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Retinopathy (Fig. 1) can be found in as many as
three-quarters of individuals who have had diabetes
mellitus for more than 15 years.1 The high preva-

lence of diabetes in Aboriginal Canadians makes diabetic
retinopathy a significant public health issue in First Na-
tions communities.2–6

Diabetic retinopathy meets all the criteria for a disease
that warrants screening. It has a long latent period before

visual loss and is eminently treatable.7,8 As well, screening
for retinopathy is noninvasive, cost-effective, and highly
sensitive and specific.9–11 After a diagnosis of type 1 diabetes,
individuals should be examined once in the first 5 years.
Those with type 2 diabetes should be examined at the time
of their diagnosis. Follow-up for both types is typically
once a year but can be less frequent in the absence of
retinopathy.12–15 Screening and therapeutic recommenda-
tions for diabetic retinopathy are infrequently met in Cana-
dian and US cohorts.16–18

Traditionally, retina specialists and general ophthalmol-
ogists have provided screening for diabetic retinopathy;
however, alternative approaches, including the use of other
health care providers and retinal cameras, have recently
emerged. Studies have shown that the sensitivity and speci-
ficity of retinopathy screening by optometrists, internists,
diabetologists and nurses are extremely variable and gener-
ally lower than the rates achieved by general ophthalmolo-
gists and retina specialists.9,19–21 One alternative with sensi-
tivity and specificity parallel to the rates with traditional
screening is screening with a retinal camera.22–24

A photographic system has advantages over the special-
ist-based model. First, technicians can perform camera
screening. Second, a camera can be flown to an isolated
community. Third, images can be archived to permit com-
parison over time.

The purpose of this study was to compare the cost-ef-
fectiveness of screening by means of a portable retinal cam-
era with that of the existing screening program for the First
Nations population of the James Bay area of northern On-
tario, Canada.

Methods

Population and setting

The communities of western James Bay include Moose Fac-
tory, Moosonee, Attawapiskat, Kashechewan, Fort Albany,
Peawanuk and New Post. The Cree population of 11 000 in the
region is stable, with little migration out or in (Muskegowuk
Tribal Council: personal communication, 1997). One-half of all
inhabitants live in Moose Factory or Moosonee. The crude
prevalence of diabetes mellitus in this population has been esti-
mated at 6% (650 individuals), type 2 diabetes accounting for
99% of cases.2,25
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Background: Retinopathy is a common complication of diabetes
mellitus that if detected early by regular retinal examinations
can be treated; thus, blindness can be delayed or prevented.
Providing high-quality retinal screening is difficult, especially in
rural and remote areas. Canada’s First Nations population has a
higher prevalence of diabetes and is, in general, more geograph-
ically isolated than the broader Canadian population. We mod-
elled the cost-effectiveness of retinopathy screening by travelling
retina specialists versus retinal photography with a portable digi-
tal camera in an isolated First Nations cohort with diabetes.

Methods: The 2 screening programs were modelled to run con-
currently for 5 years, with outcomes evaluated over 10 years.
To construct economic models for the population of Cree indi-
viduals living in the western James Bay area of northern On-
tario, we used available data on the prevalence of diabetes in
the area and estimates of the incidence of retinopathy derived
from the published literature. We compared the screening
models and calculated total costs, visual outcome, costs per
sight-year saved and costs per quality-adjusted life year
(QALY). We also estimated the costs of implementing a
screening program for all First Nations individuals in Ontario
with diabetes and no access to an ophthalmologist.

Results: From the perspective of the health care system the cam-
era program was preferable to the specialist-based program.
Over 10 years, 67 v. 56 sight years were saved, compared
with no screening, at costs of $3900 v. $9800 per sight year
and $15 000 v. $37 000 per QALY. Generalizing these results
to the province of Ontario, the camera system could allow
most isolated First Nations people with diabetes to be
screened for 5 years for approximately $1.2 million.

Interpretation: A portable retinal camera is a cost-effective means
of screening for diabetic retinopathy in isolated communities
of at-risk individuals.
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Study design

The reference program was the existing model of screening for
diabetic retinopathy in western James Bay, wherein retina specialists
visit Moose Factory every 6 months to examine people with dia-
betes. Patients in outlying communities are flown to Moose Factory.

Proposed for the alternative program was photographic screen-
ing with a digital camera capable of 50° photos of the retina, accord-
ing to a validated protocol.26 Digital images are produced instanta-
neously, allowing immediate assessment of quality. They can also be
electronically transferred to a remote reading centre. Because of the
camera’s ease of use, pupil dilation is not usually needed. However,
dilation is often required to improve image quality in the Cree pop-
ulation27 and was taken into consideration in this analysis.

The 2 programs were modelled to run concurrently for 5 years.
From the average age of the cohort (50 years) and a conservative life
expectancy of another 10 years, we chose 10 years as the interval
over which the effect of the screening programs would be evaluated.

Economic analysis

We conducted the economic analysis from the health care sys-
tem’s perspective, using only costs directly related to implementing
and running each program. Sources of financial information included
the Communications Office of Weeneebayko General Hospital and
the Regional Health Planning Office, both in Moose Factory.

