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Abstract
Background: Routine eye examinations for
healthy adults aged 20–64 years were delisted
from the Ontario Health Insurance Plan in
2004, but they continue to be insured for people with diabetes regardless of age. We sought
to assess whether the delisting of routine eye
examinations for healthy adults had the unintended consequence of decreasing retinopathy
screening for adults with diabetes.
Methods: We used administrative data to calculate eye examinations for people with diabetes ages 40–64 years and 65 years and older
in each 2-year period from 1998 to 2010. We
examined differences by sex, income, rurality
and type of health care provider. We used
segmented linear regression to assess the
change in trend before and after 2004.
Results: For people with diabetes aged 65
years and older, eye examinations rose gradu-
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iabetic retinopathy is the leading cause
of new cases of blindness in people of
working age. 1 In the United States,
about 40% of adults with diabetes aged 40 years
and older have retinopathy, and 8% have visionthreatening retinopathy.2 Studies suggest that, if
untreated, 50% of patients with proliferative diabetic retinopathy become legally blind within
5 years, compared with only 5% of patients who
receive early treatment.3 Regular dilated eye
examinations are effective for early detection
and monitoring of asymptomatic retinopathy in
people with diabetes4 and are recommended by
clinical practice guidelines.5,6
In Ontario, Canada’s most populous province,
medically necessary services are covered by the
Ontario Health Insurance Plan (OHIP) for all
permanent residents and Canadian citizens living
in the province.7 Under OHIP, routine eye examinations were fully insured for all children and
adults until November 1, 2004. At that time, rou-
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ally from 1998 to 2010, with no substantial
change between 2004 and 2006. For people
with diabetes aged 40–65 years, there was an
8.7% (95% confidence interval [CI] 6.3%–
11.1%) decrease in eye examinations between
2004 and 2006. Results were similar for all
population subgroups. Ophthalmologic examinations decreased steadily for both age
groups during the study period, and there
was a decline in optometry examinations for
people ages 40–65 years after 2004.
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Interpretation: The delisting of routine eye
examinations for healthy adults in Ontario
had the unintended consequence of reducing
publicly funded retinopathy screening for
people with diabetes. More research is
needed to understand whether patients are
being charged for an insured service or to
what degree misunderstanding has prevented
patients from seeking care.

tine eye examinations ceased being insured for
healthy adults aged 20–64 years, but continued
to be insured for children aged 19 years and
younger and for adults aged 65 years and older.8
Regardless of age, adults with diabetes and some
other medical conditions affecting the eye, as
well as adults receiving social assistance, continued to have an annual eye examination covered
by OHIP. Insured examinations are at no cost to
the patient and are reimbursed to the provider at
about Can$40. In contrast, healthy adults aged
20–64 years are required to pay out-of-pocket or
through private insurance for a routine eye examination, with fees set at the discretion of the
optometrist9 or physician.10
Health policy experts suggest that delisting
services from insurance schemes can have unpredictable effects.11 Understanding the effect of
delisting on care is particularly important as governments face fiscal pressures and contemplate
further reductions in what is publicly insured.12
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We sought to assess whether delisting routine
eye examinations for healthy middle-aged adults
in Ontario had the unintended consequence of
decreasing retinopathy screening for middleaged adults with diabetes, even though eye
examinations continued to be insured for this
population.

