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Adherence to diabetic eye examination
guidelines in Australia: the National Eye
Health Survey
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Abstract

Objective: To determine adherence to NHMRC eye examination
guidelines for Indigenous and non-Indigenous Australian people
The known Adherence to NHMRC diabetic eye examination
guidelines in Australia is reported to be suboptimal, but the
with diabetes.

Design: Cross-sectional survey using multistage, random cluster
sampling.

Setting: Thirty randomly selected geographic sites in the five
mainland Australian states and the Northern Territory, stratified
by remoteness.

Participants: 1738 Indigenous Australians aged 40e92 years
and 3098 non-Indigenous Australians aged 50e98 years were
recruited and examined between March 2015 and April 2016
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accuracy of estimates is questionable, as they are derived from
studies with small sample sizes and recruitment bias.

The new In a national sample stratified by remoteness, about
half of all Indigenous Australians with diabetes and almost
one-quarter of non-Indigenous Australians with diabetes did
not have their eyes examined at the recommended frequency,
placing them at risk of vision-threatening retinopathy.

The implications Improving the provision and uptake of
screening services is needed, particularly in Indigenous
communities.
according to a standardised protocol that included a
questionnaire (administered by an interviewer) and a series of
standard eye tests.

Main outcome measures: Adherence rates to NHMRC eye
examination guidelines; factors influencing adherence.

Results: Adherence to screening recommendations was

he number of adults with diabetes worldwide has almost
quadrupled in the past 35 years, from 108 million in 1980
significantly greater among non-Indigenous Australians (biennial
screening; 77.5%) than Indigenous Australians (annual
screening; 52.7%; P < 0.001). Greater adherence by non-
Indigenous Australians was associated with longer duration of
diabetes (adjusted odds ratio [aOR], 1.19 per 5 years; P ¼ 0.018),
while increasing age was associated with poorer adherence in
non-Indigenous Australians (aOR, 0.70 per decade; P ¼ 0.011).
For Indigenous Australians, residing in inner regional areas (aOR,
1.66; P ¼ 0.007) and being male (aOR, 1.46; P ¼ 0.018) were
significant factors positively associated with adherence.

Conclusions: More than three-quarters of non-Indigenous
Australians with diabetes and more than half of Indigenous
Australians with diabetes adhere to the NHMRC eye examination
guidelines. The discrepancy between the adherence rates may
point to gaps in the provision or uptake of screening services in
Indigenous communities, or a lack of awareness of the
guidelines. A carefully integrated diabetic retinopathy screening
service is needed, particularly in remote areas, to improve
adherence rates.
T to 422 million in 2014.1 This rise is largely attributable to
population growth and ageing.2 In Australia, about 1.5 million
adults have diabetes, and it is estimated that an additional 280
people are diagnosed each day.3 Diabetic retinopathy is a
frequent complication of diabetes, and is the leading cause of
blindness in working age adults in most developed nations.4 This
is disturbing, as most blindness caused by diabetes can be avoi-
ded by early detection and timely intervention.5

TheNational Health andMedical Research Council (NHMRC) has
developed guidelines that recommend annual retinal screening
and visual acuity assessment of Indigenous Australians and
biennial assessment of non-Indigenous Australians with diabetes
butwithout significant risk factors for retinopathy (longer diabetes
duration, poor glycaemic control, elevated blood pressure or blood
lipid levels).6 The difference in the recommended intervals for
Indigenous and non-Indigenous Australians reflects epidemio-
logical evidence that retinopathy is more common in Indigenous
than in non-Indigenous Australians.7 Rates of adherence to these
guidelines are reported to be unsatisfactory, as low as 50% for non-
Indigenous Australians and 20% for Indigenous Australians,
although the studies providing these estimates may have been
limited by small sample sizes and recruitment bias.8

Projections for the future prevalence of diabetes in Australian
adults have beenprovided by theAustralianDiabetes,Obesity and
Lifestyle (AusDiab) study.9 If the incidence of diabetes observed
during 2000e2005 continues, its prevalence will rise from 7.6% in
2000 to 11.4% by 2025.9 As 25e35% of Australians with diabetes
have some degree of retinopathy, it follows that a significant in-
crease in the health impact and economic burden of diabetic reti-
nopathy is likely.7

