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Abstract

Background Indigenous people in high-income countries have worse eye health outcomes when compared

to non-Indigenous people, contributing to ongoing socioeconomic disadvantage. Although services have been
designed to address these disparities, it is unclear if they have undergone comprehensive economic evaluation. Our
scoping review aimed to identify the number, type, quality, and main findings of such evaluations.

Methods MEDLINE, Embase, Web of Science, Cochrane Library Database, the National Health Service Economic Eval-
uation Database, EconlLit, and relevant grey literature were systematically searched as per our pre-registered protocol.
All'economic evaluations of real or model services designed to meet the eye care needs of Indigenous populations

in high-income countries were included. Two reviewers independently screened studies, extracted data, and assessed
quality using the Quality of Health Economic Studies instrument.

Results We identified 20 studies evaluating services for Indigenous populations in Australia (n=9), Canada (n=7),
and the United States of America (n=4). Common services included diabetic retinopathy (DR) screening through fun-
dus photographs acquired in local primary health care clinics (n=7) or by mobile teams (n=6), and general eye

care through teleophthalmology (n=2), outreach ophthalmology (n=2) or an Indigenous health care clinic optom-
etrist (n=1). These services were economically favourable in 85% of comparisons with conventional alternatives,
mainly through reduced costs of travel, in-person consults, and vision loss. Only four studies assessed the benefits

of increased patient uptake. Only five included patient evaluations, but none integrated these into their quantita-
tive analysis. Methodological issues included no stated economic perspective (n=10), no sensitivity analysis (n=12),
no discounting (n=9), inappropriate measurement of costs (n=13) or outcomes (n=5), and unjustified assumptions
(n=15).

Conclusion Several Indigenous eye care services are cost-effective, particularly remote DR screening. Other services
are promising but require evaluation, with attention to avoid common methodological pitfalls. Well-designed evalua-
tions can guide the allocation of scarce resources to services with demonstrated effectiveness and sustainability.

Trial registration Our scoping review protocol was pre-registered (Open Science Framework DOI: https://doi.org/10.
17605/0SFI0/YQKWN).
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Background

Despite making up over 6% of the global population, Indig-
enous people experience political, economic, social, and
health injustices contributing to their marginalisation
within societies [1, 2]. While the majority live in low- to
middle-income regions, Indigenous people in high-income
countries also experience gross disparities in most indica-
tors of well-being, including lower employment, income,
education, and health status [1-3]. For example, the life-
expectancy gaps between Indigenous and non-Indigenous
populations are among the highest in the world in Canada
(-12.5 years) and Australia (-10.0 years) [3].

Poor eye health is a well-described disparity experienced
by many Indigenous populations in high-income countries.
In Australia, extensive research, including two national
surveys, have found higher rates of eye problems among
Indigenous people when compared to the general popula-
tion, including a three- to four-fold higher prevalence of
vision loss in adulthood [4]. Studies in New Zealand [5],
Canada [6, 7], and the United States of America (USA) [8],
have similarly demonstrated eye health disparities among
Indigenous communities. Many of these are attributed to
reduced access to services, caused by geographical, finan-
cial, cultural, and other barriers [9, 10]. Accordingly, the
Lancet Global Health Commission has identified the devel-
opment of services that effectively prioritise and reach
marginalised groups, such as Indigenous people, as a key
priority in global eye health [11]. Such services, designed to
improve access to eye care for Indigenous populations, will
hereafter be referred to as Indigenous eye care services.

Within each country, limited resources are available
to address a variety of competing health issues. To jus-
tify the use of scarce resources for Indigenous eye care
services, it is vital that these have demonstrable value
to individuals and society. Dunt et al. argues that such
value can be demonstrated using three approaches: (1)
health needs assessment based on disease epidemiol-
ogy (e.g., prevalence); (2) economic evaluation; and (3)
assessing the ability of a service to meet health perfor-
mance benchmarks [12]. Notably, economic evaluations
are increasingly recognised as essential tools for design-
ing and implementing effective services which produce
objective health benefits in a sustainable manner [13].

While Indigenous eye care services have value from a
health needs and performance benchmark perspective,
it is unclear whether they have undergone comprehen-
sive economic evaluation [12]. We conducted the first
known scoping review of this topic, aiming to identify
the number and types of evaluations performed to date,
and to summarise the reported economic impacts of spe-
cific services. This can guide policymakers and clinicians
in making evidence-based decisions to support cost-
effective services. We also appraised the methodological
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quality of these evaluations and identified knowledge
gaps to inform future research.

Methods

This scoping review followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses exten-
sion for scoping reviews (PRIMSA-ScR) [14] and the
Joanna Briggs Institute (JBI) Guidance for Conducting
Systematic Scoping Reviews [15]. No deviations were
made from our pre-registered protocol (Open Science
Framework DOI:  https://doi.org/https://doi.org/10.
17605/OSEIO/YQKWN). Two reviewers (M.M.N. and
A.S.) independently screened reports for eligibility (title
and abstract screening followed by full-text reviews),
extracted data, and performed quality assessments. Dis-
crepancies were resolved by consensus or with involve-
ment of a third reviewer (H.R.).

Eligibility criteria
Eligibility was defined using the Population, Intervention,
Comparator, and Outcome (PICO) framework [14]:

+ Population: wholly or partially Indigenous populations,
as defined by the United Nations Permanent Forum on
Indigenous Issues [1], within high-income countries,
defined by the World Bank (Appendix A) [16].

+ Intervention: real or model diagnostic, preventa-
tive, or therapeutic eye care service. Studies were
excluded if there was no indication of how the ser-
vice was designed and/or implemented to meet the
needs of an Indigenous population.

+ Comparator: any or no alternative service.

+ Outcome: an economic evaluation, defined as any
measure of service costs and/or service outcomes
(i.e., health, monetary, or other benefits produced by
the service) reported by a cost-minimisation analy-
sis (CMA), cost-effectiveness analysis (CEA), cost-
utility analysis (CUA), and/or cost—benefit analysis
(CBA) [17]. Evaluations from any economic perspec-
tive were included. This refers to the viewpoint from
which costs and outcomes are analysed (e.g., from
the perspective of individual patients, the healthcare
system, or society as a whole).

There were no restrictions on publication status or year
of publication. The following were excluded: reviews, case
studies, commentaries, conference abstracts, reports with
no full-text access, and reports unavailable in English.

Search strategy
A three-step strategy was conducted in consultation
with a library and information scientist [15]. An initial
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search of MEDLINE using a preliminary strategy iden-
tified relevant reports. Index terms and keywords in
the titles and abstracts were used to refine the strategy.
MEDLINE (Ovid), Embase, Web of Science, Cochrane
Library Database, the National Health Service Eco-
nomic Evaluation Database (Ovid), and EconLit
(EBSCO) were searched from inception to May 2023
using the refined strategy adapted for each database
(Appendix B). No search limits or filters were applied.
Database search records were imported into EndNote
20 and the deduplication function was used.

Grey literature was assessed through searches of
Australian Indigenous HealthInfoNet, Vision 2020
Australia, Informit, the National Bureau of Economic
Research, Canada’s Drug and Health Technology
Agency, the Institute of Health Economics, the Inter-
national Health Technology Assessment database, the
International Agency for the Prevention of Blindness,
and Google Scholar. Reference lists of all reviews and
included reports were screened for additional reports.

Data collection and quality assessment

The following were collected into standardised, pre-
piloted data forms: study setting (country, rural ver-
sus urban), population, design (trial, observational,
model-based) and methodology (type and economic
perspective of analysis, time horizon, methods of cost-
ing and evaluating), service provided, comparator/s, and
findings (costs, cost-effectiveness ratios, incremental
cost-effectiveness ratios, benefit—cost ratios, and sensi-
tivity analysis). Time horizon refers to the duration over
which service costs and outcomes were analysed. Patient
evaluations were recorded to capture the value of ser-
vices from an Indigenous perspective, which is often
underestimated or ignored in traditional economic
analyses [18]. Methodological quality was assessed
using the Quality of Health Economic Studies (QHES)
instrument, a widely used checklist with demonstrated
construct validity [19]. Two reviewers (M.M.N and A.S.)
assessed each study against the 16 weighted criteria in
this instrument [19], scoring them as “Yes, ‘No, or ‘Not
Applicable’ Discrepancies were resolved by consensus
or with involvement of a professor in economics (L.L.).
The scores derived from this checklist were used to cat-
egorise the quality of studies as very poor (0-24), poor
(25-49), moderate (50—74), and high (75-100).

