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Supply and demographic characteristics of Ontario’s
ophthalmologists from 2010 to 2019: a population-based
analysis
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Sherif El-Defrawy MD PhD

Background: With an aging population in Ontario, ophthalmologists provide most of their care to older adults, which has prominent
human resource implications. In this study, we sought to investigate the supply and demographic characteristics of Ontario’s
ophthalmologists.

Methods: In this retrospective, population-based analysis, we evaluated cohort demographics, including sex and career stage, of
Ontario’s ophthalmologists from 2010 to 2019, which we reported using descriptive statistics. Similarly, we detailed ophthalmologist
supply within different areas of care using descriptive statistics.

Results: Over the study period, a median of 464 ophthalmologists were practising in Ontario each year. The proportion of female
ophthalmologists increased from 18.7% in 2010 to 24.1% in 2019. The proportion of late-career ophthalmologists (aged > 55 yr) sig-
nificantly increased by 6.4% over the study period and constituted 45.3% of the workforce in 2019. Comprehensive cataract surgery
was the most common area of care. Although the number of ophthalmologists per 100000 people remained stable over the study
period (3.27 ophthalmologists/100000 people in 2019), the number of ophthalmologists per 100000 people aged 65 years and older
fell by 18.4% from 2010 to 2019. The greatest supply reduction was among moderate-volume comprehensive cataract surgeons
(—20.2% overall and —35.4% relative to the population aged = 65 yr).

Interpretation: Between 2010 and 2019, the overall number of ophthalmologists in Ontario remained stable; however, we observed
declines in the number of ophthalmologists per 100000 people aged 65 years and older for most areas of care. Nearly half of the
ophthalmology workforce is now older than 55 years and female representation is increasing.

phthalmologists provide 62% of their care to older
adults.! Ontario’s population is aging, and projec-
tions indicate that people older than 65 years will
account for 25% of the population by 2041.> This has prom-
inent human resource implications given that the use of
ophthalmic services is higher among older individuals, who
commonly present with age-related conditions.>* Techno-
logical advances have led to diagnostic and treatment
advances, which have improved efficiency in the field. To
understand how these factors have affected the sustainability
of eye care delivery, human resource analyses have assessed
the adequacy of the current and future supply of ophthal-
mologists that will serve the Canadian population.””!! One of
these studies reported 4.91 times more optometrists than
ophthalmologists in Ontario in 2012."!
Some of these studies were cross-sectional and relied on
data from the Canadian Medical Association, which may be
outdated, given that the most recent data were collected in
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2012.1%11 "These data sets may include inactive ophthalmolo-
gists and are based on self-reported fellowship training. We
identified a need to use real-time physician billing data, assess
longitudinal trends and explore supply using practice patterns
as opposed to fellowship training. Although some longitudinal
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studies have explored workforce trends in focused areas of
care,'””!7 we recognized a need for an updated and compre-
hensive analysis assessing all areas of care in ophthalmology.
As such, we sought to evaluate the supply and demographic
characteristics of Ontario’s ophthalmologists in comprehen-
sive and noncomprehensive areas of care from 2010 to 2019
using provincial billing data.

Study design, setting and data sources

Ontario provides publicly funded health care to its citizens
through the Ontario Health Insurance Plan (OHIP). Given
that OHIP is the sole payer of medically necessary, physician-
delivered health care services, billing data have been validated
as an accurate source to capture details on actively practising
physicians.'®?* Notably, some services are not covered by
OHIP, such as routine eye examinations by optometrists for
patients aged 20-64 years and some elective surgeries (e.g.,
refractive surgery) within ophthalmology.

We obtained population-level health care data from the
Ontario Ministry of Health and Long-Term Care
(MOHLTC) under an agreement with the Ontario Medical
Association (OMA). We conducted a population-based
analysis of Ontario data from Apr. 1, 2010, to Mar. 31, 2020
(fiscal years 2010-2019, inclusive). This 10-year period
allowed us to evaluate trends while avoiding changes to bill-
ing and scope of practice that resulted from the COVID-19
pandemic. To characterize Ontario’s ophthalmology work-
force, variables included supply, sex and age of ophthalmolo-
gists in each fiscal year, both overall and in specific areas of
care. We extracted data from MOHLTC datafiles, which
consisted of validated provincial billing data shared with the
OMA. The identity of all physicians and patients was pro-
tected in reporting data. We obtained Ontario’s population
estimates for the study period from Statistics Canada.?

