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Abstract: X-linked retinitis pigmentosa (XLRP) is a severe form of retinitis pigmentosa 
(RP), a rare, inherited retinal degenerative disorder, that causes blindness. The aim of this 
literature review was to identify what is currently known about the burden of XLRP. 
Literature databases were searched for articles describing the clinical, humanistic, or eco-
nomic burden of XLRP or RP in the US, Japan, France, Germany, Italy, Spain, and the UK, 
published in English between 2014 and 2019; gray literature and cited references were 
reviewed. Literature describing XLRP is limited as this is an ultra-rare condition; findings 
relating to burden of RP have been reported with interpretation of how burden differs for 
XLRP. In XLRP, night blindness usually presents in the first decade of life, followed by loss 
of peripheral and then central vision; legal blindness is reported at a median of 45 years in 
affected males (vs median 70 years for RP). There is limited evidence of humanistic or 
economic burden specific to XLRP; one study identified greater vision-related activity 
limitations in patients with XLRP compared with the wider RP population. Qualitative 
studies describe increased humanistic burden for people living with RP; difficulty under-
taking everyday tasks (driving, hobbies, reading), psychosocial burden and barriers to work 
and career. People described the emotional impact of dealing with progression of RP, 
ongoing social and physical challenges, and the impact of RP on relationships. The economic 
burden of RP is associated with lost productivity, greater healthcare costs and increasing 
requirement for formal and informal care. In summary, XLRP remains an untreatable 
condition that can impact people from childhood. The humanistic burden of RP has been 
shown to increase as the disease progresses; hence, in XLRP the earlier onset and earlier 
progression to blindness during prime working years may mean a comparatively greater 
lifetime burden of disease. 
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Introduction
X-linked retinitis pigmentosa (XLRP) is a severe form of retinitis pigmentosa (RP) 
that primarily affects males. RP is a rare genetic condition associated with pro-
gressive breakdown and loss of photoreceptors (ie, rod cells for peripheral and night 
vision, and cone cells for central and color vision) leading to blindness in both 
eyes.1 There are differences in the age of onset, rate of progression, and secondary 
clinical manifestations between different forms of RP; XLRP is one of the most 
aggressive forms of this disease.2,3 XLRP is associated with mutations in genes 
located on the X chromosome, which means the condition predominantly affects 
males. However, some female carriers may also be clinically affected, although 
usually with a much less severe phenotype than males: the variability in phenotypes 
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among female carriers is attributed to the pattern of ran-
dom inactivation of the X chromosome carrying the wild- 
type gene during development of retinal tissue, moderated 
by other genetic and environmental factors.4,5

XLRP is most commonly caused by mutations in the 
Retinitis Pigmentosa GTPase Regulator (RPGR) gene on 
the X chromosome.6 XLRP associated with RPGR muta-
tions presents with early onset of night blindness, often 
within the first 10 years of life;4 vision loss progresses to 
legal blindness by a median age of 45 years.3 Female 
carriers of XLRP associated with RPGR mutations have 
a range of clinical presentations and a slower disease 
trajectory.7,8

Currently, no treatment is available for XLRP; recom-
mended management is as for RP (in the absence of 
XLRP-specific guidelines) and includes low-vision rehabi-
litation and use of optical aids.2 Therapies in development 
include gene therapy and stem cell therapeutics; these 
treatment strategies may improve the management of 
inherited retinal diseases in the coming years.9,10

A comprehensive literature review was conducted to 
establish what is known about the burden of XLRP, to 
better understand the potential impact of therapies cur-
rently in development, and to increase awareness of the 
clinical, humanistic, and economic burden associated with 
this rare disease. Given the anticipated lack of data specific 
to XLRP, evidence from the broader population of patients 
with RP was reviewed and the interpretation of this for the 
XLRP population then considered.