The National Eye Health Survey (NEHS) was undertaken to pro-
vide national prevalence data on vision impairment and blindness.
entre for Eye Research Australia, Melbourne, VIC. 2Xinxiang Medical University, Xinxiang, C
elbourne, VIC. stuart.keel@unimelb.edu.au j doi: 10.5694/mja16.00989 j See Editoria
The study also sought to determine the proportion of Australians
with self-reported diabetes who adhere to the NHMRC retinal
screening guidelines.We report in this article the rates of adherence
to the guidelines by Indigenous (aged 40 years or more) and non-
Indigenous Australians (aged 50 years or more).
Methods

Study design
Multistage, random cluster sampling was used to select 30
geographic sites in the five mainland Australian states and the
Northern Territory, based on data from the 2011 Australian census
hina. 3Melbourne School of Population and Global Health, The University of Melbourne,
l, p. 390
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by the Australian Bureau of Statistics.10 In the first sampling phase,
Level 2 Statistical Areas (SA2s) were stratified by remoteness into
major city, inner regional, outer regional, remote and very remote
areas; respectively twelve, six, six, four and two SA2s were
randomly selected from these categories. A Level 1 Statistical Area
(SA1) or cluster of SA1s containing about 100 non-Indigenous
Australians aged 50 years or more and 50 Indigenous Australians
aged 40 years or more was selected from within each SA2 and
designated as the recruitment site. The lower age criterion for
Indigenous Australians was selected because of the younger age of
onset andmore rapidprogression of eyedisease anddiabetes in this
group.Recruitersproceededdoor todoor to recruit 1738 Indigenous
Australians and 3098 non-Indigenous Australians between March
2015 andApril 2016.Apositive response rate of 82.5% (3729 of 4520)
and a clinical examination rate of 68.5% (3098 of 4520) were
achieved for non-Indigenous recruitment, while positive response
andexamination rates for Indigenousparticipantswere 90.9% (2035
of 2240) and 77.6% (1738 of 2240) respectively. Participants were
examined with a series of standard clinical eye tests; the results of
these examinations are not reported in this article.

Interviewer-administered general questionnaire
Information about ethnic background (including Indigenous status
and country of birth), highest educational level, and history of
ocular problems, stroke and diabetes was collected by an inter-
viewer administering a questionnaire. Participants were asked
whether they had been told by a doctor or nurse that they had
diabetes (ie, diabetes in this study was self-reported). The age at
diagnosis for those with self-reported diabetes was recorded.
Participants were askedwhether they had seen an ophthalmologist
or optometrist for a diabetic eye examination, and if so, how long
ago (in years). This information was used to determine the pro-
portion of participants who adhered to the NHMRC guidelines.
Those who reported that they had not undergone a diabetic eye
check were asked for a reason, and their answer was recorded
according to a standardised list: “I did not know about the guide-
line”; “I missed the appointment”; “I have no time”; and other.

Statistical analysis
The primary outcome was adherence to the NHMRC diabetic eye
examination guidelines. Demographic characteristics were sum-
marised as means and standard deviations (SDs) for normally
distributed continuous data, and as medians with interquartile
ranges (IQRs) for skewed data. Normalitywas assessed in boxplots,
and with KolmogoroveSmirnov and ShapiroeWilks tests.
Univariate and multivariable logistic regression analysis was used
to identify risk factors associated with adherence. Adjusted
proportions were calculated by generalised logit regression models
taking into account the sampling weight and non-response rate. A
plot of the residuals against estimates was examined to determine
whether the assumptions of linearity and homoscedasticity were
met. The Stata module NLCHECKwas used to test assumptions of
linearity after model estimation. A BoxeTidwell model was used to
transform a predictor using power transformations to find the
best power for model fit based on maximal likelihood estimate.
Because of the small numbers of participants with self-reported
diabetes from very remote sites (17 Indigenous and 18 non-
Indigenous people), the remote and very remote strata were
collapsed in the regression analysis. Variables found to be non-
significant in univariate analysis were excluded from the multivar-
iable model. All analyses were performed by incorporating
samplingweights and non-response rate. Analyses were conducted
in Stata 14.2.0 (StataCorp). P < 0.05 (two-tailed) was deemed
statistically significant.
Ethics approval
The protocol for this study was approved by the Royal Victorian
Eye and Ear Hospital Human Research Ethics Committee (refer-
ence, HREC-14/1199H). Additional ethics approvals for con-
ducting research in Indigenous communities were obtained at the
state level. The research compliedwith the tenets of theDeclaration
of Helsinki.
Results

