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Summary

Vision impairment (VI) can have wide ranging economic impact on individuals, households, and health systems. eClinicalMedicine

The aim of this systematic review was to describe and summarise the costs associated with VI and its major causes. = 2022/46: 101354

We searched MEDLINE (16 November 2019), National Health Service Economic Evaluation Database, the Database PUbl'fhed_onl'ne Xxx o

of Abstracts of Reviews of Effects and the Health Technology Assessment database (12 December 2019) for partial https://dol.org/10.1016/.
. . ) . . eclinm.2022.101354

or full economic evaluation studies, published between 1 January 2000 and the search dates, reporting cost data for

participants with VI due to an unspecified cause or one of the seven leading causes globally: cataract, uncorrected

refractive error, diabetic retinopathy, glaucoma, age-related macular degeneration, corneal opacity, trachoma. The

search was repeated on 20 January 2022 to identify studies published since our initial search. Included studies were

quality appraised using the British Medical Journal Checklist for economic submissions adapted for cost of illness

studies. Results were synthesized in a structured narrative. Of the 138 included studies, 38 reported cost estimates

for VI due to an unspecified cause and 100 reported costs for one of the leading causes. These 138 studies provided

155 regional cost estimates. Fourteen studies reported global data; 103/155 (66%) regional estimates were from high-

income countries. Costs were most commonly reported using a societal (n = 48) or healthcare system perspective

(n = 25). Most studies included only a limited number of cost components. Large variations in methodology and

reporting across studies meant cost estimates varied considerably. The average quality assessment score was 78%

(range 35—100%); the most common weaknesses were the lack of sensitivity analysis and insufficient disaggregation

of costs. There was substantial variation across studies in average treatment costs per patient for most conditions,

including refractive error correction (range $12—$201 ppp), cataract surgery (range $54—$%3654 ppp), glaucoma

(range $351—%1354 ppp) and AMD (range $2209—%$7524 ppp). Future cost estimates of the economic burden of VI

and its major causes will be improved by the development and adoption of a reference case for eye health. This could

Abbreviations: VI, Vision Impairment; AMD, Age- related macular degeneration; LMICs, Low Middle Income Countries; QALYs,
Quality Adjusted Life Years; DALYs, Disability Adjusted Life Years; GBD, Global Burden of Disease; USD, United States Dollars
($); NR, Not reported; RE, Refractive Error; DR, Diabetic Retinopathy; EU, European; PPP, Purchasing power parity; MSVI, Moder-
ate and Severe Vision Impairment; WHO, World Health Organization; ICD 11, International Statistical Classification of Diseases,
Injuries and Causes of Death 11th revision; anti-VEGF, antivascular endothelial growth factor
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then be used in regular studies, particularly in countries with data gaps, including low- and middle-income countries
in Asia, Eastern Europe, Oceania, Latin America and sub-Saharan Africa.

Copyright © 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/)
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Introduction
Vision impairment (VI) is a problem for a large and grow-
ing number of people globally. In 2020 an estimated 1.1
billion people were living with VI, and this is projected to
increase to 1.8 billion people in 2050." About 9o% of those
affected live in low- and middle-income countries
(LMICs).* VI and other eye health problems have a pro-
found impact on individuals, households, health systems,
social development and the economy.” >

VI is associated with considerable economic costs.
We recently reported a new estimate for global annual
economic productivity loss associated with VI of US$
411 billion for 2020.° In addition to this loss of eco-
nomic productivity, there are costs to the health system
to provide and individuals to access eye care, and other
costs related to complications of vision loss and its
effects on comorbid conditions such as depression, car-
diovascular diseases, diabetes and hypertension.”®
Access to eye care services and the associated costs
should be a topic of concern for governments due to
population aging and the expansion of expensive medi-
cal technologies placing significant pressure on health-
care delivery systems.”""®

A systematic review published in 2013 identified 22
studies that reported costs associated with VI from the
main causes of VI in high-income countries.” Here we
report a global systematic review in which we describe and
summarise the costs associated with VI and its major
causes. We have undertaken this review for three main rea-
sons. First, we expanded the search to include low- and
middle-income countries to provide a more global picture.
Second, we expanded the search to include the seven major
causes of VI identified in the 2015 global prevalence esti-
mates—cataract, uncorrected refractive error, diabetic reti-
nopathy, glaucoma, age-related macular degeneration
(AMD), corneal opacity and trachoma.”” Finally, new treat-
ments (e.g. anti-VEGF treatment) have commenced or
expanded, which may result in substantial costs or savings,
and are thus likely to affect the societal cost of VI.

Methods

Protocol and registration

The protocol for this systematic review was registered
on Open Science Framework (https://osf.io/gausw -
doiro.r7605/0SF.I0/6F8VM) and published."”

Search strategy and selection criteria

A literature search was performed in MEDLINE (Ovid)
on 16 November 2019 and the Centre for Reviews and
Dissemination (CRD) database (which includes the
National Health Service Economic Evaluation Database
(NHS EED), the Database of Abstracts of Reviews of
Effects (DARE) and the Health Technology Assessment
(HTA) database) on 12 December 2019. On 20 January
2022 we repeated the search to identify studies pub-
lished since our initial search. The search strategy was
constructed by an information specialist (IG) (supple-
mentary data Appendix 1 p 1) and was provided as an
Annex to our protocol.” No language or geographical
restriction was applied. To ensure contemporary esti-
mates were identified, the search was restricted to
papers published between 1 January 2000 and the
search dates. The references of all included studies were
reviewed for additional potentially relevant studies. We
also provided the list of included studies to field experts,
these being health economists and eye care researchers
who have conducted economic evaluation in eye care, to
identify further potentially relevant studies and reports
in the grey literature. The inclusion criteria are summa-
rized in Table 1.

Vision impairment is categorised based on visual
acuity and visual field and varies by jurisdictions and
countries. The 11th revision of the World Health Organi-
zation (WHO) International Statistical Classification of
Diseases, Injuries and Causes of Death (ICD11) defines
vision impairment based on presenting visual acuity in
the better seeing eye: mild vision impairment is visual
acuity worse than 6/12 to 6/18 inclusive, moderate to
severe vision impairment (MSVI) is visual acuity worse
than 6/18 to 3/60 inclusive and blindness is visual acu-
ity worse than 3/60."* Where these categories have not
been used, we used (and reported) the categories
defined in the primary studies. We use the term vision
impairment inclusive of blindness and mild, moderate
and severe vision impairment except for studies that
only reported costs for persons with blindness where we
used the word blindness in our results.

Study selection

All titles and abstracts were screened by two investiga-
tors independently (APM and one of JR, JZ or ThB) in
Covidence systematic review software (Veritas Health

www.thelancet.com Vol 46 Month April, 2022


http://creativecommons.org/licenses/by/4.0/
https://osf.io/9au3w

Review

Participants

refractive error, diabetic retinopathy, glaucoma, AMD, corneal opacity or trachoma

Interventions

cost of treatment does not vary with the severity of vision loss. Studies reporting services for refractive error were included
regardless of VI as these tend to be a series of irregular one-off efficacious interventions.