Data synthesis and analysis

Key study characteristics, findings, and quality were
summarised through tabulation and narrative descrip-
tion. For comparability, all currencies were converted
to international dollars using the purchasing power
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parity exchange rate for the year of pricing (or year of
publication if pricing year was unreported) [20]. Prices
were then inflated to 2023 using GDP implicit price
deflators for the USA [21, 22]. A synthesis of issues
with study quality and knowledge gaps was provided to
inform future research practices and directions.

Results

Study selection and characteristics

Of the 3857 unique database records, 101 underwent full-
text review and 11 studies were included (Fig. 1). An addi-
tional 79 records from grey literature and citation searching
underwent full-text review, of which nine studies were
included. Reports excluded after full-text review were
mostly evaluating non-Indigenous services (n=48), review
articles (n=40), or lacked an evaluation of a service’s costs
and/or outcomes as per our eligibility criteria (n=38).

Key characteristics and findings of the 20 included
studies are described in Table 1. Studies were published
between 1990-1999 (n=3), 2000-2009 (n=6), and
2010-2019 (n=11). They evaluated services for Aborigi-
nal and Torres Strait Islander people in Australia (#=9),
First Nations people in Canada (n=7), and Native Ameri-
cans in the USA (n=4). Some services also included non-
Indigenous Australians (n=6) and Canadians (n=2).
Studies were set in rural communities (#=14), both urban
and rural communities (z=1), or nationwide (z=3). All
studies evaluating real services (n=10) were observational
in design. Model services were based on published epide-
miological, cost, and/or treatment outcome data (n=6),
or represented simulated expansions of real services in
geographical scale (n=3) or duration (n=1).

The most common Indigenous eye care services were
diabetic retinopathy (DR) screening using fundus photo-
graphs acquired by trained staff physically located within
local primary health care clinics [23-29] or by mobile
teams [30—35] and graded by ophthalmologists who were
located offsite at other facilities (Fig. 2). This was fol-
lowed by general eye care services provided via teleoph-
thalmology [36, 37], outreach ophthalmology [38, 39], or
an Indigenous health clinic optometrist [40]. Only six of
these services explicitly involved Indigenous community
members and/or health care workers in their design [26,
31-33, 35, 42]. Across the 20 studies, there were 27 dis-
tinct comparisons between an Indigenous eye care ser-
vice and a conventional alternative [23—-37, 40, 42]. Some
studies included multiple comparisons of different vari-
eties of Indigenous eye care services and conventional
alternatives. Three studies compared different varieties
of Indigenous eye care services with each other rather
than with a conventional alternative [38, 39, 41]. Evalua-
tions adopted the economic perspective of the healthcare
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Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of study selection

system [23, 24, 26-37, 41], federal government [25, 40],
society [37, 42], or had an unclear perspective [38, 39].

DR screening using fundus photography in local primary
health care clinics

These studies were based in both rural and urban areas of
Canada [24, 26], the USA [23, 25], and Australia [27-29].
Four primary comparators were used: screening by local
ophthalmology or optometry services with no patient or
staff travel costs [23, 25, 27], screening by out-of-town
ophthalmology or optometry services associated with
costs of patients travelling to visit them [26, 28], screen-
ing by outreach ophthalmology or optometry services
associated with costs of staff travelling to the local town
[24, 28, 29], or no screening [27].

Fundus photography in local primary health care clinics
was cost-saving compared to screening by either local or
out-of-town ophthalmology or optometry services, with
savings per patient screened of $71 [23], $10 [25],>$210
[26], and $302 [28]. Through improved patient uptake,
Whited et al’s model service within Indigenous primary
health clinics in the USA also reduced DR-related blind-
ness by 13% compared to screening by local ophthalmol-
ogy or optometry services [25].

Fundus photography in local primary health care
clinics was cost-saving compared to screening by rural
outreach services in two CEAs [24, 29], but more
expensive in one CMA [28]. Maberley et al’'s model
service in Canada saved $125 per patient and, through
higher uptake, led to a 19% gain in QALYs from avoided
DR-related blindness [24]. While Ballreich et al’s model
service in Australia saved $197 per patient, it detected
10% fewer cases of DR due to the assumptions of equal
uptake but lower sensitivity than outreach optometry
[29]. Kanagasingam’s real service in rural Australia
costed at least $70 more per patient, but there were
substantial methodological issues with their study,
including omission of nursing and clerical staff costs of
the comparator [28].

Ellery et al’s model service of DR screening using fun-
dus photography in local primary health care clinics
in Australia was cost-effective at reducing DR-related
vision loss compared to no screening or screening by
a general practitioner using direct ophthalmoscopy
[27]. While cost-saving compared to screening by local
optometrists and ophthalmologists, the service was
less effective due to the assumed equivalent uptake but
lower sensitivity.



Page 5 of 20

(2024) 23:232

Nejatian et al. International Journal for Equity in Health

suone|nwWis ojJed)
21UOW 00001 Bupnpul
‘sisKjeue ALAINISUDS DAIS
-Usya1dwod Japun Al

-D94J9-150D paulewaYy

Aydesboioyd snp
-UnJ S 9ANISUSS Se SeM
Adodsowleyiydo 1da11g

paploAe ssau
-pullq [euonippe woiy
SKIVO Ul Uleb 9461 03
Buipes| yg aiow
pa12919p pue (0ves
SAGLLS) STLS 4O
1uaied Jad sbuines
1502 :Jueujwop

pue 3A1129Y9 150D

VAS

(€)11£$ (@) 501$ (1)
pauaaids Juanied Jad
sbuiaes 350>

p=1esipul yl
ddd pue 1sijenads
[eulzal yseano

}NsUod

AKbojoweyrydo (107

(PYeP [PUOIIBAISSCO
paysijgnd uo paseq
%56 SA 9608) SIS
-U3S 53] ING (%SG SA
%08 Jo uonduinsse)
Jolesedwiod ueyy
yeidn JaybiH
‘SATVO Ul ureb o)
Buipes) (1Dy uo
paseq) ssaupul|q
SONPAI YDIYM dyd
oblapun (AsAIns
paysiigndun wouy
9dudjeAdid) BLWSPSO
Jejndew pue yg
SAIRIRYI|OId DU
payidadsun ul
Aydeisboloyd snp
-unj parejip Aq
Bujuaa.os lenuuy

da pliw ueyl
3siom Jo sojoyd 3|ge
-peaJun Joj 3Nsuod
Abojow|eyydo
‘Js1jenads [eunal (g) 1o
1s1bojoweyiydo [esa
-uab (7) 2UsHO Aq peal
Aydesboloyd snpuny
pa1e|ip YO d9 Aq Adod
-soweyiydo 12311p
paieip (1) Ag 2
yijeay snouabipuj ul
Buluaaids lenuuy

(1292 1509) 01 'S

se1eqeIp Yum
syuslied 059 104 JIA
-195 JO [9pOW 2311
UoISIDap pue o1e)
S1UOI PaUIqWIOD

- ¥ND pue y1d

syuaned gg| 10}

G/'T IS [B3) — WIND

(leany) OLRIUQ Ul S313
-IUNWIWIOD UONeN 15114

(sleany) UoneAID
-S3Y UBIPU| BUINBA Ul
SueDIIBWY ANBN

izd!

epeue) (€007) Ao1geN
[€7] (c661)

VSN Yo

(so1ul]) a4e) yyjeaH Arewd) buiuaaids ya

sbuipuid 19410

sbuipuiy utepy

J0jesedwod

UOIUAAIDIU|

(s1eak) uozioH

ubisag Apn1s Humas  uoneindod Anuno)

