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ABSTRACT

Objectives To evaluate the prevalence of incidental non-
diabetic ocular comorbidities detected at first screen in a
large diabetic retinopathy (DR) screening programme.
Design Cross-sectional cohort study.

Setting Single large metropolitan diabetic eye screening
programme in Auckland, New Zealand.

Participants Twenty-two thousand seven hundred and
seventy-one participants who attended screening from
September 2008 to August 2018.

Results Hypertensive retinopathy (HTR) was observed in
14.2% (3236/22771) participants. Drusen were present in
14.0% participants under the age of 55 years, increasing
t0 20.5% in those 55 years and older. The prevalence of
neovascular age-related macular degeneration (AMD) was
0.5% in participants aged<55 years, 2.4% in participants
aged 55-75 years and 16% in participants aged>75 years.
Retinal vein occlusion and retinal arterial embolus were
prevalent in 0.7% and 0.02%, respectively, in participants
aged<55 years, increasing to 2.2% and 0.4%, respectively,
in those >75 years. Cataracts were common being present
in 37.1% of participants over the age of 75 years. Only 386
individuals (1.7%) were labelled as glaucoma suspects.
Geographic atrophy, epiretinal membrane, choroidal nevi
and posterior capsular opacification had an increased
prevalence in older individuals.

Conclusions Our data suggest that AMD, HTR and
cataracts are routinely detected during DR screening. The
incorporation of the detection of these ocular comorbidities
during DR screening provide opportunities for patients to
modify risk factors (smoking cessation and diet for AMD,
blood pressure for HTR) and allow access to cataract
surgery.

INTRODUCTION

Diabetes mellitus (DM) is a major health
issue in New Zealand (NZ) and currently it
is estimated that 260000 (7.7%) adults are
living with diabetes." In individuals living
with diabetes, the reported prevalence of
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Strengths and limitations of this study

» This is a large, cross-sectional study involving data
collected in a regional diabetic retinopathy (DR)
screening programme over a 10-year period.

» Our study has high generalisability as participants
have a diverse range of ethnicities.

» The methodology provides for the robust identifica-
tion of drusen, age-related macular degeneration
(AMD), hypertensive retinopathy, glaucoma suspect,
retinal vein occlusion and retinal arterial embolus.

» Our observations were based on a participant’s first
presentation for routine DR screening, so our cohort
will be younger than the general population attend-
ing for routine DR screening, with reported incidence
of age-related diseases therefore lower.

» The undifferentiated classification of all drusen sizes
into one entity meant that we could not differentiate
between normal age-related changes, early AMD
and intermediate AMD.

diabetic retinopathy (DR) is around 35%
and it is unanimously accepted that the early
detection and treatment of DR significantly
reduces preventable blindness.'

Due to the high prevalence of diabetes and
the well-described association of diabetes
with other ocular diseases,” there is likely to
be a significant prevalence of non-DR ocular
disease present in those individuals attending
for routine screening. Currently, there is a
paucity of data relating to non-DR pathology
that is detected during routine screening,
with the current literature limited to small
datasets of between 1000 and 4000 individ-
uals.” The aim of this study is to examine the
prevalence of common non-diabetic ocular
comorbidities in people living with diabetes
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attending for their first retinal screen in a large, single
region DR screening programme in NZ and reviewing the
utility of including the detection of these pathologies in
the screening process.

METHODS

Auckland is the largest city in NZ with a population of
1.6million." A retrospective audit was conducted on the
centralised DR screening database from September 2008
to August 2018, looking at the incidental detection of
important ocular comorbidities at the first screening visit.

