
Ng et al. Orphanet Journal of Rare Diseases           (2024) 19:93  
https://doi.org/10.1186/s13023-024-03099-9

REVIEW

Cost-of-illness studies of inherited retinal 
diseases: a systematic review
Qin Xiang Ng1,2*  , Clarence Ong1, Clyve Yu Leon Yaow3, Hwei Wuen Chan3,4, Julian Thumboo2,3, Yi Wang1 and 
Gerald Choon Huat Koh1,3 

Abstract 

Background While health care and societal costs are routinely modelled for most diseases, there is a paucity 
of comprehensive data and cost-of-illness (COI) studies for inherited retinal diseases (IRDs). This lack of data can 
lead to underfunding or misallocation of resources. A comprehensive understanding of the COI of IRDs would assist 
governmental and healthcare leaders in determining optimal resource allocation, prioritizing funding for research, 
treatment, and support services for these patients.

Methods Following PRISMA guidelines, a literature search was conducted using Medline, EMBASE and Cochrane 
databases, from database inception up to 30 Jun 2023, to identify COI studies related to IRD. Original studies in Eng-
lish, primarily including patients with IRDs, and whose main study objective was the estimation of the costs of IRDs 
and had sufficiently detailed methodology to assess study quality were eligible for inclusion. To enable comparison 
across countries and studies, all annual costs were standardized to US dollars, adjusted for inflation to reflect their 
current value and recalculated on a “per patient” basis wherever possible. The review protocol was registered in PROS-
PERO (registration number CRD42023452986).

Results A total of nine studies were included in the final stage of systematic review and they consistently demon-
strated a significant disease burden associated with IRDs. In Singapore, the mean total cost per patient was roughly 
US$6926/year. In Japan, the mean total cost per patient was US$20,833/year. In the UK, the mean total cost 
per patient with IRD ranged from US$21,658 to US$36,549/year. In contrast, in the US, the mean total per-patient 
costs for IRDs ranged from about US$33,017 to US$186,051 per year. In Canada, these mean total per-patient costs 
varied between US$16,470 and US$275,045/year. Non-health costs constituted the overwhelming majority of costs 
as compared to healthcare costs; 87–98% of the total costs were due to non-health costs, which could be attributed 
to diminished quality of life, poverty, and increased informal caregiving needs for affected individuals.

Conclusion IRDs impose a disproportionate societal burden outside health systems. It is vital for continued funding 
into IRD research, and governments should incorporate societal costs in the evaluation of cost-effectiveness for forth-
coming IRD interventions, including genomic testing and targeted therapies.
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Introduction
Inherited retinal diseases (IRDs), also called hereditary 
retinal dystrophies, are a heterogeneous group of orphan 
genetic disorders that usually lead to severe vision 
impairment or blindness in infancy, childhood or adult-
hood [1, 2]. IRDs are caused by mutations in one of more 
than 317 mapped genes, affecting around 5 to 6 million 
people worldwide [3] and are a leading cause of blindness 
among working adults [1].

While health care and societal costs are routinely 
modelled for most diseases [4, 5], there is a paucity of 
comprehensive data and cost-of-illness (COI) studies 
for IRDs. The costs associated with IRDs can have a sig-
nificant impact on society in various ways. The expenses 
related to the diagnosis, treatment, and management of 
IRDs can be substantial [6, 7]. This includes costs asso-
ciated with outpatient medical visits, genetic testing, 
specialized imaging, prescription medications, surgeries 
(such as retinal detachment repair or gene therapy), low 
vision aids, and rehabilitation services [6, 7]. The need 
for lifelong monitoring and intervention further adds to 
the healthcare expenses [6, 7]. In the United States (US) 
alone, in 2017, the total economic burden of vision loss 
and blindness amounted to more than US$134 billion for 
the US population [8]. Moreover, due to the typical onset 
of IRDs in childhood, its implications extend through-
out the individual’s lifespan, affecting both the child and 
their family [1, 2]. Through focus group discussions with 
parents of children with vision impairment, several pre-
vailing concerns were identified, including frustrations 
arising from the absence of a cure for their child’s ocular 
condition and immense psychosocial challenges experi-
enced by family members who worried about their child 
being subjected to teasing by peers [9]. These findings 
collectively underscore that vision impairment not only 
exerts a profound physical impact, but also threaten the 
mental health and overall well-being of individuals living 
with visual impairment and their families.

Specific to the precise estimation of COI of IRDs, such 
data would help in assessing the economic implications 
and evaluating the cost-effectiveness and cost–benefit of 
various interventions, treatments, and healthcare strate-
gies. Individuals with IRDs often require social support 
and services to cope with their visual impairment and 
maintain their quality of life. This may include orienta-
tion and mobility training, occupational therapy, vision 
rehabilitation programs, assistive technology and acces-
sibility modifications to living environments [10]. The 
provision of these services and support systems can 
thus entail significant costs for society. With the advent 
of novel gene therapies, current health systems are also 
not well-configured for large, one-time payments, which 
is the case of Luxturna (voretigene neparvovec-rzyl) [11]. 