Methodology
This literature review focused on the clinical, humanistic, 
and economic burden of XLRP in a range of developed 
countries (the US, Japan, France, Germany, Italy, Spain, 
and the UK). Literature databases (MEDLINE, Embase, 
and Cochrane Reviews) were searched, limited to publica-
tions from January 2014 to October 2020. The search 
strategy was constructed using combinations of various 
key terms for X-linked retinitis pigmentosa, retinitis pig-
mentosa, burden, countries within scope, and health- 
related quality of life (HRQL) (Supplementary Table 1). 
The aggregate terms “inherited retinal disease” and “ret-
inal dystrophy” were also employed to avoid exclusion of 
studies that presented data on a broader group of condi-
tions. Screening criteria were applied to the search results 
(see Supplementary Table 1 for eligibility criteria, 
Supplementary Table 2 for inclusion criteria). The litera-
ture search was supplemented by searches of gray 

literature to include websites of clinical and patient orga-
nizations, conference abstracts, health technology assess-
ments, and targeted searches of Google and Google 
Scholar using keywords (see Supplementary Table 3 for 
search databases and sources). Due to the scarcity of 
literature on this topic, publications were reviewed to 
identify relevant cited references with earlier publication 
dates.

Results
XLRP is a Rare Disease, Most Cases of 
Which are Attributable to Mutations in 
the RPGR Gene
RP is a rare condition with an estimated incidence of 1 
case for every 3700 individuals in the US.11 The propor-
tion of RP that is XLRP varies regionally, with estimates 
ranging from 2% in Japan12 to between 6% and 16% in the 
US.11,13 XLRP was caused by mutations in the RPGR gene 
in more than 70% of XLRP-affected families in studies 
conducted in France and Germany.14,15 XLRP is less fre-
quently caused by mutations in the RP2 and OFD1 
genes.16 Findings from the literature review relating to 
the prevalence of RP and XLRP in different countries 
are summarized in Table 1.

Symptoms of XLRP Present in Childhood 
and Progress to Legal Blindness by 
a Median Age of 45 Years in Affected 
Males
In males with XLRP, night blindness is often the first 
symptom to present, with a median age of onset of 6 
years reported in a clinical study of 13 affected males;4 

peripheral vision remains relatively well preserved up to 
the first decade and then begins to worsen.4,22 Vision loss 
meeting the US definition of legal blindness (visual acuity 
≤20/200 or visual field, ≤20° equivalent to ≤314 deg2) 
was, however, reported to be driven primarily by loss of 
visual acuity (≤20/200) in a study of people with XLRP 
attributed to RPGR mutations (as opposed to patients with 
RHO mutations, for whom this was driven by loss of 
visual field).3 The median age at which individuals met 
the US definition of legal blindness was 45 years for those 
with XLRP caused by RPGR mutations, compared with 77 
years for people with RP due to RHO mutations, the other 
gene most commonly associated with RP.3,24 Similarly, 
a US-based study of visual acuity in RP found that in the 
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45–54 years age group, people with XLRP were four times 
more likely to have visual acuity ≤20/200 (61%) than 
people with autosomal dominant RP (15%).23

Comparing males with female carriers, a retrospective 
medical record review in the US reported that the disease 
progression rate in males with XLRP was twice that of 
female XLRP carriers. Most female carriers of XLRP 
observed over 3 years had reduced visual function in at 
least one eye, but only 2% became legally blind due to loss 
of visual acuity; this proportion may be higher in an older 
population.8

In the Absence of XLRP-Specific 
Literature, Findings for the Wider RP 
Population are That RP is Associated with 
a Significant Humanistic Burden and an 
Increased Mortality Risk
In the absence of XLRP specific studies, studies summar-
ized in Table 2 describe the humanistic burden of RP and 
include a qualitative assessment based on a semi- 
structured interview of 23 people with RP in Australia;25 

an online survey of 166 people with RP who have vision 
impairment, recruited through a patient advocacy group;26 

findings from a focus group of eight people with RP who 
are legally blind in the US;27 a retrospective self-study of 
a person living with RP in Ireland;28 and a clinical 

assessment of 26 people with RP in Spain.29 Qualitative 
studies indicate that people living with RP experience 
difficulties with everyday tasks, psychosocial burden, and 
barriers to work and career.25,30

A retrospective study of patient registry and health 
insurance data in Korea from 2011 to 2014 identified an 
increased mortality risk among people with RP compared 
with the general population. The standardized mortality 
ratio (SMR) for individuals with RP (all ages and genders 
combined) was 1.56, (95% confidence interval [CI] 1.27– 
1.90); a significantly greater risk of mortality over the 
general population was identified in males but not females. 
Suicide was the third most common cause of death among 
people with RP (8.9% of deaths); suicide in males with RP 
aged 40–59 years was significantly more common than in 
the age and sex matched general population (SMR 2.61, 
95% CI 1.60–4.04), identified as the cause of the increased 
mortality risk. A significant association with all-cause 
mortality among people with RP was identified for male 
sex and depression, but not visual impairment, leading the 
authors to suggest it may be the impact of diagnosis rather 
than functional impairment that is the key stressor.31