Study population and data collection

To capture actively practising ophthalmologists, we included
all physicians who use the unique OHIP specialty code for
ophthalmology and who submitted at least 100 billing claims
per fiscal year. We then classified physicians into specific
areas of care using the classification criteria in Table 1. Cod-
ing details are outlined in Appendix 1, Supplementary
Table 1, available at www.cmajopen.ca/content/10/4/E1067/
suppl/DC1. We note a distinction between areas of care and
subspecialty; we used billing information rather than fellow-
ship training to characterize an ophthalmologist’s scope of
practice, given that daily clinical services may differ con-
siderably from the specialization of training. Billing data have
been used previously to evaluate the supply of ophthalmol-
ogists in various areas of care over time; criteria used in
these studies are also referenced in Table 1."%'7 Ophthal-
mologists from each area of care reviewed definitions, and
we adjusted them based on expert feedback.'”® For this
study, comprehensive areas of care included general med-
ical ophthalmology and comprehensive cataract surgery;
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noncomprehensive areas of care referred to all other med-
ical and surgical areas of care. Comprehensive cataract sur-
geons included those who provided low, moderate and high
volumes of cataract surgery; noncomprehensive surgeons
included corneal surgeons, glaucoma surgeons, retinal sur-
geons and oculoplastic surgeons.

We also extracted sex and age data for each fiscal year. As
guided by previous studies, we considered ophthalmologists
younger than 45 years to be early-career physicians, those
aged 45-55 years to be middle-career physicians and those
older than 55 years to be late-career physicians.”!*'* We fur-
ther divided late-career ophthalmologists into 4 cohorts (56—
60 yr, 61-65 yr, 66-70 yr and = 70 yr).

Statistical analysis

To explore representation by sex, we investigated the pro-
portion of female ophthalmologists in the overall sample
and across areas of care. To characterize the age of
ophthalmologists, we determined the proportion of early-,
middle- and late-career ophthalmologists in the overall
sample and in various areas of care. The supply of ophthal-
mologists in previous studies was standardized to the popu-
lation.!®!" We therefore calculated the number of ophthal-
mologists per 100000 Ontario residents within each area of
care. We also calculated the number of ophthalmologists per
100000 Ontario residents aged 65 years and older within
each area of care. We calculated the absolute or relative per-
centage change over the 10-year period for each analysis.
We used Microsoft Excel to compute and graphically repre-
sent all descriptive statistics. We assessed significant changes
in time trends in career stage from 2010 to 2019 using the
Mann-—Kendall trend test.

Ethics approval
The study’s protocol was approved by University of Toron-
to’s Research Ethics Board (Protocol ID: 00040078), in
Toronto, Canada.

Across the study period, a yearly median of 464 (interquartile
range [IQR] 447-477) ophthalmologists actively practised in
Ontario (Table 2, Figure 1). Although the overall number of
ophthalmologists per 100 000 people remained stable
(3.25 ophthalmologists/100000 people in 2010, 3.27 ophthal-
mologists/100000 people in 2019; relative percentage change
+0.7%), the number of ophthalmologists per 100000 people
aged 65 years and older declined substantially (23.30 ophthal-
mologists/100 000 people 65 yr and older in 2010, 19.00 oph-
thalmologists/100 000 people 65 yr and older in 2010; relative
percentage change —18.4%) across the study period.