Luxturna is a novel gene therapy medication used to treat 
a specific form of inherited retinal disease called Leber 
congenital amaurosis (LCA) or retinitis pigmentosa (RP) 
caused by mutations in the RPE65 gene [11]. In a ran-
domised, controlled clinical trial, 13 of 20 intervention 
participants (65%) passed multi-luminance mobility test-
ing (MLMT) at the lowest luminance level tested, which 
measures functional vision at specified light levels, while 
no control participants did [12]. These improvements in 
functional vision and visual function were sustained in 
majority of the participants even after 3 and 4 years [13]. 
Luxturna offers a viable treatment for a condition previ-
ously deemed medically untreatable but it comes with 
a hefty price tag of around US$850,000 per eye, which 
may vary depending on insurance coverage and available 
financial assistance programs [14]. As such, an updated 
and comprehensive understanding of the COI of IRDs 
would assist governmental and healthcare leaders in 
determining resource allocation and prioritizing funding 
for research, prevention, treatment, and support services.

With this background in mind, this review therefore 
aimed to systematically review all published  COI stud-
ies of IRDs and summarize the findings in a standardized 
manner.

Methods
In accordance with the latest PRISMA guidelines [15], 
a systematic review was conducted using Medline, 
EMBASE and Cochrane Library  databases, from data-
base inception up to 30 Jun 2023, to identify COI stud-
ies related to IRD. After consultation with an information 
management specialist, combinations of the keywords 
(inherited retinal disease) and (cost or economic) were 
used for the search process, and the full search strat-
egy for the three databases is displayed in Additional 
file  1: Table  S1. The study protocol was registered in 
the International Prospective Register of Systematic 
Reviews, also known as PROSPERO, registration number 
CRD42023452986.

Articles were viewed through Rayyan (Qatar Comput-
ing Research Institute, Doha, Qatar, https:// www. rayyan. 
ai), and duplicates were identified and removed. The 
remaining results were then reviewed independently by 
three researchers (Q.X.N., C.O., and C.Y.L.Y.) for inclu-
sion. With reference to the Consensus on Health Eco-
nomic Criteria (CHEC) list [16], the following inclusion 
criteria were adopted: (1) original study, (2) published or 
translated into the English language, (3) primarily includ-
ing patients with inherited retinal diseases (e.g. retinitis 
pigmentosa), (4) primary study objective is the estima-
tion of the costs of inherited retinal diseases, and (5) 
with sufficiently detailed methodology for the assessment 
and evaluation of methodical quality. Commentaries, 

https://www.rayyan.ai
https://www.rayyan.ai
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consensus-based guidelines, case reports, case series, 
review articles, and conference abstracts were excluded.

Full texts were retrieved for articles which met the 
inclusion criteria. Two  content experts were also con-
sulted for additional references, and references of sources 
were hand-searched to identify additional relevant 
articles.

Using a standardized data extraction form, data were 
extracted into an Excel spreadsheet (Microsoft Corp, 
Redmond, Washington, United States), including infor-
mation on the country of origin, type of IRD, study 
period, data sources, sample size, study design (e.g. ret-
rospective or prospective, prevalence or incidence), cost 
perspective and reported costs (direct and/or indirect 
and total). To ensure accuracy, each article was double-
coded by two authors and cross-checked for accuracy. 
For cost data, as different time periods and curren-
cies were used across the studies, local cost values were 
inflated applying the World Bank’s consumer price index 
(CPI) [17] to make them equivalent to the cost in 2023, 
and then converted to US dollars using the FX currency 
converter for comparison [18]. For a more comprehen-
sive comparison between countries and studies, we also 
recalculated costs on a “per patient” basis  wherever 
possible.

Results
A total of 777 articles were initially identified as poten-
tially relevant. After removing 35 duplicates/tripli-
cates, 742 studies remained for screening based on title 
and abstract. Out of these, 695 papers were excluded as 
they did not pertain to COI studies of IRD. Among the 
remaining 47 articles, 38 studies did not meet the inclu-
sion criteria defined a priori. Consequently, this review 
analyzed a total of 9 articles, considering their study 
characteristics and cost data.

The study abstraction process is illustrated in Fig. 1.
Four studies were from the United States (US) [7, 19–

21] (one with Canada  [7]), and one each from Australia 
[22], Denmark [23], Japan [24], Singapore [25], and the 
United Kingdom (UK) with Republic of Ireland (RoI) [6]. 
The study characteristics and salient study findings are 
detailed in Table 1 and 2 respectively. To enable compari-
son across countries and studies, all costs were standard-
ized to US dollars, adjusted for inflation to reflect their 
current value, and recalculated on a “per patient” basis 
wherever possible.