Excluded: Studies that reported costs of screening or treatment services for the remaining causes of VI that did not report costs for

people with VI.
Comparators Not relevant

Outcomes

(e.g. absenteeism costs, lost work days, employment opportunities), informal care (e.g. caregivers costs, number of caregivers
hours), intangible costs (e.g. QALYs, DALYs), transfer payments or deadweight losses.
Excluded: Studies that only reported incremental costs, net costs, incremental benefits or net benefits, incremental cost effective-

ness ratio, incremental cost benefit ratios without also reporting actual costs.

Study Design

studies such as cost-effectiveness and cost-benefit studies.

Excluded: Model-based economic evaluation studies not reporting any costs, primary data or based on reviews of existing studies.

Included: Participants with VI from an unspecified cause or due to one of the leading causes of VI globally (i.e. cataract, uncorrected

Included: Studies reporting services for cataract were included regardless of VI as this tends to be a one-off intervention and the

Included: Studies reporting any of the following outcomes among people with VI: Direct costs, indirect costs, productivity losses

Included: Partial economic evaluation studies such as cost of illness studies, burden of illness/diseases and full economic evaluation

).12

Table 1: Summary of the PICOS elements for the systematic review of studies reporting costs associated with VI and its major causes.
VI: Vision impairment; AMD: Age-related macular degeneration; QALYs: Quality adjusted life years; DALYs: Disability adjusted life years.

Innovation, Melbourne, Australia; available at www.covi
dence.org). After completing the screening process, full
texts were assessed by two investigators (APM and one
of JR, JZ or ThB) independently to establish eligibility
for inclusion into the study. Any conflict in relation to
screening was discussed between the two investigators
and resolved with a third investigator when necessary.
The PRISMA flow diagram (Figure 1) outlines the
search process and the reasons for study exclusion.

Data extraction
APM extracted all relevant data which was then verified
by one of ThB, JZ or JR. The items extracted included:

® Study details: study period, country/countries of
study, age range of participants, study design (e.g.
cost of illness, burden of illness/diseases, cost effec-
tiveness or cost benefit studies);

® Methodological details: epidemiological approach (i.e.
incidence or prevalence based), perspective of analy-
sis (e.g. societal/government/ healthcare system/
payer/healthcare provider or patient), method of
resource quantification (e.g. top-down, bottom-up,
combination), discounting methods (i.e. discount
rate applied and justification);

® Data and definitions: main data sources (e.g. pub-
lished expenditure reports, administrative database,
population survey, patient clinical records, patient
diaries, specially designed questionnaires, pub-
lished literature), VI definition & severity (i.e. blind/
moderate or severe VI), cause of VI (and definition)
if specified, disease stage if specified, currency in
which costs were reported, year of cost data, cost
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estimates including direct costs, productivity costs,
informal care costs, loss of well-being measures
(e.g. intangible costs measured with quality-
adjusted life years (QALYs), disability adjusted life
years (DALYs), years of sight loss);

® Analysis of uncertainty: type of uncertainty analysed
(parameter uncertainty, methodological uncertainty
or modelling uncertainty), choice of parameters
included in sensitivity analysis, method to analyse
uncertainty (e.g. univariate sensitivity analysis,
probabilistic sensitivity analysis).

Quality assessment of studies

Formal international guidelines for quality assessment
of economic studies are lacking, so to assess quality of
included studies we used the British Medical Journal
Checklist for economic submissions,” adapted for cost
of illness studies.'® All included studies were appraised
by two investigators independently (APM and one of
ThB, IJ, AN and M]J). The items assessed included
whether the study: defined the disease; described the
epidemiological approach; disaggregated the costs;
described and assessed the data sources; adequately
explained the methods; indicated the study perspective;
described the resource utilization; explained the valua-
tion of unit cost; presented and discussed the results;
and performed sensitivity analysis to assess the robust-
ness of their results.”'® Each quality criterion was rated
as one of: yes (1 point), partial (o.5 points), no (zero
points), or not applicable (zero points, plus the item was
removed from the denominator). A global score was cal-
culated for each study, being the total number of points
allocated as a proportion of the total points applicable
for each study. Equal weight was assigned to each item
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Records identified through Additional records identified

Identification database searching through other sources
n=2733 n=14
) I
Records after 126
duplicates removed
n = 2621
Screening
Records screened
n = 2621
- J
Y
Full-text articles assessed
Eliglbility for eligibility Full-text articles excluded
decss n=147

- 76 Unclear VI severity level information

- 22 Wrong patient population
- 22 Wrong study design

Included

Studies included in
qualitative synthesis
n=138

(reporting 147 cost estimates
across 7 super-regions and
155 cost estimates
across 21 regions)

- 22 Unclear cost information per intervention
- 5 Wrong outcomes
- 1 Duplicate

Figure 1. PRISMA flow diagram.

of the checklist. We did not exclude any study based on
its quality score. Studies with a higher score indicates
higher quality.

Synthesis of results

We divided the included studies into two groups: (1)
‘general VI studies’ that reported costs for people with
VI (without specifying the cause), and (2) studies that
reported costs for people with one of the seven specified
causes of vision loss (Table 1).

Studies were then characterized in terms of country/
countries of study (grouped by Global Burden of Dis-
ease (GBD) super-region [n = 7] and region [n = 21)),
study design, perspective of analysis, epidemiological
approach, type of reported costs, level of reporting,
methods of resource quantification and methods to deal
with uncertainty. If the epidemiological approach, per-
spective of analysis or study design was not stated, it

was assigned by two investigators (APM and ThB) inde-
pendently and finalised by consensus (more details in
supplementary data Appendix 2 p 2-3).

To enhance the comparability of the data, costs
reported for any year prior to 2018 were inflated to 2018
values using a country-specific gross domestic product
deflator,” and then converted to USD ($) purchasing
power parities (ppp)'® to equalise the purchasing power
of different currencies. Whenever the year of cost data
was not reported, the year of publication was used as a
proxy (more details in supplementary Appendix 2 p 2-3).

Cost components reported in each study are sum-
marised in supplementary Table 1 (supplementary
Appendix p 4—6). We compared all cost categories
against a standard framework (supplementary data
Appendix 2 p 2-3) and recategorized components where
indicated to increase comparability between studies.

The process outlined by Mandrik et al. was followed
to decide whether to combine studies.” Costs were
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synthesized in a structured narrative way using seven
summary tables: two for studies reporting global and
national estimates and five tables reporting average
costs. Costs were reported in four categories: direct
costs, productivity costs, informal care costs and intangi-
ble costs. The unit of observation was reported for aver-
age costs and included costs per episode of care (for all
services provided within a specified period of time such
as medical appointments, tests and treatments), costs
per patient (for all episodes of care provided in a specific
period of time), costs per surgery and costs per specta-
cles. Whenever information was available, we classified
direct costs as direct medical (e.g. inpatient care, outpa-
tient care, medical prescriptions and medical examina-
tions) or direct non-medical costs (e.g. home care,
transport), and costs of productivity losses as morbidity-
related (e.g. absenteeism, presenteeism, reduced work-
force participation) or mortality-related productivity
losses (i.e. productivity losses due to premature mortal-
ity). Intangible costs were reported in non-monetary
measures, such as QALYs foregone and DALYs gained,
because objective monetary valuation of intangible costs
is controversial and there is no common acceptable
value across countries®”*" (more details provided in
supplementary data Appendix 2 p 2-3).