(1eak) Joyany

S9LIUNOD SWODUI-YDIY Ul S32IAISS 918D 943 SNoUabIpU| JO SasA|eue JIUOU0D3 JO SBUIpuY pue sJIspaoeley) | ajqel



Page 6 of 20

(2024) 23:232

Nejatian et al. International Journal for Equity in Health

9%/G S a1el bul

-U93125 10 9479 S AlAIR
-ISUS JI JUBUILIOP SS3)
SoW0d9ag 'suonenuils
0Ol4eD U0 00001 4O
9€/ Ul BulAesS 10
|BJINBU-1S0D pauleway

(dyd-3sod) Jadeayd
Bujulewal 3jIym ‘ssau
-pul|q ss3] %€ L 01 Bul
-pes) yg aAnessyijoid

2J0W Pa1da1ap
JUBUIWOP pue dAI}
-2949 150)) (dHd-2.d)
0L$ Jowsned sad
sbuiaes 3s0>)

dYd pue 3nsuod
Abojoweyiydo o
Al1dwoydo |ex07]

(exep

[BUOIIRAIDSCO PAYS]|
-gnd uo paseq) aiel
3|gepealun 90| pue
"(9%/6) Audy1dads pue
(9%68) ANnisuas
Jejiuils ‘(uipne paysi|
-gndun uo paseq
'%ES SA 9%0/) Jolesed
-Wod ueyl yexdn
13ybiH soyoyd a|qe
-peaJun Joj 3Nsuod
Abojoweyydo Jo
ArdwordQ ‘(sisAjeue
1502 paysiignd uo
paseq) sbuiaes 1500
|e1ap3j 01 bulpes)
(1DY U0 peseq)
SsauUpUI|g S9oNPaJ
Yo1ym dyd obiapun
(uoneindod |elauab ul
elep paysiignd woly
2dusleAaid) Yg aAn
-eJ341|01d "I1sl1dwordo
9)ISH0 Aq peas Ayd
-eipojoyd snpuny
pa1e|Ip-uou Ag so1ulp
yijeay snousbipuj ul
Bujuaaios lenuuy

suaned 000’ L8 104
papuedxa 9IAIDS
|BSJ JO [9POW 9341 UOIS
-129p puUe O}JeD) AUOW

| pauUlqWod - vad

(ep1muonen)

9DIAIDS Y1 |eaH

uelpu| ay buissadde
SURDLIBWY SAIBN SN

[Scl (S002)
P=aUYM

sbuiputy 19410

sbuipuiy urepy

UonuaAIRu|

(s1eaK) uoziioH ubisaqg Apms

Humas x uoneindod A1unod

(1eak) Joyiny

(panunuod) L ajqey



Page 7 of 20

(2024) 23:232

Nejatian et al. International Journal for Equity in Health

sioreseduwlod

19410 10§ paullopiad 1ou
sisAjeue ANAISUSS
*SUOIe|NWIS O}eD)
SIUOW 00001 Buipnpul
‘sisKjeue AUAILSUDS
9AISUSYIdwod Japun
BujusaIds ou (1) 01
paJeduwod 9AI1D3YD
-1S0D pauleway

(paureb X0 Jad
86¢'/$ [eIUsWaIDUl ue

1502 S}NSUOD) A1}
-29JJ9 $59] INQ
1Insuod Abojowjeyy
-ydo Jo Anawoido
(€) ueyy sadeayd
“(KjoAnoadsal ‘pauteb
A0 J3d L gc'zes pue
858'6$ JO 1502 |eIUSW
-a1oul) BuluaaI2s 4o
(2) pue buiuaa1ds ou
(1) 01 pasedwod
SAI1D9Y9 150D

([8v6$ sn8cs8]01LTs)
1Insuod Abojowjeyy
-ydo (¢) pue ‘([oz1'1$
SA8€/$178€S JO
pauaa.ds 1uaiied Jad
sbuiaes) Al3swoirdo
(1) 01 pauedwiod
Buines 3s0)

pa31edIpul Se dyd pue
1)nsuod Abojowjeyy
-ydo Jo Ainawoido
1820 (£) 10 ‘(SISAjeue
-B12W UO paseq
‘UonuUIAIIUI UBY)
Aipyldads pue A
-AIISUSS J9MO)) Yd
pa3123dsns JI 3NSUod
Abojoweyiydo o
A112W01do Yim

49 Ag Adodsow
-leyaydo parejip (2)
‘Buiusaids oN (1)

pa1edipul se
JUSWILS.} pUB 3NSUOD
Abojoweyiydo
() 10 A1swordo
(1) UMO01-Jo-1NO

SATVO ul ureb pue
(skanins paysignd uo
paseq) 5150 a1ed
-U3jeay pasnpal 01 bul
-Pes)| ‘(1Y U0 paseq)
SsauUpUI|g pUE SO
UOISIA S9ONPaJ dyd
“(PUISPO JeNDRW 1O
‘4@ annesajjoid Ya
anne.ajijoid-uou
219A3S) buluseaIyy
-U6Is )i dyd pue

Y pasouberp 1oy
dn-moj|o} Abojowl
-leyiydo ya p=1oad
-sns pue sojoyd 3|qe
-peaJun Joj 3Nsuod
Abojoweyydo Jo
A11swo1do piepuels
p|oD ‘sjeuoissajouid
yijeay pautesr Aq
peal ‘Aydespboroyd
Snpuny paze|ip-uou Aq
soulD Jed Alewd ul
Buluaaids jenuuy

(pasn Jou

e1ep JUSW1ea] [BN1de)
4@ annesdjijoid oy
1uaWieal1 196 0}
paWINsse s1Nsuod ||y
‘(010yd 9|gepeaiun
‘Kbojoyied Jsyio

"4 paduBApPE 2J0W)
1nsuod Abojow|eyl
-ydo Jo (yg a1es9
-pouwl) syruow 9 Ul
u2310s 1eaday Isier
-ads |eunai aIsho Aq
peal Aydeiboloyd snp
-uny pa1e|Ip AQ soIul
yi|eay snousbipuj ul
Bujusaios [enuuy

2DIAISS SpIMUONRU JO
|opOW AOYIBW puR
0}J8D) U0 pauIq
Ot -WoD - VvND pue yid

swuaned 68 1o}
| DIAIDS |3l — WIND

(epimuoiIeN)
o|doad Jspuels| 1ens
S9110] pue |eulbloqy  eljessny

(leany)
23030 Ul suNW

-Wwo> uoneN 1sii4 & epeue)

(£ w10D)
K133

[oc]
(€107) DSSHTONA

sbuiputy 19410

sbuipuiy urepy

J0jesedwo)

UonuaAIRu|

(saeak) uozuoH

ubisag Apn1s Humas 3 uonejndod Asunod

(1eak) Joyiny

(panunuod) L ajqey



Page 8 of 20

(2024) 23:232

Nejatian et al. International Journal for Equity in Health

(615$

SAY61%) STES JO
pausaids yuaned sad
sbuiaes 350>

pa12219p 3sed Y Jad
§¥S'/$ [PIUSWIDUI U
51502 Al1dwioido Aqg
BUIUIDS (906 SA
4040 %18 512919p)
SAID9Y49 $S9] INQ|
(9675 SN 66C5)

1Nsuod Abojowl

-leyydo uMol-§o-1NO

pa1edipul se

ddd pue nsuod Abo
-Jowjeyiydo yoeanno
‘(9104 BUIUSRIDS [eNbD

15160j0w

-leyaydo ausyo Aq
peas Aydeiboloyd
snpuny Aq buiusa.ds
3|Igqow [enuuy

([uonejndod
19641 Ul BIEP PRAYS]|

-gnd wol 9ous|jesaid]

eWSP30 Jejndeul Jo
‘4@ annesayjoid Yag
dnleIdylj01d-uou
219A95) BujuaLIY)
Y6IS J1 did pue