Auckland District Health Board’s (ADHB) DR
screening programme uses a three-tier grading system,
with ophthalmic technicians acquiring the retinal photo-
graphs and performing a primary grade. The grading is
recorded on a standardised pro forma, which in addition
to DR and maculopathy, also includes non-diabetic related
pathologies. Non-diabetic pathology was defined as ocular
disease other than DR. These included hypertensive reti-
nopathy (HTR), drusen, age-related macular degenera-
tion (AMD) and glaucoma suspect. If the retinal images
are normal, they are signed off, with the images from 1 in
10 being audited by the secondary grading team. If the
photographer was unable to acquire an image of suffi-
cient quality, the individual is examined at the slit lamp by
an experienced optometrist and graded accordingly. All
individuals in whom an abnormality is identified (both
diabetic and non-diabetic) are passed to the secondary
grading team. If the participant has referable DR or other
significant ocular disease, the images are passed up to the
programme’s lead ophthalmologist who is the final arbi-
trator as to the nature of the pathology identified. Details
on demographics and health conditions such as known
glaucoma, systemic hypertension and smoking status
are recorded at the time of screening. Advanced AMD
was classified as either neovascular AMD or geographic
atrophy.11 The presence of epiretinal membrane (ERM)
was determined on cellophane reflex at the macula with
or without retinal folds.'

The prevalence of the following incidental findings was
analysed: drusen, AMD, ERM, HTR, retinal vein occlu-
sion (RVO), retinal arterial embolus, glaucoma suspect,
choroidal nevus, congenital hypertrophy of retinal
pigment epithelium (CHRPE), cataracts and posterior
capsular opacification (PCO). As RVO was not subcatego-
rised at source, we were unable to identify the proportion
of RVOs that could be subclassified as either branch RVO,
hemi-RVO or central RVO.

Graders reported the presence of HTR when signs
consistent with grade 2 or greater (Keith, Wagener and
Barker classification)'® were observed. Vein occlusion was
characterised by occluded and sheathed retinal veins in
the case of old vein occlusions and retinal oedema, optic
disc hyperaemia, scattered superficial and deep flame
haemorrhages and venous dilation in the case of a more
recent event.'* Retinal arterial embolus was detected as a

dull or reflective round, rhomboidal or rectangular lesion
lodged in retinal arterioles.'

Glaucoma suspects were classified based on cup-to-disc
ratio (CDR) of 20.7, CDR asymmetry of 0.2 between eyes,
neuroretinal rim width<0.1 between 11:00 and 13:00 or
17:00 and 19:00 or if there was a disc margin haemor-
rhage.'® Choroidal nevus was defined as flat unequiv-
ocally pigmented choroidal lesions at least 500 pm in
diameter.'” CHRPE was defined as a round, flat, hyper-
pigmented, well-demarcated lesion with punched-out
hypopigmented or depigmented lacunae, surrounded
by a narrow hypopigmented halo, with normal overlying
retina and vasculature.'

If the participant had lens opacities or PCO that was
compromising the participant’s vision, they were referred
for slit lamp review and either cataract or PCO recorded
on the reporting pro forma as appropriate.

For the purposes of investigating the associations of
disease with ethnicity, the ethnicities were compressed
according to the NZ level 1 classification with the
exception that we replaced Middle Eastern with Indian
reflecting the large Indian and Fijian Indian commu-
nity." For statistical purposes, people who self-identify
with more than one ethnicity were routinely classified
to only one ethnicity in a defined prioritised order. NZ
ethnicity classifications only enable identification of the
Indian South Asian population, who represent around
90% of South Asians in NZ.

RESULTS
The database comprised 22771 participants with type 1
and type 2 DM aged 12-98 years (mean 56.0 (SD 15.7)).
Overall, 9764 (43%) participants were younger than 55
years, 10850 (48%) participants were aged 55-75 years
and 2157 (9%) participants were older than 75 years.
Ethnicity data were available for 69.2% of the cohort;
34.5% were identified as European, 12.1% as Maori,
20.2% as Pasifika, 15.6% as Indian, 15.3% as other Asian
and 2.5% as other ethnicities. At the baseline screening
assessment, 1284 (5.6%) participants had referable DR
and 818 (3.6%) participants had sight-threatening DR.
Overall, 1587 (7.0%) individuals had referable maculop-
athy and 1182 (5.2%) had sight-threatening maculop-
athy. The prevalence rates from our study mirror other
published data on the prevalence of DR in NZ.* *! The
mean visual acuity of our cohort was 6/7.5 Snellen letters.
Most individuals enrolled in screening had type 2
diabetes (91.3%), 7.4% had type 1 diabetes, 0.1% had
gestational diabetes and 1.2% had other types of DM.
Overall, 54.1% of individuals were male. The mean dura-
tion of diabetes and mean HbAlc at first presentation was
6.4 years (SD 6.7 years, range 0-65 years) and 63.5 mmol/
mol (SD 16.9mmol/mol, range 38-169mmol/mol),
respectively. Overall, 12.3% self-identified as smokers.
Thirteen thousand six hundred and seventy eight
(60.1%) of all individuals were recorded as being hyper-
tensive or on blood pressure lowering medications. The
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Table 1 The prevalence of ocular comorbidities in screened participants with diabetes