Role of the funding source

The funders had no role in the study design, data collec-
tion, data analysis, data interpretation, writing of the
manuscript, or in the decision to submit the manuscript
for publication. APM and ThB had access to and verified
the data reported in the manuscript. The corresponding
author had full access to all of the data and the final
responsibility to submit for publication following
approval from all co-authors.

Results

Search results and study characteristics

A total of 2733 records were identified from the litera-
ture search and 14 unpublished reports were provided
by field experts. After screening titles and abstracts, 285
articles underwent full text screening, and 138 studies
met our criteria and were included in this analysis
(Figure 1).

Geographic distribution

Some of the included studies reported cost estimates in
more than one super-region, region, country or eye con-
dition. Five studies reported estimates for more than
one super-region and seven studies reported estimates
for more than one region, so the 138 studies provided
147 estimates across the seven GBD super-regions and
155 estimates across the 21 GBD regions (Figure 1; sup-
plementary Table 2 p 7-8). Almost 1 in 10 estimates
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presented global data (14/138; 10%) and a further two-
thirds reported results from the high-income super-
region (96/147; 65%) (Table 2). Of the regional esti-
mates, Western Europe (43/155; 28%) and North Amer-
ica (35/155; 23%) were most common. Eight of the 21
regions had no estimates (Central Asia, Eastern Europe,
Southern Latin America, Caribbean, Andean Latin
America, Oceania, Central sub-Saharan Africa and
Southern sub-Saharan Africa) (supplementary Table 2 p

7-8).

Conditions

One hundred studies provided condition specific costs,
three-quarters of which reported cost estimates for one
of AMD (33/100), cataract (28/100), or glaucoma (16/
100) (supplementary Table 2 p 7-8).

Study design

Included studies were primarily cost of illness (84/138;
61%) or cost analysis (28/138; 20%) studies; there were
17 cost-effectiveness studies (17/138; 12%), Table 2. The
age range of included participants varied widely,
although studies largely focused on adults (all partici-
pants were >I5 years).

Most studies (124/138; 90%) took a prevalence-based
rather than an incidence-based approach to estimating
costs (Table 2). The perspective used to estimate costs
was not stated in 52 studies (38%) and for analysis pur-
poses the reviewers had to assign a study perspective.
Approximately one-third (48/138; 35%) of studies
reported costs using a societal perspective; and roughly
equal proportions used a healthcare system (25/138;
18%) or a payer (23/138; 17%) perspective (Table 2).

Quality assessment of studies

The average quality assessment score across studies was
78% (median 80%, range 35—100%), (supplementary
Tables 3 p 9 and 4 p 10—12). The quality items most
often met by studies were providing a full or partly ade-
quate description of the methods (135/138 [fully 108,
partially 277]) and presenting and discussing the results
suitably (136/138 [fully 106, partially 30]). The two items
on which studies were weakest were reporting of sensi-
tivity analysis (47/137 [fully 46, partially 1]) and disag-
gregation of costs (98/132 [fully 78, partially 20]).

Review results

Cost report characteristics. The 138 studies provided
202 cost estimates distributed across four cost compo-
nents: direct costs, productivity loss costs, informal care
costs and intangible costs (Table 3). The cost compo-
nents most frequently reported were direct costs (115/
202; 57%), followed by productivity losses (37/202;
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Studies characteristics General VI studies Condition-specific studies Total
n % n % n %
Number of super-regions estimates (n = 147) *
High Income 30 70% 66 63% 96 65%
South Asia 2 5% 8 8% 10 7%
Southeast Asia, East Asia, and Oceania 3 7% 5 5% 8 5%
Latin America and Caribbean 1 2% 6 6% 7 5%
Sub-Saharan Africa 1 2% 6 6% 7 5%
Central Europe, Eastern Europe, and Central Asia 1 2% 2 2% 3 2%
North Africa and Middle East 0 0% 2 2% 2 1%
Global 5 12% 9 9% 14 10%
Study participants age-range (n = 138)
All ages 21 55% 16 16% 37 27%
Youth, Adults and Seniors (all > 15 years) 16 42% 64 64% 80 58%
Children and Youth only (all < 20 years) 1 3% 3 3% 4 3%
Age range not stated 0 0% 17 17% 17 12%
Study design (n = 138)
Cost of illness study 28 74% 56 56% 84 61%
Cost analysis 4 1% 24 24% 28 20%
Cost effectiveness study 0% 17 17% 17 12%
Other 6 16% 3 3% 9 7%
Study perspective (n = 138)
Societal 21 55% 27 27% 48 35%
Healthcare system 4 1% 21 21% 25 18%
Third party payer 1 3% 22 22% 23 17%
Patient 7 18% 7 7% 14 10%
Hospital 0 0% 7 7% 7 5%
Other ¢ 4 1% 2 2% 6 5%
Multiple © 0 0% 1Al 11% 1Al 8%
Not applicable * 1 3% 3 3% 4 3%
Study epidemiological approach (n = 138)
Prevalence-based 34 89% 90 90% 124 90%
Incidence-based 3 8% 5 5% 8 6%
Incidence and prevalence-based 0 0% 3 3% 3 2%
Not applicable 1 3% 2 2% 3 2%
Table 2: Distribution of 138 included studies reporting costs associated with VI and its major causes by super-region, study participants
age-range, study design, perspective of analysis and epidemiological approach.
# Studies reported costs estimates in more than one super-region therefore the sum of studies distributed by super-region (n = 147) is greater than the num-
ber of studies (n = 138);
> Includes 4 case control studies, 2 case reports, 1 study reporting each of a method to collect personal costs, employment data and data on informal care;
© We assigned a study perspective in 52 studies when authors had not;
4 Includes studies adopting a governmental (n = 4), caregiver (n = 1) and employer (n = 1) perspective;
¢ Includes economic evaluation results from 2 perspectives, most often (societal or healthcare system perspective together (n = 3) or combined with other
perspectives (n = 6). Other combinations included patient perspective reported with other perspectives (n = 2);
f These studies reported an estimate of the impact of vision impairment on the labour market in terms of well-being and thus did not require a study per-
spective or an epidemiological approach.

18%). A minority of studies included combinations of
costs (41/138; 30%), e.g. direct costs and informal care
costs (8/138; 6%) or direct costs, productivity losses and
informal care costs (7/138; 5%) (data not shown). A
summary of the cost components included in each
study is presented in supplementary Table 1 (supple-
mentary Appendix p 4—0).