4@ Aue 10} }NsU0d
Abojoweyiydo yoeal
-INQ 'sisAjeue-e1aw
paysiignd uo paseq
(956 SNSIBA %0/)
Apyinads pue (%06
SA 9608) AUARISUSS
12yb1y sey ydiym
Nsuod Alzpwoirdo
yoeasno alinbai
(%01 Jo uopduinsse)
sojoyd a|gepeaiun
"2lemyos Aq peal
‘Aydesboloyd snpuny
pa1elip Ag sowup
yijeay snous

(pa1e3ISUN) BIgWIN|OD
ysnig ul sanunw
-W0D UOIIeN ISil4

syuaned Gt 10y
| 9IAIDS [9POW — WD

(leany) eljensny jo

syusiied /61'St 104 Seale |edn |je ul

epeue)

[0€] (866 1)
uiep

(@nqow) Bulusans ya

pausalds Juaned Jad S9UINSSE) }NSU0D -bipuj 681 Ul bul 9DIAIS Jo [opowl  ajdoad Jspuels| 1eis 621 (9102)
/61% Jo sbuiaesyso)y  Anawoido yoeannp U315 [enuuy | 921 UoIsPad - YA S2110] pue [euibloqy  eljeasny yola4|jeg
Apnis a3 jo (€6$ SAESLS
Jusuodwod uoneneAs  -£71$) Yoeauino (g) o1
DIWOUOD3 Y3 Ul pasn paledwod Buines (leiny) puej
10U SeM ING (%08) 3502 JON ‘(PaUS3I0S 1516ojoweyiydo -SU9aNY pue ejjeasny
Auoyidads pue (919) 1uaned Jad sbuines 2MSHO AQ peas Aydel UJ21S9/ Ul 9jdoad
AUAISUSS YBIYy B Z0ES ~) 3NSUOD UMO) 1Insuod Abojoweyr -Hboroyd snpuny buisn snousbipul-uou pue
pey soyoyd jo bul -JO-In0 (|) 01 pased -ydo yoeasino (z) 40 SoIulP a4ed Atewd ul syuaned €60’ 104 (%S€) Jopuels| 1ens 1871 (s102)
-peib yqg diewoiny -Wod BulABS 350D UMO1-JO-1NO (|) Jay3I3 BujuaaIds YQ 80 IAISS [B2) — YIND S2110] pue [euibloqy  eljeasny webuisebeury
sbuipul4 19410 sbuipuiq urepyy J0jesedwo) UOIJUBAJDIU|  (S4edk) uoziioH ubisag Apn1s Humas 3 uonejndod Asunod (1eak) Joyiny

(panunuod) L ajqey



Page 9 of 20

(2024) 23:232

Nejatian et al. International Journal for Equity in Health

ew3 BuuNp 95/ 03

L WOl paseasdul
oyeidn Bulusans
‘KoADadsal ‘901, pue
%01 Ag pasealdul
150 [euded |nun Buiaes
-1502 paulewal sweal
OM3 (7) pueauQ (1)

1eak uad
695'61€'L$ Jo sbul
-ABS |B10] '670'LS JO
pausaids yuaned sad
sbuiaes 3s0>

(0€9% SA G£5$%) G656 JO
pauaa.ds 1uaiied Jad
sbujaes 350>

€1$10¢€zsjo
pauaaids yuaned uad
SBUIARS-1S0D paie|
-odenx3 ‘ApAn
->adsal ‘sieak ¢ 10
sieak G’z ulyoeq pred
3500 [eyded yim
'755'59% (0) 10
LEL'LLLS (1) J0 sBur
-ABS 150D PA1UNOSIJ

(SEQ'LS SATLS'LS)
€97$ Jo 1usied Jad
sbuiaes 3s0>

1Insuod Abojowl
-leyaydo umol-4o-1nQ

1250 pue

}nsuod ABojow|eyy
-4ydo um01-40-1n0 10}
[B1I2J24 PUB MIIADI dO)

AKbojow
-leyaydo yoeannQ

1516ojouLIdOpUS pue
‘1s1bojowjeyiydo
'911U9D UOIEINPS
SS19GeIp ‘Ge| [ed1ulD
dD 15950(2 01 [9ARI |

papiroid uoesnpa
se12qeld sieidads
|eunnal a1Iso Aq
peas Aydeiboioyd
snpuny pazejip Aq
Buiusaids aIgow
SIDIASP DIUOIIDD|R
9|gerod AQ palaAlep
S3|y olpne pue
s39)yduwed ein uon
-ednpa sa1ageld
Js16ojoweyiydo
2150 Aq peas Aydel
-boyoyd snpuny Aq
BuIua210s 3|IqoN

papiroid uopednpa
sa19qe|g 1sibojoweyy
-ydo a1syo Aq peal
‘Aydesboloyd snpuny
pa1eyid (Yoq 1o}
dUles 3G 01 pauInsse
pauUsaJds Iagquinu
|B103) SWea) OM] (7) Jo
auo (1) Aq buruaaids
3JIgow [enuuy

151b0j0ULDOPUD
21sho Aq pasiaiedns
1usWwiabeuew sapia
-0id pue ‘onel aulu
-11e3JD-UlWNg|e auLn
‘syoid pidi) pooyq
21V uigojbousey
24ed-Jo-1uiod 1994
SaulWeXa ‘aInssald
pOO|q ‘Xapul SSeU
ApogQ sainseaw 10}
-edNpa 95INU $319eIq
15je1dads |eulial aus
-jjo Aq peas Aydeiboy
-oyd snpuny |eubip Aq
BujuaaIds buipnpul
CRIINENET PRI o] ]o)
9[IgoW [enuuy

syuaned 9/9'y 1oy
Q 9DIAIDS (B3I — YIND

syuaned ¢S 10}
| 9DIAISS |22 — YIND

s1eak / 1oy
unJ 0} papuedxa
syuaijed 00/ 10} 91AISS

£ [€91JO |9pOW — YIND

syuaned 6E¢ 1oy
| 9DIAISS |3l — WIND

(Gleiny)

eqO1UB\ UISYLION Ul

SaNIUNWIWOD 6 Ul
9|doad snousbipu|
-Uou pue UoleN 1S4

(leany) puejs| Jan
-NOJUBA UO S3iIuNw
-W0D UOoNeN 1S4 €t

(leany)

A101LI3] UISYLON Ul
S9IUNWIWOD 7€ Ul
s|doad snouabipu|
-uou pue (9%¢6) 1ens
Sa110] pue |eulbloqy

(4feany) eIqUIN|OD
ysig ur sapiunw
W0 UoNeN 15114 77

(7€l (£10D)

epeued) EEIVI=N

[e€1(S100)
epeue) wiry

[¢€]1(9000)
eljensny oH

[L€] (#000)
epeue) uir

sbuiputy 19410

sbuipuiy urepy

J0jesedwo)

UonuaAIRu|

(saeak) uozuoH

ubisag Apn1s Humas 3 uonejndod Asunod

(1eak) Joyiny

(panunuod) L ajqey



Page 10 of 20

(2024) 23:232

Nejatian et al. International Journal for Equity in Health

sIeak / Jo peaisul

G 1910 pajepaidap
1uawdinbs Ji yseaino
(7) 01 paiedwod aAls
-Uadxa 2Jo0W awedag
“Aouanys pue Aousnb
-944 D1UID J3YBIY YuMm
pasealdul sbuines

([60€$ sn

61€$101$-) Yyaeanno
(7) 01 pasedwiod
|ed3nau-3so) ([8S/
$sn6lesl6e79)
$1{NSUOD UMO1-JO-INO
US4yl Yora.no () pue
([805$ sh61€$]
681 Jo1uaned Jad
sBUIARS) UMO)-JO-1NO
(1) 01 pasedwod
buiaes 150D

(pa12319p

958 Y Jad £G5B SA
vLT8) SSOl LPE'L1T'TS
BuISOD 3)1yMm s958
YQ 210U %0 S10319p
- ABajesis Jueujwop
pue 9A1123Y9 150D
(PELS SA9G$) 845 40
pauaa.ds 1uaiied Jad
sbuiaes 3s0>)