Number/prevalence at each age category (n/%)

<55 years 55-75 years >75 years Overall

Total number of participants 9764 10850 2157 22771

Prevalence of ocular comorbidity n % n % n % n %
Drusen 1369 14.0 2232 20.6 440 20.4 4041 17.7
Neovascular AMD 45 0.5 259 2.4 349 16.2 653 2.9
Geographic atrophy g 0.1 22 0.2 7 0.3 38 0.2
Glaucoma suspect 92 0.9 207 1.9 87 4.0 386 1.7
ERM 196 2.0 869 8.0 244 11.3 1309 5.7
Arterial embolus 2 0.0 24 0.2 9 0.4 35 0.2
Vein occlusion 67 0.7 176 1.6 48 2.2 291 1.3
Hypertensive retinopathy 1286 13.2 1702 16.7 248 115 3236 14.2
Choroidal nevus 168 1.7 287 2.7 96 4.5 551 2.4
CHRPE 9 0.1 7 0.1 0 0.0 16 0.1
Cataracts 332 3.4 1992 18.4 801 37.1 3125 13.7
PCO 4 0.0 26 0.2 30 1.4 60 0.3

AMD, age-related macular degeneration; CHRPE, congenital hypertrophy of retinal pigment epithelium; ERM, epiretinal membrane; PCO,

posterior capsular opacification.

prevalence increased with age: 42.5% individuals aged<55
years, 72.2% individuals aged 55-75 years and 78.5% indi-
viduals aged>75 years. The prevalence of hypertension
among different ethnic groups was similar: European
64.1%, Maori 67.5%, Pasifika 65.5%, Indian 60.1% and
other Asian 57.5%.

The prevalence of participants with non-DR ocular
comorbidities categorised by age is shown in table 1.
There were 10181 (45%) individuals with at least one
ocular comorbidity. Three thousand two hundred and
eighty eight (14%) had a diagnosis of multiple ocular
comorbidities. The most common ocular comorbidities
detected were Drusen (4041), HTR of grade 2 or above
(3236) and cataract (3125). Overall, 653 individuals had
neovascular AMD, of which 503 were known to be hyper-
tensive. Participants with hypertension were more likely
to have neovascular AMD than participants without hyper-
tension, 3.7% versus 1.6% (OR=2.3, 95% CI: 1.9 to 2.7).
Of the 3236 individuals with HTR only, 70% (2260) were
either currently taking blood pressure medications or
known to have hypertension. There was a marked ethnic
disparity in HTR with greater prevalence being observed
in Maori (17.0%) and Pasifika (17.4%) compared with
Europeans (10.9%), Indians (13.1%) and other Asians
(14.3%). There was a slightly higher prevalence of drusen
among Asians, 20.4% compared with other ethnic groups
Europeans (17.3%), Maori (15.5%), Pasifika (18.0%) and
Indians (17.3%).

DISCUSSION
ADHB has provided funding for a systematic, DR screening
programme since 2008. In addition to recording and

grading DR, the programme also systematically collected
data on selected non-DR ocular pathology. The most
common non-DR ocular findings observed were drusen,
cataract and HTR. Although uncommon, ERM, RVO,
glaucoma suspect, retinal arterial embolus, neovascular
AMD, geographic atrophy and PCO were increasingly
prevalent with older age.