Costs were most commonly derived using bottom-up
methods either alone (103/138; 75%) or in combination

with top-down methods (8/138; 6%). Condition-specific
studies used the bottom-up method (83/100; 83%)
more frequently than general VI studies (20/38; 53%).
Less than one-third of studies (41/138; 30%) used sensi-
tivity analysis to explore parameter or methodological
uncertainty. Discounting methods to account for cost or
benefits not incurred in the same year were used in all
studies requiring it (n = 27). Due to heterogeneity, we
summarise results narratively."®
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General Vi studies Condition-specific studies Total
n % n % n %
Number of reported costs components (n = 202) *
Direct costs 28 39% 87 66% 115 57%
Productivity loss costs 19 27% 18 14% 37 18%
Informal care costs 14 20% 16 12% 30 15%
Intangible costs 10 14% 10 8% 20 10%
Method of resource quantification (n = 138) °
Top down (population-level) 14 37% 10 10% 24 17%
Bottom up (person-based) 20 53% 83 83% 103 75%
Top down and bottom up 4 10% 4 4% 8 6%
Not applicable © 0 0% 3 3% 3 2%
Level of reporting estimates (n = 138) ¢
Projected to a population (e.g. region, country) 20 53% 19 19% 39 28%
Recruited sample (e.g. average cost per patient or per treatment, excess cost) 16 42% 80 80% 96 70%
Both 2 5% 1 1% 3 2%
Use of discounting (n = 138)
Yes 6 16% 21 21% 27 20%
No 0 0% 0 0 0 0%
Not applicable © 32 84% 79 79% 111 80%
Method use to deal with uncertainty (n = 138)
Sensitivity analysis 13 34% 28 28% 41 30%
None 25 66% 72 72% 97 70%
Table 3: Characteristics of costs reported by 138 included studies reporting costs associated with VI and its major causes.
* Studies reported more than one cost component therefore the sum of studies distributed by type of cost reported (n = 202) is greater than the number of
studies (n = 138);
° Top-down method uses aggregate expenditures by cost component while bottom-up method assigns costs to individuals with a specific disease or condition;
¢ Includes 1 study that examined the relationship between vision impairment from cataract with time use (including paid work), 1 study that described the
burden (measured with EQ5D Health States) of bilateral age-related macular degeneration and 1 study that reported impact on caregivers measured in number
of work days lost;
4" Population estimates provide information about the costs incurred in a defined population (district country, subregion, global) during a specific period of
time. Average cost estimates provide information about the cost per patient or per treatment incurred in a specific population during a specific period of time;
¢ Discounting is only applicable in studies that report costs and consequences for multiple years.

Global and national population eye health cost estima-
tes. Of the 39 studies reporting costs projected to a
global or national population (Tables 4 and 5), seven
were from similar settings or by the same group of
authors that used similar methodology and reported
similar cost components (Table 4). For example, four
Australian studies were similar, and resembled reports
from Japan, Canada and the United Kingdom by the
same authors.”””*° When reporting the cost of VI and
blindness these studies showed that most of the direct
costs were direct medical costs (>50%) and that produc-
tivity losses were mainly morbidity-related (>97%)
rather than mortality-related. Two other global cost-
effectiveness studies reported direct costs for cataract
surgery and trachoma surgery using similar methodol-
ogy (Table 5). Providing the two most cost-effective
interventions in both diseases would avert 14.5 million
DALYs per year globally (trachoma 11 million; cataract
3.5 million) at a cost of $5.87 billion ppp.*®*" Findings
from most other studies were less comparable.

Only one study reported global costs of VI compre-
hensively by including direct costs, productivity losses
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(morbidity- and mortality-related), informal care costs
and intangible costs measured with DALYs.* This
study estimated that the total global cost in 2010 was
$3,121 billion ppp, 85% of which was due to direct medi-
cal costs, in addition to 117.7 million DALYs (Table s).
Productivity losses were only estimated for high-income
countries.**

Other global reports reported morbidity-related pro-
ductivity losses. Productivity losses were estimated by
several approaches including the use of disability
weights for blindness and VI,** 3 or for presbyopia,’”
or simply assuming that people with VI and blindness
have less chance of being employed*® #° and those who
work received a lower wage.’® Reports ranged from
$0.78 billion ppp for trachoma*' to $381 billion ppp for
VI (Table s).

Average cost estimates general VI studies. Average
cost estimates General VI Studies: Most studies report-
ing average cost estimates restricted cost reporting to
direct medical costs (35/41; 85%) (Tables 6 and 7). Only
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Country Ref. Cause Year of Population Perspective in billion 2018 USD ppp Intangible Quality
cost data for of analysis Costs appraisal
which costs Direct Costs Productivity losses Informal e
Care
wer‘e Medical Non- Total Morbidity Mortality Total @B
projected ) medical (1) +(2)  (3) @ (3)+4)
(million) ()

National estimates
High-income Asia Pacific

Japan 26 All causesl| ° 2007 1.64 Societal 11.03 9.52 20.55 536 0.06 5.42 - 229,085 DALYS 95

Singapore o2 All causes NR NR Patient - - - - - - - 1828 DALYS

Singapore % RE — Myopia 2011 2.08 Patient - - 0.849 - - - - -

Singapore o AMD 2015 0.12 Health 0.18 - - - - - - 85

System

Australasia

Australia 2 All causes 2004 0.48 Societal 14 0.8 2.20 1.81 0.01 1.82 0.86 41,187 DALYS © 7.5

Australia » All causes 2009 0.58 Societal 1.7 1.0 2.69 1.84 0.05 1.89 0.2 58,157 DALYS

Australia 2 Glaucoma 2005 0.21 Societal - - 0.34 - - 0.05 0.10 6972 DALYS 9

Australia » DR 2005 0.28 Societal - - 0.04 - - 0.09 0.05 9629 DALYS 8
Western Europe

Germany % All causes 2016 327 Societal 2551 - - 15.93 - 2551 - - 10

Germany % All causes 2004 0.73 Societal - 14.48 - - - - - - 7.5

United Kingdom » All causes 2013 1.93 Societal 2.96 228 5.24 3.84 0.003 3.85 357 219,106 DALYS 9

United Kingdom % All causes 2004 1.1 Societal - 25.55 - - - - - - 75

France % All causes 2004 127 Societal - 1635 - - - - - - 75

Italy % All causes 2004 1.03 Societal - 21.07 - - - - - - 7.5
High-income North America

Canada 2728 All causes 2007 0.82 Societal 486 0.29 5.15 418 - - 0.67 77,306 DALYS 8

United States o All causes 2004 NR Societal 2115 14.48 35.63 1046 - - - - 95

United States % All causes 2004 37 Societal 6.64 - - - - - 052 209,202 QALYSlost 85

United States 29 All causes 2010 215 Societal 16.63 2.04 18.67 13.94 - - 0.68 215,000 QALYS lost 8.5

United States 100 Refractive Error 2000 11.26 Payer - 5.53 - - - - - - 7
North Africa, Middle East

Iran o1 Refractive Error 2013 75.15 Societal 17.0 - - - - - - - 5
South Asia

Pakistan 102 Unspecified 2003—04 0.62 Societal - - - 0.57 - - - - 5
Multi-country estimates

28 EU countries 40 All causes 2014 11.27 Societal - - 39.3;49.3;854 ¢ - - - - 8.5

9 countries 38 All causes 2011 2541 Societal = - - 28.8;75.57° - - — - 8.5

Table 4: National population cost esti for vision impairment and its major causes. Costs are in billion 2018 USD purchasing power parity.