Opverall, female representation increased from 18.7% to
24.1% of all ophthalmologists (Table 2, Figure 1). Noncom-
prehensive surgeons (15.4% in 2019) included a lower per-
centage of female ophthalmologists than low-volume (35.7%
in 2019) and moderate-volume comprehensive cataract sur-
geons (26.1% in 2019), but had a comparable proportion to



high-volume comprehensive cataract surgeons (14.6% in
2019) (Figure 2). We observed increases in the absolute per-
centage of females among moderate-volume comprehensive
cataract (+11.5%), high-volume comprehensive cataract
(+5.8%) and noncomprehensive surgeons (+4.7%), but the
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percentage among low-volume comprehensive cataract sur-
geons (-1.8%) remained stable (Table 3). The areas of care
with the lowest and greatest proportion of female ophthal-
mologists were retina surgeons (7.5% in 2019) and pediatric
ophthalmologists (48.0% in 2019), respectively.

Table 1: Classification criteria for the inclusion of ophthalmologists to an area of care

Area of care*

This study’s classification criteriat

Criteria in literature

Neuro-ophthalmologist

Corneal surgeon

Glaucoma surgeon

Retina medical
ophthalmologist

Retinal surgeon

Oculoplastic surgeon

Pediatric
ophthalmologist}

Low-vision
rehabilitation
ophthalmologist

Low-volume
comprehensive
cataract surgeon

Moderate-volume
comprehensive
cataract surgeon

High-volume
comprehensive
cataract surgeon

General medical
ophthalmologist

> 50 neuro-ophthalmology consultations

> 10 corneal transplants (any combination of penetrating,
lamellar limbal or stem cell)

> 50 glaucoma filtering procedures (no combination
procedure)

> 300 intravitreal injections AND = 100 laser
photocoagulation procedures, excluding those who
conducted any retina surgery

> 15 of any combination of vitrectomies or scleral buckle
procedures

> 20 of any combination of tumour or foreign body
excisions, biopsies or lateral orbitotomies; orbital
decompressions; dermis fat grafts; fornix reconstructions;
free mucous membrane grafts; dacryocystectomies;
lacerated canaliculus repairs; dacryocystorhinostomies;
and lacrimal bypass procedures

> 50 pediatric strabismus surgeries OR = 50% of all
consults conducted on pediatric patients AND does not
meet the criteria of any of the other areas of care

> 50 of any combination of initial or follow-up low-vision
rehabilitation assessments AND does not meet the
criteria of any of the other areas of care

> 1 but < 200 cataract surgeries AND does not meet the
criteria of any of the other areas of care

200-800 cataract surgeries AND does not meet the
criteria of any of the other areas of care

> 800 cataract surgeries AND does not meet the criteria
of any of the other areas of care

> 100 of any combination of ophthalmic consultations or
assessments AND does not perform ophthalmic
surgeries AND does not meet the criteria of any of the
other areas of care

NA

Substantial volume: = 50 corneal transplants (any
combination of penetrating or lamellar limbal)™

Substantial volume: = 50 glaucoma filtering
procedures (glaucoma filtering and combination
cataract extraction/glaucoma filtering) and bleb
repair procedures'?

Higher volume: = 100 glaucoma filtering procedures
(glaucoma filtering and combination cataract
extraction/glaucoma filtering)'®

Lower volume: < 100 glaucoma filtering procedures
(glaucoma filtering and combination cataract
extraction/glaucoma filtering)'®

High or low volume not specified: = 100 intravitreal
injections AND = 100 laser photocoagulation
procedures'

Substantial volume: = 50 any combination of
vitrectomy or scleral buckle procedures'

High or low volume not specified: = 5 PRMP or
segmentation including PPV

NA

Substantial volume: > 50 strabismus surgeries§'?
High volume: = 50 pediatric strabismus surgeries§
High volume: = 30 strabismus surgeries§'®

High or low volume not specified: > 1 of initial or

follow-up low-vision rehabilitation assessments'”

NA

NA

NA

NA

Note: NA = not applicable, PPV = pars plana vitrectomy, PRMP = preretinal membrane peel.
*Neuro-ophthalmology involves both neurology and ophthalmology. Neuro-ophthalmologists manage and treat nervous system-related visual problems. Low-vision
rehabilitation ophthalmologists help patients (e.qg., through education and optical or nonoptical device training) optimize use of their remaining low vision.

TWe considered all fee-for-service and shadow billing professional claims to capture ophthalmologists under different payment plans.