Drusen and AMD

The prevalence and age predilection for drusen and
AMD in our cohort (table 1) is similar to those previously
reported.””? The prevalence of both intermediate and late
AMD increases with age,” and as expected, neovascular
AMD was rare (0.5%) in participants aged<bb years, but
increased significantly with age, being observed in 16.2%
of those aged>75 years. In line with other published data,
we found that there was a positive correlation between
hypertension and neovascular AMD, OR=2.3, 95% CI: 1.9
to 2.7.2 %

Neovascular AMD requires urgent treatment if vision
loss is to be prevented. Our data highlight both the
importance of grading teams being alert to this pathology
and the need for a pathway to rapidly triage these patients
into treatment services. Although we cannot report on
the prevalence of intermediate AMD in our cohort as we
did not differentiate between the types of drusen, argu-
ably intermediate AMD is also an important condition
to identify. Vision loss in participants with intermediate
AMD is mild and often goes unnoticed,” and identifying
these asymptomatic participants with intermediate AMD
therefore provides an opportunity to counsel individuals
on both appropriate dietary modifications and smoking
cessation strategies.”
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Hypertension and HTR

As expected,” there was a high prevalence of systemic
hypertension, 60.1% (13678) in our cohort. HTR was also
relatively common being observed in 3236 individuals
(14.2%), was largely independent of age and was predom-
inantly a bilateral disease, consistent with it being a sign
of target organ damage from systemic hypertvs:nsion.26
While there are few studies which report the rates of HTR
in a cohort of participants undergoing DR screening,
our data are broadly in line with other published data.””
HTR is known to be both more prevalent and severe in
participants with poorly controlled hypertension and is
associated with an increased risk of stroke, renal impair-
ment and cardiovascular disease.”® Hypertension is also
an independent risk factor for both the development and
progression of DR.?® Good blood pressure control reduces
both the macrovascular and microvascular complications
from diabetes." While we found that the prevalence of
hypertension was similar across all ethnicities, HTR was
more prevalent in Maori and Pacific peoples. The New
Zealand Diabetes, Heart and Health Survey 2002/2003
revealed that Maori and Pacific people had higher average
systolic and diastolic blood pressure levels compared with
individuals of other ethnicities and this could explain the
higher rates of HTR we observed in these groups.27 The
same study also revealed that just 65% of those known to
have hypertension were on treatment and approximately
3%—6% of the cohort had hypertension that had not been
diagnosed.”” In our cohort, HTR was observed in 2260
(16%) of individuals known to have hypertension and 976
(4.3%) who were not diagnosed with hypertension. This
suggests that hypertension is not only undertreated but is
also underdiagnosed in people living with diabetes in NZ.
Retinal screening therefore offers a valuable opportunity
to provide feedback to patients and their treating physi-
cians prompting them to review, and if need be, optimise
blood pressure control and cardiovascular health. This
may be particularly valuable for Maori and Pasifika, who
have a significantly higher rate of cardiovascular mortality
compared with other New Zealanders.”

RVO and retinal arterial embolus
RVO and retinal arterial embolus, which are associated
with systemic hypertension,® were mainly unilateral
diseases and showed greater prevalence with increasing
age. These findings are in line with data derived with
large population studies.'”** Retinal arterial embolus was
much less common being observed in 0.02% of individ-
uals aged<55 yearsand 0.4% in >75 years. These data on
both RVO and arterial emboli prevalence are consistent
with the low prevalence rates found in other screening
studies (RVO 0.2%-0.5% and arterial emboli 0.1%).**
While a proportion of retinal arterial emboli presents
acutely, it is clear that many are asymptomatic as demon-
strated by the 1.3%-1.4% prevalence of asymptom-
atic retinal arterial embolus in other population based
studies.” The detection of a retinal emboli should alert
the clinician to a full cardiovascular and cerebrovascular

risk assessment to identify the source of the emboli and
modify any cardiovascular risk factors.”