All the studies used a prevalence-based COI approach, 
which estimates the total costs of a disease within a 
specified time period, typically 1  year [6, 7, 19–25]. In 
two studies [6, 7], wellbeing costs were estimated using 
the World Health Organization (WHO) burden of dis-
ease methodology, which quantified the impact of pain, 

suffering, and premature mortality by measuring disabil-
ity-adjusted life years (DALYs) [26].

As seen in Tables 1 and 2, there is a wide range of costs 
in the literature. In Singapore, the mean total cost per 
patient was roughly US$6,926/year. In Japan, the mean 
total cost per patient was US$20,833/year. In the UK, 
the mean total cost per patient with IRD ranged from 
US$21,658 to US$36,549/year. In contrast, in the US, the 
mean total per-patient costs for IRDs ranged from about 
US$33,017 to US$186,051 per year. In Canada, these 
mean total per-patient costs varied between US$16,470 
and US$275,045/year. In terms of relative contribution 
(Table 1), non-health costs constituted the overwhelming 
majority of costs (87 to 98%) as compared to health costs 
[6, 7, 22, 24, 25]. Health expenses encompass a range of 
components, such as health-related costs including uti-
lizing primary and secondary care services, diagnostic 
examinations, pharmaceutical drugs, nutritional supple-
ments, and investments in medical research [6, 7, 19, 20, 
22–25], while the non-health-related costs mainly pertain 
to wellbeing costs (DALYs), productivity loss (referring to 
loss in productivity due to illness or disability), and dead-
weight losses (referring to loss of economic efficiency 
that can occur when equilibrium for a good or service is 
not achieved or is not achievable).

Discussion
In this review, a total of nine contemporary studies [6, 7, 
19–25] were examined and they highlighted a substan-
tial economic burden associated with inherited retinal 
diseases (IRDs). These studies demonstrate not only the 
direct healthcare costs but also the expansive societal 
costs arising from IRDs.

In the context of healthcare costs, in the longitudinal 
study by Kessel et al. [23], among individuals with child-
hood onset IRDs, healthcare costs (consisting of hospital, 
primary care, prescription medications and home care 
costs) were found to be approximately 40% higher com-
pared to a sample from the general Danish population 
that was matched for age and sex. In terms of other costs, 
the microsimulation modelling study done in Australia 
by Schofield et al. [22] found that the lifetime cost of IRD 
was more than US$3.4 million per person, and 87% of the 
total costs were societal. This is perhaps unsurprising as 
vision loss itself has several known consequences for the 
affected individual, including an elevated risk of poverty, 
diminished quality of life, limited employment prospects 
and increased financial burdens associated with infor-
mal caregiving [27, 28], although the unexpected find-
ing of lower costs associated with injuries in the visually 
impaired cohort in the study by Kessel et al. [23] is more 
likely the result of a lower likelihood to seek medical 
attention rather than a reduced susceptibility to injuries.



Page 4 of 11Ng et al. Orphanet Journal of Rare Diseases           (2024) 19:93 

Therefore, it follows that it is important to consider 
non-health costs. When evaluating the cost-effectiveness 
of interventions for individuals with IRDs, both health 
costs and non-health costs should be taken into account. 
As reflected by the percentages in Table  1, non-health 
costs contribute a significant proportion compared to 
health costs. Non-health costs encompass various fac-
tors that extend beyond direct financial expenses. While 
some studies focused solely on productivity costs [24, 
25], others also considered wellbeing costs [6, 7]. It would 
not be fair to compare all studies that incorporate non-
health costs, as the specific types of costs assessed vary. 
For instance, a study in Singapore by Chay et  al. [25] 
examined productivity costs exclusively, whereas other 

papers [6, 7] took into account both productivity costs 
and wellbeing costs. In the area of health economics, 
although most researchers acknowledge the importance 
of incorporating productivity loss as a component of 
societal cost [4, 5, 29], opinions may differ when it comes 
to including wellbeing costs in these studies. The ques-
tion arises as to whether it should be standard practice 
to consistently incorporate wellbeing costs in COI eval-
uations of IRDs. While productivity loss can be more 
straightforward to quantify, wellbeing costs capture the 
broader impact on individuals’ quality of life and overall 
well-being. However, standardizing the inclusion of well-
being costs in COI studies presents certain challenges. It 
requires defining and measuring wellbeing costs reliably 

Fig. 1 PRISMA flowchart showing the study abstraction process
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across studies, which can be complex due to the subjec-
tive nature of assessing well-being. In light of these con-
siderations, the decision to include wellbeing costs in 
COI studies evaluating IRDs should be weighed carefully, 
balancing comprehensiveness with practicality, to ensure 
that the chosen methodology effectively captures the per-
tinent societal costs associated with IRDs.