We estimated costs of personnel, transportation and equipment
from detailed evaluations of each program. Retina-specialist costs
were based on the stipend currently paid by the Weeneebayko Gen-
eral Hospital. Technician costs were based on current prevailing
wages. Transportation costs were those paid by the regional health
board to the contracted air carrier and ground transport providers.
Equipment costs were based on vendor quotations. All costs were
calculated over a 5-year period, were discounted by 5%, are pre-
sented in 1998 Canadian dollars and are not inflation-adjusted.

Information on the incidence of diabetes in the region was ob-
tained from the Regional Diabetic Health Project of the
Muskegowuk Tribal Council (personal communication, 1997).

The effectiveness of each program was represented by sight
years and quality-adjusted life years (QALYs), calculated from pro-
gram-specific probability models of visual outcomes in the same

cohort (650 individuals with diabetes) (Fig. 2) and discounted by
5% yearly. The cohort accumulated lost sight years as they passed
through 5 one-year cycles within each program. At the end of the
5-year screening period, lost sight years were projected forward for
another 5 years to account for ongoing vision savings.

QALYs are a measure of the reduction in quality of life experi-
enced by individuals with a disability relative to normal health.
For individuals with diabetes a QALY has been estimated at
0.85.32 This can be compared with the relative utility of severe vi-
sion loss due to diabetic retinopathy, which has been estimated at
0.59 QALYs, a figure in keeping with those for other diabetes-re-
lated complications.33 QALYs were calculated for each program
from the proportion of individuals expected to lose vision and
were considered alone and in relation to the program cost.

Individuals who did not have retinopathy that required treat-
ment and those who were missed by the screening process in year
1 re-entered the probability model in year 2 and so forth. Individ-
uals who required treatment were removed from the cohort annu-
ally; thus, the number of individuals screened in subsequent years
decreased. Those losing vision continued to contribute lost sight
years to the cohort for the 10-year period. Those who died were
“replaced” yearly by individuals with new diagnoses of diabetes.

Cost-effectiveness ratios were generated by dividing program
costs by the years of sight saved by each program.

Sensitivity analyses and assumptions

Within the present screening program 55% of individuals with
diabetes in the region are screened yearly (65% of those in Moose
Factory and Moosonee; 45% of those in the outlying communi-
ties, which have a combined population similar to that of Moose
Factory and Moosonee together.)27 For the camera program, 80%
of individuals with diabetes in the region were presumed to have
been screened — a higher figure than for the retina specialist be-
cause of the greater availability of the camera.

Maximizing the percentage of individuals evaluated is important
to any screening program. For this reason, we performed a sensitiv-
ity analysis to uncover differences between the programs for a range
of possible screening percentages: 50%, 65%, 80% and 95% (Figs.
3 and 4).

We assumed the sensitivity of the retina-specialist and camera
systems in diagnosing diabetic retinopathy (macular edema and
proliferative disease) to be 0.95 and 0.80, respectively.9,21,26,28 Be-
cause retina specialists may not always be available for screening,
we conducted a separate analysis in which the sensitivity rate for a
general ophthalmologist was set at 0.80.27,29–31

Diabetic retinopathy in the cohort was expected to progress in
a bilateral, symmetric manner over the course of each year, so that
there would be more advanced disease in the cohort at the end of
the year. We assumed that all patients requiring treatment under-
went treatment.

Monte Carlo modelling

We performed Monte Carlo modelling to generate probability
distributions for all major outcomes. Using Crystal Ball 2000 soft-
ware (Denver, Colorado) employing a Bayesian approach with ran-
dom sampling for 10 000 iterations, we simultaneously evaluated
the following variables with known uncertainty in effectiveness
models: estimates of diabetes prevalence, screening sensitivity of
retina specialists and retinal cameras, retinopathy prevalence and
number of subjects screened.

Fig. 1: Typical image of nonproliferative diabetic retinopathy
with clinically significant macular edema (CSME).
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Generalizing to the entire Ontario First Nations
population

To estimate the 5-year costs of screening all Ontario First Na-
tions individuals with diabetes and no access to an ophthalmolo-
gist, we first determined the 5-year cost of screening a single such
individual. We assumed that the estimated costs for western James
Bay would apply to other remote regions of the province. We then
compared Statistics Canada census data with the Canadian Oph-
thalmological Society’s physician roster and counted individuals of
Status First Nations residing in census metropolitan areas (CMAs)
or remote, non-CMA areas that did not have access to an ophthal-
mologist. Finally, assuming a crude diabetes prevalence of 6%, we
calculated the number of such individuals with diabetes.

Results

In both programs severe vision loss developed in 0.5%
to 0.6% of all individuals; the rate was 0.9% in the absence
of a screening program.