Methods
We used available administrative claims data to
conduct a longitudinal analysis of the percentage
of Ontario residents with diabetes aged 40 years
and older who had at least 1 retinal eye examination in the previous 2 years, as recommended by
clinical practice guidelines.6 Data were accessed
through a comprehensive research agreement
with the Ontario Ministry of Health and LongTerm Care. Before the data were analyzed, all
patient and provider identifiers were removed
and replaced with unique encrypted numbers.
The study was approved by the Research Ethics
Board of Sunnybrook Health Sciences Centre in
Toronto, Ontario.
Data sources
We identified people with diabetes aged 40 years
and older using the Ontario Diabetes Database, a
registry of Ontario patients with a diagnosis of
diabetes generated using a validated administrative data algorithm.13 Patient age, sex and place
of residence were obtained from the Registered
Persons Database, the registry for all people covered by OHIP. We derived neighbourhood
income quintiles by linking data from the 2006
Canadian census to the patients’ residential
postal codes. We assessed rurality using the
Rurality Index of Ontario. 14 We determined
receipt of a retinal eye examination using optometry and physician service claims to OHIP; however, examinations that were paid for privately
were not captured. We assessed other diabetes
testing (cholesterol and glycated hemoglobin)
using laboratory service claims to OHIP.
Analysis
We calculated the numbers and percentages of
patients receiving eye examinations in Ontario
using diabetes prevalence for each 2-year period
from 1998 to 2010 and stratified our analysis by
age (< 65 yr, ≥ 65 yr), sex, income quintile and
rurality. We also assessed rates of eye examination over time by type of health care provider
(optometrist v. physician). We compared changes
in rates of eye examinations over time to changes
in rates of other recommended diabetes testing
(cholesterol and glycated hemoglobin) in Ontario
during the same period. In addition, we compared
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changes in eye examination rates in Ontario with
published changes in ophthalmologic examination rates from another Canadian province,
Alberta,15 where optometry services were delisted
in 1995 for residents aged 19–64 years, then
relisted for patients with diabetes in 2007.
We used segmented linear regression models16
to assess the change in trend before and after delisting in 2004. Our models allowed a linear trend
before 2004 and a linear or quadratic trend after the
intervention (Appendix 1, available at www.cmaj
.ca/lookup/suppl/doi:10.1503/cmaj.120862/-/DC1).
When necessary, we used log transformations to
approximate a linear trend before the intervention.

Results
The number of people with diabetes in Ontario
aged 40 years and older increased from 331 026
in 1998 to 851 193 in 2010 (Tables 1 and 2).
Among people aged 65 years and older, eye
examinations rose gradually, from 73.4% in
1998 to 78.8% in 2010 (Figure 1). For residents
of Ontario aged 40–65 years, the rates remained
steady at 69.2% from 1998 to 2004, but
decreased to 61.1% in 2006 and remained low at
57.3% in 2010 (Figure 1). For both age groups,
cholesterol and glycated hemoglobin testing rose
steadily from 1998 to 2010 (Figure 1).
From 1998 to 2004, there was a gradual increase in eye examinations done by optometrists
in Ontario (Figure 2). After 2004, these rates
continued to increase gradually for residents
aged 65 years and older, but they dropped
steeply for those aged 40–65 years. There was a
gradual decrease in eye examinations done by
physicians in Ontario from 1998 to 2010. About
98% of physician eye examinations in Ontario
were billed by ophthalmologists, with the rest
being billed by general practitioners. For comparison, we looked at published data from
Alberta from 1998 to 2008,15 where there was a
gradual decrease over time in eye examinations
done by ophthalmologists (Figure 2).
Overall, there was a trend toward a larger
decrease in eye examinations after 2004 for residents of Ontario in higher income quintiles than
for those in lower income quintiles (Figure 3).
From 1998 to 2004, people in the highest income
quintiles had more eye examinations than their
peers in lower income quintiles (Figure 3). By
2010, this association persisted for people aged
65 years and older, but it was reversed for those
less than 65 years of age (Figure 3).
Between 2002 and 2004, there was no significant change in the rates of eye examinations for
either age group (Table 3). Between 2004 and
2006, there was no significant change in rate for

Research
Ontario residents aged 65 years and older, but
there was an 8.7% decrease (95% confidence
interval [CI] –11.2% to –6.3%)) in eye examinations for Ontario residents under 65 years of age
(Table 3). During the same period, there was no

decrease in cholesterol or glycated hemoglobin
testing for people in this age group (Table 3).
Between 2004 and 2006, there was a 3.2%
increase (95% CI 2.6% to 3.7%) in eye examinations by optometrists for Ontario residents aged

Table 1: Characteristics of patients with diabetes in 1998 and 2010, by age group
Patients with diabetes, no. (%)
1998
n = 331 026

2010
n = 851 193

Characteristic

40–64 yr
n = 153 266

≥ 65 yr
n = 177 760

40–64 yr
n = 413 240

≥ 65 yr
n = 437 953

Women

66 483 (43.4)

Men

86 783 (56.6)

92 234 (51.9)

187 171 (45.3)

218 861 (50.0)

85 526 (48.1)

226 069 (54.7)

219 092 (50.0)

1 (lowest)
2

35 777 (23.3)

41 003 (23.1)

91 425 (22.1)

94 579 (21.6)

32 662 (21.3)

39 088 (22.0)

87 725 (21.2)

95 417 (21.8)

3

30 588 (20.0)

36 521 (20.5)

82 923 (20.1)

86 881 (19.8)

4

27 825 (18.2)

30 847 (17.4)

79 289 (19.2)

83 197 (19.0)

5 (highest)

24 272 (15.8)