Study participants
A total of 1738 Indigenous Australians (men, 41.1%) aged 40e92
years (mean, 55.0 years; SD, 10.0 years) were examined, of whom
645 (men, 37.5%; mean age, 68.6 years [SD, 8.9]) had self-reported
diabetes (crude prevalence, 37.1%; age- and sampling-adjusted
prevalence, 42.6%). Of the 3098 non-Indigenous Australians
(men, 46.4%) aged 50e98 years (mean, 66.6 years; SD, 9.7 years)
examined, 431 had self-reported diabetes (men, 58.3%; mean age,
58.3 years [SD, 9.8]); theprevalencewas significantly lower than for
the Indigenous participants (crude prevalence, 13.9%; adjusted
prevalence, 13.3%; P < 0.001). The mean age of non-Indigenous
participants who adhered to the NHMRC diabetic eye examina-
tion guidelines was 68.4 years (SD, 8.7 years), and the median
duration of diabetes since diagnosis was 10 years (IQR, 5e18
years). The mean age of Indigenous Australians who had under-
gone recommended eye examinations was 58.7 years (SD, 9.7
years), and the median duration of diabetes was 11 years (IQR,
5e20 years) (Box 1).

Adherence to the NHMRC diabetic eye
examination guidelines
More than half the Indigenous participants with self-reported
diabetes (341 participants; unadjusted rate, 52.9%; age- and
sampling-adjusted rate, 52.7%) reported that they had had a dia-
betic eye examination in the past 12months, in accordancewith the
NHMRC guidelines. Of the non-Indigenous Australians with self-
reported diabetes, 77.7% (adjusted rate, 77.5%) had had eye ex-
aminations in the preceding 2 years (v Indigenous proportion:
P < 0.001; Box 2). In total, 26.2% of Indigenous Australians with
diabetes reported that they had never undergone a diabetic eye
examination, compared with 15.3% of non-Indigenous partici-
pants (P < 0.001).

The major reason for non-adherence reported by both Indigenous
(72.6%) and non-Indigenous participants (74.3%) was that they
were unaware of the need for regular eye examinations.

Effects of associated risk factors on adherence to the
NHMRC guidelines
Indigenous and non-Indigenous Australians combined. Uni-
variate logistic regression indicated that Indigenous status was
significantly associated with a lower likelihood of having adhered
to the NHMRC guidelines (odds ratio [OR], 0.37; P < 0.001). After
adjusting for covariates, longer duration of diabetes (OR, 1.11 per 5
years; P ¼ 0.012) and inner regional residence (adjusted OR [aOR],
1.60; P ¼ 0.012) were associated with a greater likelihood of
adhering,while Indigenous status remained a strong risk factor for
non-adherence (aOR, 0.29; P < 0.001) (Box 3).

Indigenous and non-Indigenous Australians separately. Data
for Indigenous and non-Indigenous participants were also
analysed separately to account for differences in inclusion criteria.
In non-Indigenous Australians, univariate and multivariate



1 Socio-demographic characteristics of participants with self-reported diabetes who adhered or did not adhere to National
Health and Medical Research Council guidelines for retinopathy screening (unadjusted for age or sampling)

Non-Indigenous Indigenous

Adherers Non-adherers Adherers Non-adherers

Number of participants 335 96 341 304

Age (years), mean (SD) 68.4 (8.7) 69.6 (9.7) 58.7 (9.7) 57.8 (9.8)

Duration of diabetes (years), median (IQR) 10.0 (5e18) 8.0 (3e14) 11.0 (5e20) 10.0 (5e19)

Education (years), mean (SD) 12.2 (3.9) 11.7 (3.4) 10.7 (3.9) 10.3 (3.2)

Sex (male) 181 (54.0%) 61 (64%) 131 (38.4%) 111 (36.5%)

English spoken at home 298 (89.0%) 85 (88%) 318 (93.3%) 288 (94.7%)

Place of birth

Oceania 231 (69%) 56 (58%) 340 (99.7%) 303 (99.7%)

Europe 70 (21%) 27 (28%) 1 (0.3%) 1 (0.3%)

Other 34 (10%) 13 (14%) 0 0
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analysis showed that older age was a risk factor for non-adherence
(aOR, 0.70 per decade; P ¼ 0.011), while longer duration of dia-
beteswas associatedwith greater likelihood of adhering (aOR, 1.19
per 5 years;P ¼ 0.018). Among Indigenous participants, adherence
was greater for men (aOR, 1.46; P ¼ 0.018) and for those in inner
regional areas (aOR, 1.66; P ¼ 0.007) (Box 3).
Discussion

The adjusted prevalence of self-reported diabetes among partici-
pants in the NEHS was more than three times higher for Indige-
nous than for non-Indigenous participants (42.6% v 13.3%).Almost
80% of non-Indigenous participants and half the Indigenous par-
ticipants with diabetes reported that they had adhered to the
NHMRC retinopathy screening guidelines. Longer duration of
diabetes was associated with greater adherence and greater age
with non-adherence in the non-Indigenous group, while among
Indigenous participants those who were men or living in an inner
regional locality were more likely to have adhered to the
recommendations.

