dependency, residential instability,
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material deprivation, and ethnic concentration — and presented
these as a summary score. We assigned rurality categorically into
urban areas (score 0-9), small towns (score 10-44), and rural areas
(score = 45) according to the Rurality Index of Ontario.* Variables
on health care use included continuity of care (i.e., percentage of
primary care visits to the rostered physician, using a 2-year look-
back) and any virtual visits in the previous 6 months. We assessed
overall health care use using the Johns Hopkins Adjusted Clinical
Group, determining resource utilization bands over the previous
2 years, with 0 being no health care use (no comorbidity) and 10
being the highest expected use (high comorbidity).t®

Statistical analysis
We calculated the proportion of unvaccinated patients enrolled
to physicians and then analyzed patient and physician character-
istics, stratified by physicians in the top 10% of unvaccinated
patients in their practices and the remaining 90%. We calculated
standardized differences and considered differences of 0.1 or
greater noteworthy.¢

We used random-effects logistic regression models to evalu-
ate variables associated with patient vaccination status. We
entered covariates into the model based on what has been
shown in the literature to affect preventive care, namely
patients’ age, sex, neighbourhood income, neighbourhood eth-
nic diversity, comorbidity, rurality, and recent immigration
status, and physicians’ age, sex, and enrolment model.}""2° We
used the clustering of patients within physicians as a random
effect. We ran separate models including patients of all phys-
icians, those enrolled with physicians in the top 10% of unvaccin-
ated patients, and those enrolled with physicians in the remain-
ing 90%. The model for all patients included physician group (top
10% or remaining 90%) as a covariate.

We conducted 2 sensitivity analyses. The first defined the top
decile as those with the largest number — rather than the largest
proportion — of unvaccinated patients, compared with the

remaining 90%. The second analysis compared physicians in the
top 20% of unvaccinated patients enrolled with the remaining
80%. We used the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) and the Reporting of Studies
Conducted Using Observational Routinely Collected Health Data
(RECORD) checklists to ensure completeness of reporting of
study background, methodology, and results.

Ethics approval

The use of data in this project was authorized under section 45 of
Ontario’s Personal Health Information Protection Act, which does
not require review by a research ethics board.

Results

We analyzed 9060 family physicians who enrolled 10837909
patients. The physicians with the highest proportion of unvaccin-
ated patients (n = 906) cared for 259 130 unvaccinated patients as
of Nov. 1, 2021 (Table 1). The proportion of rostered patients who
received 2 or more doses of SARS-CoV-2 vaccine as of Nov. 1,
2021, was 74.2% (interquartile range [IQR] 69.2%-76.7%) in this
group, compared with 87.0% (IQR 84.1%-89.8%) among patients
of the remaining 90% of physicians. Compared with the remain-
ing physicians, physicians with the largest proportion of
unvaccinated patients were more likely to be male (64.6% v.
48.1%), to have trained outside of Canada (46.9% v. 29.3%), to be
older (mean age 56 yr v. 49 yr), and to work in an enhanced fee-
for-service model (49% v. 28%) (Table 2).

Patients enrolled with physicians in the most unvaccinated
group tended to live in places with more ethnic diversity, higher
material deprivation, and lower incomes. More patients in this
group were recent immigrants. The 2 groups had similar comor-
bidity indices, rates of in-person and virtual visits in the previous
year, and diabetes quality-of-care indicators, but cancer screening
indicators such as colorectal cancer screening and Papanicolaou

Table 1: Physicians practising in a patient enrolment model, ranked by proportion of enrolled patients

unvaccinated against SARS-CoV-2

No. of unvaccinated

Percentile, % patients
<10 46 681
11-20 82 826
21-30 99909
31-40 118941
41-50 131652
51-60 147 355
61-70 161231
71-80 185903
81-90 208979
91-100 259130
Total 1442 607

Proportion of unvaccinated patients, %,

mean + standard deviation No. of physicians

6.0+2.3 905

9.0+0.5 906
10.5+0.4 906
11.8+0.4 906
13.0+0.3 906
142+0.4 906
146+0.4 906
16.2+0.6 909
18.8+1.0 903
26.2+13.4 906
14.0+7.6 9059
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Table 2: Characteristics of physicians practising in a patient enrolment model with the highest proportion of patients

unvaccinated against SARS-CoV-2 (top 10%), compared with the remaining 90% of physicians