}Patients younger than 18 years.
§These literature definitions characterized only strabismus surgeons, not pediatric ophthalmologists who could also provide only medical (nonsurgical) services.
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The overall proportion of early-career ophthalmologists
stayed stable (Figure 3). Middle-career ophthalmologists
decreased from 32.8% in 2010 to 26.0% in 2013, and pla-
teaued at this level from 2014 to 2019 (Figure 4). Late-
career ophthalmologists increased from 38.9% in 2010 to
44.6% in 2013, and plateaued at this level from 2014 to
2019 (Figure 5). In 2019, 12.2% of Ontario’s ophthalmol-
ogists were aged 56-60 years, 14.9% were aged 61-65 years,
8.0% were aged 66-70 years and 10.3% were older than
70 years; the proportion aged 61-65 years roughly doubled
over the study period, while the other late-career cohorts
remained stable. The greatest changes over time among
early-career ophthalmologists were the decrease in the
absolute percentage of high-volume comprehensive cataract

surgeons (-5.5%) and the increase in the absolute percent-
age of low-volume comprehensive cataract surgeons
(+4.8%), though these differences were small (Table 4).
The greatest changes among middle-career ophthalmol-
ogists were the decrease in the absolute percentage of high-
volume comprehensive cataract surgeons (-20.2%), the sig-
nificant decline in general medical ophthalmologists
(-13.1%) and the decline in ophthalmologists practising in
noncomprehensive areas (-9.6%). The greatest changes
among late-career ophthalmologists were the significant
increases in the absolute percentage of high-volume com-
prehensive cataract surgeons (+25.8%), general medical
ophthalmologists (+11.1%) and ophthalmologists practising
in noncomprehensive areas (+9.5%).

Table 2: Number of ophthalmologists and female ophthalmologists, overall and by area of care, from 2010 to 2019

No. of ophthalmologists
Category* 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Ophthalmologists
All ophthalmologists 427 436 451 457 460 468 471 473 476 477
Low-volume comprehensive cataract surgeons 32 32 34 35 35 35 41 33 34 42
Moderate-volume comprehensive cataract surgeons 130 132 132 128 134 138 123 126 122 115
High-volume comprehensive cataract surgeons 34 35 35 32 25 28 35 37 47 41
General medical ophthalmologists 89 86 93 102 93 97 99 94 101 98
Retinal surgeons 35 34 36 37 40 38 37 28 38 40
Glaucoma surgeons 1 12 12 13 12 13 13 16 14 18
Corneal surgeons 21 23 23 23 23 23 24 23 23 25
Pediatric ophthalmologists 21 21 22 22 23 25 24 24 23 25
Retina medical ophthalmologists 23 30 27 31 33 29 29 30 27 28
Oculoplastic surgeons 17 17 18 19 20 18 21 20 23 21
Low-vision rehabilitation ophthalmologists <5 5 5 6 7 8 6 7
Neuro-ophthalmologists 6 7 9 8 10 1 12 11
Female ophthalmologists
All ophthalmologists 80 81 84 91 90 98 100 102 109 115
Low-volume comprehensive cataract surgeons 12 1 8 12 13 8 15 13 14 15
Moderate-volume comprehensive cataract surgeons 19 23 23 21 23 27 24 26 28 30
High-volume comprehensive cataract surgeons <5 <5 <5 <5 <5 <5 5 5 7 6
General medical ophthalmologists 24 17 22 25 19 27 23 18 23 24
Retinal surgeons <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Glaucoma surgeons <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Corneal surgeons 5 6 6 6 7 7 7 7 7 8
Pediatric ophthalmologists 10 10 1 1 1 1 12 13 13 12
Retina medical ophthalmologists <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Oculoplastic surgeons <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Low-vision rehabilitation ophthalmologists <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Neuro-ophthalmologists 0 0 <5 <5 <5 <5 <5 <5 <5 <5
*Categories with < 5 ophthalmologists cannot be reported for privacy reasons.
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Figure 1: Number of female and male ophthalmologists practising from 2010 to 2019 in Ontario.
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Figure 2: Trends in the proportion of female ophthalmologists practising in noncomprehensive surgical (i.e., corneal surgeons, glaucoma sur-
geons, oculoplastic surgeons and retinal surgeons), general medical and comprehensive surgical areas of care from 2010 to 2019 in Ontario.
*Pediatric ophthalmology was not considered as a surgical subspecialty because nonsurgical pediatric ophthalmologists were also included in
this cohort.
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Areas of care