With regard to the study methodology, all the studies 
used data specifically from IRD patients (and not other 
vision disorders), and the majority of available studies 
relied on primary and linked administrative data [6, 7, 
19–21, 23, 25] to estimate the COI related to IRDs, while 
others used patient and caregiver surveys [22, 24]. Insur-
ance claims might provide more precise healthcare utili-
zation data but may not capture all societal costs, while 
survey data can offer insights into the patient and car-
egiver experience, including aspects like out-of-pocket 
expenses and quality of life impacts. Several studies [19–
22] considered health costs only (i.e. from a healthcare 
system perspective) as opposed to studies that also con-
sidered the societal perspective [6, 7, 22, 24, 25]. Given 
that individuals with IRDs tend not to heavily utilize 
healthcare services [6], assessing the cost of illness from 
a non-health perspective, which includes the economic 
impact on other non-health (e.g. social) sectors, would be 
a more comprehensive and representative approach.

The variation in estimated costs across the studies 
reviewed may stem from several factors. First, differences 
in healthcare systems across countries may contribute to 
the cost differences. For instance, the UK predominantly 
operates a public healthcare system, while the US relies 

more heavily on a larger private sector system [30]. Con-
sequently, healthcare expenditure and the allocation of 
costs differ significantly between countries. Second, the 
organization of healthcare services in the countries also 
differ; US healthcare system primarily consists of pri-
vate companies and the Canadian healthcare system 
primarily operates as a publicly funded system [31]. This 
would affect the accessibility of healthcare services, with 
profound health inequities experienced by certain vul-
nerable groups [30, 31]. In the UK, the cost per patient 
with IRD ranged from US$21,658 to US$36,549/year 
[6]. In contrast, in the US, the per-patient costs for IRDs 
ranged from about US$33,017 to US$186,051 per year 
[7]. In Canada, these per-patient costs varied between 
US$16,470 and US$275,045/year [7]. Third, differences 
may also arise due to differences in the age of onset and 
severity of disease, which was not reported in the major-
ity of studies reviewed. Stargardt disease, for example, 
can start in childhood or adulthood; an older age of 
symptom onset is thought to be associated with better 
vision while a longer duration of symptoms is associ-
ated with worse vision [32]. Hence, the age of onset and 
progression of vision loss would affect COI calculations. 
Schofield et al. [22] compared the costs for IRD patients 
who were legally blind and those with better vision, and 
they found that although healthcare costs were slightly 
higher for those with better vision, overall costs were 
substantially higher (more than twice) for those who 
were legally blind. Fourth, as mentioned earlier, IRDs are 
a heterogeneous group of diseases, and the costs associ-
ated with each can vary significantly based on a range of 

Table 2 Components of health-related and non-health-related costs for IRDs

Abbreviations: NDIS, national disability insurance scheme; NR, not reported

Study Health-related costs Non-health-related costs

Aziz et al. [19] Medical examination and evaluation (i.e. cost of doctor 
and other diagnostics)

NR

Chay et al. [25] Medical costs, assistive technologies, carer cost Expected productivity loss

Frick et al. [20] Inpatient hospital admissions, inpatient hospital days, emer-
gency department visits, outpatient physician visits, prescrip-
tion drug fills

NR

Galvin et al. [6] Primary/secondary care, diagnostic tests, pharmaceuticals, 
vitamins and supplements, medical research

Wellbeing costs, productivity loss, deadweight losses, informal 
care costs

Gong et al. [7] Primary/secondary care, diagnostic tests, pharmaceuticals, 
vitamins and supplements

Wellbeing costs, productivity loss, deadweight losses, informal 
care costs

Kessel et al. [23] Primary care, outpatient services, inpatient admissions, prescrip-
tion medication

NR

Schofield et al. [22] Direct healthcare costs such as use of health products such 
as pharmaceuticals (unspecified)

Productivity loss, government service and NDIS costs, informal 
care costs

Dong et al.  [21] Inpatient admissions, outpatient visits, ED visits, pharmacy 
prescriptions

NR

Watanabe et al. [24] Healthcare services, paid care, medications and supplements, 
vision aids

Productivity loss, financial aid received
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factors including the severity of the condition, the avail-
ability and cost of treatment options, and the level of sup-
port required by patients. Unfortunately, all the studies 
that studied IRDs only looked at the collective impact 
and burden of IRDs, without detailed breakdown of these 
costs on a per-patient basis for each IRD, making it hard 
to make specific inferences [6, 7, 20, 21, 23]. Certain IRDs 
stand out and may have a greater COI, such as Usher 
Syndrome, which not only affects vision but also causes 
deafness [33], and Stargardt Disease, which may have an 
early onset and progressive vision loss [32]. Last but not 
least, some of the studies reviewed were constrained by 
data limitations, particularly in their estimates of income 
losses, which were often based on comparisons with 
the average income of the general population [6, 7, 23]. 
A more precise method would involve directly compar-
ing individuals with diagnosed IRDs and their caregivers 
to a matched group from the general population, which 
shares similar characteristics [22, 23, 25]. This approach 
would better estimate the potential income and tax con-
tributions these individuals might have made had they 
not been affected by IRDs.