No. (%) of physicians*

yoieasay

Top 10% Remaining 90% Total Standardized
Characteristic n=906 n=8153 n=9059 difference
Sex 0.34
Male 585 (64.6) 3920 (48.1) 4505 (49.7)
Female 321(35.4) 4233 (51.9) 4554 (50.3)
Training 0.37
Outside Canada 366 (46.9) 1753 (29.3) 2119 (31.3)
Canada 414 (53.1) 4240 (70.7) 4654 (68.7)
Physician age, yr, median (IQR) 56 (46-65) 49 (39-59) 50 (40-60) 0.44
Enrolment model
Enhanced fee for service 447 (49.3) 2303 (28.2) 2750 (30.4) 0.44
Capitation 216 (23.8) 2957 (36.3) 3173 (35.0) 0.27
Family health team 227 (25.1) 2807 (34.4) 3034 (33.5) 0.21
Other primary care model 16 (1.8) 86 (1.1) 102 (1.1) 0.06
Physician rurality (RIO scores)
Urban (0-9) 650 (73.5) 5969 (76.1) 6619 (75.8) 0.06
Small town (10-39) 135 (15.3) 1363 (17.4) 1498 (17.2) 0.06
Rural (= 40) 99 (11.2) 515 (6.6) 614 (7.0) 0.16
Rostered patients, median (IQR) 1030 (365-1543) 998 (704-1373) 1000 (691-1386) 0.04
Patients with = 2 SARS-CoV-2 74.2 (69.2-76.7) 87.0(84.1-89.8) 86.4 (82.9-89.5) 2.70
vaccine doses, %, median (IQR)
Patients with 1 SARS-CoV-2 vaccine 0.9 (0.5-1.2) 0.6 (0.4-0.8) 0.6 (0.4-0.9) 0.84

dose, %, median (IQR)

Note: IQR = interquartile range, RIO = Rurality Index of Ontario.
*Unless indicated otherwise.

smears for cervical cancer screening were slightly lower among
patients enrolled with physicians in the most unvaccinated
patient group (Table 3).

Table 4 summarizes the model-adjusted associations of
patient and physician characteristics with vaccination. The patient
characteristics most strongly associated with being unvaccinated
were younger age and less comorbidity, as well as living in rural
locations and living in lower-income neighbourhoods. Physician
characteristics that were most strongly associated with unvaccin-
ated patients were older age, being male, and working in an
enhanced fee-for-service payment model. Unique models for the
top 10% and remaining 90% groups can be found in Appendix 2,
available at www.cmaj.ca/lookup/doi/10.1503/cmaj.230816/tab
-related-content. The output from these 3 models suggests that
the characteristics associated with unvaccinated patients were
mostly similar. Two patient characteristics were not consistent
across the models. Recent immigration was associated with
being vaccinated in the top 10% group, but not in the 90% group;
male patients were less likely to be vaccinated in the 90% group
but not in the top 10% group.

The sensitivity analysis grouping physicians according to the
number of unvaccinated patients led to similar results (Appendix 3,
available at www.cmaj.ca/lookup/doi/10.1503/cmaj.230816/tab
-related-content). The most noteworthy differences between the
primary and sensitivity analyses were observed for the variables of
practice size and proportion of vaccinated patients, and are a
function of differences in how the deciles were defined. Small dif-
ferences in variables measuring various aspects of structural
marginalization likely also represent differences in the approach
to analysis (percentage of unvaccinated patients v. number of
unvaccinated patients). Our sensitivity analysis of the top 20th per-
centile produced similar results; however, differences regarding
ethnic diversity were not observed (Appendix 3).

Interpretation

The family physicians in Ontario who had the highest propor-
tion of unvaccinated patients in their practices during the
COVID-19 pandemic were more likely to be male, to have
trained outside of Canada, to be older, and to be working in an
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Table 3 (part 1 of 2): Characteristics of patients (aged > 12 yr) enrolled with physicians practising in a patient enrolment