The number of ophthalmologists per 100000 people and the
changes over the study period differed among various areas
of care (Figure 6, Table 5). Neuro-ophthalmologists (7 = 11
in 2019, +65.3% over the study period), glaucoma surgeons

(n = 18 in 2019, +47.6%) and low-vision rehabilitation oph-
thalmologists (n = 7 in 2019, +27.5%) had the greatest
growth. Overall, the supply of comprehensive cataract sur-
geons decreased over time (7 = 198 in 2019, -8.9%).
Although there was an increase in low- (z = 42 in 2019,

Table 3: Proportion of female ophthalmologists, overall and in general medical, noncomprehensive
surgical and comprehensive surgical areas of care, in 2010 and 2019

No. (%) of female ophthalmologists*

Change (%)

n =104 in 2019

Area of care 2010 2019 from 2010 to 2019
Overall, n = 427 in 2010, n = 477 in 2019 80 (18.7) 115 (24.1) +35 (+5.4)
General medical ophthalmologists, 24 (27.0) 24 (24.5) 0 (-2.5)
n=389in 2010, n =98 in 2019

Low-volume comprehensive cataract surgeons, 12 (37.5) 15 (35.7) +3 (-1.8)
n=32in 2010, n =42 in 2019

Moderate-volume comprehensive cataract 19 (14.6) 30 (26.1) +11 (+11.5)
surgeons, n = 130 in 2010, n = 115 in 2019

High-volume comprehensive cataract surgeonst, <5 6 (14.6) NA (+5.8)
n=34in 2010, n =41in 2019

Noncomprehensive surgeonst, n = 84 in 2010, 9(10.7) 16 (15.4) +7 (+4.7)

Note: NA = not applicable.
*Denominators for percent frequencies are in Table 2.

1The number of female high-comprehensive cataract surgeons for the 2010 fiscal year was < 5. Therefore, we do not report raw numbers for
this specific analysis for privacy reasons and only reported the percent change.
FNoncomprehensive surgeons include corneal surgeons, glaucoma surgeons, oculoplastic surgeons and retinal surgeons.
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Figure 3: Trends in the proportion of early-career ophthalmologists practising in noncomprehensive (i.e., neuro-ophthalmologists, corneal sur-
geons, glaucoma surgeons, retina medical ophthalmologists, retinal surgeons, oculoplastic surgeons, pediatric ophthalmologists and low-vision
rehabilitation ophthalmologists), general medical and comprehensive surgical areas of care from 2010 to 2019 in Ontario.
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Figure 4: Trends in the proportion of middle-career ophthalmologists practising in noncomprehensive (i.e., neuro-ophthalmologists, corneal sur-
geons, glaucoma surgeons, retina medical ophthalmologists, retinal surgeons, oculoplastic surgeons, pediatric ophthalmologists and low-vision
rehabilitation ophthalmologists), general medical and comprehensive surgical areas of care from 2010 to 2019 in Ontario.
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Figure 5: Trends in the proportion of late-career ophthalmologists practising in noncomprehensive (i.e., neuro-ophthalmologists, corneal sur-
geons, glaucoma surgeons, retina medical ophthalmologists, retinal surgeons, oculoplastic surgeons, pediatric ophthalmologists and low-vision
rehabilitation ophthalmologists), general medical and comprehensive surgical areas of care from 2010 to 2019 in Ontario.
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comprehensive surgical areas of care in 2010 and 2019

Table 4: Proportion of early-, middle- and late-career ophthalmologists, overall and in noncomprehensive, general medical and