It is recognizable that the impact of IRDs on employ-
ment and career progression is a factor contributing 
to the progressive loss of income over the lifespan of 
affected individuals [22]. In the study by Galvin et al. [6], 
the likelihood of individuals with IRDs being employed 
was 55.7% and 40.2% lower, in the RoI and the UK 
respectively, compared to the general population. Scho-
field et al. [22] suggests that enhancing employment sup-
port for people with IRDs could significantly improve 
societal outcomes. Another example is observed in 
Singapore, where the employment rates of individuals 
with IRDs were on par with the general population [25], 
although there might be certain selection biases as the 
IRD cohort was fairly young (mean age 47.90 years) and 
51.6% had unimpaired central visual acuity. However, 
despite comparable employment rates—67.4% in the 
IRD group versus 70.7% in the age- and gender-matched 
general population—individuals with IRDs typically earn 
26% less [25]. The disparities in social support elsewhere 
and differences in income earnings highlight a potential 
area for intervention. In economies with more robust 
support systems, individuals with IRDs may be able to 
secure employment, and societal structures and policies 
can positively influence employment outcomes for peo-
ple with visual disabilities [22, 25].

Study strengths and limitations
To the  best of our knowledge, this is the first system-
atic review on the COI of IRDs. The review highlights 
the multifaceted nature of these costs. IRDs not only 
impose significant healthcare costs but also extend to 

broader societal costs, including an elevated risk of pov-
erty, reduced productivity and a greater need for social 
support services. Moreover, the lifetime burden of these 
diseases is substantial, given their potential onset in the 
first and second decade of life and the consequent life-
long implications for the individual and their families. 
Therefore, in evaluating the cost-effectiveness of various 
interventions and treatments for IRDs, it is necessary to 
consider both the health-related costs and the non-health 
costs.

While most studies reported annual patient costs, 
few reported annual lifetime costs per patient [22, 24]. 
Although the former offers a macroeconomic perspec-
tive of whole societal impact, cost-effectiveness analyses 
(CEAs) require a more focused, patient-centric view of 
costs. Using incremental cost-effectiveness ratio analy-
sis, a recent study suggested that Luxturna is in fact cost-
effective when compared with standard care [14]. The 
authors used a lifetime horizon, excluded indirect costs, 
and set a threshold of US$150,000 per quality-adjusted 
life-year [14]. For CEAs in particular, the annual or life-
time costs per patient are what is needed.

Limitations of the present review include the general 
lack of estimates of population prevalence for IRDs, aver-
age life expectancy of patients with IRDs, discrepancies 
in diagnosis and definitions especially since IRDs are a 
heterogeneous and complex group of conditions [2, 3]. 
COI findings must also be interpreted in the context of 
a particular country’s prevailing healthcare policies and 
funding structure as previously discussed. Regrettably, 
the studies reviewed also could not exclude the possibil-
ity of ascertainment bias in their prevalence estimates.

Conclusion
In conclusion, the review highlights that IRDs impose 
a disproportionate societal burden outside health 
systems, predominantly attributed to lower employ-
ment rates among both patients and caregivers, as 
well as increased reliance on social support. It is vital 
for governments and the relevant authorities to incor-
porate non-health (societal) costs in the evaluation of 
cost-effectiveness for forthcoming IRD interventions, 
including genomic testing and targeted therapies, and 
future studies should also calculate annual (or lifetime) 
costs per patient to facilitate such cost-effectiveness 
analyses. Continued research funding and the imple-
mentation of nuanced, tailored policies are also criti-
cal for mitigating the socioeconomic impact of IRDs. 
This may necessitate the allocation of research funds 
towards identifying remaining unidentified causal 
genes, ongoing research for treatment and therapy 
development, improved accessibility to genetic testing 
and counselling, policy reassessment and development 
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concerning reimbursement methods for IRDs in terms 
of care and treatment, and clear management pathways 
for individuals with IRDs.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13023- 024- 03099-9.

Additional file 1. Table S1. Full search strategy for the various databases.

Acknowledgements
None.

Author contributions
Conceptualization, QXN; methodology, QXN, CYLY, JT, YW and GCHK; formal 
analysis, QXN, CO., HWC, YW and GCHK; writing—original draft preparation, 
QXN, JT and CO; writing—review and editing, QXN, CO, CYLY, HWC, JT, YW and 
GCHK; supervision, HWC, YW and GCHK. All authors have read and agreed to 
the published version of the manuscript.

Funding
None.

Availability of data and materials
The authors confirm that the data supporting the findings of this study are 
available within the article and its supplementary material.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Saw Swee Hock School of Public Health, National University of Singapore 
and National University Health System, Singapore, Singapore. 2 Health Services 
Research Unit, Singapore General Hospital, Singapore, Singapore. 3 NUS Yong 
Loo Lin School of Medicine, National University of Singapore, Singapore, 
Singapore. 4 Department of Ophthalmology, National University Hospital, 
Singapore, Singapore. 