Glaucoma suspect

After excluding patients know to have glaucoma, 386
(1.7%) individuals were labelled as ‘glaucoma suspects’.
As expected, the prevalence increased with age, being four
times higher in participants over age 75 years compared
with those under 55 years. Due to the anonymised nature
of our data, we were unable to evaluate how many of these
individuals identified as glaucoma suspects were eventu-
ally diagnosed with glaucoma. It is recognised that indi-
viduals with diabetes are at an increased risk of glaucoma®
and published data from other screening programmes,
although with older cohorts, indicate a prevalence of
‘glaucoma suspects’ of between 2.5% and 3.7%.°”

It is noteworthy that only a minority of participants
identified as being glaucoma suspects in these studies
were subsequently diagnosed with glaucoma after further
evaluation. The diagnosis of glaucoma is multifactorial
requiring an optic neuropathy with corresponding visual
field changes, interpreted in the context of the intraoc-
ular pressure, family history and corneal thickness.”” !
Even with these data, the proportion of false positives for
suspected glaucoma referred from community optometry
remains high.32 The utility of a colour fundal photograph
at a single point in time to diagnose glaucoma is there-
fore questionable and thus periodic untargeted screening
for open-angle glaucoma is currently not recommended,
except in specific high-risk groups.””> As the prevalence
of undiagnosed glaucoma in the population undergoing
routine DR screening is low, these data suggest that
referral to ophthalmology services of those identified as
glaucoma suspects in the process of routine DR screening
is not justified.

Other ocular disease

The prevalence for the other ocular conditions was low:
ERM 5.7%, choroidal nevus 2.4% and CHRPE 0.1%. We
believe that these findings have little importance and
they can therefore be considered incidental findings with
minimal clinical significance.'?'”'® Three thousand one
hundred and eighty-five individuals had a media opacity,
either cataract or PCO, which impacted the quality of
the retinal photograph. As expected, the prevalence of
these media opacity increased significantly with age. The
presence of cataract, particularly in those individuals with
poorly dilating pupils, will significantly impair the detec-
tion of diabetic maculopathy and early retinopathy. While
not all media opacity detected during routine diabetic
retinal screening requires surgery, these data reveal the
importance of providing a mechanism whereby those
individuals in whom high quality images are not obtain-
able to be examined at the slit lamp. It also demonstrates
the need to have a clear, accessible pathway to cataract
surgery for those individuals with visually significant
cataract.
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Study strengths

This is a large, cross-sectional study involving data
collected in a regional DR screening programme over
a 10-year period. Our study has high generalisability as
participants have a diverse range of ethnicities. The meth-
odology provides for the robust identification of drusen,
AMD, HTR, glaucoma suspect, RVO and retinal arterial
embolus and was overseen by a single senior ophthalmol-
ogist over a 10-year period. The prevalence rates of those
conditions which we believe are important to identify
during routine DR screening, neovascular AMD and HTR
were similar to those that have previously been reported
elsewhere.”?

Study limitations

The wusual limitation of retrospective cohort studies
applies to this study. Our observations were based on a
participant’s first presentation for routine DR screening,
so our cohort will be younger than the general population
attending for routine DR screening. The reported inci-
dence of age-related diseases will therefore be lower when
compared with the general population of people who are
undergoing routine screening. As the presence of media
opacity can significantly impair the ability of the grading
team to read both diabetic and non-diabetic pathology, it
is possible that the true incidence of disease is higher than
what we report. Finally, the undifferentiated classification
of all drusen sizes into one entity meant that we could not
differentiate between normal age-related changes, early
AMD and intermediate AMD.