Early-career ophthalmologists*

Middle-career ophthalmologists*

Late-career ophthalmologists*®

cataract surgeons

Change (%) Change (%) Change (%)
No. (%) No. (%) from No. (%) No. (%) from No. (%) No. (%) from

Area of care in 2010 in 2019 2010 to 2019 in 2010 in 2019 2010 to 2019 in 2010 in 2019 2010 to 2019
Overall 121 (28.3) 141 (29.6) +20 (+1.2)t 140 (32.8) 120 (25.2) —20 (-7.6) 166 (38.9) 216 (45.3) +50 (+6.4)t
General medical 10 (11.2) 13 (13.2) +3 (+2.0) 18 (20.2) 7 (71) -1 (-13.1)t 61 (68.5) 78 (79.6) +17 (+11.1)t
ophthalmologists
Noncomprehensive 49 (35.5) 60 (34.3) +11 (-1.2) 55 (39.9) 53 (30.3) -2 (-9.6) 31 (22.5) 56 (32.0) +25 (+9.5)t
ophthalmologistst
Low-volume 16 (50.0) 23 (54.8) +7 (+4.8)t 5(15.6) 5(11.9) 0(-3.7) 11 (34.3) 14 (33.3) +3 (-1.0)
comprehensive
cataract surgeons
Moderate-volume 34 (26.2) 31 (27.0) -3 (+0.8) 44 (33.8) 41 (35.6) -3 (+1.8) 52 (40.0) 43 (374) -9 (-2.6)t
comprehensive
cataract surgeons
High-volume 11 (32.3) 11 (26.8) 0(-5.5) 16 (47.0) 11 (26.8) -5 (-20.2) 7 (20.5) 19 (46.3) +12 (+25.8)t
comprehensive

*Denominators for percent frequencies are in Table 2.

tSignificant difference in the number of ophthalmologists from 2010 to 2019 using the Mann—Kendall trend test, with p < 0.05.
tNoncomprehensive ophthalmologists includes neuro-ophthalmologists, corneal surgeons, glaucoma surgeons, retina medical ophthalmologists, retinal surgeons,
oculoplastic surgeons, pediatric ophthalmologists and low-vision rehabilitation ophthalmologists.

+18.4%) and high-volume comprehensive cataract surgeons
(n =41 in 2019, +8.7%), moderate-volume cataract surgeons
(m =115 in 2019, -20.2%) had the greatest reduction in sup-
ply of any area of care.

The number of ophthalmologists per 100000 people aged
65 years and older and the changes over the study period also
differed among various areas of care (Figure 7, Table 5). Only
neuro-ophthalmologists (z = 11, +33.9%), glaucoma surgeons
(n = 18, +19.5%) and low-vision rehabilitation ophthalmol-
ogists (7 = 7, +5.4%) had growth. The 3 areas with the greatest
reduction were moderate-volume cataract surgeons (z = 115,
-35.4%), general medical ophthalmologists (z = 98 in 2019,
—19.6%) and retinal surgeons (z = 40 in 2019, -16.6%).

The aim of this population-based analysis was to explore sup-
ply and demographic characteristics of Ontario’s ophthalmol-
ogy workforce from 2010 to 2019. We observed an aging
ophthalmologist workforce and growth in female representa-
tion. The overall number of ophthalmologists per
100000 people was stable. Several areas of care increased in
supply; however, most had substantial reductions in supply
relative to the population aged 65 years and older, especially
for comprehensive cataract surgeons.

The proportion of early-career ophthalmologists
remained stable, while the proportion of middle-career
ophthalmologists decreased by 7.6% and the proportion
of late-career ophthalmologists increased by 6.4%. These
trends are similar to a population-based analysis con-
ducted in Ontario from 1999 to 2013.?* Furthermore,
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among low-volume comprehensive cataract surgeons, only
the proportion of early-career physicians saw significant
growth, such that this group now comprises most phys-
icians in this area of care (54.8% in 2019). Among high-
volume comprehensive cataract surgeons, there was sig-
nificant growth among only late-career physicians, who
make up nearly half of the physicians in this area (46.3%
in 2019). We observed a similar decrease among middle-
career physicians who make up about one-quarter of this
category (26.8% in 2019). These findings speak to diffi-
culties that younger graduates face in securing equitable
access to operating room time relative to their colleagues
later in their careers, an issue that is projected to
worsen.”? We observed considerable growth in the per-
centage of late-career general medical ophthalmologists.
Moreover, females continued to be underrepresented rela-
tive to males, especially in retinal surgery (7.5%), aligning
with a recent national study.”’” We found that the greater
the surgical volume among comprehensive cataract sur-
geons, the less females were represented, a gender gap
that was similarly highlighted in previous research.’
Female applicants to ophthalmology residency programs
increased significantly from 1995 to 2019, which can
explain the stable growth of female ophthalmologists wit-
nessed in our study.”’