Buss Jsyny 1oy
1JNSUOD UMO1-JO-INO
usy1 Abojowijeyaydo

42e311N0 (€) 4O NS
-uod Abojoweyiydo
42e311N0 (7) YNSuU0d
Abojoweyydo
UMO1-§O-1N0 (1) 0}
[B112J24 PUB MBINDI O

}jNSuUod
Abojoweyiydo o
Al1dwoydo |ex07]

(96€) BWNEJ) pUP

'(%5) 10618183 (969¢€)
4Q '(%81) ewodne|d
papn|oul SUOIPUOD
uowwIoD 'suonIp
-U0D J0J BuluaI2S
2J9M SYNSUOD (%16)
1SON 'Y ¢ UIYim
151bojoweyiydo
210 Aq papirold
ue|d pue pamalnal
spioday ‘Aydesboloyd
snpuny paiejip

-uou pue ‘Aydeibol
-oyd yum dwiej s ‘A1
-3wouol yum [endsoy
[e20] Ul D1ul> ABojow
-leyaydoa|el paj-asinu
Kep-jjey Apj2am aduQ

(uojuido
11adx3, uo paseq) Jole
-ledwod ueY (%78 SA

9%58) Auoy1dads pue
(952 SA %56) A1l
-NISUSS ‘(965G SA %08)
21 buluaaids JaybiH
1511e2ads [eunal s
-jJo Aq peal | DO pue
Aydespboloyd snpuny
paie|ip AQ Bulua1ds
3|Igow [enuuy

Syuaned gl | 1oy
| 92IAJSS |23 — WIND

siuaned
005'8¢ 10} papuedxa
IDIAIDS B3] JO [9pow

G 9211 UoIsDAd - VI

(1_iny)
uoAJeued) ul aidoad
snouabipuj-uou pue

(%S| ~) 48puels| Jeis
Sa110] pue |eulbLoqy

(leiny pue uegin)
oueQ ur sdnoib
SWODUI-MO| pue
9|doad suonep 1si4

ejjelisny

[9€] (9007)
Jewuny|

S9JIAIDG daeD) 943 |esaudD

epeue)

[sel
(6107) d1noliwiuels

sbuiputy 19410

sbuipuiy urepy

J0jesedwo)

UonuaAIRu|

(s1eaK) uoziioH ubisaqg Apms

Humas » uonendod

Anuno>

(1eak) Joyiny

(panunuod) L ajqey



Page 11 of 20

(2024) 23:232

Nejatian et al. International Journal for Equity in Health

(6L'0=0d)swn

Bulem 1amoj 9%z pue
Joam 221A19s 4ad
(0z0=d 'synsuod
d1Ul|> 2I0W PIO)-1)
ndino Jjulp pue
(£1'0=d 'suonpesado
10eJEIED 2IOW P|O)
-6'1) Ind1no [ea1bins
panoidul spJemoy
puai]

(61°0=4d) suwin Bupem
19MO| %0 SPJemo)
PURIL(C0'0=0d) %39M
921AJ95 Jad synsuod
DIUl|D 240U PJoJ-G'Z puUe
(£0'0=d) sauabins
10eJE1ED 2IOW P|O)
-§7C YUM PoleIdossSY

(11B-9Y31-§O-21€]1S 10§
€50'91€'CS pue
‘PedUBADR IO} £/1'€9€ES
J1seq 1oy 0$) uondo
SAI1D94J3-1502 1SOW Y}
SOUID A132W01do JuaW
-dinba Abojow|eyiydoa
-|91 1e-3Y1-Jo-31e1S Jo
'PIdURADE DISEQ Y1IM
so1uld [eydsoy pue
‘Anawo1do ¢o |eini
dinba 011505 sa1eWwIsy

(5€0=d)'155$
SAZE9S) (PlulP+[ed
-161ns) aduepuale Jad
|edInau 150D

(cro=d

"L£L$ SN 00S9)
(d1uIP + [e216INS) due
-puane uaned sad
|edInau 150D

Ajlenuue
£19'661$ Wa15As
218D} [e3Y SaNeS
([eLelsshosLs]

/€1'1$) NSUOD UMO}
-J0-1n0 (¢) pue ([£9€$
SA9/LSTL6LS JO
1ualied Jad sbuines)
yoeanno (1) o1 pased
-Wwod Bulaes 3s0)

uoneibaul
Jo0d JO ou yum
SIDIAIDS Ydea.InO

|opow paseq
-Aiejes Buisn papuny
S9IAISS YoeaINO

1)nsuod Abojow
-leyaydo umol-4o-1no
(2) 10 ypeanno (1)

(S12pjoYa¥eIS A2 YUM
SM3IAISIUI PAINIONALS
-|wds ybnodyl pauiw

-1919p) eale ydes ul
2Jed djweyiydo pue
Anawo1do usamiaq
UO[ILDIUNWIWOD pue

UONRUIPIOOD JO A
-lenb pue |aA9] uo
paseq 2100G

(9605 <,24005 Uon
-eib31U] 301AISS)
2Jed djweyiydo pue
Answoido pajelb
-31ul bujpinoid
SIDIAIDS YoraiINQ

|9POW 2DIAISS 10}

294 buisn papuny
SUOIIRYNSUOD JIUlD
dSlweyydo yoeanno

uswdinba pue
9s1adxa Yijeays|ol
PaYsI|eISa Yam dIulD
1S350|D "SA 9DIAIDS
J01e1edWOD 01 95UR)
-SIP PUB UOIIPUOD

s usied yoes Jo
Auxa|dwod pue Ay
-19A3S UO paseq
1su1owo1do auo pue
sisibojowjeyiydo
OM1 Ag paulw1ap
Aungibyg saoinas
Jo1esedwiod bunsixa
-31d Jo 1pne woly
pa1ewnsa a|qibije
syuaiied Jo Jaquunp|
'so1Uld [eudsoy pue
‘Anawo1rdo 4o ul
S)Nsuod Abojoweyy
-ydoa|a1 swin-|eay

SOINIDS

| Yoea:In0 |2l — YIND

SIDINIDS
| Y2ea1no [eas — YIAD

siuaned
3|qibyj2 ||e spnjaul 0)
papuedxa 9JIAIDS

L [e94JO [opOW — YIND

(jeany) sadIAIaS
olweyiydo yoeanno
Buissadoe ajdoad
snousbipuj-uou pue
J9pue|s| 3eis sai

-Io] pue jeuibuoqy  eljeasny

(leiny) $2IAIDS
dlweyiydo yoeano
Hulssadoe ajdoad
snouabipuj-uou pue
J9puels| RIS $3)
-10] pue jeuibloqy  eljensny

(leany)
BI[RIISNY UIISIN
|eanJ ssoide ajdoad
snousbipuj-uou pue
J2pUES| RIS S

-10] pue [eulbLoqy  eleisny

6] (LL0D)
g Jouin|

[8€1(1102)
V Jauing

(€1 (9100
Inezey

sbuiputy 19410

sbuipuiy urepy

J0jesedwo)

UonuaAIRu|

(s1eaK) uoziioH ubisaqg Apms

Humas x uoneindod A1unod

(1eak) Joyiny

(panunuod) L ajqey



Page 12 of 20

(2024) 23:232

Nejatian et al. International Journal for Equity in Health

sasned
SAI1DRIDI-UOU WO

SSO| UOISIA 10319p
ued WA Aq buiusaids

(VA uey

SAIISUSS $S9| pue
SAISUSAXD S10W)
Buines 1503 JaAau
Bujusansoloyd

(€) AjoAnoadsal
'PaUBIDS UIP|IYD
G86 pue 00t < Usym
Bulaes 350> ol
-delya10Ine (7) pue

pa3e|Nd|ed SaAN
-150d 95|e} JO 150D pue
Jaquin “(uonejndod
196.e1 Ul B1ED [EUOIIBA
-19500 paysijgnd uo
paseq) Joyeled

-W0D dY3 pue poyiaw

4oea Jojy AUAINSUSS
%06 AIYDE 0} 135
wexa dnsoubelp 1oy
|e113§21 10} pjOYysaly |
‘Buiusaldsoloyd