Received: 18 December 2023   Accepted: 21 February 2024

References
 1. Heath Jeffery RC, Mukhtar SA, McAllister IL, Morgan WH, Mackey DA, 

Chen FK. Inherited retinal diseases are the most common cause of 
blindness in the working-age population in Australia. Ophthalmic Genet. 
2021;42(4):431–9. https:// doi. org/ 10. 1080/ 13816 810. 2021. 19136 10.

 2. Kannabiran C, Parameswarappa D, Jalali S. Genetics of inherited retinal 
diseases in understudied populations. Front Genet. 2022;13:858556. 
https:// doi. org/ 10. 3389/ fgene. 2022. 858556.

 3. Van Schil K, Naessens S, Van de Sompele S, Carron M, Aslanidis A, Van 
Cauwenbergh C, Kathrin Mayer A, Van Heetvelde M, Bauwens M, Verdin 
H, Coppieters F, Greenberg ME, Yang MG, Karlstetter M, Langmann T, De 
Preter K, Kohl S, Cherry TJ, Leroy BP; CNV Study Group; De Baere E. Map-
ping the genomic landscape of inherited retinal disease genes prioritizes 
genes prone to coding and noncoding copy-number variations. Genet 
Med. 2018;20(2):202–213. https:// doi. org/ 10. 1038/ gim. 2017. 97.

 4. Ng CS, Lee JY, Toh MP, Ko Y. Cost-of-illness studies of diabetes mellitus: 
a systematic review. Diabetes Res Clin Pract. 2014;105(2):151–63. 
https:// doi. org/ 10. 1016/j. diabr es. 2014. 03. 020.

 5. Luppa M, Heinrich S, Angermeyer MC, König HH, Riedel-Heller SG. 
Cost-of-illness studies of depression: a systematic review. J Affect 
Disord. 2007;98(1–2):29–43. https:// doi. org/ 10. 1016/j. jad. 2006. 07. 017.

 6. Galvin O, Chi G, Brady L, Hippert C, Del Valle RM, Daly A, Michaelides M. 
The impact of inherited retinal diseases in the Republic of Ireland (ROI) 
and the United Kingdom (UK) from a cost-of-illness perspective. Clin 
Ophthalmol. 2020;14:707–19. https:// doi. org/ 10. 2147/ OPTH. S2419 28.

 7. Gong J, Cheung S, Fasso-Opie A, Galvin O, Moniz LS, Earle D, Durham 
T, Menzo J, Li N, Duffy S, Dolgin J, Shearman MS, Fiorani C, Banhazi J, 
Daly A. The impact of inherited retinal diseases in the United States 
of America (US) and Canada from a cost-of-illness perspective. Clin 
Ophthalmol. 2021;15:2855–66. https:// doi. org/ 10. 2147/ OPTH. S3137 19.

 8. Rein DB, Wittenborn JS, Zhang P, Sublett F, Lamuda PA, Lundeen EA, 
Saaddine J. The economic burden of vision loss and blindness in the 
United States. Ophthalmology. 2022;129(4):369–78. https:// doi. org/ 10. 
1016/j. ophtha. 2021. 09. 010.

 9. Decarlo DK, McGwin G Jr, Bixler ML, Wallander J, Owsley C. Impact 
of pediatric vision impairment on daily life: results of focus groups. 
Optom Vis Sci. 2012;89(9):1409–16. https:// doi. org/ 10. 1097/ OPX. 0b013 
e3182 64f1dc.

 10. Simonelli F, Sodi A, Falsini B, Bacci G, Iarossi G, Di Iorio V, Giorgio D, 
Placidi G, Andrao A, Reale L, Fiorencis A, Aoun M. Care pathway of 
RPE65-related inherited retinal disorders from early symptoms to 
genetic counseling: A Multicenter Narrative Medicine Project in Italy. 
Clin Ophthalmol. 2021;15:4591–605. https:// doi. org/ 10. 2147/ OPTH. 
S3312 18.

 11. Maguire AM, Bennett J, Aleman EM, Leroy BP, Aleman TS. Clinical 
perspective: treating RPE65-Associated Retinal Dystrophy. Mol Ther. 
2021;29(2):442–63. https:// doi. org/ 10. 1016/j. ymthe. 2020. 11. 029.

 12. Russell S, Bennett J, Wellman JA, Chung DC, Yu ZF, Tillman A, Wittes J, 
Pappas J, Elci O, McCague S, Cross D, Marshall KA, Walshire J, Kehoe TL, 
Reichert H, Davis M, Raffini L, George LA, Hudson FP, Dingfield L, Zhu 
X, Haller JA, Sohn EH, Mahajan VB, Pfeifer W, Weckmann M, Johnson C, 
Gewaily D, Drack A, Stone E, Wachtel K, Simonelli F, Leroy BP, Wright JF, 
High KA, Maguire AM. Efficacy and safety of voretigene neparvovec 
(AAV2-hRPE65v2) in patients with RPE65-mediated inherited retinal 
dystrophy: a randomised, controlled, open-label, phase 3 trial. Lancet. 
2017;390(10097):849–60. https:// doi. org/ 10. 1016/ S0140- 6736(17) 
31868-8.