model by proportion of patients unvaccinated against SARS-CoV-2

No. (%) of patients*

Top 10% Remaining 90% Total Standardized
Characteristic n=962 826 n=8804494 n=9767 320 difference
Demographic
Patient age, yr
Mean + SD 46.9+19.8 48.3+20.2 48.1+20.2 0.07
Median (IQR) 47 (31-62) 49 (32-64) 48 (32-64) 0.07
Patient age, yr
12-19 94898 (9.9) 805632 (9.2) 900530 (9.2) 0.02
20-34 202 005 (21.0) 1760 580 (20.0) 1962 585 (20.1) 0.02
35-64 464016 (48.2) 4132 346 (46.9) 4596 362 (47.1) 0.03
=65 201907 (21.0) 2105 936 (23.9) 2307 843 (23.6) 0.07
Sex
Male 478 038 (49.6) 4129671 (46.9) 4607709 (47.2) 0.05
Female 484 788 (50.4) 4674823 (53.1) 5159611 (52.8) 0.05
Immigrated within previous 10 yr 69428 (7.2) 412 526 (4.7) 481954 (4.9) 0.11
Marginalization index
Instability quintile
Q1 (lowest) 199 491 (20.9) 2027338 (23.2) 2226829 (22.9) 0.06
Q2 159903 (16.7) 1760796 (20.1) 1920699 (19.8) 0.09
Q3 167 141 (17.5) 1650968 (18.9) 1818109 (18.7) 0.04
Q4 177 744 (18.6) 1531088 (17.5) 1708832 (17.6) 0.03
Q5 (highest) 250581 (26.2) 1778839 (20.3) 2029 420 (20.9) 0.14
Material deprivation quintile
Q1 (lowest) 136 691 (14.3) 2204260 (25.2) 2340951 (24.1) 0.28
Q2 164 754 (17.3) 1962959 (22.4) 2127713 (21.9) 0.13
Q3 178433 (18.7) 1701938 (19.5) 1880371 (19.4) 0.02
Q4 200272 (21.0) 1522899 (17.4) 1723171 (17.8) 0.09
Q5 (highest) 274710 (28.8) 1356 973 (15.5) 1631683 (16.8) 0.32
Dependency quintile
Q1 (lowest) 260 405 (27.3) 2357931 (27.0) 2618336 (27.0) 0.01
Q2 201215 (21.1) 1747 940 (20.0) 1949 155 (20.1) 0.03
Q3 170 656 (17.9) 1527286 (17.5) 1697 942 (17.5) 0.01
Q4 159 229 (16.7) 1489584 (17.0) 1648813 (17.0) 0.01
Q5 (highest) 163355 (17.1) 1626288 (18.6) 1789 643 (18.4) 0.04
Ethnic diversity quintile
Q1 (lowest) 122 357 (12.8) 1457 758 (16.7) 1580115 (16.3) 0.11
Q2 134225 (14.1) 1532873 (17.5) 1667098 (17.2) 0.10
Q3 139 860 (14.6) 1618432 (18.5) 1758292 (18.1) 0.10
Q4 201712 (21.1) 1832769 (20.9) 2034481 (21.0) 0.00
Q5 (highest) 356 706 (37.4) 2307 197 (26.4) 2663903 (27.5) 0.24
Income quintile
Q1 (lowest) 269 848 (28.1) 1442262 (16.4) 1712110 (17.6) 0.28
Q2 212312 (22.1) 1663 125 (18.9) 1875437 (19.2) 0.08
Q3 187972 (19.6) 1810032 (20.6) 1998 004 (20.5) 0.03
Q4 163411 (17.0) 1898678 (21.6) 2062089 (21.2) 0.12
Q5 (highest) 126 506 (13.2) 1969 581 (22.4) 2096 087 (21.5) 0.24
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Table 3 (part 2 of 2): Characteristics of patients (aged > 12 yr) enrolled with physicians practising in a patient enrolment

model by proportion of patients unvaccinated against SARS-CoV-2

Characteristic
Comorbidity (ACG)

No or low comorbidity (0-4)

Moderate comorbidity (5-9)

High comorbidity (= 10)
Patient care and quality-of-care measures
Continuity of care in previous 2 yr, %, median
(IQR)
Any virtual visits (telephone) in previous 6 mo
Any in-person visits (office) in previous 8 mo

Any colorectal cancer screening for patients

Top 10%
n=962826

518 681 (53.9)
326225 (33.9)
117920 (12.2)

96.9 (75.0-100)

441 955 (45.9)
504 009 (52.3)
194 933 (54.2)

aged 50-74 yr,n=3720298

At least 1 Pap smear for females aged 21-69
yrin last 42 mo, n=3767 327

147 495 (41.0)

At least 1 LDL test for patients with diabetes
in previous 2 yr, n = 1160604

98371 (79.2)

At least 3 HbA,, tests for patients with
diabetes in previous 2 yr, n = 1160604

78223 (63.0)

SARS-CoV-2 vaccination

Fully vaccinated (= 2 doses) patients as of 694 655 (72.1)