(€) Jo 'uonoeiRI0INE
() “Anaworesasoine
(1) Buisn soud
Yijeay Ayunuiwiod ul

(pleiny)
uoneAsasal wepQ,0
Ouoyo] ay1 uo

‘SUOIIUBAIIUI &Y IjUN Al1dWwolelayoine BuIUS2IDS Wispew siajooydsald [1¥] (£002)
"1ey1 sabpajmoudy (1) Ag BbuuaaIdg VA AQ Bulusa1dg -Biise jooydsaid P331€1S JON 9DIAISS [9POW — WIND uedlBWY dAIEN VSN IETII
SIY10
papiroid
9DIAIDS DB U0}
paj|iq a1e saied
92URINSUI JUNOWE UO
paseq siyauag
DIUIP Y3{eay snous (pa1eISUN) DDIAISS
7' 40 -Bipuj uiyum pielt YijeaH uelpuj ue je
01181 150D 0} 1Jaudq -91ul D1uld Answoido Anawoido buissadoe o¥] (9661)
— BAIIBYI IS0 IDIAISS Al}dW0ido ON papuny A||eJapa4 | 9DIAIDS |eal — YED SuedLIDUWY SAIBN VSN 1SIoMmef
sbuipul4 19410 sbuipuiq urepyy J0jesedwo) UOIJUBAJDIU|  (S4edk) uoziioH ubisag Apn1s Humas 3 uonejndod Asunod (1eak) Joyiny

(panunuod) L ajqey



Page 13 of 20

“Iv ‘ep] S9POD eR1Y BulNWWO) uequn-|einy Buisn ueyjodonaw-uou se payisse|d 24e UONLRAISS2I B3 JO 1ied S1Oe1} SNSUSD 331Y3 JO IN0 OM| |,
‘[9t] |eand sl uo1BaY Yi|eaH UIBYLION Seqonuel Jo Auiofepy 5

“[S¥] BIGUIN|OD YSIAIg UISYLIOU SSOIDR SDIHUNWWOD 2I0WdJ/[eIni saAISs AbieT

‘[ ‘] SOPOD A1y Bunnwiwo) ueqin-feiny Buisn ueljodolawW-uou se PayIsse|d dJe UOIIRAIDSAI 3] JO 1ied S)oe1) SNSUSD XIS JO INO4

s19d00)asnoyIalemadlid IMJ ‘siskjeue 1yauag-1s0) gD ‘Aydeibowoy
95Ua19Y0D [2213dQ £DO ‘UOISSILIWIOD) SIDIAIDS [RIDOS pUE Y)[eaH JopeigeT pue 53ganp JO SUoNeN 1sii4 DSSHIDNA ‘sieak o)1 paisnfpe-A1jenD ATYD ‘|elL pa||04auo) pasiwopuey | DY ‘AHnde ensiA v/ ‘uoieinbeodoloyd
Jeunaiued dyd ‘siskjeue A1j1an-150)) D ‘siskjeue ssauanildRya-1s0) 3D ‘uedisAyd aied Atewd /7 auomideid [e1auab 4o ‘sisjeue UOIESIWIUIW-ISOD) YD ‘ed1SWY JO SIS pauun s ‘Ayredounal onageld yg

(2024) 23:232

Nejatian et al. International Journal for Equity in Health

paLIaAR
Axjiqestp yum panl|
sieak 00€'2 01 004’1
usam1ag ‘AloAnoadsal
'60'L puR G5 JO sonel
1502 01 1Jauaq YIM
‘KloAnoadsal ‘uol|jiuw
81§ pue uoljjiu

6875 §O sIyauaq

|BISL. pUE [B131205

12U [e3UaWaIU|

— 9A1129)J9 150D

sajel ynodolp 1o
‘1yauaq 1502 JO sajew
-1353 U uoneleA ou bul
-pnjpul ‘siskjeue
AUARISUSS paHWI

S1yauaq INOYUM
150D SINdUI YDIYM
(,SUOIIBAIDSCO PlaL,
paysiigndun uo
paseq) 1nodoip ybiH

‘swiesboid uoljeulw@

PUIOUDRI) 9NULUOD O}
Buipuny ou pue ‘sa1el
dyd pue ‘Buiuaains
4 ‘obetanod Jois
9AIDRIRI ‘A19BINS
1oRJEIRD [ENUUE
1U31IND UO Paseq
S9DIAIDS JUBIND

(e3ep pPaysiignd uo
paseq) siyauaq bul
-30]||2M pue ‘[easy
'[R13ID0S 0} Spe3)|

SSO| UOISIA pa2onpay
nodoup jusned
91eUIWI[S O pawWnsse
SI0}BUIPIOOD SB
SIDHIOM Y3eaH [eulbl
-0qy Jo uawAojdw3
*9NUNUOD swesboid
UOI1eUIWIS BWIOYDRI}
(p) pue ‘papssu 4l
d4dd pue bujusaids
4@ |enuue obiapun
S919GEIP Yim

sJeak o 2 9|doad
snouabipul e (2)
's1eak omy A1and
s3]oe1Dads dAI9d3l
1043 SAIIDRIDI YUM
p|o sieah o Z 9jdoad
snousbipu ||e (q) 'obe
-19Ae |euoneu sjenba
9|doad snouabipu 10}
o1l A12bins 10eie1ed
[enuue () OS UOIS
-uedx3 'sso| UOISIA
3|geploAe S1eului|s 03
SIDIAISS JO UOIS
-Uedxa apimuolieN

(51502
9DIAJISS pUB ‘UoIIeS||IIN
9DIAISS 'SUOLIPUOD
943 Jo sa1e4 [eUONRU
paysiignd uo paseq)

01 SIDIAIS [9pOW — YED

(SpimuoneN)
o|doad Japuels| 1ens
$9110] pue [eulbLIOqY  Ble)SNY

[ev] (S102)
OMd

sbuiputd 19410 sbuipuly urepy

Jojesedwod

uoUAAIRIU|

(saeak) uozuoH ubisag Apmis

6umas x uoneindoq A1unod

(1eak) Joyany

(panunUOd) | 3jqey



Nejatian et al. International Journal for Equity in Health (2024) 23:232

Page 14 of 20

Nationwide Cataract,
Refractive Error, DR,
and Trachoma Service
Expansion

Preschool Astigmatism
Screening

Optometry
(Indigenous Clinic)

1
(cBA)

General 1 (CMA)
Ophthalmology (cBa)

Outreach
2

(All CMASs)

General
Teleophthalmology 2

(All CMAs)

DR Screening
(Local Health Clinics)

7
(3 CMaAs, 2 CEAs, 2
CEA + CUAs)

(5 CMAs, 1 CEA)

DR Screening

(Mobile Service)

Fig. 2 Number and type of economic evaluations of Indigenous eye care services. Cost-minimisation analyses (CMA), cost-effectiveness analyses
(CEA), cost-utility analyses (CUA), and cost-benefit analyses (CBA) were all used

Mobile DR screening using fundus photography

There were four CMAs and one CEA in Canada [30, 31,
33-35] and one CMA in Australia [32]. The Canadian
CMA s reported mobile services as cost-saving compared
to patients travelling to out-of-town ophthalmologists,
with savings per patient screened of $325 [30], $263
[31], $55 [33], and $1,029 [34] in the respective stud-
ies. The Canadian CEA reported that their model ser-
vice saved $78 per patient while detecting 46% more DR
than screening by local optometrists or ophthalmologists
[35]. However, this study likely overestimated the cost-
effectiveness of their service for two reasons: (1) mobile
DR screening by fundus photography was assumed to be
more sensitive and specific than screening by the com-
parator, which is inconsistent with published literature,
and (2) the number of DR cases detected by the compara-
tor was calculated assuming a screening rate of 55% (i.e.,
15,675 patients screened), despite the cost being based
on all 28,500 patients getting screened by an ophthalmol-
ogist. The Australian service saved $23 per patient com-
pared to outreach ophthalmology, recouping the higher
capital costs within 2.5 years [32].