With respect to differences in visual impairment, 
a significant inverse correlation was found between 
reduced visual field and vision related quality of life scores 
as determined using the Japanese version of the National 
Eye Institute Visual Functioning questionnaire-25 in 

Table 1 Prevalence of RP and XLRP

Location RP XLRP Gene

US 1 in 370011 ● ~6–16% of RP cases11,13 

● 22.5% XLRP among survey 

respondents with RP17

–

France – – ● RP2 15.9% of families with XLRP 

● RPGR 78.4% of families with XLRP15

Germany – – ● RP2 8% of families with XLRP 

● RPGR 71% of families with XLRP14

Spain 1 in 835718 4% of RP cases18 –

UK 1 in 486919 ● 15.7% RP families20 (32.6%  

among individuals in this study) 

● 21.5% RP families21

–

Japan – 1.8% of RP cases12a A small-scale study attributed a similar proportion of cases of XLRP to RP2 

and RPGR mutations in a study of 13 males with XLRP and 15 female carriers 
from 12 families4

Notes: aPrevalence estimate has been derived from a study of 329 Japanese patients with RP who visited the Department of Ophthalmology and Visual Sciences, Kyoto 
University Graduate School of Medicine, Kyoto, Japan. 
Abbreviations: RP, retinitis pigmentosa; RP2, retinitis pigmentosa 2; RPGR, retinitis pigmentosa GTPase regulator; XLRP, X-linked retinitis pigmentosa.
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a study of 40 people with RP.32 A study in 26 people with 
RP found a correlation between reduced visual functioning 
(measured using Visual Functioning questionnaire-25, ver-
sion 2000) and increased level of depression (measured 
using Beck Depression Inventory).29 A cross-sectional 
study of 33 people with RP who were legally blind 
reported psychosocial difficulties adjusting to visual loss 

in three domains in particular. People with RP described 
experiencing difficulties in engagement with the healthcare 
system, reporting that they expected more understanding 
and support from their doctors and were not provided with 
adequate information about the course of their condition. 
In addition, people with RP reported experiencing adjust-
ment difficulties in the domains of social environment 

Table 2 Themes of Humanistic Burden of RP Identified

Theme Key Findings Reference

Activities of daily living ● Inability to drive 
● Difficulty seeing in changing light conditions 

● Difficulty shopping 

● Difficulty completing household chores 
● Difficulty reading books, menus, magazines, and newspapers 

● Difficulty playing sports and partaking in leisure activities 

● Difficulty orienting in unfamiliar and crowded places 
● Difficulty using steps 

● Accidents: falling, bumping into things, depth perception impacted by loss of peripheral vision

Senthil et al, 201725a

● Inability to drive 

● Difficulty orienting and walking in unfamiliar and confined places

Bittner et al, 201027b

● Ocular discomfort when performing daily tasks Latham et al, 201526c

Emotional ● Facing emotional and psychological challenges due to progressive visual loss: fear of losing  

eyesight completely or going blind early, uncertainty about the future 

● Feelings of frustration, shock, anxiety 
● Embarrassment associated with being labelled disabled or blind 

● Loss of autonomy and independence 

● Fear of accidents, greater risk to personal safety, inability to respond in emergency situations

Senthil et al, 201725a

● Feelings of panic and devastation 

● Loss of autonomy and independence

Bittner et al, 201027b

● Grief following diagnosis 

● Fear of judgement: perception of use of mobility cane 
● Fear of loss of autonomy and independence

Fourie, 200728d

● Dealing with negative feelings 
● Emotion 

● Communicating visual loss to people

Latham et al, 201526c

● Significant negative correlation between level of depression and visual functioning Chacón-López et al, 

201329e

Social and 

relationships

● Missing social cues causing anxiety 

● Dependence on others for reading, shopping, transport, and navigating in darkness 

● Fear of being left alone and of rejection by partner

Senthil et al, 201725a

● Spouse unable to fully understand living with vision impairment Bittner et al, 201027b