USD — United States Dollars ($); NR — Not reported; RE — Refractive Error; AMD - age-related macular degeneration; DR — Diabetic Retinopathy; DALYs — Disability Adjusted Life Years; QALYS — Quality Adjusted Life Years; EU
— European; ppp- purchasing power parity;

# General VI study — all causes of VI;

> Annual QALYs loss per 100,000 persons due to VI;

¢ This DALYS estimate includes only years of life lived with disability leaving out of this estimate years of life lost due to premature mortality. DALYs estimates usually combine years of life lived with disability and life lost due to
premature mortality;

4 This study estimated productivity losses costs using three models, the minimum wage model ($39.3 billion ppp), the Gross Domestic Product Adjusted model ($49.3 billion ppp), and the Gross National Income model ($85.4
billion ppp);

€ This study valued productivity losses costs using two models the minimum wage model ($28.8 billion ppp) and the Gross National Income model ($75.57 billion ppp).
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Country Ref. Cause Year of Population Perspective In billion 2018 USD ppp Intangible Quality
cost data for which of analysis N . Costs appraisal
EEBTTE Direct Costs Productivity losses giformal S0
" are
projected Medical Non- Total Morbidity Mortality  Total T
(million) ) medical  ()+(@2) (3) @ (3)+(4)
(2)
Global estimates
World 2 All causes ° 2010 733.0 Societal 2645.06 - - - - 193.36 282.98 117.7 million 10
DALYS
World 3 All causes 2000 25.0 Societal - - - 26.87 - - - - 8
World » All causes 2017 1077.1 Societal - - - 381.06 - - - - 7.5
World 103 Refractive Error 2007 1585 Societal - - - 321.38,511.37° — - - - 6.5
World 3 Refractive Error 2015 537.6 Societal - - - 239.75;5.54 - - 1757039 - 9
World 3 Refractive Error 2011 244 Societal - - - 28.59 - - - - 9
World 30 Cataract 2000 NR Societal 5.54° - - - - - - 3.5 million 8
DALYS ©
World 3 Trachoma 2000 N.R Societal 033° - - - - - - 11 million 7.5
DALYS ¢
World * Trachoma 2003 146 Societal - - - 7.10 - - 0.54 - 7
World 35 Trachoma 1995 9.1 Societal - - - 446 - - - - 6
World “ Trachoma 2005 NR Patient - - - 0.78 - - - - 9

Table 5: Global population cost estimates for vision impairment and its major causes. Costs are in billion 2018 USD purchasing power parity.

USD — United States Dollars ($); NR — Not reported; DALYs — Disability Adjusted Life Years; ppp- purchasing power parity;.

General VI study — all causes of VI;

This study estimated productivity losses costs using two models, the Gross domestic Product Adjusted model ($321.38 billion ppp) and the Gross domestic Product Unadjusted model ($511.37 billion ppp);
Productivity losses and informal care costs resulting from VI caused by uncorrected myopia (highest value) and myopic macular degeneration (lowest value);

Cost of providing extra capsular cataract surgery at 80% coverage level;

9

e a o

)

DALYS per year averted with extra capsular cataract surgery provided at 95% coverage level;

=

Cost of providing trichiasis surgery at 80% coverage level;
DALYS per year averted with trichiasis surgery provided at 80% coverage level.

@
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Country Reference Cause Treatment Year of Sample Unit of Perspective of In 2018 USD ppp Quality
cost data size Observation analysis appraisal
score
Total
(1) +(2)
High-income Asia Pacific
South Korea 8 All causes ° Unspecified 2011 1810 Patient Health System - 8
Australasia
Australia 104,105 All causes Unspecified 2003 150 Patient Patient 815 9:85
Australia a3 All causes Unspecified 2003 114 Patient Patient - 45
Western Europe
Portugal 42 All causes Unspecified 2014 546 Patient Societal - 8
Portugal a All causes Unspecified 2014 546 Patient Societal - 8
United Kingdom 46 All causes Unspecified 2012 3589 Patient Health System 4971 9
United Kingdom “ All causes Unspecified 1997/98 3488 Patient Health System 1841 9
United Kingdom i All causes Unspecified 2000 N.R Patient Governmental 1st year: 85
131342nd
year: 5675
Netherlands 106 All causes Unspecified 2015 152 Patient Societal 523° 9
High-income North America
United States 9 All causes Unspecified 2004 10,796 Patient Patient - 8
East Asia
China 107 All causes Unspecified 2015 302 Patient Patient 7374 9

Table 6: Average annual cost estimates per person with vision impairment from any cause. Costs are in 2018 USD purchasing power parity.

USD — United States Dollars ($); ppp- purchasing power parity;.

? General VI study — all causes of VI;.
" Average costs for productivity losses and informal care costs reported together were reported to be $120 ppp.
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Country Reference Cause Treatment Year of Sample Unit of Perspective of in 2018 USD ppp
cost data size Observation analysis
Direct costs Productivity Informal Quality
Losses Care appraisal
Medical Non- Total costs score
(1) medical M +(2)
(2)

High-income Asia Pacific

Japan 6 Cataract Unspecified 2009 549 Episode * Health System 3654 ° - - - - 9
Western Europe

United Kingdom 108 Cataract Unspecified 1998/99 399 Patient Patient - 153;231°¢ - - - 6.5

United Kingdom 109 Cataract Phaco/ECCE N.R 476 Surgery Health System - - 725; 741 ¢ - - 9.5

France = Cataract Unspecified 2001 250 Episode Health System 2690 - - - - 8

France o Cataract Unspecified 2011 125 Episode Health System 465; 744 © - - - - 7

Sweden m Cataract Unspecified 1998 565 Episode Health System - 787 - - - 7.5

9 EU countries 2 Cataract Unspecified 2005 N.R Patient Health System - 2680 1673 - - - 8.5
High Income North America

United States s Cataract Unspecified 2012 Surgery Health System 2934 - - - - 9.5

N.R and Societal

United States o4 Cataract Unspecified 2009 27 Episode Payer 9615; 12,3119 - - - - 7

United States e Cataract Unspecified N.R 68,866 Episode Payer 1087 35

United States s Cataract Congenital 2013 Patient Payer - - 36,352; - - 75

Cataract surgery 114 38,353"

United States e Cataract Unspecified 2004 137,039 Episode Payer - - 3029 - - 7.5

Canada " Cataract Unspecified 2003 44 Episode Hospital 1043 to 1542 ¢ - - - - 85
South Asia

India e Cataract Congenital Cataract 2010 N.R Episode Hospital - 140 to 547 - - - 85

India 3 Cataract Phaco/ECCE/MSICS 2000 N.R Surgery Societal - - 23,2436 - - 85

India 2 Cataract ECCE 1997 5025 Surgery Societal - - 68 t0 24 - - 6.5
Southeast Asia

Malaysia e Cataract Phaco/ECCE 2000 247 Surgery Health System - - 1288;1598' - - 9.5
East Asia

China 120 Cataract Phaco 2000 1189 Surgery Hospital - - 617 to 1488 - - 85
Eastern sub-Saharan Africa

Zambia 0 Cataract ECCE 2010 40 Episode Hospital - - 77 - - 8

and Patient
Kenya 21 Cataract Paediatric N.R Patient Hospital 303;380¢ - - - - 4
cataract surgery 96

Western sub-Saharan Africa

Nigeria o1 Cataract Unspecified N.R 104 Patient Patient - - 54) - - 8
Tropical Latin America

Brazil 122 Cataract ECCE 2001 1025 Surgery Health System 786 - - - - 6.5

Brazil 123 Cataract Phaco/ECCE N.R 205 Surgery Health System 239;349' - - - - 6.5

Brazil 124 Cataract Phaco 2000 58 Surgery Health System 344 - - - - 9

Table 7: Average cost estimates for cataract treatment. Costs are in 2018 USD purchasing power parity.