 13. Maguire AM, Russell S, Chung DC, Yu ZF, Tillman A, Drack AV, Simonelli 
F, Leroy BP, Reape KZ, High KA, Bennett J. Durability of voretigene 
neparvovec for biallelic RPE65-mediated inherited retinal disease: 
phase 3 results at 3 and 4 years. Ophthalmology. 2021;128(10):1460–8. 
https:// doi. org/ 10. 1016/j. ophtha. 2021. 03. 031.

 14. Johnson S, Buessing M, O’Connell T, Pitluck S, Ciulla TA. Cost-effective-
ness of voretigene neparvovec-rzyl vs standard care for RPE65-medi-
ated inherited retinal disease. JAMA Ophthalmol. 2019;137(10):1115–
23. https:// doi. org/ 10. 1001/ jamao phtha lmol. 2019. 2512.

 15. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow 
CD, Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, Chou R, Glanville J, 
Grimshaw JM, Hróbjartsson A, Lalu MM, Li T, Loder EW, Mayo-Wilson E, 
McDonald S, McGuinness LA, Stewart LA, Thomas J, Tricco AC, Welch 
VA, Whiting P, Moher D. The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ. 2021;372:n71. https:// 
doi. org/ 10. 1136/ bmj. n71.

 16. Evers S, Goossens M, de Vet H, van Tulder M, Ament A. Criteria list for 
assessment of methodological quality of economic evaluations: Con-
sensus on Health Economic Criteria. Int J Technol Assess Health Care. 
2005:21(2):240–5.

 17. World Bank Consumer Price Index, https:// data. world bank. org/ indic ator/ 
fp. cpi. totl? end= 2012& start= 2005, last Accessed 10 December, 2023

 18. OANDA Corporation. Currency converter New York, NY:OANDA Corpora-
tion, http:// www. oanda. com/ curre ncy/ conve rter, last Accessed 10 
December, 2023.

 19. Aziz K, Swenor BK, Canner JK, Singh MS. The direct healthcare cost 
of stargardt disease: a claims-based analysis. Ophthalmic Epidemiol. 
2021;28(6):533–9. https:// doi. org/ 10. 1080/ 09286 586. 2021. 18836 75.

https://doi.org/10.1186/s13023-024-03099-9
https://doi.org/10.1186/s13023-024-03099-9
https://doi.org/10.1080/13816810.2021.1913610
https://doi.org/10.3389/fgene.2022.858556
https://doi.org/10.1038/gim.2017.97
https://doi.org/10.1016/j.diabres.2014.03.020
https://doi.org/10.1016/j.jad.2006.07.017
https://doi.org/10.2147/OPTH.S241928
https://doi.org/10.2147/OPTH.S313719
https://doi.org/10.1016/j.ophtha.2021.09.010
https://doi.org/10.1016/j.ophtha.2021.09.010
https://doi.org/10.1097/OPX.0b013e318264f1dc
https://doi.org/10.1097/OPX.0b013e318264f1dc
https://doi.org/10.2147/OPTH.S331218
https://doi.org/10.2147/OPTH.S331218
https://doi.org/10.1016/j.ymthe.2020.11.029
https://doi.org/10.1016/S0140-6736(17)31868-8
https://doi.org/10.1016/S0140-6736(17)31868-8
https://doi.org/10.1016/j.ophtha.2021.03.031
https://doi.org/10.1001/jamaophthalmol.2019.2512
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://data.worldbank.org/indicator/fp.cpi.totl?end=2012&start=2005
https://data.worldbank.org/indicator/fp.cpi.totl?end=2012&start=2005
http://www.oanda.com/currency/converter
https://doi.org/10.1080/09286586.2021.1883675


Page 11 of 11Ng et al. Orphanet Journal of Rare Diseases           (2024) 19:93  

 20. Frick KD, Roebuck MC, Feldstein JI, McCarty CA, Grover LL. Health 
services utilization and cost of retinitis pigmentosa. Arch Ophthalmol. 
2012;130(5):629–34. https:// doi. org/ 10. 1001/ archo phtha lmol. 2011. 2820.

 21. Dong S, Tsao N, Hou Q, Bozkaya D, Leroy BP. US Health Resource Utiliza-
tion and Cost Burden Associated with Choroideremia. Clin Ophthalmol. 
2021;15:3459–65. https:// doi. org/ 10. 2147/ OPTH. S3118 44.

 22. Schofield D, Kraindler J, Tan O, Shrestha RN, West S, Hart N, Tan L, Ma A, 
Grigg JR, Jamieson RV. The health care and societal costs of inherited 
retinal diseases in Australia: a microsimulation modelling study. Med J 
Aust. 2023. https:// doi. org/ 10. 5694/ mja2. 51997.