The adherence rate of 77.5% for non-IndigenousAustraliansmatches
the 77% reported in the AusDiab study.12 However, AusDiab
included participants from a much broader age range (25 years and
over) and can therefore be compared with the older NEHS sample
onlywith caution.Amore relevant comparison iswith the adherence
2 Rates of adherence to the National Health and Medical Resea
Council guidelines for retinopathy screening,* by Indigenous st
and residential location

Self-reported
diabetes

Adhered
to NHMRC
guidelines

Adherence rate

Crude
(95% CI)

Adjus
(95%

Indigenous
participants

645 341 52.9%
(48.9e56.8%)

52.7
(45.9e5

Non-Indigenous
participants

431 335 77.7%
(73.5e81.6%)

77.5
(71.8e8

* Once a year for Aboriginal and Torres Strait Islander people with diabetes, and at leas
every 2 years for non-Indigenous Australians with diabetes.9 Adherence rates by geograp
remoteness have been published elsewhere.11 † Adjusted for age and sampling, based on
multistage random cluster sampling and age weighting. u
rate of about 50% in the older population of the Melbourne Visual
Impairment Project.13 The higher adherence rate we found may
indicate improved access to and awareness of diabetic retinopathy
screening services among people with diabetes, or improved
awareness of the guidelines among health care providers.14 In any
case, adherence rates must improve further to compensate for the
expected rise in the incidence of diabetes.3 Australia would benefit
from a carefully integrated diabetic retinopathy screening system
that ensures coverage for allAustralianswithdiabetes, particularly in
underserviced remote areas. Combined with improvements in
referral pathways for those identified as having vision-threatening
retinopathy and increased education of those with diabetes about
examination guidelines, an integrated and accessible screening pro-
gramwould increase the uptake of eye examinations. Suchprograms
have been effective in other countries,15 and would improve the
management of diabetic retinopathy in Australia.

The proportion of Indigenous adults with diagnosed diabetes who
had had an eye examination during the past 12 months has
increased since the completion of the National Indigenous Eye
Health Survey (NIEHS) in 2008, from about 20% to more than
50%.16,17 This suggests that interventions in Indigenous eye health
since the NIEHSmay be having a significant impact.18 Despite this
improvement, an unacceptably high proportion of Indigenous
Australians with diabetes are not having potentially vision-saving
examinations. Coinciding with these findings, the Australian
government has allocated $33.8 million in Medicare rebates to
rch
atus

tedy

CI)

%
9.6%)

%
3.3%)

t once
hic
general practitioners for non-mydriatic fundus
photography in diabetic patients.19 Primary health care
providers are at the frontline of diabetes care, and inte-
grating regular fundus photography by GPs into their
routine management of diabetes should significantly
reduce the burden of diabetes-related vision loss. The
new Medicare rebate will be of particular benefit to
under-resourced Indigenous health services in the most
remote regions of Australia. Indigenous Australians in
very remote communities are at particularly high risk of
diabetic retinopathy, and the lowest adherence rate in
the NEHS — 38% in very remote areas — indicates
that integrating regular retinal screening into primary
care in these communities is essential for improving
Indigenous eye health.17

The positive association between regular eye examina-
tions and disease duration has important implications



3 Factors associated with adherence to the National Health and Medical Research Council guidelines for retinopathy screening:
univariate and multivariate logistic regression*

All participants Non-Indigenous Indigenous

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Univariate analysis

Age (per 10 years) 1.12 (0.93e1.36) 0.24 0.73 (0.56e0.95) 0.021 1.00 (0.68e1.46) 0.98

Duration of diabetes (per 5 years) 1.06 (0.98e1.15) 0.14 1.16 (1.03e1.32) 0.018 1.02 (0.93e1.11) 0.70

Education (per year) 1.06 (0.99e1.13) 0.08 1.02 (0.95e1.09) 0.53 1.06 (0.94e1.18) 0.33