General eye care services
Two studies evaluated teleophthalmology in rural
Western Australia [36, 37]. Kumar et al’s nurse-led

store-and-forward teleophthalmology service was cost-
saving compared to out-of-town ophthalmology consults
($189 saved per patient) and cost-neutral compared to
outreach ophthalmology [36]. Razavi et al. reported that
real-time teleophthalmology would save $1,137 and $191
per patient compared to out-of-town and outreach oph-
thalmology services, respectively [37]. Through clinical
audits, they determined that 15% and 24% of out-of-town
and outreach consults, respectively, could be provided by
teleophthalmology, which would save the healthcare sys-
tem $499,617 annually. Each out-of-town consult avoided
was also estimated to allow two extra days of work and,
based on the nation’s average income, this would gener-
ate $443,023 in annual productivity savings for society.

Turner et al. conducted two evaluations of nine out-
reach ophthalmology services across Australia [38, 39].
Services funded using fee-for-service appeared cost-sav-
ing compared to those using a fixed-salary model ($500
vs $771 per clinic or surgical attendance), although this
was not statistically significant (p=0.12) [38]. These ser-
vices were more efficient, with 2.5-fold higher clinic and
surgical outputs (p=0.02 and 0.03, respectively). Services
well-integrated with outreach optometry had similar
costs to those with poor integration but trended towards
higher clinic and surgical outputs and lower waiting
times [39].
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Lastly, Jaworski found that integrating optometry
within an Indigenous health clinic in the USA produced
positive monetary returns, generating $2.44 in billings for
every $1.00 in costs [40].

Other services

Miller et al’s CMA found that astigmatism screening of
a preschool native American population by autokerato-
metry or autorefraction would begin resulting in cost
savings after a minimum of 400 and 985 children, respec-
tively, compared to screening by visual acuity [41]. These
savings were attributed to a reduced number of false pos-
itive patients requiring follow-up eye exams, with each
false positive exam costing $77 [41].

Lastly, a comprehensive CBA by Pricewaterhouse-
Coopers (PWC) modelled the nationwide expansion of
services to eliminate avoidable vision loss from cataract,
refractive error, DR, and trachoma in Indigenous Austral-
ians [42]. Compared to preexisting services, the expan-
sion produced a net incremental benefit of $298 million
to society and $18 million to the government, with $2.55
and $1.09 in benefits, respectively, for every $1.00 spent
expanding. Societal savings included the productivity

Table 2 Patient evaluations of Indigenous eye care services
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gains from increased employment, at the national aver-
age income, of patients who would no longer have vision
loss and the carers of such patients.

Patient evaluations of services

Five of the 14 studies on real or modelled expansions of real
services underwent patient evaluations (Table 2) [26, 28,
31, 35, 36]. These evaluations were all conducted through
unvalidated questionnaires designed by study authors and
had variable response rates. Over 90% of respondents were
very satisfied or satisfied with the services [26, 28, 35, 36],
would reuse them [26, 31, 36], and/or recommend them to
others [31]. Reported benefits included convenience, par-
ticularly in relation to avoided travel and rapid access [26,
28, 31, 35, 36], increased awareness of eye health [26, 35],
and the use of trusted local staft [26]. A minority using a
general teleophthalmology service were concerned that it
was less comprehensive and provided delayed advice com-
pared to an in-person service [36].

Quality of studies
Figure 3 illustrates the proportion of studies meeting
each item on the QHES checklist, with individual study

Author (year) Country Intervention

Response Findings
Rate (%)

Jin (2004) [31] Canada

screening)

FNQLHSSC (2013) [26] Canada

Kanagasingam (2015) [28]  Australia

Stanimirovic (2019) [35] Canada

Kumar (2006) [36] Australia  General teleophthalmology service

Mobile diabetes care service (including DR 96

DR screening in local primary health care clinics 69

DR screening in local primary health care clinics 17

DR screening in local primary health care clinics -

- 95% would reuse service

+ 95% would recommend service to others
- 93% ranked service as more convenient
than comparator

- 98% would reuse service

- 98% very satisfied/satisfied with service

+ 92% found the use of local staff for the service
acceptable

+ Reported benefits of service included proximity
(85%), improved understanding of diabetes

and DR (58%), use of entrusted local staff, service
quality, and appointment flexibility

+ Mean satisfaction score of 9.7/10
« 20% of written feedback expressed appreciation
of avoided travel

-+ 92% rated service as excellent

- 8% rated service as good

- Reasons for not being screened prior to ser-
vice: lack of awareness of DR (72%), cost (24%),
or travel (4%)

41 - 98% would reuse service
- 98% satisfied with service
+ 93% found service allowed quicker access to eye
care
+ 88% had no privacy concerns with service
+ 74% not concerned about lack of direct contact
with ophthalmologist
- Complaints: small workspace, delayed ophthal-
mology advice, not as comprehensive as com-
parator

DR Diabetic retinopathy



Nejatian et al. International Journal for Equity in Health (2024) 23:232

1. Objectives Stated

2. Perspective Stated

3. Valid Data Sources

4. Pre-specified Subgroups

5. Sensitivity Analysis

6. Incremental Analysis

7. Data Collection Methods Stated

8. Valid Analytic Horizon + Discounting

9. Valid Costing

10. Economic Effectiveness Measures Stated

11. Valid Assessment of Outcomes

12. Other Methods + Main Findings Stated

13. Valid Assumptions + Economic Model

14. Bias Stated

15. Valid Conclusions

16. Funding Disclosed
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Fig. 3 Proportion of studies scoring for each item on the Quality of Health Economic Studies (QHES) checklist

scores detailed in Supplementary Table 1. Five studies
were high quality [24, 25, 27, 37, 42], eleven were moder-
ate [26, 29, 32-36, 38—41], three were poor [23, 30, 31],
and one was very poor [28]. Most studies presented their
objectives, methods, and findings clearly (QHES items 1,
10, and 12) and used appropriate sources for costs (real
expenditures or local data) and health outcomes (ran-
domised controlled trials) (items 3 and 7).

Ten studies failed to explicitly state their economic
perspective (item 2) and 12 did not conduct a sensitiv-
ity analysis (item 5). Eight annuitized capital cost without
discounting [28-31, 33, 34, 36, 41], one did not discount
any costs beyond one year [23], and two used a limited
timeframe potentially missing some health outcomes of
their service [25, 42] (item 8). Supplementary Table 2
outlines the types of costs and outcomes considered in
each study. Thirteen studies had inappropriate or unclear
methods for calculating costs (item 9). Specifically, three
omitted capital costs completely [23, 26] or partially [42],
five were unclear about the components of capital costs
and whether these were annuitized [28, 33, 34, 38, 39],
three were unclear about components of their operating
costs [31, 38, 39], four omitted costs of some or all staff
[24, 26, 30, 41] or treatment [24], and one included costs
for patients not using their service [35]. Five of the seven

non-CMA studies used invalid methods for assessing
outcomes (item 11), including overestimating blindness
avoided from DR screening [24, 27], overestimating ser-
vice income [40], and calculating the cost per case of DR
detected without including the savings associated with
reduced vision loss once these cases are treated [29, 35].

The main assumptions and/or choice of economic
model were unjustified in 12 out of 13 CMAs (item 13).
Specifically, two omitted all capital costs [23, 26], four
used a comparator which was more comprehensive than
their service [31, 33, 36, 41], and two could not deter-
mine if their findings were confounded by other vari-
ables [38, 39]. Six of the eight CMAs of DR screening
by fundus photography omitted the costs of consults
for unreadable and abnormal photos [28, 30-34]. Con-
versely, three of the seven non-CMA studies had major
assumptions that were unjustified [27, 29, 35]. Ellery
et al. [27] and Ballreich et al. [29] assumed that uptake
of their model DR screening services would be equal
to conventional screening, despite increased availabil-
ity being the main purpose of their services. This led to
their services detecting fewer cases of DR. Stanimirovic
et al. made assumptions likely leading to overestimation
of the cost-effectiveness of their service (Supplementary
Table 2) [35].
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Discussion

Across all studies, we identified 27 comparisons between
a service for Indigenous populations in Australia, Can-
ada, or the USA and a conventional alternative. Indig-
enous eye care services were economically favourable in
23 (85%) of these comparisons, despite most omitting key
benefits of culturally tailored care including increased
patient uptake and value from an Indigenous perspective.
Several common methodological pitfalls were identified,
which should be avoided in future evaluations.