28 544 (16.1)

66 923 (16.2)

74 450 (17.0)

107 079 (69.8)

119 366 (67.2)

298 642 (72.3)

303 687 (69.3)

Non-major urban

28 682 (18.7)

37 820 (21.3)

74 596 (18.1)

89 816 (20.5)

Rural

13 558 (8.8)

17 714 (10.0)

31 649 (7.7)

38 700 (8.8)

Income quintile

Residence
Major urban

Table 2: Characteristics of patients with diabetes who received eye examinations, by year and by age
group
Patients who received eye examinations, %
1998
n = 236 487

2010
n = 581 978

40–64 yr*
n = 106 001

≥ 65 yr*
n = 130 486

40–64 yr*
n = 236 940

≥ 65 yr*
n = 345 038

Overall

69.2

73.4

57.3

78.8

Women

72.9

74.0

59.4

79.0

Men

66.2

72.8

55.6

78.6

1 (lowest)

66.5

71.2

58.4

76.4

2

68.1

72.6

57.9

78.7

3

70.1

74.1

57.9

79.5

4

71.3

74.6

57.4

80.1

5 (highest)

72.6

76.9

56.1

81.1

Major urban

68.6

72.8

56.1

77.6

Nonmajor
urban

71.1

75.5

61.4

82.6

Rural

71.3

75.6

62.4

81.7

Characteristic

Income quintile

Residence

*Denominators used to calculate these percentages are the corresponding values for characteristic, age group and year in
Table 1.
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65 years and older, and a 6.5% decrease (95%
CI –18.0% to 5.1%], Table 3) for Ontario residents aged 40–65 years. Our secondary analysis

Residents of Ontario with diabetes receiving
recommended testing, %

Eye exams < 65 yr

Eye exams ≥ 65 yr

100.0
90.0

Cholesterol testing ≥ 65 yr

Cholesterol testing < 65 yr

HbA1C testing ≥ 65 yr

HbA1C testing < 65 yr

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0
1998

2000

2002

2004

2006

2008

2010

Year

Patients with diabetes receiving eye exams, %

Figure 1: Percentage of Ontario residents with diabetes, by age group, receiving recommended testing (i.e., 1 eye examination, 1 cholesterol test and 4 glycated hemoglobin tests within 2 years) from 1998 to 2010. HbA1C = glycated hemoglobin.

100.0

Optometrist, < 65 yr

Optometrist, ≥ 65 yr

90.0

Physician only, < 65 yr

Physician only, ≥ 65 yr

80.0

AB Physician only, women

AB Physician only, men

70.0
60.0
50.0
40.0
30.0
20.0
10.0
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2000
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2010

Year

Figure 2: Percentage of Ontario residents with diabetes, by age group, who
received an eye examination within a 2-year period from 1998 to 2010, either from
an optometrist or a physician. Published data from Alberta are included for comparison (1998–2008).15 Data from Ontario assess whether patients aged 40 years
and older received an eye examination within a 2-year period; 98% of physician
visits in Ontario were to an ophthalmologist. Data from Alberta assess whether
patients with diabetes aged 20 years and older received an eye examination
within a 1-year period; only visits to ophthalmologists are included. AB = Alberta.
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excluded the optometry examinations from 1998
to better approximate a linear trend before 2004.
Between 2004 and 2006, this analysis also
showed a decrease of 6.5% (95% CI –9.3%
to –3.7%], Table 3) for the younger age group.
Between 2004 and 2006, there was a significant
decrease in eye examinations by physicians for
both age groups.
Overall, our subgroup analyses were consistent with general trends. Between 2004 and
2006, there was no decrease in eye examinations
for any subgroup among Ontario residents aged
65 years and older, but there was a significant
decrease in eye examinations for all subgroups
among Ontario residents aged 40–65 years. Men
aged 40–65 years had fewer eye examinations
than women in the same age group, and residents
of major urban areas had slightly fewer examinations than people living in nonmajor urban or
rural areas; these differences persisted with time
(data not shown). Full results of the segmented
regression are presented in Appendix 1.