USD — United States Dollars ($); ppp- purchasing power parity; N.R — Not reported; Phaco, phacoemulsification surgery; ECCE, extracapsular cataract extraction; MSICS, manual small incision cataract surgery.
a

b

Cataract surgery episode includes all costs involved in the pre-, intra and post-operative period (including out-patient attendance, post-operative attendance medication etc.) whereas ‘surgery" is just the surgical activity;
Average cost for surgery in one eye;
€ Average cost in two different hospitals: a district hospital and a community hospital (lowest value);
Average costs for phaco (lowest value) and ECCE (highest value);

€ Average costs for cataract surgery in outpatient settings (lowest value) and in inpatient settings (highest value);

f This study reported the cost of providing cataract surgery in nine countries in Europe: Denmark, England, France, Germany, Hungary, Italy and The Netherlands. Average costs varied considerably by country ranging from
$286 ppp in Poland and $1673 ppp in Italy;

& Average cost for simultaneous bilateral surgery and sequential bilateral surgery (higher value);

b5 year treatment cost: surgery and contact lenses (lowest value), surgery and intraocular lenses (highest value);

! Average costs for ECCE (lowest value), phaco (highest value);

) Average direct costs for men ($59 ppp highest value), women ($49 ppp lowest value), both sexes $54 ppp.
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three studies reported annual informal care costs or pro-
ductivity losses estimates in two high-income countries:
Australia and Portugal. Cost estimates for informal care
were similar between these two countries (<$1,000
ppp).**** Productivity loss estimates in Portugal were
nearly ten times higher than informal care costs esti-
mates, for the same population and year** (Table 6).
Average direct costs for VI and/or blindness were
reported for the United Kingdom, the United States,
China and South Korea as shown in Table 6. Cost esti-
mates varied over time and between and within coun-
tries. In the United Kingdom, cost estimates of
blindness in 2012 increased 2.5 times when compared
to estimates in 1998.474° Higher estimates within the
United Kingdom, were also found in studies assuming
a broader perspective.*” Cost estimates for blindness in
other countries varied between $3,799 ppp in South
Korea*® and $5,946 in the United States*® (Table 6).
The studies that reported age and/or sex-specific analy-
sis showed that direct costs for blindness were higher in
women than in men*® and rise consistently with
increasing age. 44549

Cataract: Cost of cataract treatment varied consider-
ably between countries and by type of surgery. The low-
est estimates (<$150 ppp) were for extracapsular
cataract extraction in lower-middle income countries
including India, Nigeria and Zambia’®>* (Table 7). The
highest estimates per episode (>$2,500 ppp) were
found in France, the United States and ]atpan.s‘**56

Refractive error: The cost of the provision of spectacles
to correct refractive error was reported in three studies;
costs ranged from $12 ppp in India’” to $201 ppp in a
study undertaken in five European countries’® (Table 8).

Diabetic retinopathy: Costs for treatment over a 5-year
period were reported in the United States for diabetic
retinopathy treated with anti-VEGF and estimated to be
$40,825.°9

Glaucoma: Among the 16 studies reporting costs for
glaucoma, annual treatment costs varied between $878
ppp in Nigeria for surgical treatment®® and $5,272 ppp
reported for four European countries for a much wider
number of cost items such as rehabilitation care and
home care costs®’ (Table 9). Another study in the
United States reported average 5-year costs for three
glaucoma treatment strategies: medical treatment, tra-
beculectomy and tube insertion. Costs ranged from
$6,707 for medical treatment to $10,949 for tube
insertion."

AMD: Studies that estimated costs of AMD reported
costs for medical treatment, laser treatment and anti-
VEGF treatment (Table 10). In general, anti-VEGF treat-
ment studies were more recent and reported higher
costs than any other AMD treatment strategy. Anti-
VEGF treatment costs were estimated for several coun-
tries (Greece, United Kingdom, Switzerland, United
States, Australia, South Korea and Turkey) and in sev-
eral treatment periods and treatment regimens. For

Quality
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€l

Country Reference Cause Treatment Sample Year of Unit of Perspective of in 2018 USD ppp Quality
size cost data Observation analysis appraisal
Direct costs Productivity Informal
score
) Losses Care
Medical Non- Total —
(1 medical (1) +(2)
(2)
Western Europe
Finland 126 Glaucoma All types ° 168 2006 Patient Health System 1354 - - - - 9
4EU o Glaucoma Unspecified 162 2005 Patient Health System 1238 4034 5272 - - 8
countries and Societal

High Income North America

United States ~ '?/ Glaucoma All types * 81 N.R Patient Payer - - 1476; 2664  — - 8
United States 62 Glaucoma Surgical N.R 2013 Episode Health System 8555 ¢, 6707; - - - 10
10,949 -
United States ~ *° Diabetic Anti-VEGF 213 2018 Episode Health System 40,825 © - - - - 8
Retinopathy
United States ~ '*® Diabetic Unspecified 1441 2012 Patient Payer 17,280 - - 2210 - 55
Retinopathy
Western sub-Saharan Africa
Nigeria c0 Glaucoma Surgical 120 2006 Patient Patient and 878 - - - - 8
Governmental
Tropical Latin America
Brazil 129 Glaucoma Surgical 227 2010 Surgery Health System 351;415;448° - - - - 7

Table 9: Average cost estimate for glaucoma and diabetic retinopathy treatment. Costs are in 2018 USD purchasing power parity.
USD — United States Dollars ($); ppp- purchasing power parity; EU — European; N.R — Not reported.
# Ttincludes surgical, laser and medical treatment available in the country.
> France, Denmark, Germany and the United Kingdom.
Average cost for second year of treatment (lowest value) and first year of treatment (highest costs);.
Average cost of trabeculectomy treatment over 5 years ($8555 ppp), mean cost for medical treatment in the same time period was reported as$ 6707 ppp and for tube insertion as $10,949 ppp;.
€ Average cost for a 5 year period for patients with proliferative diabetic retinopathy and center involved diabetic macular edema treated with ranibizumab.
Average cost for diabetic retinopathy Non- drivers cohort. Commercial driver cohort data was not reported since it included exclusively persons for whom good vision is required to maintain employment.
Average direct costs of non-penetrating deep sclerectomy by glaucoma severity level: early / moderate/ severe.