 23. Kessel L, Kjellberg J, Ibsen R, Rasmussen A, Nissen KR, la Cour M. Longitu-
dinal analysis of health care costs in patients with childhood onset inher-
ited retinal dystrophies compared to healthy controls. BMC Ophthalmol. 
2022;22(1):466. https:// doi. org/ 10. 1186/ s12886- 022- 02708-0.

 24. Watanabe K, Aouadj C, Hiratsuka Y, Yamamoto S, Murakami A. Quality of 
life and economic impacts of retinitis pigmentosa on Japanese patients: 
a non-interventional cross-sectional study. Adv Ther. 2023;40(5):2375–93. 
https:// doi. org/ 10. 1007/ s12325- 023- 02446-9.

 25. Chay J, Tang RWC, Tan TE, Chan CM, Mathur R, Lee BJH, Chan HH, Sim 
SSKP, Farooqui S, Teo KYC, Fenwick EK, Lamoureux EL, Cheung CMG, 
Fenner BJ. The economic burden of inherited retinal disease in Singapore: 
a prevalence-based cost-of-illness study. Eye (London). 2023;37(18):3827–
33. https:// doi. org/ 10. 1038/ s41433- 023- 02624-7.

 26. Anand S, Hanson K. Disability-adjusted life years: a critical review. J 
Health Econ. 1997;16(6):685–702. https:// doi. org/ 10. 1016/ s0167- 6296(97) 
00005-2.

 27. Marques AP, Ramke J, Cairns J, Butt T, Zhang JH, Muirhead D, Jones I, 
Tong BAMA, Swenor BK, Faal H, Bourne RRA, Frick KD, Burton MJ. Global 
economic productivity losses from vision impairment and blindness. 
EClinicalMedicine. 2021;35:100852. https:// doi. org/ 10. 1016/j. eclinm. 2021. 
100852.

 28. Nyman SR, Dibb B, Victor CR, Gosney MA. Emotional well-being and 
adjustment to vision loss in later life: a meta-synthesis of qualitative stud-
ies. Disabil Rehabil. 2012;34(12):971–81. https:// doi. org/ 10. 3109/ 09638 
288. 2011. 626487.

 29. Lin C, Zhang X, Jin H. The societal cost of schizophrenia: an updated 
systematic review of cost-of-illness studies. Pharmacoeconomics. 
2023;41(2):139–53. https:// doi. org/ 10. 1007/ s40273- 022- 01217-8.

 30. Rice T, Rosenau P, Unruh LY, Barnes AJ. United States: health system 
review. Health Syst Transit. 2020;22(4):1–441.

 31. Martin D, Miller AP, Quesnel-Vallée A, Caron NR, Vissandjée B, Marchildon 
GP. Canada’s universal health-care system: achieving its potential. Lancet. 
2018;391(10131):1718–35. https:// doi. org/ 10. 1016/ S0140- 6736(18) 
30181-8.

 32. Kong X, Strauss RW, Michaelides M, Cideciyan AV, Sahel JA, Muñoz B, West 
S, Scholl HP; ProgStar Study Group. Visual acuity loss and associated risk 
factors in the retrospective progression of stargardt disease study (Prog-
Star Report No. 2). Ophthalmology. 2016;123(9):1887–97. https:// doi. org/ 
10. 1016/j. ophtha. 2016. 05. 027.

 33. Toms M, Pagarkar W, Moosajee M. Usher syndrome: clinical features, 
molecular genetics and advancing therapeutics. Ther Adv Ophthalmol. 
2020;12:2515841420952194. https:// doi. org/ 10. 1177/ 25158 41420 952194.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1001/archophthalmol.2011.2820
https://doi.org/10.2147/OPTH.S311844
https://doi.org/10.5694/mja2.51997
https://doi.org/10.1186/s12886-022-02708-0
https://doi.org/10.1007/s12325-023-02446-9
https://doi.org/10.1038/s41433-023-02624-7
https://doi.org/10.1016/s0167-6296(97)00005-2
https://doi.org/10.1016/s0167-6296(97)00005-2
https://doi.org/10.1016/j.eclinm.2021.100852
https://doi.org/10.1016/j.eclinm.2021.100852
https://doi.org/10.3109/09638288.2011.626487
https://doi.org/10.3109/09638288.2011.626487
https://doi.org/10.1007/s40273-022-01217-8
https://doi.org/10.1016/S0140-6736(18)30181-8
https://doi.org/10.1016/S0140-6736(18)30181-8
https://doi.org/10.1016/j.ophtha.2016.05.027
https://doi.org/10.1016/j.ophtha.2016.05.027
https://doi.org/10.1177/2515841420952194

	Cost-of-illness studies of inherited retinal diseases: a systematic review
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Results
	Discussion
	Study strengths and limitations

	Conclusion
	Acknowledgements
	References