Sex (male) 1.18 (0.85e1.64) 0.32 0.63 (0.37e1.08) 0.09 1.37 (1.02e1.85) 0.033

Indigenous 0.37 (0.25e0.56) < 0.001

English spoken at home 0.86 (0.52e1.42) 0.54 1.06 (0.65e1.73) 0.80 1.19 (0.43e3.30) 0.72

Place of birth

Oceania 1 1

Europe 1.49 (0.77e2.89) 0.23 0.74 (0.41e1.34) 0.30

Other 1.03 (0.44e2.45) 0.94 0.51 (0.21e1.26) 0.14

Remoteness

Major city 1 1 1

Inner regional 1.64 (0.94e2.88) 0.08 1.68 (0.89e3.16) 0.10 1.46 (1.02e2.11) 0.038

Outer regional 1.18 (0.61e2.30) 0.60 1.39 (0.77e2.49) 0.26 0.80 (0.46e1.38) 0.40

Remote/very remote 1.55 (0.87e2.74) 0.13 1.49 (0.73e3.04) 0.26 0.87 (0.54e1.39) 0.54

Multivariate analysis

Age (per 10 years) 0.85 (0.69e1.04) 0.11 0.70 (0.54e0.92) 0.011 1.05 (0.79e1.41) 0.71

Duration of diabetes (per 5 years) 1.11 (1.02e1.20) 0.012 1.19 (1.03e1.37) 0.018 1.03 (0.93e1.13) 0.59

Education (per year) 1.04 (0.98e1.11) 0.23 1.04 (0.96e1.12) 0.31 1.07 (0.96e1.19) 0.24

Sex (male) 0.94 (0.69e1.28) 0.70 0.61 (0.36e1.11) 0.069 1.46 (1.07e1.99) 0.018

Indigenous 0.29 (0.18e0.47) < 0.001 — — — —

Place of birth

Oceania 1 1 — —

Europe 0.75 (0.44e1.27) 0.28 0.74 (0.44e1.24) 0.24 — —

Other 0.43 (0.13e1.39) 0.15 0.39 (0.09e1.70) 0.20 — —

Remoteness

Major city 1 1 1

Inner regional 1.60 (1.12e2.29) 0.012 1.53 (0.78e3.02) 0.21 1.66 (1.16e2.37) 0.007

Outer regional 1.10 (0.71e1.70) 0.66 1.29 (0.69e2.42) 0.41 0.89 (0.55e1.44) 0.62

Remote/very remote 1.35 (0.83e1.29) 0.22 1.66 (0.86e3.24) 0.13 0.99 (0.56e1.76) 0.98

OR ¼ odds ratio. * Analysis adjusted for sampling weight and non-response rate. u
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for treating and preventing diabetic retinopathy. The prevalence of
diabetic retinopathy increases with duration of disease; 60% of
people with type 2 diabetes and almost all with type 1 diabetes
develop retinopathy within 20 years of diagnosis.20 Regular
screening is therefore particularly important for those who have
had diabetes for many years. Lower adherence by people with a
shorter duration of diabetes may be noteworthy, as detecting
retinopathy early is associated with better treatment outcomes.5

That increasing age was associated with a significantly lower
likelihood of adherence highlights a clear need to improve the
uptake of diabetes eye care services by older people. As our pop-
ulation is ageing, the prevalence of diabetes-related vision loss
is likely to increase if older Australians with diabetes neglect their
eye health.21

The primary limitation of our study was the use of self-reported
data for ascertaining diabetes; we cannot exclude the possibility
of self-reporting bias. In addition, recall bias may have led patients
to over- or underestimate the time since their most recent eye ex-
amination. Similarly, participantsmaynot have accurately recalled
whether their fundus had been investigated during this examina-
tion. Nevertheless, self-reports are commonly used for diabetes
surveillance,22,23 and earlier studies have reported excellent sen-
sitivities and specificities for self-reported diabetes when
compared with medical diagnoses.24,25

In summary, our findings indicate that adherence rates to the
NHMRC diabetic eye examination guidelines are significantly
higher than previously estimated in Australia. Despite this
encouraging finding, it is important that about half of all Indige-
nous Australians and almost one-quarter of non-Indigenous
Australians with diabetes did not have their eyes examined at the
recommended frequency.While the recent allocation by the federal
government of funding for screeningmodalities in general practice
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may further improve adherence rates, implementing an accessible
integrated screening service is needed to eliminate diabetic reti-
nopathy as a significant public health problem in Australia.
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