Interpretation
We found a marked and persistent decrease in
publicly funded eye examinations for residents of
Ontario with diabetes aged 40–65 years after routine eye examinations were delisted from OHIP
for healthy adults in that age group. This trend
was seen even though examinations continued to
be insured for these patients. We saw no such
change for residents of Ontario aged 65 years and
older, an age group not affected by delisting.
The decision to delist routine eye examinations for healthy adults in Ontario was made
ostensibly to reduce public expenditure on nonessential health services; however, it had the
unintended consequence of reducing appropriate
use of publicly funded health services. This
result was likely due to a misunderstanding of
the policy among both patients and providers.
Other researchers have also found that attempts
to reduce inappropriate use can have unintended
consequences. A US study found that an insurance copayment reduced both inappropriate and
appropriate use of preventive health services.17 In
Quebec, the introduction of cost-sharing for prescription drugs for older adults and recipients of
welfare was followed by reductions in use of
essential drugs and an increase in related adverse
events.18
We found a steady decline in physician
(mostly ophthalmologist) eye examinations from
1998 to 2010 in both age groups. In contrast, eye
examinations performed by optometrists
increased from 1998 to 2004 and continued to
climb thereafter for people aged 65 years and
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private insurance. Furthermore, our study’s
observational design cannot definitively address
causation. However, alternative explanations for
the decrease in eye examinations are unlikely for
the following reasons: the decrease in eye examinations among people with diabetes aged 40–65
years occurred immediately after the service was
delisted, was not seen among people aged
65 years and older, and did not occur for other
diabetes tests during the same period. In addition, the marked decrease in diabetes eye examinations that we saw in Ontario after 2004 was
not seen in other provinces, such as Alberta15 or
Manitoba (Alan Katz, Departments of Community Health Sciences and Family Medicine, University of Manitoba, and Associate Director,
Manitoba Centre for Health Policy, personal
100.0

90.0

Residents of Ontario with diabetes receiving an eye exam, %

older, but decreased for people aged 40–65 years
after the service was delisted. Our findings suggest that, over time, optometrists are likely playing a larger role in retinopathy screening for
adults with diabetes. Published data from Alberta
also show a gradual decline in ophthalmologic
eye examinations over the last decade; unfortunately, data on optometry examinations are not
included.15
It is unclear why examinations by opto metrists decreased for people with diabetes aged
40–65 years after the service was delisted. One
possibility is a misunderstanding of the policy
among some health care providers and the public
who thought eye examinations were no longer
covered, even for patients with diabetes. This
misinterpretation could have resulted in a
decrease in optometry referrals and self-referrals.
Alternatively, optometrists may not have been
routinely asking patients if they have diabetes,
and were thus either inadvertently charging for a
service that was publicly covered or billing inappropriately. Any of these explanations is cause
for concern. Eye examinations by physicians
were unaffected by delisting, perhaps because
patients under the care of ophthalmologists are
more likely to have greater eye pathology. As a
result, a diagnosis of diabetes is less likely to be
overlooked, and examinations are less likely to be
misclassified as “routine.” Ophthalmologists
could also continue to bill OHIP a consultation
fee for referrals received from a family physician.
Surprisingly, we found a reversal of the income gradient for eye examinations in the 40–
64 years age group after delisting, with people in
the highest income quintiles having the largest
decrease in publicly funded eye examinations.
This observation is likely explained by more
people in the highest income quintile paying for
the service out-of-pocket or through private
insurance, suggesting a differential effect of
delisting related to income. This hypothesis is
consistent with a recent study that found substantially decreased self-reported use of eye care
providers among socially disadvantaged residents of Ontario after delisting.19 However, the
authors did not specifically examine data relating to people with diabetes. Another study
found that delisting in other Canadian provinces
reduced the probability of patients visiting an
optometrist, but that people with supplemental
insurance were more likely to use optometry
services.11
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Q1, ≥ 65 yr

20.0

Q5, 40–65 yr
Q4, 40–65 yr
Q3, 40–65 yr

10.0

Q2, 40–65 yr
Q1, 40–65 yr

0.0
1998

2000

2002

2004

2006

2008

2010

Year

Limitations
We used routinely collected administrative data,
which does not include information on eye
examinations paid for out-of-pocket or through

Figure 3: Percentage of Ontario residents with diabetes, by age group and
income quintile, who received an eye examination within a 2-year period from
1998 to 2010. Note: Q1–Q5 = income quintiles, Q1 = lowest income quintile,
Q5 = highest income quintile.
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Table 3: Changes in testing trends among Ontario residents with diabetes, by age group, before and after routine eye exams were
delisted from the provincial public insurance plan
Age group, yr
≥ 65

40–65
Change in trend
2002–2004, % (95% CI)

Change in trend
2004–2006, % (95% CI)

Eye examinations

1.1 (–1.4 to 3.6)

–8.7 (–11.2 to –6.3)

0.5 (–1.3 to 2.3)