Although the number of ophthalmologists per
100000 people in 2019 (3.27) seems adequate, given the
proposed ideal ratio of 3.37 indicated by The Royal College
of Physicians and Surgeons of Canada in 1988, this sugges-
tion was made decades ago on the assumption of a vastly dif-
ferent demographic mix, which did not consider the current
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Figure 6: The number of ophthalmologists per 100000 people practising in all areas of care from 2010 to 2019 in Ontario. The number of low-
vision rehabilitation ophthalmologists for 2010 was less than 5 and cannot be reported for privacy reasons.

realities of Canada’s rapidly aging population, large techno-
logical advances in therapeutics and the scope of practice of
ophthalmologists and optometrists.”” Nonetheless, it is pro-
jected that there will be 14.8 ophthalmologists per
100000 people 65 years of age and older in 2030, a further
decrease of 22.1% in ophthalmologist supply relative to
2019.19 Residency program size also has human resource
implications. Since the recommendation by the Ontario
Vision Task Force to increase residency program size by
2-3 spots in 2013, only 1 spot has been added.”

Although neuro-ophthalmologists, glaucoma surgeons
and low-vision rehabilitation ophthalmologists had the
most notable increases in supply, these were also subspe-
cialties with the smallest baseline percentage of ophthal-
mologists; the analysis was therefore sensitive to small
changes in supply. The growth in some of these areas was
also likely confounded. For example, the consult code A231

that we used to capture neuro-ophthalmologists was intro-
duced mid-way into the 2010 fiscal year, and the observed
growth in this area of care could partly be explained by the
uptake of this code’s use into practice early in the study
period rather than an actual increase in physicians.’! To
maintain consistency in definitions, we considered only oph-
thalmology residency—trained neuro-ophthalmologists and
not neurology residency—trained neuro-ophthalmologists.
Moreover, although the supply of glaucoma surgeons
remained stable from 2010 to 2016, the growth from 2017
to 2019 was likely inflated because of the increased number
of general surgical ophthalmologists who performed
microinvasive glaucoma surgery, which does not have its
own unique billing code.*

Future research is needed to better contextualize study
findings. Future studies should also explore trends in the
geographic distribution of ophthalmologists in various