Nov. 1, 2021

No. (%) of patients*
Remaining 90% Total Standardized
n=8804494 n=9767 320 difference
4700 743 (53.4) 5219 424 (53.4) 0.01
3111382(35.3) 3437607 (35.2) 0.03
992 369 (11.3) 1110289 (11.4) 0.03
93.9 (75.0-100) 94.1 (75.0-100) 0.04
4283416 (48.7) 4725371 (48.4) 0.06
4699 668 (53.4) 5203677 (53.3) 0.02
2140 145 (63.7) 2335078 (62.8) 0.19
1683 560 (49.4) 1831 055 (48.6) 0.17
833 447 (80.4) 931818 (80.3) 0.03
677 647 (65.4) 755 870 (65.1) 0.05
7570735 (86.0) 8265390 (84.6) 0.35

Note: ACG = Adjusted Clinical Group, HbA, = glycosylated hemoglobin, IQR = interquartile range, LDL = low-density lipoprotein, SD = standard deviation.
*Unless indicated otherwise. Some of the variable-specific totals will not add up to overall total because of inclusion and exclusion criteria or missing data.

enhanced fee-for-service model. These physicians cared for
patients living in areas with more ethnic diversity, more material
deprivation, and lower incomes, with a higher proportion of immi-
grants. The family physicians with the most unvaccinated patients
were also more likely to practise in enhanced fee-for-service
models and less likely to practise in team-based models, meaning
they may have had fewer support staff in their clinics. This illus-
trates the ongoing inverse relationship between the need for care,
and its accessibility and utilization.? In other words, the practices
in highest need receive the fewest resources.?

Patient characteristics associated with not being vaccinated
included younger age, having less comorbidity, being male, liv-
ing in low-income neighbourhoods, and living in neighbour-
hoods with high ethnic diversity. Studies in the United States?
and the United Kingdom?* have reported similar findings. In the
US, SARS-CoV-2 vaccine coverage was observed to be lower
among non-Hispanic Black and Hispanic people.?® Similarly in
the UK and Europe, lower rates of vaccine coverage were found
among those who were Black, lived in the most deprived areas,
and those with less comorbidity.?2

In August 2020, only 4% of the first and second doses of SARS-
CoV-2 vaccines were administered in primary care offices in
Ontario.?® However, family physicians can influence patients’
decisions through opportunistic discussions during patient

encounters. Studies have found that guidance from health care
providers plays a crucial role in influencing both general®-* and
SARS-CoV-2-specific vaccine-related decision-making.3%3!

Overall, the median percentage of vaccinated patients was
high (86%). However, practices with a high proportion of
unvaccinated patients may be a viable target group for efforts to
coordinate public health and primary care. This approach would
be similar to hotspotting, whereby databases are mined to iden-
tify patients who have the highest rates of health care system use
and who are then prioritized to receive tailored services.® The
hotspotting approach typically includes team-based care with a
focus on patient engagement and social determinants of health.
Adapting the hotspotting model to support quality improvement
initiatives in primary care is described in the practice facilitation
literature.® Practice facilitators use techniques to address gaps
in care delivery, such as connecting physicians to outside
resources, optimizing the use of electronic health records,
implementing evidence-based practices, and addressing bar-
riers to improve processes.?3 When designing health system
supports, including practice facilitation, the characteristics of
the family physicians and the patients they serve should be con-
sidered. We found differences in these characteristics, indicating
that a tailored approach may be beneficial when developing
public health interventions for those in greatest need.
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Table 4 (part 1 of 2): Random-effect logistics model of

characteristics of patients and physicians associated with

unvaccinated status*

Variable

Patient age group, yr
12-17
18-36
37-65
=66
Patient sex
Female
Male
Patient income quintile
Q1 (lowest)
Q2
Q3
Q4
Q5 (highest)
Patient ethnic diversity quintile
Q1 (lowest)
Q2
Q3
Q4
Q5 (highest)

OR (95% Cl)

2.341 (2.322-2.360)

2.440 (2.425-2.455)

1.542 (1.533-1.551)
Ref.

0.962 (0.958-0.966)
Ref.

1.721 (1.710-1.732

1.418 (1.409-1.427

1.262 (1.254-1.270

1.140 (1.133-1.147
Ref.

)
)
)
)

Ref.
1.014 (1.007-1.021
1.005 (0.998-1.013
1.037 (1.029-1.045

)
)
)
1.020 (1.012-1.029)

Table 4 (part 2 of 2): Random-effect logistics model of
characteristics of patients and physicians associated with
unvaccinated status*

Variable OR (95% CI)

Physician age group, yr

<45 Ref.

45-64 1.100 (1.079-1.120)

65-74 1.144 (1.112-1.176)

>75 1.387(1.315-1.464)
Physician sex

Female 0.913 (0.898-0.928)

Male Ref.

