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Supplementary material
Table S1 Search terms used in the systematic review
	Number
	Searches

	Embase, Ovid MEDLINE and the Cochrane Library

	1
	X-linked hypophosphatemia/

	2
	(X-linked hypophosphatemia or X-linked hypophosphataemia or XLH).mp.

	3
	(X-linked dominant hypophosphatemic rickets or X-linked dominant hypophosphataemic rickets).mp.

	4
	(X-linked hypophosphatemic rickets or X-linked hypophosphataemic rickets or XLHR).mp.

	5
	(familial hypophosphatemia or familial hypophosphataemia).mp.

	6
	(heritable hypophosphatemic rickets or heritable hypophosphataemic rickets).mp.

	7
	X-linked vitamin D-resistant rickets.mp.

	8
	vitamin D-resistant rickets.mp.

	9
	phosphate diabetes.mp.

	10
	or/1-9

	11
	limit 10 to (english language and humans)

	Northern Light Life Sciences Conference Abstracts database

	1
	(X-linked hypophosphatemia or X-linked hypophosphataemia or XLH).mp.

	2
	(X-linked dominant hypophosphatemic rickets or X-linked dominant hypophosphataemic rickets).mp.

	3
	(X-linked hypophosphatemic rickets or X-linked hypophosphataemic rickets or XLHR).mp.

	4
	(familial hypophosphatemia or familial hypophosphataemia).mp.

	5
	(heritable hypophosphatemic rickets or heritable hypophosphataemic rickets).mp.

	6
	X-linked vitamin D-resistant rickets.mp.

	7
	vitamin D-resistant rickets.mp.

	8
	phosphate diabetes.mp.

	9
	or/1-8

	10
	limit 9 to last 5 years


XLH, X-linked hypophosphataemia; XLHR, X-linked hypophosphataemic rickets
[bookmark: _Hlk12954075]Table S2 Quality assessment of non-clinical trial research studies
	Reference
	Study design (sample size)
	Quality of evidence


	Cohort studies
	Selection
	Comparability
	Outcome
	Total score

	
	
	Representativeness of the exposed cohort:

a) Truly* representative
b) Somewhat representative*
c) Selected group of patients
d) No description of the derivation of the cohort
	Selection of the non-exposed cohort:

a) Drawn from same community as intervention cohort*
b) Drawn from a different source 
c) No description of the derivation of the non-intervention cohort
	Ascertainment of exposure:

a) Secure record*
b) Structured interview*
c) Written self-report 
d) Other / no description
	Demonstration that outcome of interest was not present at start of study:

a) Yes*
b) No
	Comparability of cohorts on the basis of the design or analysis controlled for confounders:

a) Study controls for age and sex*
b) Study controls for any additional factors*
	Assessment of outcome:

a) Independent blind assessment*
b) Record linkage* 
c) Self-report 
d) Other / no description
	Was follow-up long enough for outcomes to occur:

a) Yes, if median duration of follow-up ≥ 6 month*
b) No, if median duration of follow-up < 6 months
	Adequacy of follow-up of cohorts:

a) Complete follow up: all patients accounted for*
b) Patients lost to follow up unlikely to introduce bias: number lost ≤ 20%, or description of those lost suggesting no different from those followed* 
c) Follow-up rate < 80% and no description of those lost 
d) No statement or unclear
	

	Bernt et al, 1996 [1]
	Clinical examination, retrospective review, survey (23)
	a (+1)
	NA (0)
	a (+1)
	NA (0)
	NA (0)
	a and c (+1)
	a (+1)
	a (+1)
	5/9
Satisfactory

	Biosse Duplan et al, 2017 [2]
	Clinical examination (34)
	b (+1)
	NA (0)
	a (+1)
	NA (0)
	NA (0)
	a (+1)
	a (+1)
	a (+1)
	5/9
Satisfactory

	Chaussain-Miller et al, 2003 [3]
	Clinical examination (16a)
	a (+1)
	a (+1)
	a (+1)
	NA (0)
	NA (0)
	a (+1)
	a (+1)
	a (+1)
	6/9
Good

	Che et al, 2016 [4]
	Paired- cohort study (52)
	a (+1)
	a (+1)
	a (+1)
	NA (0)
	a (+1)
	a and c (+1)
	NA (0)
	NA (0)
	5/9
Satisfactory