CMAJ OPEN, 10(4) E1075



OPEN

Table 5: Number of ophthalmologists per 100000 people (overall population and population aged 65 years and older) in 2019
fiscal year and change from 2010 to 2019 fiscal years by area of care
No. of ophthalmologists per No. of ophthalmologists per
100000 people Change (%) 100000 people aged 65 years and older
from 2010 to Change (%) from
Area of care 2010 2019 2019 2010 2019 2010 to 2019
Overall 3.25 3.27 +0.02 (+0.7) 23.30 19.00 —4.30 (—18.4)
All comprehensive 1.49 1.36 -0.13 (-8.9) 10.69 7.88 —2.81 (-26.2)
cataract surgeons
Low-volume 0.24 0.29 +0.05 (+18.4) 1.75 1.67 —-0.08 (-4.2)
comprehensive
cataract surgeons
Moderate-volume 0.99 0.79 —0.20 (—20.2) 7.09 4.58 —2.51 (-35.4)
comprehensive
cataract surgeons
High-volume 0.26 0.28 +0.02 (+8.7) 1.86 1.63 -0.23 (-12.0)
comprehensive
cataract surgeons
General medical 0.68 0.67 -0.01 (-0.7) 4.86 3.90 —0.96 (-19.6)
ophthalmologists
Retinal surgeons 0.27 0.27 0 (+3.1) 1.91 1.59 -0.32 (-16.6)
Corneal surgeons 0.16 0.17 +0.01 (+5.4) 1.15 1.00 —-0.15 (—13.1)
Pediatric 0.16 0.17 +0.01 (+7.4) NA NA NA
ophthalmologists*
Retina medical 0.18 0.19 +0.01 (+9.8) 1.25 1.12 -0.13 (-11.1)
ophthalmologists
Oculoplastic 0.13 0.14 +0.01 (+11.4) 0.93 0.84 —0.09 (-9.8)
surgeons
Low-vision <5 0.05 +0.01 (+27.5) <5 0.28 +0.02 (+5.4)
rehabilitation
ophthalmologistst
Glaucoma surgeons 0.08 0.12 +0.04 (+47.6) 0.60 0.72 +0.12 (+19.5)
Neuro- 0.05 0.08 +0.03 (+65.3) 0.33 0.44 +0.11 (+33.9)
ophthalmologists
NA = not applicable.
*Given the nature of the analysis, the change in the number of pediatric ophthalmologists per 100000 people aged 65 years and older was not calculated.
1The number of low-vision rehabilitation ophthalmologists for the 2010 fiscal year was < 5 and cannot be reported for privacy reasons. The percentage change in this area
of care is from 2011 to 2019.

Local Health Integrative Networks. The extent to which
supply reductions have been compensated by increased clin-
ical efficiency afforded by innovations remains unclear. In
addition, optometry’s role in the delivery of Ontario’s eye
services was beyond the scope of our research question, but
is an important consideration when developing policy for
future human resource requirements.

Limitations

A limitation of using billing data is the potential to miscat-
egorize comprehensive ophthalmologists in noncomprehen-
sive categories if they have a focused scope of practice in a lim-
ited number of areas of care. However, the intention of our
analysis was to evaluate providers of care and not training; as a
result, this limitation would not affect the interpretation. We
also did not capture the nuances of group billing scenarios.

E1076 CMAJ OPEN, 10(4)

Not all definitions were based in the literature; however, all
underwent a thorough consultive process by experts. In
addition, some definitions were not mutually exclusive and
it was possible for an ophthalmologist to be included in
multiple areas of care (range of 4-8 ophthalmologists were
counted in multiple categories in a given fiscal year). To
address these limitations, we used conservative thresholds
for the minimum number of performed services to mitigate
billing errors and ensure appropriate inclusion of ophthal-
mologists in certain areas of care. Furthermore, we classi-
fied career stage by age, which does not consider possible
early and late entry of physicians into ophthalmology. The
use of different age cut-offs could lead to different interpre-
tations of data and highlights the drawback of using an
ordinal variable. Unfortunately, the year of medical school
graduation was not available. To avoid comparing dissimilar
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Figure 7: The number of ophthalmologists per 100000 people aged 65 years and older practising in all areas of care from 2010 to 2019 in
Ontario. The number of low-vision rehabilitation ophthalmologists for 2010 was less than 5 and cannot be reported for privacy reasons. Given

the nature of this analysis, pediatric ophthalmology was not analyzed.

data, we performed an analysis until 2019 rather than includ-
ing data from the COVID-19 pandemic. We recognize the
historical nature of data selected and that it may not reflect
the current context.

Conclusion

We observed an overall decline in the supply of compre-
hensive cataract surgeons. When standardized to the pop-
ulation of older adults, there were substantial supply
reductions in most areas of care. The ophthalmology
workforce is aging, which is expected to continue.
Although female representation increased, gender gaps in
the provision of noncomprehensive and high-volume sur-
gical care were evident, as was the trend that early-career
ophthalmologists had lower surgical volumes relative to
their late-career peers. Our findings, in conjunction with
data on the geographical distribution of ophthalmologists

and their productivity, will help guide evidence-based pol-
icy decisions that promote the sustainability of Ontario’s
eye care system.
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