RIO score group, physician

Urban Ref.
Small town 1.258 (1.249-1.267)
Rural 1.485 (1.468-1.502)

Enrolment model

Capitation Ref.
0.966 (0.948-0.985)
0.927 (0.856-1.005)
1.177 (1.153-1.201)

Family health team
Other primary care model
Enhanced fee for service

Physician percentile of proportion of
unvaccinated patients

Top 10% 1.433 (1.396-1.472)

Patient comorbidity (ACG)
1.844 (1.831-1.858)
1.063 (1.055-1.071)

No or low comorbidity (0-4)
Moderate comorbidity (5-9)

High comorbidity (= 10) Ref.
Immigrated in previous 10 yr

Yes 0.988 (0.980-0.997)

No Ref.

Many of the physicians who cared for the largest proportion of
unvaccinated patients served patients living in marginalized
neighbourhoods. When considering supports for primary care, cul-
tural differences in perceptions toward vaccines and heath inter-
ventions should be considered.®*® Many marginalized communities
have a history of neglect from government (municipal, provincial,
federal) and health care, and this may lead to mistrust in public
health initiatives.? Interventions to support these communities
should include meaningful community engagement and consider-
ation for age-, language- and culturally appropriate communica-
tion tools to assist primary care in boosting vaccine uptake.**-

We did not see large differences between groups with respect
to other quality metrics related to chronic disease management
or cancer screening. We postulate that the high continuity of care
seen across groups is protective for these metrics, while poten-
tially unmeasurable influences known to be related to vaccine
uptake (such as news sources or political affiliations) may have
been different. 2444

Remaining 90%

Ref.

Note: ACG = adjusted clinical group, CI = confidence interval, OR = odds ratio,
Ref. = reference category, RIO = Rurality Index of Ontario.

*This model assessed all variables associated with unvaccinated status
included in the table.

Overall, our findings suggest that primary care practices serv-
ing communities with greater need may benefit from additional
supports. During the COVID-19 pandemic, Ontario implemented
a hotspot strategy whereby public health efforts targeted com-
munities that were disproportionately affected.® The practices
identified in our analysis had opportunities for improvement in
SARS-CoV-2 vaccine coverage, but the hotspot strategy was not
implemented at the practice level. Further research is needed to
understand local best practices for integration between primary
care and public health when addressing public health issues.

Limitations

Our analysis of patient and physician characteristics was lim-
ited to administrative databases. Aside from the inability to
measure many social determinants of health, psychological fac-
tors, and beliefs, which are all known to be associated with vac-
cine uptake, the most notable limitation of this study is that our
analyses were limited to patients that were attached to a family
physician. Patients with no attachment to primary care likely
represented the greatest public health priority, during the pan-
demic and beyond.?**-% | ikewise, the generalizability of our
findings to jurisdictions — where the availability of primary care
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may differ or the links between primary care and public health are
more (or less) formalized — is limited. Further, our analysis was
cross-sectional in nature and did not account for temporal trends.

Conclusion

We found that family physicians in Ontario who cared for the
largest proportion of unvaccinated patients had distinct patterns
that may represent opportunities for targeted interventions.
Overall, these physicians tended to serve patients living in
marginalized neighbourhoods and were less likely to work in
team-based models of care. More equitable resource allocation,
specifically expanding primary care teams in equity-seeking
neighbourhoods, should be considered when supporting primary
care practices with public health efforts.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Frank K, Arim R. Canadians’ willingness to get a COVID-19 vaccine when one
becomes available: What role does trust play? Ottawa: Statistics Canada; 2020.
Washington HA. Medical apartheid: the dark history of medical experimentation on
Black Americans from colonial times to the present. New York: Vintage Books; 2007.
Survey of parents on key issues related to immunization: final report. Ottawa:
EKOS Research Associates; 2011.

Shen SC, Dubey V. Addressing vaccine hesitancy: clinical guidance for primary
care physicians working with parents. Can Fam Physician 2019;65:175-81. Medline
Talking with patients about COVID-19 vaccination. an introduction to motiva-
tional interviewing for healthcare professionals. Atlanta: Centers for Disease
Control and Prevention; 2021.

Mishra S, Stall N, Ma H, et al.; the Ontario COVID-19 Science Advisory Table. A
vaccination strategy for Ontario COVID-19 hotspots and essential workers.
Ontario: Science Table COVID-19 advisory for Ontario; 2021 Apr. 23.

Grant K, Sung Y. Uncovering the real numbers behind who in Ontario lacks
access to a family doctor. Globe and Mail [Toronto] 2023 Feb. 14.