Work/school ● Uncertainty arising from how future visual loss affects career 

● Loss of peripheral vision associated with difficulty reading computer screens

Senthil et al, 201725a

Notes: aThis publication describes a qualitative semi-structured interview and thematic analysis of 23 people with RP in Australia; bThis publication is based on a qualitative 
focus groups of 8 people with RP who are legally blind in the US; cThis publication describes findings from a quantitative online survey of 166 people with RP who are vision 
impaired; dThis publication is based on a qualitative retrospective self-study of a person with RP in Ireland; eThis publication describes findings from a quantitative study in 26 
people with RP conducted in Spain.
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(constriction or restraint of normal social activities as 
a result of illness) and extended family relationships (dis-
ruption or derangement in relationships with the extended 
family associated with the disease).33

Focus groups with eight people with RP explored the 
coping strategies used to manage stress related to gra-
dual vision loss. The focus group reported that people 
with RP fought to maintain their independence in the 
face of worsening vision and demonstrated resilience by 
keeping vision loss in perspective and often using 
humor as a coping mechanism.27 Adaptative behaviors 
(giving oneself more time when traveling to new places, 
communicating one’s abilities and where support is 
needed) and maladaptive coping strategies (smoking, 
eating more fast food or engaging in less physical activ-
ity) were identified as a theme in a systematic review of 
coping with retinitis pigmentosa.30 Use of assistive 
devices such as computers and technology has been 
reported by people with RP, and supplemented with 
low-vision rehabilitation training can help people with 
RP to adapt to gradual loss of vision.25,27 An online 
survey of 166 people with RP-related vision impairment 
found that approximately half of those surveyed used 
mobility aids and that those who did not tended to be 
younger.26 This may reflect differences in functional 
vision impairment across the age groups of the RP 
patients surveyed. However, lack of use of mobility 
aids in younger people with more advanced RP may 
relate to the fear of judgement that has been 
reported.26,28

The Identified Economic Burden of RP in 
Terms of Productivity, Healthcare and 
Social Care Can Reasonably Be 
Extrapolated to the XLRP Population
In the absence of XLRP-specific studies describing eco-
nomic burden, reports of the economic burden for the 
wider RP population were reviewed. The total economic 
burden of RP has been calculated as £262.3 million in 
the UK and between US$3708.4 and US$8790.6 million 
in the US in 2019, with RP comprising the largest 
and second largest contributor to the total cost of inher-
ited retinal dystrophies in the UK and US, respectively. 
The greatest cost component was wellbeing losses (cal-
culated through monetary value attributed to loss of 
disability adjusted life-years) representing 37.5% and 
62.9% of the total costs for the UK and US, 

respectively; after this the greatest component of the 
economic burden was productivity. Productivity costs 
represented 21.8% and 13.8% of overall costs for the 
UK and US, respectively. Informal carer costs, health-
care system costs, and other cost categories were also 
identified.17,34

A retrospective claims analysis in the US identified 
significantly greater overall annual healthcare costs of 
US$7317 (2012 values) in people with RP compared 
with those without RP, predominantly due to increased 
outpatient costs (people with RP had an average of 2.74 
more outpatient visits annually). People with RP had 2.18 
additional prescriptions filled annually. This study found 
no meaningful increase in hospital admissions, inpatient 
hospital days, or emergency visits for people with RP 
compared with their non-RP counterparts.35 The limited 
impact of RP on healthcare costs is expected, as there has 
been no approved treatments for patients with RP. 
Currently the only licensed option to improve visual func-
tion has been an epiretinal prosthesis system (such as the 
Argus II; Second Sight Medical Products) which may be 
used in patients with RP who have little to no vision 
remaining: use of this device was reported to have 
a positive or mildly positive impact on the quality of life 
of the majority of patients in a clinical trial.36,41

With respect to other direct costs for people with RP, 
a US survey of people living with inherited retinal 
dystrophies (50% of which had RP) found that 66.8% 
of those surveyed reported receiving informal care (10.8 
hours on average per week), and 3.1% of those surveyed 
reported receiving formal care (average 18 hours per 
week).17 Patient-borne costs, as reported by a small 
focus group of people with RP, include travel to 
appointments, specialist equipment, home adaptations, 
and domestic help.37

In terms of productivity costs, qualitative studies 
describe difficulties with employment, reduced work 
opportunities, and a consequent financial impact for people 
with RP.25,30,37 People with RP reported challenges navi-
gating in unfamiliar, confined, or busy environments 
resulting in vocational restrictions and sometimes 
a requirement to change jobs as visual acuity 
decreased.25 A negative correlation between education 
level and vocational environment in a cross-sectional 
study of 33 legally blind people with RP suggests that 
vision challenges at school may contribute adversely to 
educational performance and subsequent employment.34 
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The earlier onset of XLRP may increase the impact on 
education compared with other forms of RP.