Implications for screening program design

While it is incontrovertible that DR fulfils Wilson and
Jungner’s criteria for screening,” our data suggest that
there are other important conditions observed during
screening that will impact health outcomes and should
be routinely reported. Based on our data we recom-
mend that screening for neovascular AMD and interme-
diate AMD be incorporated into existing DR screening
programmes. Although a cost analysis of this proposal
is beyond the scope of this paper, the simultaneous
screening of AMD and DR has previously been shown
to be cost effective.”” Our data also suggest that systemic
hypertension is both under-recognised and undertreated
in people living with diabetes. Incorporating blood pres-
sure screening into and accurately identifying HTR into
the DR screening pathway will not only provide health
benefits for all’ but may also help address the acknowl-
edged inequity in cardiovascular health outcomes for
Maori and Pacific populations.”® Our data confirm the
need for DR screening programmes to provide both a
facility for patients to be examined at the slit lamp and
for easy access to cataract surgery if required. We believe
that our data on the non-diabetic ocular conditions,
observed at the time of retinal screening, will help inform
healthcare providers about the expected demands that
will be placed on ophthalmology services as a result of DR
screening above and beyond DR alone.

Author affiliations

"Department of Ophthalmology, Auckland District Health Board Ophthalmology,
Auckland, New Zealand

%Optometry and Vision Sciences, The University of Auckland, Auckland, New Zealand
*Auckland Bioengineering Institute, The University of Auckland, Auckland, New
Zealand

“0phthalmology, Gisborne Hospital, Gisborne, New Zealand

Contributors NR, 0S, DS and GW wrote the manuscript. NS analysed the data.
DS, 0S, EV and SH designed the study and set up the study database. DS is the
guarantor for the study. All authors have reviewed the content of the article and
have approved the final version submitted for publication.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by
Auckland District Health Board ethics as A+8335. Participants gave informed
consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data extracted from the screening database were
deidentified at source. Data are available upon reasonable request.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Nishanthan Ramachandran http://orcid.org/0000-0002-6919-4136
Ehsan Vaghefi http://orcid.org/0000-0002-9482-3168

REFERENCES

1 International Diabetes Federation. IDF diabetes atlas. 9th edn.
Belgium: International Diabetes Federation, 2019.

2 Jeganathan VSE, Wang JJ, Wong TY. Ocular associations of diabetes
other than diabetic retinopathy. Diabetes Care 2008;31:1905-12.

3 Mastropasqua L, Perilli R, D’Aloisio R, et al. Why miss the chance?
incidental findings while telescreening for diabetic retinopathy.
Ophthalmic Epidemiol 2020;27:237-45.

4 Boucher MC, Desroches G, Garcia-Salinas R, et al.
Teleophthalmology screening for diabetic retinopathy through mobile
imaging units within Canada. Can J Ophthalmol 2008;43:658-68.

5 Gangwani R, Lai WW, Sum R, et al. The incidental findings of age-
related macular degeneration during diabetic retinopathy screening.
Graefes Arch Clin Exp Ophthalmol 2014;252:723-9.

6 Gangwani RA, McGhee SM, Lai JSM, et al. Detection of glaucoma
and its association with diabetic retinopathy in a diabetic retinopathy
screening program. J Glaucoma 2016;25:101-5.

7 Treacy MP, O'Neill EC, Murphy M, et al. Opportunistic detection of
glaucomatous optic discs within a diabetic retinopathy screening
service. Eur J Ophthalmol 2016;26:315-20.

8 Pasquale LR, Asefzadeh B, Dunphy RW, et al. Detection of
glaucoma-like optic discs in a diabetes teleretinal program.
Optometry - J Am Optomet Assoc 2007;78:657-63.

9 Owsley C, McGwin G, Lee DJ, et al. Diabetes eye screening in
urban settings serving minority populations: detection of diabetic
retinopathy and other ocular findings using telemedicine. JAMA
Ophthalmol 2015;133:174-81.

10 Stats NZ. 2018 census population and dwelling counts, 2019.
Available: https://www.stats.govt.nz/information-releases/2018-
census-population-and-dwelling-counts; [Accessed 30 Mar 2021].

11 Bird AC, Bressler NM, Bressler SB, et al. An international
classification and grading system for age-related maculopathy and
age-related macular degeneration. Surv Ophthalmol 1995;39:367-74.