Hutchison B, Glazier R. Ontario’s primary care reforms have transformed the
local care landscape, but a plan is needed for ongoing improvement. Health Aff
(Millwood) 2013;32:695-703.

Chiu M, Lebenbaum M, Lam K, et al. Describing the linkages of the immigra-
tion, refugees and citizenship Canada permanent resident data and vital sta-
tistics death registry to Ontario’s administrative health database. BMC Med
Inform Decis Mak 2016;16:135.

Williams JI, Young W. A summary of studies on the quality of health care
administrative databases in Canada. In: Goel V, Williams JI, Anderson GM, et
al., editors. Patterns of healthcare in Ontario: the ICES practice atlas. 2nd ed.
Ottawa: Canadian Medical Association; 1996:339-45.

Schultz SE, Glazier RH. Identification of physicians providing comprehensive
primary care in Ontario: a retrospective analysis using linked administrative
data. CMAJ Open 2017;5:E856.

Matheson F, Dunn J, Smith K, et al. Canadian marginalization index user guide.
Toronto: Centre for Research in Inner City Health, St. Michael’s Hospital; 2012.
Matheson FI, Dunn JR, Smith KL, et al. Development of the Canadian Marginal-
ization Index: a new tool for the study of inequality. Can J Public Health
2012;103(8 Suppl 2):512-6. doi: 10.1007/BF03403823.

Kralj B. Measuring “rurality” for purposes of health-care planning: an empirical
measure for Ontario. Ont Med Rev 2000;67:33-52.

The Johns Hopkins ACG System: excerpt from version 11.0 Technical Refer-
ence Guide. Baltimore (MD): John Hopkins University, 2009.

Yang D, Dalton JE. A unified approach to measuring the effect size between
two groups using SAS. Cleveland: SAS Global Forum; 2012:1-6.

Pickett KE, Pearl M. Multilevel analyses of neighbourhood socioeconomic con-
text and health outcomes: a critical review. J Epidemiol Community Health
2001;55:111-22.

Falagas ME, Zarkadoulia E. Factors associated with suboptimal compliance to
vaccinations in children in developed countries: a systematic review. Curr Med
Res Opin 2008;24:1719-41.

Schueler KM, Chu PW, Smith-Bindman R. Factors associated with mammog-
raphy utilization: a systematic quantitative review of the literature. J Womens
Health (Larchmt) 2008;17:1477-98.

Rollet Q, Tron L, De Mil R, et al. Contextual factors associated with cancer
screening uptake: a systematic review of observational studies. Prev Med
2021;150:106692.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Haines A, Pollock A, Victora C. 50 years of the inverse care law. Lancet
1971;297:405-12.

Glazier RHGP, Kim M, Bai L, et al. Geographic variation in primary care need,
service use and providers in Ontario, 2015/16. Toronto: Institute for Clinical
Evaluative Sciences, 2018.

Pingali C, Meghani M, Razzaghi H, et al. COVID-19 vaccination coverage among
insured persons aged = 16 years, by race/ethnicity and other selected charac-
teristics — eight integrated health care organizations, United States, Decem-
ber 14, 2020-May 15, 2021. MMWR Morb Mortal Wkly Rep 2021;70:985-90.

Curtis HJ, Inglesby P, Morton CE, et al. Trends and clinical characteristics of
COVID-19 vaccine recipients: a federated analysis of 57.9 million patients’ pri-
mary care records in situ using OpenSAFELY. Br J Gen Pract 2021;72:€51-62.
Curtis HJ, Inglesby P, MacKenna B, et al. Recording of’COVID-19 vaccine
declined ‘: a cohort study on 57.9 million National Health Service patients’
records in situ using OpenSAFELY, England, 8 December 2020 to 25 May 2021.
Euro Surveill 2022;27:2100885.

Kiran T, Eissa A, Mangin D. Brief on primary care part 1: the roles of primary
care clinicians and practices in the first two years of the COVID-19 pandemic in
Ontario. Science Briefs of the Ontario COVID-19 Science Advisory Table.
2022;3(67). doi: https://doi.org/10.47326/o0csat.2022.03.67.1.0.

Darden PM, Jacobson RM. Impact of a physician recommendation. Hum Vaccin
Immunother 2014;10:2632-5.

Jackson DN, Peterson EB, Blake KD, et al. Americans’ trust in health informa-
tion sources: trends and sociodemographic predictors. Am J Health Promot
2019;33:1187-93.

Paterson P, Meurice F, Stanberry LR, et al. Vaccine hesitancy and healthcare
providers. Vaccine 2016;34:6700-6.

American COVID-19 Vaccine Poll. African American Research Collaborative;
2021.