0.6 (0.0 to 1.3)

Cholesterol†

3.9

(0.2 to 7.7)

2.3

(1.0 to 3.6)

4.2 (3.5 to 4.8)

2.0 (1.8 to 2.1)

HbA1C

0.6 (–1.1 to 2.4)

0.8

(0.2 to 1.5)

2.4 (0.7 to 4.1)

2.4 (1.86 to 3.0)

5.5 (–8.7 to 19.6)

–6.5 (–18.1 to 5.1)

4.6 (3.0 to 6.2)

3.2 (2.6 to 3.7)

4.0

(0.5 to 7.6)

–6.5

(–9.3 to –3.7)

4.6 (3.0 to 6.2)

3.2 (2.6 to 3.7)

–4.1 (–9.4 to 1.2)

–2.3

(–4.2 to –0.4)

–4.1 (–7.3 to –0.8)

–2.6 (–3.8 to –1.4)

Variable

Change in trend
2002–2004, % (95% CI)

Change in trend
2004–2006, % (95% CI)

Overall rates of
recommended
testing*

Rates by provider
Optometry visit
Optometry visit,
secondary analysis‡
Physician visit only
Rates by population
subgroup
Men

1.0 (–1.1 to 3.2)

–8.0 (–10.1 to –5.9)

0.6 (–1.3 to 2.5)

0.6 (–0.1 to 1.3)

Women

1.2 (–1.9 to 4.4)

–9.6 (–12.7 to –6.6)

0.5 (–1.2 to 2.2)

0.6 (0.0 to 1.2)

1 (lowest)

1.0 (–1.2 to 3.2)

–6.9

(–9.1 to –4.8)

0.6 (–1.7 to 2.8)

0.5 (–0.3 to 1.3)

2

1.7 (–0.4 to 3.8)

–8.6 (–10.6 to –6.5)

0.3 (–2.0 to 2.6)

0.7 (–0.1 to 1.5)

3

1.1 (–1.0 to 3.2)

–9.2 (–11.2 to –7.2)

0.6 (–1.4 to 2. 7)

0.5 (–0.2 to 1.3)

4

1.6 (–1.7 to 4.2)

–9.6 (–12.4 to –6.7)

0.3 (–2.0 to 2.7)

0.4 (–0.4 to 1.3)

5 (highest)

1.0 (–2.7 to 4.7)

–10.4 (–14.0 to –6.8)

0.6 (0.2 to 1.1)

0.5 (0.4 to 0.7)

Major urban

1.2 (–1.4 to 3.8)

–9.1 (–11.6 to –6.6)

0.4 (–1.4 to 2.4)

0.5 (–0.1 to 1.2)

Nonmajor urban

0.9 (–0.7 to 2.6)

–7.8

0.8 (–1.0 to 2.6)

0.7 (0.0 to 1.3)

Rural

1.0 (–2.2 to 4.3)

–7.1 (–10.2 to –3.9)

0.6 (–1.6 to 2. 9)

0.6 (–0.2 to 1.5)

Income quintile

Residence
(–9.4 to –6.2)

Note: HbA1C = glycated hemoglobin.
*Recommendations are for 1 eye examination, 1 cholesterol test and 4 HbA1C tests in 2 years.
†Time converted to log scale for rates for people aged ≥ 65 yr to allow approximation of linear trend.
‡Rates for people aged 40–65 yr from 1998 excluded to allow approximation of a linear trend before 2004.

communication), so it is less likely to be
explained by secular trends (Alberta delisted eye
examinations for middle-aged adults in 1995,
and Manitoba did the same in 1996).
Conclusion
Although eye examinations for people with diabetes aged 40–65 years continue to be covered
by OHIP, we saw a significant and persistent
decrease in their use among such patients. More
research is needed to understand what proportion
of diabetes eye examinations are paid for privately, whether disadvantaged residents of
Ontario have decided to forgo these examinations entirely because of cost, and whether the
decrease in screening was associated with an
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increase in retinal complications for people with
diabetes. People with lower educational attainment are less likely to visit an ophthalmologist20
and research is needed to understand whether
delisting has exacerbated such inequities.
In this time of fiscal restraint, policy-makers
will increasingly debate which services are “medically necessary” and warrant coverage.21 Some
limitations of services may be rational and justified,22 but policy-makers will need to be mindful
of the unintended consequences of delisting services from insurance schemes and the potential
impact on health equity. Policy changes need to be
accompanied by better and more effective communication strategies to decrease misunderstanding among patients and health care providers.
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