The More Rapid Progression to Advanced 
Disease in XLRP May Increase the Patient 
Burden Compared with RP in General
The more rapid disease trajectory associated with XLRP – 
both onset of symptoms from childhood, and progression 
to blindness earlier in life – may reasonably be expected to 
increase the disease burden for individuals with XLRP 
compared with those in the wider RP population.

Although literature comparing the burden of XLRP with 
that of RP is limited, findings support the hypothesis that 
XLRP is associated with a greater burden of illness than 
wider RP. One study observed that, compared with the wider 
RP population, people with XLRP had lower perceived 
vision-related ability (as assessed with a modified version 
of the Vision Function Scale).38 The correlation between 
reducing visual function and increasing levels of depression 
in RP supports the hypothesis that humanistic burden can 

reasonably be expected to be greater for XLRP than for 
other forms of RP.29 An increase in patient burden with 
increasing severity of the condition has been observed in 
RP more generally: a study that stratified patients with RP 
by visual field and visual acuity found that HRQL and 
emotional state worsened as patients approached legal blind-
ness (residual visual field diameter below 20° and a visual 
acuity less than 0.3 [0.5 log minimum angle of 
resolution]).39 Similarly, patient reports highlight the greater 
impact on activities of daily living associated with the pro-
gression of RP as XLRP progress, as illustrated in 
Figure 1.3,40 In addition, the progressive nature of RP has 
been reported to be a source of distress,25 hence the rapid 
disease trajectory observed in XLRP can reasonably be 
expected to have a greater impact on patients’ mental health.

Conclusion
The findings of this review highlight the significant huma-
nistic and economic burden of XLRP. As a subtype of 
a rare condition with no available treatments, few studies 

Figure 1 Progressive symptoms of XLRP compromise activities of daily living. 
Note: Data from these studies.3,25,40 

Abbreviations: RPGR, retinitis pigmentosa GTPase regulator; XLRP, X-linked retinitis pigmentosa.
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specific to XLRP have been published. This review of 
current literature on RP and XLRP advances the under-
standing of the burden of this rare disease.

People with RP reported having difficulty undertaking 
the activities of daily living and maintaining indepen-
dence; they also experience barriers to work and career, 
as well as psychosocial burden. Furthermore, the impact of 
RP on patients increases with progression of the condition. 
Advanced RP is associated with reduced vision-related 
quality of life and higher levels of depression. Studies of 
the economic impact of RP provide a baseline assessment 
for XLRP. It can reasonably be assumed that XLRP is 
associated with a greater burden than other forms of RP, 
with a greater impact on education and productivity due to 
the younger age of those affected. In the absence of avail-
able treatments, direct healthcare costs are low for people 
with XLRP. However, the impact on wellbeing, productiv-
ity, caregivers, and prevalence of other conditions such as 
depression should be considered when assessing the eco-
nomic burden. Overall, as the most severe form of RP, the 
burden of XLRP for patients and society may be greater 
than that reported for RP.

A clear limitation of this review was the lack of XLRP- 
specific literature. As a rare condition with no available 
treatment, patient advocacy groups play an active role in 
conducting studies and communicating the patient per-
spective on this condition. The goal of the gray literature 
review conducted in this study was to capture the patient 
experience.

With gene therapy for XLRP on the horizon, future 
research to quantify the impact of XLRP on HRQL, 
comorbid mental disorders, education, productivity, and 
other aspects are warranted. This evidence needs to be 
generated to raise awareness of the disease burden 
among key stakeholders, including policymakers, payers, 
and healthcare providers, who may have limited knowl-
edge of this rare condition. Quantification of the burden of 
XLRP will help to evaluate benefits of the treatments 
currently in development.
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