Hamel L, Kirzinger A, Mufiana C, et al. KFF COVID-19 Vaccine Monitor: Decem-
ber 2020. KFF.org; 2020.

Alderman JT, Conklin J. Health care hotspotting: a scoping review. J Nurs Care
Qual 2022;37:362-7.

Practice facilitation. Rockville (MD): Agency for Healthcare Research and Qual-
ity; 2022.

Nguyen AM, Cuthel A, Padgett DK, et al. How practice facilitation strategies dif-
fer by practice context. J Gen Intern Med 2020;35:824-31.

Nguyen KH, Srivastav A, Razzaghi H, et al. COVID-19 vaccination intent, percep-
tions, and reasons for not vaccinating among groups prioritized for early vac-
cination — United States, September and December 2020. MMWR Morb Mortal
Wkly Rep 2021;70:217-22.

SAGE Working Group. Report of the SAGE working group on vaccine hesitancy.
Geneva: World Health Organization; 2014.

Jarrett C, Wilson R, O’Leary M, et al. SAGE Working Group on vaccine hesitancy.
strategies for addressing vaccine hesitancy — a systematic review. Vaccine
2015;33:4180-90.

Dubé E, Gagnon D, MacDonald NE. Strategies intended to address vaccine hes-
itancy: Review of published reviews. Vaccine 2015;33:4191-203.

National Academies of Sciences, Engineering, and Medicine; Health and
Medicine Division; Board on Population Health and Public Health Practice;
et al. In: Kahn B, Brown L, Foege W, et al., editors. Framework for equitable
allocation of COVID-19 vaccine. Washington (D.C.): National Academies
Press; 2020.

Dubé E, Gagnon D, Vivion M. Optimizing communication tools to address vac-
cine hesitancy. Can Commun Dis Rep 2020;46:48-52. doi: 10.14745/ccdr.
v46i23a05.

Dubé E, Gagnon D, Ouakki M, et al. Understanding vaccine hesitancy in Can-
ada: results of a consultation study by the Canadian Immunization Research
Network. PLoS One 2016;11:e0156118.

Khairat S, Zou B, Adler-Milstein J. Factors and reasons associated with low
COVID-19 vaccine uptake among highly hesitant communities in the US. Am J
Infect Control 2022;50:262-7.

McCabe SD, Hammershaimb EA, Cheng D, et al. Unraveling attributes of
COVID-19 vaccine hesitancy and uptake in the US: a large nationwide study.
medRxiv [preprint]. 2021 July 2:2021.04.05.21254918. doi:
10.1101/2021.04.05.21254918.

Gomes T, Campbell TJ, Martins D, et al. Inequities in access to primary care
among opioid recipients in Ontario, Canada: a population-based cohort study.
PLoS Med 2021;18:1003631.

Mangin D, Premji K, Bayoumi I, et al: Brief on primary care part 2: factors
affecting primary care capacity in Ontario for pandemic response and recov-
ery. Science Briefs of the Ontario COVID-19 Science Advisory Table 2022;3(68).
doi: https://doi.org/10.47326/0csat.2022.03.68.1.0.

Kiran T, Green ME, Wu CF, et al. Family physicians stopping practice during the
COVID-19 pandemic in Ontario, Canada. Ann Fam Med 2022;20:460-3.

CMAJ | April 8,2024 | Volume 196 | Issue 13

E439

yoieasay


https://pubmed.ncbi.nlm.nih.gov/30867173
https://pubmed.ncbi.nlm.nih.gov/23569049

Research

Competing interests: Michael Green reports
research support from the Ontario Ministry of
Health and the Canadian Institutes of Health
Research (CIHR). He is president and board
chair of the College of Family Physicians of
Canada and sits on the board of AMS Health-
care. Tara Kiran reports honoraria from the
Ontario College of Family Physicians, the On-
tario Medical Association, the Canadian
Medical Association, the Canadian College of
Family Physicians, and the Association of
Family Health Teams of Ontario. Mina Tadrous
reports consulting fees from the Canadian
Agency for Drugs and Technologies in Health
and Health Canada. Dominik Nowak reports
consulting fees from the Alliance for Healthier
Communities, the Centre for Effective Prac-
tice, the Ontario College of Family Physicians,
the Ontario Medical Association, TELUS, and
Women’s College Hospital. He is president-
elect of the Ontario Medical Association. Holly
Witteman is supported by a Canada Research
Chair and reports an honorarium from Stan-
ford University. Isaac Bogoch reports research
funding from CIHR and consulting fees from
the Weapons Threat Reduction Program.
David Kaplan reports travel support from the
Public Health Agency of Canada; he is chair of
the Post-COVID-19 Condition guideline ad-
visory committee and sits on the board of
directors with the Musical Stage Company. No
other competing interests were declared.