a

=
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Country Reference Cause Treatment Year of Sample Unit of Perspective In 2018 USD ppp Quality
cost data size Observation of analysis appraisal
score
Direct costs Productivity Informal
Losses Care
Medical Non- Total costs
(1) medical (1) +(2)
)
High-income Asia Pacific
Japan 120 AMD Anti- VEGF 2017 71 Patient Societal - - - - 778; 75
1512°
Japan 3 AMD Anti- VEGF 2013 3058 Patient Payer 14,888 ° - - - - 55
Korea 66 AMD Unspecified 2014 7119 Episode Payer - - 3354 - - 8.5
Australasia
Australia 132 AMD Unspecified N.R 103 Episode Patient 1943 543 2486 982 2198 85
Western Europe
3 EU countries 133 AMD Unspecified 2004 360 Patient Societal 3632 1608 5240 to 7524 - - 85
France 134 AMD Unspecified 2000 105 Patient Payer 2934 2827 5762 - 1410 9
Germany 139 AMD Unspecified N.A 150 Patient Caregiver 181 547 787 - - 6.5
Greece 136 AMD Anti- VEGF 2011 N.R Patient Payer 52,404 ¢ - - - - 85
Ireland ¥ AMD Photodynamic 2006 21 Patient Societal 3377 536 3913 1950 1496 9
therapy
Italy 138 AMD Laser 1999 476 Patient Societal 767 - - - - 8.5
Switzerland o4 AMD Anti- VEGF 2014 3058 Episode Payer - - 7747; 9424 ° - - 55
Switzerland 0 AMD Anti- VEGF 2016 361 Patient Payer 10,692;12,456 - - - - 8
United Kingdom 3 AMD Anti- VEGF 2011 610 Patient Health System 4824;29,871 ¢ - - - - 9
United Kingdom 139 AMD Photodynamic 2007 4566; Patient Health System - - 2209;7911 " - - 7
therapy 18349 and Societal
High Income North America
Canada 140 AMD Photodynamic 2005 166 Patient Societal 5985 2498 8433 - - 9
therapy
United States 7 AMD Medical 1995-99 6290 Patient Payer 2473 - - - - 75
United States 67 AMD Anti- VEGF 2009 N.R Patient Payer 16,261;18,756’ - - - - 4
United States “ AMD Anti- VEGF 2009 92 Patient Payer 62,985 - - - - 6.5
Central Europe
Czech Republic 42 AMD Anti- VEGF 2012 763 Patient Hospital 9592 - - - - 75
North Africa, Middle East
Turkey 43 AMD Anti- VEGF 2016 175 Patient Payer 2657;5059' - - - - 6.5
South Asia
India o8 Corneal Medical 2004 498 Episode Patient 112 4 116 39 - 4
Opacity
Western sub-Saharan Africa
Gambia 9 Trachoma Trichiasis surgery 1998 120 Surgery Societal - - 9 - - 6.5

Table 10: Average cost estimate for treatment of AMD, corneal opacity and trachoma. Costs are in 2018 USD purchasing power parity.
USD — United States Dollars ($); ppp- purchasing power parity; EU — European; N.R — Not reported; N.A — Not applicable.
# Average cost in the first year of treatment in two different regimens "as treat and extent regimen" ($778 ppp) and "as needed regimen" ($1512 ppp);

b

o o 0

=~ 5 @™

Cost per 10 000 persons;

Average cost for Italy ($5240 ppp), This study also reported cost for France (sum of direct costs $7524 ppp) and Germany (sum of direct costs $5920 ppp).

Average cost for 10 years of ranibizumab treatment.

Average cost for aflibecerpt ($7747 ppp); Average cost for ranibizumab $9424 ppp.

Average monthly cost for aflibecerpt $1038 ppp, average monthly cost for ranibizumab $891 ppp.

Lowest average reported value for discountinuous bevacizumab regimen, highest reported value for continuous ranibizumab regimen.

Average cost of verteporfin photodynamic therapy (PDT): second year of treatment (lowest value) and first year of treatment (highest value) (including health and social service costs).

Average costs for all patients; costs were stratified by age group, costs rose from $2362 for those aged 65-69 years up to $2710 for those aged 75- 79 years and then decreased (80-84 years, $2556; >85 years, $ 1800).
Average cost for ranibizumab: year 2 (lowest value) and Year 1 (highest value).
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example, a report in the United Kingdom showed that,
using bevacizumab in a discontinuous regimen ($4,824
ppp) was one sixth the cost of using ranibizumab in a
continuous regimen ($29,872 ppp).”> The average
annual cost of ranibizumab therapy also varied consid-
erably between countries.®#®> Average costs ranged
from $3,354 ppp in South Korea to $18,756 in the
United States.®®®”

Corneal opacity and trachoma: In India, one study
reported, from a patient perspective, direct costs for
treatment of corneal opacity of $116 ppp and associated
productivity losses of $39 ppp.®® Trachoma surgery
costs were estimated to be $9 ppp in The Gambia.®”

Other studies. Other studies reported costs using dif-
ferent approaches. Eighteen studies reported costs by
severity level, measured by visual acuity (e.g. moderate
VI, severe VI, blindness) or various glaucoma and dia-
betic retinopathy classification systems. Different pat-
terns and trends were observed across studies when
average costs were split by visual acuity or by disease
specific severity level although in two-thirds of studies
higher vision loss or higher disease severity was associ-
ated with higher costs (supplementary Table 5 p 13—15).
For glaucoma reported annual average costs ranged
from $410 ppp in Canada (direct medical costs reported
for glaucoma patients with moderate VI)’° to $32,903
in the United States (direct medical and non-medical
costs for glaucoma patients with VI).”* A similar wide
range of costs was found for AMD but this time the low-
est cost report was found in a study in Thailand.”* Inclu-
sion of home care, informal care or institutional care
costs increased total costs considerably, regardless of
the cause of VI. None of the studies reporting direct
non-medical costs related to home care or institutional
costs reported costs below $14,000 (maximum report of
$96,588 for glaucoma patients with very severe VI73).

Comparisons between ophthalmic and non- ophthal-
mic costs were reported in six studies’* 79 (supplemen-
tary Table 6 p 16). Direct ophthalmic costs accounted
for 7% to 70% of total cost. Non-ophthalmic costs
included a wide variety of costs such as costs related to
falls and fractures, depression and anxiety treatment
and primary care visits. The annual direct ophthalmic
and non-ophthalmic treatment costs per AMD patient
ranged between $7,721 ppp in the United Kingdom””
and $38,665 in the United States.””

Search update. Our search updated in January 2022
identified 487 potential studies. We reviewed the full
text of 53 of these and ultimately identified 14 eligible
studies. The main characteristics of these studies are
listed in supplementary Table 7 (supplementary Appen-
dix p17). These additional studies do not change the con-
clusions of our review i.e. they were predominantly
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undertaken in high-income countries (n = 10, 71%) and
tended to take a prevalence-based, bottom-up approach
to report direct costs.