12 Klein R, Klein BE, Wang Q, et al. The epidemiology of epiretinal
membranes. Trans Am Ophthalmol Soc 1994;92:403.

Ramachandran N, et al. BMJ Open 2021;11:€054225. doi:10.1136/bmjopen-2021-054225 5


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-6919-4136
http://orcid.org/0000-0002-9482-3168
http://dx.doi.org/10.2337/dc08-0342
http://dx.doi.org/10.1080/09286586.2020.1715450
http://dx.doi.org/10.3129/i08-120
http://dx.doi.org/10.1007/s00417-013-2530-1
http://dx.doi.org/10.1097/IJG.0000000000000138
http://dx.doi.org/10.5301/ejo.5000722
http://dx.doi.org/10.1016/j.optm.2007.04.101
http://dx.doi.org/10.1001/jamaophthalmol.2014.4652
http://dx.doi.org/10.1001/jamaophthalmol.2014.4652
https://www.stats.govt.nz/information-releases/2018-census-population-and-dwelling-counts;
https://www.stats.govt.nz/information-releases/2018-census-population-and-dwelling-counts;
http://dx.doi.org/10.1016/S0039-6257(05)80092-X
http://www.ncbi.nlm.nih.gov/pubmed/7886875

13

14

15

Grosso A, Veglio F, Porta M, et al. Hypertensive retinopathy
revisited: some answers, more questions. Br J Ophthalmol
2005;89:1646-54.

Klein R, Klein BE, Moss SE, et al. The epidemiology of retinal vein
occlusion: the Beaver dam eye study. Trans Am Ophthalmol Soc
2000;98:133.

Klein R, Klein BE, Jensen SC. Retinal emboli and stroke: the Beaver
Dam Eye study. Arch Ophthal 1999;117:1063-8.

25

26

27

Jager RD, Mieler WF, Miller JW. Age-related macular degeneration. N
Engl J Med Overseas Ed 2008;358:2606-17.

Wong T, Mitchell P. The eye in hypertension. Lancet
2007;369:425-35.

Gentles D, Metcalf P, Dyall L. Blood pressure prevalences and levels
for a multicultural population in Auckland, New Zealand: results

from the diabetes, heart and health survey 2002/2003. N Z Med J
2006;119:U2318.

16 Foster PJ, Buhrmann R, Quigley HA. The definition and 28 Chan WC, Wright C, Riddell T. Ethnic and socioeconomic disparities
classification of glaucoma in prevalence surveys. Br J Ophthalmol in the prevalence of cardiovascular disease in New Zealand. N Z Med
2002;86:238-42. J 2008;121:11-20.

17 Sumich P, Mitchell P, Wang JJ. Choroidal nevi in a white population: 29 Mitchell B, Smith W, Chang A. Prevalence and associations of retinal
the Blue Mountains eye study. Arch Ophthalmol 1998;116:645-50. vein occlusion in Australia: the blue Mountains eye study. Arch

18 Buettner H. Congenital hypertrophy of the retinal pigment epithelium. Ophthal 1996;114:1243-7.

Am J Ophthalmol 1975;79:177-89. 30 Brandt JD. Corneal thickness in glaucoma screening, diagnosis, and

19 Stats NZ. Ethnicity (information about this variable and its quality), management. Curr Opin Ophthalmol 2004;15:85-9.

2018. Available: http://datainfoplus.stats.govt.nz/ltem/nz.govt. 31 Weinreb RN, Aung T, Medeiros FA. The pathophysiology and
stats/7079024d-6231-4fc4-824f-dd8515d33141?_ga=2.9684723. treatment of glaucoma. JAMA 2014;311:1901-11.
718937558.1618219550-1061234142.1618219550; [Accessed 18 32 Henson DB, Spencer AF, Harper R, et al. Community refinement of
Apr 2021]. glaucoma referrals. Eye 2003;17:21-6.