This article has been peer reviewed.

Affiliations: Women’s College Hospital Insti-
tute of Virtual Care and Systems Solutions
(Shuldiner, Tadrous, Ivers), Women’s College
Hospital, Toronto, Ont.; Departments of Family
Medicine and Public Health Sciences (Green,
Kerr), Queen’s University, Kingston, Ont.; ICES
(Green, Khan, Moineddin, Tadrous, Kwong,
Ivers); Department of Family and Community
Medicine (Kiran, Nowak, Kwong), University of
Toronto; St. Michael’s Hospital (Kiran), Unity
Health Toronto; MAP Centre for Urban Health
Solutions (Kiran), St. Michael’s Hospital, Unity

Health Toronto, Toronto, Ont.; Centre for Health
Services and Policy Research (Frymire), Queen’s
University, Kingston, Ont.; Leslie Dan School of
Pharmacy (Tadrous), and Dalla Lana School of
Public Health (Nowak), University of Toronto;
Women'’s College Hospital Academic Family
Health Team (Nowak), Women’s College Hospi-
tal; Public Health Ontario (Kwong); University
Health Network (Kwong), Toronto, Ont.; Depart-
ment of Community Health Sciences (Hu), Uni-
versity of Calgary, Calgary, Alta.; VITAM Research
Centre for Sustainable Health (Witteman);
Department of Family and Emergency Medicine
(Witteman), Université Laval, Québec, Que.;
Association of Family Health Teams of Ontario
(Hamilton); Department of Medicine (Bogoch),
University of Toronto; Health Commons Solu-
tions Labs Ontario (Marshall, Ikura); Ontario
Health (Bar-Ziv, Kaplan); Institute of Health Pol-
icy, Management and Evaluation (lvers), Uni-
versity of Toronto, Toronto, Ont.

Contributors: Jennifer Shuldiner and Noah
Ivers conceived and designed the study.
Shahriar Khan and Rahim Moineddin con-
ducted the data analysis. All of the authors
contributed to data interpretation. Jennifer
Shuldiner drafted the manuscript. All of the
authors revised it critically for important
intellectual content, gave final approval of
the version to be published, and agreed to be
accountable for all aspects of the work.

Content licence: This is an Open Access article
distributed in accordance with the terms of the
Creative Commons Attribution (CC BY-NC-ND
4.0) licence, which permits use, distribution
and reproduction in any medium, provided
that the original publication is properly cited,
the use is noncommercial (i.e., research or edu-
cational use), and no modifications or adapta-
tions are made. See: https://creativecommons.
org/licenses/by-nc-nd/4.0/

Funding: Funding for this study was from a
Canadian Institutes of Health Research project
grant.

Data sharing: The data set from this study is
held securely in coded form at ICES. While
legal data-sharing agreements between ICES
and data providers (e.g., health care organiza-
tions and government) prohibit ICES from
making the data set publicly available, access
may be granted to those who meet prespeci-
fied criteria for confidential access, available
at https://www.ices.on.ca/DAS (email: das@
ices.on.ca). The full data set creation plan and
underlying analytic code are available from
the authors upon request, understanding that
the computer programs may rely upon coding
templates or macros that are unique to ICES
and are therefore either inaccessible or may
require modification.

Disclaimer: This study was supported by ICES,
which is funded by an annual grant from the
Ontario Ministry of Health (MOH) and Ministry
of Long-Term Care (MLTC). The opinions,
results, and conclusions reported in this paper
are those of the authors and are independent
from the funding sources. No endorsement by
ICES or the Ontario MOH and MLTC is intended
or should be inferred. This document used
data adapted from the Statistics Canada
Postal Code® Conversion File, which is based
on data licensed from Canada Post Corpora-
tion, and/or data adapted from the Ontario
Ministry of Health Postal Code Conversion File,
which contains data copied under license from
Canada Post Corporation and Statistics Can-
ada. Parts of this material are based on data
and/or information compiled and provided by
the Ontario MOH and the Canadian Institute
for Health Information. The analyses, conclu-
sions, opinions, and statements expressed
herein are solely those of the authors and do
not reflect those of the funding or data
sources; no endorsement is intended or should
be inferred.

Accepted: Feb. 26,2024

Correspondence to: Jennifer Shuldiner,
jennifer.shuldiner@wchospital.ca

E440

CMAJ | April 8,2024 | Volume 196 | Issue 13