The camera program was the more cost-effective, main-
taining the highest number of sight years and being cheaper
than the specialist-based program (Table 1). The camera
program also had the best cost-per-QALY ratio (Table 1), at 
$15 000, within the range for medical programs that are
strongly recommended (less than $20 000/QALY).34 The
sensitivity analysis using screening percentages of 50%, 65%,
80% and 95% demonstrated that this program would meet
the threshold of $20 000 per QALY if 65% or more of the
population with diabetes were screened yearly (Fig. 3). Simi-
larly, the camera program would cost less than $5000 per
year of vision saved if 65% or more of the population was
screened (Fig. 4).

Were a general ophthalmologist to perform the screen-
ing in place of a retina specialist, the existing program
would save only 47 sight years and 12 QALYs compared
with no program, at higher costs: $11 700 per sight year
and $45 000 per QALY.

The Monte Carlo simulations — evaluating uncertainty

Fig. 2: Representative flow chart for evaluating visual outcomes of screening for diabetic retinopathy in pro-
grams based on visits by retina specialists (S) or the use of a portable retinal camera (C). Superscript 1 indicates
data from the diabetic retinopathy screening program in western James Bay, in northern Ontario, for 145 con-
secutive Cree individuals with diabetes, of whom 25.5% had background diabetic retinopathy (BDR), 1.4%
high-risk characteristics (HRC) for severe vision loss (equivalent to proliferative diabetic retinopathy with cer-
tain clinical criteria) and 6.9% CSME; these data are the best cross-sectional information available for the Cree
population in 1997–1998. Superscript 2 indicates data from observational studies comparing modes of oph-
thalmic assessment for diabetic retinopathy.21–31 Superscript 3 indicates data from multicentre prospective ran-
domized clinical trials on the effect of laser treatment on vision loss. Severe vision loss = 20/800.7,8
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associated with the effectiveness models — generated dis-
tributions for all primary outcomes (Figs. 5 and 6, available
at www.cmaj.ca). These probability histograms, which
compared outcome measures for the 2 programs, demon-
strated that variability inherent to parameters within the ef-
fectiveness models did not affect the results of this study.

A camera program providing 5 years of screening for di-
abetic retinopathy in all isolated First Nations communities
in Ontario would cost approximately $1.2 million.

Interpretation

The camera program had the lowest cost. By 5 years,
the acquisition cost had become an insignificant contribu-

tor to overall program expenditures. Savings were realized
through lower personnel and transportation costs.

Both screening programs realized sight savings. Roughly
twice the number of individuals lost vision yearly in the ab-
sence of a retinopathy screening program. Sensitivity
analyses did not change the overall results. The camera sys-
tem would be highly successful even with screening per-
centages as low as 65%.

The health care system perspective that we used did not in-
clude social benefit payments for patients who had permanent
visual disability.35 None the less, disability was somewhat rep-
resented by sight years lost in the denominator of the cost-ef-
fectiveness ratio and was lowest for the camera program.

The estimated costs for screening all Status First Na-
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Fig. 3: Cost per quality-adjusted life year (QALY) when various
proportions of individuals with diabetes were screened in the 2
programs.
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Fig. 4: Cost per year of vision saved when various proportions of
individuals with diabetes were screened in the 2 programs.
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Table 1: Five-year costs and 10-year outcomes of programs screening for diabetic
retinopathy that were modelled to run concurrently for 5 years among First
Nations people with diabetes in the James Bay region of northern Ontario

Costs and outcomes
Retina-specialist

program
Retinal-camera

program
No

program

Total cost in James Bay $547 000    $262 000 0
Per-person cost in James Bay $842  $403 0
Projected total cost for all isolated First
Nations people in Ontario*

$2 462 000 $1 181 000 0

Years of vision lost over 10 years 105 93 161
Years of vision saved over 10 years
(compared with no program)

  56 67 NA

Cost per year of vision saved  $9800  $3900 NA
Quality-adjusted life years (QALYs)
saved over 10 years (compared with no
program)

14.6 17.4 NA

Cost per QALY  $37 000 $15 000 NA

Note: NA = not applicable.
*Calculated from the number of First Nations people in Ontario residing in communities without access to an
ophthalmologist (48 845) and the number of First Nations individuals in Ontario with diabetes (at an estimated crude
prevalence rate of 6%, 2931).



Maberley et al

164 JAMC • 21 JANV. 2003; 168 (2)

tions people in Ontario are likely low, because individuals
from the 34 reserves that refused to be enumerated during
the 1996 census were not included. Nevertheless, the cam-
era system would be more cost-effective.

Despite the potential benefits, a camera allows only
screening for diabetic retinopathy and other central retinal
disorders. Problems arise if patients or health care adminis-
trators assume that a photographic retinal evaluation is
equivalent to a complete ocular assessment. Glaucoma, an-
terior segment disease and cataracts will be noted only in
the specialist-based program; however, the constraints of
screening large numbers of people in a short time make
this program inappropriate for the provision of complete
eye care. For this reason, general eye care services must be
made available in isolated regions, regardless of the addi-
tional benefits of diabetic retinopathy screening programs.

In conclusion, this study suggests that a portable retinal
camera is a more cost-effective means of screening for dia-
betic retinopathy than a retina specialist in isolated First
Nations communities.
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