20 Chang LY, Lee AC, Sue W. Prevalence of diabetic retinopathy at first 33 Hernandez RA, Burr JM, Vale LD. Economic evaluation of screening
presentation to the retinal screening service in the greater Wellington for open-angle glaucoma. Int J Technol Assess Health Care
region of new Zealand 2006-2015, and implications for models of 2008;24:203-11.
retinal screening. N Z Med J 2017;130:78-88. 34 Stoutenbeek R, de Voogd S, Wolfs RCW, et al. The additional yield

21 Reda E, Dunn P, Straker C. Screening for diabetic retinopathy using of a periodic screening programme for open-angle glaucoma: a
the mobile retinal camera: the Waikato experience. N Z Med J population-based comparison of incident glaucoma cases detected
2003;116:U562. in regular ophthalmic care with cases detected during screening. Br J

22 Mitchell P, Smith W, Attebo K, et al. Prevalence of age-related Ophthalmol 2008;92:1222-6.
maculopathy in Australia: the blue Mountains eye study. 35 Tielsch JM, Katz J, Singh K, et al. A population-based evaluation
Ophthalmology 1995;102:1450-60. of glaucoma screening: the Baltimore eye survey. Am J Epidemiol

23 Hyman L, Schachat AP, He Q. Hypertension, cardiovascular 1991;134:1102-10.
disease, and age-related macular degeneration. Arch Ophthal 36 Wilson JMG, Jungner G. Principles and practice of screening for
2000;118:351-8. disease. Geneva, Switzerland: World Health Organization, 1968.

24 Hogg RE, Woodside JV, Gilchrist SECM, et al. Cardiovascular 37 Chan CKW, Gangwani RA, McGhee SM, et al. Cost-effectiveness of
disease and hypertension are strong risk factors for choroidal screening for intermediate age-related macular degeneration during
neovascularization. Ophthalmology 2008;115:1046-52. diabetic retinopathy screening. Ophthalmology 2015;122:2278-85.

6 Ramachandran N, et al. BMJ Open 2021;11:054225. doi:10.1136/bmjopen-2021-054225


http://dx.doi.org/10.1136/bjo.2005.072546
http://www.ncbi.nlm.nih.gov/pubmed/11190017
http://dx.doi.org/10.1136/bjo.86.2.238
http://dx.doi.org/10.1001/archopht.116.5.645
http://dx.doi.org/10.1016/0002-9394(75)90069-0
http://datainfoplus.stats.govt.nz/Item/nz.govt.stats/7079024d-6231-4fc4-824f-dd8515d33141?_ga=2.9684723.718937558.1618219550-1061234142.1618219550;
http://datainfoplus.stats.govt.nz/Item/nz.govt.stats/7079024d-6231-4fc4-824f-dd8515d33141?_ga=2.9684723.718937558.1618219550-1061234142.1618219550;
http://datainfoplus.stats.govt.nz/Item/nz.govt.stats/7079024d-6231-4fc4-824f-dd8515d33141?_ga=2.9684723.718937558.1618219550-1061234142.1618219550;
http://dx.doi.org/10.1001/archopht.118.3.351
http://dx.doi.org/10.1016/j.ophtha.2007.07.031
http://dx.doi.org/10.1056/NEJMra0801537
http://dx.doi.org/10.1056/NEJMra0801537
http://dx.doi.org/10.1016/S0140-6736(07)60198-6
http://dx.doi.org/10.1097/00055735-200404000-00004
http://dx.doi.org/10.1001/jama.2014.3192
http://dx.doi.org/10.1038/sj.eye.6700261
http://dx.doi.org/10.1017/S0266462308080288
http://dx.doi.org/10.1136/bjo.2007.129130
http://dx.doi.org/10.1136/bjo.2007.129130
http://dx.doi.org/10.1093/oxfordjournals.aje.a116013
http://dx.doi.org/10.1016/j.ophtha.2015.06.050

	Evaluation of the prevalence of non-­diabetic eye disease detected at first screen from a single region diabetic retinopathy screening program: a cross-­sectional cohort study in Auckland, New Zealand
	Abstract
	Introduction﻿﻿
	Methods
	Results
	Discussion
	Drusen and AMD
	Hypertension and HTR
	RVO and retinal arterial embolus
	Glaucoma suspect
	Other ocular disease
	Study strengths
	Study limitations
	Implications for screening program design

	References