Discussion

To our knowledge, this systematic review is the first to
comprehensively summarise findings and methodologi-
cal considerations of studies estimating the costs associ-
ated with VI and its major causes across all world
regions. It is also the first systematic review to docu-
ment the costs associated with anti-VEGF treatment for
eye conditions. We identified 38 studies reporting data
for VI and 100 studies reporting data for one or more of
seven major causes of VI. Two-thirds of studies reported
data from high-income countries, highlighting the need
for more studies that estimate the economic burden of
VI in low- and middle-income countries, where 80% of
the global population and 9o0% of people with VI live.>

In addition, we found considerable variation and lim-
itations in the VI cost literature. The methods used, and
the results reported were, in general, not standardised.
The costs reported were not comprehensive and inade-
quate sensitivity analysis was performed. This widely
recognized variation in methods and reporting®®®'
reduces the generalizability and comparability of studies
and compromises the usefulness of cost studies to
inform priority setting decisions.**®

We found that treatment costs for all causes of VI
varied considerably between and within countries,
reflecting variation in methodological and reporting
approaches, and differences in health care systems
including therapeutic options and regimens, organiza-
tional systems, clinical pathways and resources. Treat-
ment options for refractive error, trachoma and cataract
tended to be less expensive than those for AMD, diabetic
retinopathy and glaucoma. The cost of treating cataract
has tended to reduce over time in low-, middle- and
high-income countries (Table 8). In contrast, the intro-
duction of anti-VEGF treatment for AMD has increased
costs of AMD treatment, though the range of anti-
VEGF medication regimens resulted in many different
costs estimates (Table 10).

In this systematic review we found a lack of clarity
and uniformity regarding the cost items included in the
four major cost components: direct costs, productivity
costs, informal care costs and intangible costs. Many
studies did not disaggregate and disclose the type and
number of cost components included in the estimated
cost which made it impossible to identify the main cost
drivers. Moreover, the majority of studies (53%), even
those classified as adopting a societal perspective,
included only a limited number of cost components,
which contributed to a lack of comprehensiveness in
the cost estimates generated. Even within direct medical
costs reported, we found significant variation, with
some studies including only physician visits and

15



Review

16

medication, and excluding important items such as
medical examination and rehabilitation care. The type
and extent of non-ophthalmic costs included, such as
those related to comorbidities (e.g. depression and anxi-
ety) or to sequelae of VI (e.g. falls and fractures) meant
the proportion of direct costs attributed to ophthalmic
versus non-ophthalmic costs varied widely (7% to 70%
of total costs) and further highlights the lack of unifor-
mity and generalizability of costs estimates.”+ 7

The widespread use of different assumptions and
models to estimate productivity losses, 3*4° also
emphasises the lack of more reliable and up-to-date data
sources across a wide range of regions and a lack of con-
sistency in the application of analytic methods. For
example, global productivity losses for trachoma varied
between $0.78 billion ppp and $7.10 billion ppp due to
differences in costing methods and the trachoma defini-
tion used to identify prevalent cases (Table 5).3*4’

The inadequate characterization of uncertainty in
70% of studies also constitutes an important limitation
of the current VI literature. Such analysis, generally rec-
ommended in economic evaluation textbooks and
guidelines, is an integral component of any robust and
transparent economic analysis as it aids understanding
and assessment of the limitations of studies and also
identifies the key variables for which more precise mea-
surement is needed to improve future studies.**

Our review must be considered in the context of sev-
eral limitations. First, our inclusive approach to capture
any cost estimate for VI or its major causes from any
perspective contributed to the substantial methodologi-
cal heterogeneity observed across included studies. Esti-
mating societal costs of a health problem is different
from estimating the incremental cost per patient of a
specific intervention and implies different methodologi-
cal approaches.>® Second, we restricted our search to
papers published from January 2000 onwards and
therefore we may have reduced the number of included
studies. We believe that restricting inclusion for studies
published no more than 20 years ago could increase
generalisability to current and future years due to
changes in standard of care and research methods."
Moreover, to minimise the risk of missing relevant stud-
ies we searched the three most commonly used sources:
Medline, CRD database (which includes NHS EED and
DARE databases) and the HTA database,”® and
included an information specialist (IG) to help with the
search strategy.®® Risk of bias in literature selection was
also minimised by performing each step of the selection
process, independently and in duplicate.”

To improve future costs estimates, we recommend
relevant stakeholders develop a “reference case” for eye
health - a reference document of costing methods based
on well-defined principles that can support better deci-
sion through standards for planning, conducting and
reporting and enable more robust and consistent deci-
sions over time.*”"*® This reference case also includes a

list of standardised unit cost for eye care interventions
and services, as demonstrated by a similar process fol-
lowed by the Global Health Cost Consortium for
tuberculosis.*”

There are a couple of guidelines and recommenda-
tions in the field of economic evaluation, namely for
cost effectiveness analysis in all fields®® and in the eye
care field,°° nonetheless, these guidelines provide a
very broad spectrum of recommendations mainly for
reporting™ providing less details about the methods
and process behind cost estimation. A reference case
would go beyond these existing recommendations to
provide a framework that allows institutions or individu-
als estimating costs to structure their choices around
study design and methods, data sources availability and
to consider how their costing methods influence the
quality and introduce limitations to their estimates.
Once adopted, this reference case would serve to
improve the quality of cost estimates by ensuring con-
sistency, coherency, transparency of methods, assump-
tions and reporting.”® These objectives might be
implemented by a “comply or justify” approach that
allows analysts to adapt their approach to specific con-
texts and requirements but requires that their judge-
ments about methodological choices are made explicitly
and transparently.®’

Regular cost reports that ensure comparability and
facilitate trend analysis over time, between settings and
between other conditions will be worthwhile once meth-
ods and reporting have been standardised. For example,
multi-country cost of illness studies could be used to
describe or to predict the extent of changes in different
settings or to analyse distribution of costs over time. We
also need to develop processes to identify and determine
the main cost drivers for future benchmarking to
improve quality of care, as well as productivity and effi-
ciency of resources and funding allocation. These stud-
ies are needed everywhere but particularly in the eight
GBD regions (Central Asia, Eastern Europe, Southern
Latin America, Caribbean, Andean Latin America, Oce-
ania, Central sub-Saharan Africa and Southern sub-
Saharan Africa) where no estimates were identified
with this review. Standardisation of methods and cost
reporting will also allow the development of a wider
range of economic studies such as cost effectiveness
analysis, budgetary impact and feasibility analysis
which are very useful to better inform countries in mak-
ing decisions on the delivery of eye care services and
evaluating the socioeconomic impact of VI worldwide.
Future research should aim to fill these gaps, adding
new data sources and adopting new standards for meth-
ods and cost reporting.

Robust studies that report costs of a health condition
contribute to an understanding of the economic burden
of the condition on the overall population, which in
turn informs planning and financing decisions and
future economic evaluations.'®**°" Our review has

www.thelancet.com Vol 46 Month April, 2022



Review

highlighted that the existing literature on costs of VI in
many countries is insufficient to be easily used for these
purposes.

To achieve a more complete picture of the global cost
of VI, more studies must be conducted in all the seven
leading causes of VI and in low- and middle-income
countries and studies everywhere must be done more
regularly with standardised methods and reporting. To
help the development and compliance of standardised
methods we recommend the development and adoption
of a reference case to guide future cost estimates of eye
health (including VI) and eye health interventions and
services.
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