The primary economic value of services identified in
our review arose from reduced costs of travel and in-
person consults. Up to two thirds of Indigenous people
in Australia, Canada, and the USA live outside major cit-
ies [47]. Traditionally, accessing eye care either requires
patient travel to major cities or outreach services, both of
which have high logistical costs borne by the health care
system and patient [48—50]. Nine studies found that DR
screening through fundus photographs, acquired by local
primary health care clinics or mobile teams and graded
offsite, led to health care savings by avoiding costs of
patient travel [26, 28, 30, 31, 33, 34] or outreach services
[24, 29, 32]. While the remaining four studies on DR did
not consider travel costs, they found that these screen-
ing methods were cost-saving through avoiding expen-
sive in-person optometry or ophthalmology consults [23,
25, 27, 35]. General teleophthalmology services in rural
Australia also led to health care savings through reduced
patient travel [36, 37] and outreach service expenses [37].
Many studies may have underestimated the savings from
local Indigenous eye care services by not accounting for
indirect costs associated with patient travel, such as the
travel costs of companions (included in only two stud-
ies [26, 33]) and the productivity losses for patients when
travelling (included in one study [37]). For example, the
inclusion of productivity losses from patient travel led to
an 89% increase in savings in the single study that ana-
lysed this [37].

The services identified adopted evidence-based strat-
egies to improve accessibility and uptake by Indigenous
populations, including local delivery of care, integration
within Indigenous health clinics, and use of Indigenous
health workers [9]. The positive patient evaluations of
services further indicates that these strategies would
improve uptake relative to conventional care. Despite
this, only four studies evaluated the impact of increased
patient uptake [24, 25, 35, 42], with the remainder poten-
tially underestimating the cost-effectiveness of their
services. For instance, among the eleven studies com-
paring local DR screening [24, 26, 28-34] or teleoph-
thalmology [36, 37] to out-of-town or periodic outreach
services, only Maberley et al. [24] included uptake as a
variable, where higher screening rates increased QALYs
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by 19%. Among the four studies evaluating DR screen-
ing in local Indigenous health care clinics [23, 25, 26, 29],
only Whited et al. [25] explored the benefit of integrated
care on patient uptake. In their analysis, higher uptake
contributed to reduced DR-related blindness and associ-
ated savings on health care and social welfare costs and
increased income tax revenue. Lastly, among six services
recruiting Indigenous health workers [29, 32, 33, 38, 39,
42], only PWC’s [42] evaluation explored the economic
benefit of this strategy, whereby service coordination by
Aboriginal Health Workers was modelled to increase
patient uptake and reduce drop-out. This contributed to
reduced vision loss with associated savings in health care
and social welfare costs and increased societal income
and tax revenue. To fully capture the economic ben-
efits of Indigenous health programs, future studies must
include patient uptake within their evaluations.

All studies adopted traditional methods of economic
evaluation, which may underestimate the value of services
from an Indigenous perspective [18]. While traditional
evaluations focus on value derived from the health gain of
individuals, Indigenous concepts of health extend beyond
the individual to include the health and empowerment of
their community, connections to land, and cultural secu-
rity [18, 51]. For instance, an Indigenous-designed ser-
vice is valued more by Indigenous people than one which
delivers equal individual health benefits in a less culturally
sensitive manner [52]. Despite this, none of the six stud-
ies involving Indigenous people in service design analysed
the economic value of this collaboration [26, 31-33, 35,
42]. The New South Wales government recently published
strategies to overcome these recognised limitations of tra-
ditional evaluations, such as the use of contingent valu-
ation methods to quantify the value of different services
from the perspective of Indigenous communities [53].
Other strategies which could be adopted by future studies
include Indigenous-specific discrete choice experiments
and health-related quality of life measures [51, 52].

Several other methodological issues limited the quality
of studies included in our review. Future studies should
include the economic perspective of their evaluation,
sensitivity analyses, discounting items beyond one year,
and clear methods for estimating capital and operating
costs including sources used, components included, and
annuitization. An economic evaluation checklist, which
none of the studies explicitly used, may help ensure such
essential items are included and avoid other methodolog-
ical pitfalls [19]. As different eye care services are unlikely
to have identical outcomes, CMAs should be avoided.
Lastly, any study of screening or diagnostic services
should use accurate estimates of sensitivities and specifi-
cities, as these significantly impact economic outcomes,
as was the case in Stanimirovic et al’s evaluation [35].
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Our review also highlights the need for evaluations
of multiple services yet to be analysed. Firstly, while DR
screening through offsite grading of fundus photographs
has been evaluated, automated grading through artificial
intelligence can provide a cheaper, timelier service while
maintaining acceptable accuracy [54, 55]. This could
more easily be expanded nationwide to achieve universal
screening, which should lead to extensive savings par-
ticularly for Indigenous people who have less access to
screening despite a higher prevalence of DR [55]. Indeed,
a study published in 2024 predicts that such screening
methods among Indigenous Australians would generate
a net societal benefit of $509 million dollars [56]. Evalu-
ations of real-world applications of such services should
be conducted to confirm these findings. A review by
Burn et al. identified 37 studies on other, non-DR related
service delivery models designed to improve access to eye
care for Indigenous populations in high-income coun-
tries. [9] Most have not undergone economic evaluation,
including mobile general ophthalmology services in Aus-
tralia [57] and Taiwan [58], integration of optometry care
within Indigenous health care clinics within Australia
[59, 60], integration of preoperative and/or postoperative
cataract assessments within Indigenous health care clin-
ics [61] or optometry services [62], Indigenous spectacle
subsidy schemes [59, 60], trachoma control programs
[63], or culturally tailored health promotion activities
[63-65]. While many of these have demonstrated poten-
tial to improve access, evaluations are needed to identify
which represent the best value for money. Future stud-
ies should particularly focus on services which target the
most common causes of vision loss in Indigenous popu-
lations, such as refractive error, cataract, and diabetic
retinopathy [4—8]. Lastly, evaluations of Indigenous pop-
ulations in other countries with documented disparities
in eye health should be considered, such as those living in
New Zealand, Taiwan, and Greenland [66].

Limitations

The lack of a meta-analysis prevented a statistical evalua-
tion of the cost-effectiveness of services. However, given
the limited number of heterogenous studies, a meta-anal-
ysis is unlikely to provide meaningful results [67]. Nine of
the 20 studies included were conducted prior to 2010 and
may be less relevant to modern times given changes to the
costs of providing services. We minimised the impact of
this through providing inflation adjusted results. Exclud-
ing the four poor and very poor-quality studies may have
improved the relevance of findings summarised in our
review. However, as a scoping review, we aimed to provide
a comprehensive overview of all evaluations performed
and highlight common issues with study quality that
should be addressed in future research. Lastly, during the
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systematic search, we identified five studies which ana-
lysed the cost of real Indigenous eye care services with-
out including outcomes or a comparator (Appendix C).
Including cost-only studies may have provided useful data
about these additional services but was beyond the scope
of our review. Furthermore, such partial economic evalu-
ations have limited value in decision-making, as they pro-
vide no indication of the value for money of a service [17].

Conclusions

Our review identified a variety of cost-saving and/or
cost-effective DR screening, general ophthalmology, and
optometry services for Indigenous populations in Aus-
tralia, Canada, and the USA. Services that improve access
to DR screening were particularly well explored and
could substantially reduce avoidable vision loss among
Indigenous populations. Future evaluations should
include the economic impact of improved uptake and
Indigenous concepts of health, while avoiding common
methodological pitfalls, particularly those related to the
assessment of costs and outcomes.
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