	Chesher et al, 2018 [5]
	Retrospective chart review (59b)
	a (+1)
	NA (0)
	a (+1)
	NA (0)
	NA (0)
	a (+1)
	a (+1)
	a (+1)
	5/9
Satisfactory

	Ehrich et al, 1996 [6]
	Retrospective chart review (32a)
	b (+1)
	NA (0)
	a (+1)
	NA (0)
	NA (0)
	a and c (+1)
	a (+1)
	a (+1)
	5/9
Satisfactory

	Haffner et al, 1999 [7]
	Retrospective chart review (26c,d)
	a (+1)
	NA (0)
	a (+1)
	NA (0)
	NA (0)
	a (+1)
	a (+1)
	a (+1)
	5/9
Satisfactory

	Lee et al, 2012 [8]
	Clinical examination, retrospective study (44d)
	a (+1)
	NA (0)
	a (+1)
	NA (0)
	NA (0)
	a (+1)
	a (+1)
	a (+1)
	5/9
Satisfactory

	McNair and Stickler, 1969 [9]
	Retrospective chart review (36d)
	a (+1)
	NA (0)
	a (+1)
	NA (0)
	NA (0)
	a (+1)
	b (0)
	d (0)
	3/9
Poor

	Nakamura et al, 2017 [10]
	Retrospective chart review (22)
	a (+1)
	NA (0)
	a (+1)
	NA (0)
	NA (0)
	a (+1)
	a (+1)
	a (+1)
	5/9
Satisfactory

	Nehgme et al, 1997 [11]
	Prospective cohort study (2a)
	d (0)
	a (+1)
	a (+1)
	NA (0)
	a (+1)
	a (+1)
	NA (0)
	a (+1)
	5/9
Satisfactory

	Reid et al, 1989 [12]
	Clinical examination and retrospective review (22)
	c (0)
	NA (0)
	a (+1)
	NA (0)
	NA (0)
	a and c (+1)
	NA (0)
	NA (0)
	2/9 
Poor

	Shanbhogue et al, 2018 [13]
	Prospective cohort study (27)
	a (+1)
	a (+1)
	a (+1)
	NA (0)
	a (+1)
	a and c (+1)
	a (+1)
	a (+1)
	7/9
Good

	Song et al, 2007 [14]
	Retrospective chart review, genetic analysis (11a)
	d (0)
	NA (0)
	a (+1)
	NA (0)
	NA (0)
	a (+1)
	a (+1)
	a (+1)
	4/9
Poor

	Stickler and Morgenstern, 1989 [15]
	Retrospective chart review (52)
	a (+1)
	NA (0)
	a (+1)
	NA (0)
	NA (0)
	b and c (+1)
	a (+1)
	b (+1)
	5/9
Satisfactory

	Sullivan et al, 1992 [16]
	Prospective cohort study (17a)
	d (0)
	NA (0)
	a (+1)
	NA (0)
	NA (0)
	a and c (+1)
	a (+1)
	b (+1)
	4/9
Poor

	Zhang et al, 2019 [17]
	Retrospective chart review, genetic analysis (261d)
	a (+1)
	NA (0)
	a (+1)
	NA (0)
	NA (0)
	a (+1)
	a (+1)
	b (+1)
	5/9
Satisfactory

	Cross-sectional studies
	Selection
	Comparability

	Outcome
	Total score

	
	
	Representativeness of the sample:

a) Truly representative of the average in the target population* 
b) Somewhat representative of the average in the target population*
c) Selected group of users
d) No description of the sampling strategy
	Sample size:
(> 50)

a) Justified and satisfactory* 
b) Not justified
	Non-respondents:

a) Comparability between respondents and non-respondents’ characteristics is established, and the response rate is satisfactory* 
b) The response rate is unsatisfactory, or the comparability between respondents and non-respondents is unsatisfactory c) No description of the response rate or the characteristics of the responders and the non-responders
	Ascertainment of the exposure (risk factor):

a) Validated measurement tool** 
b) Non-validated measurement tool, but the tool is available or described*
c) No description of the measurement tool
	The patients in different outcome groups are comparable, based on the study design or analysis. Confounding factors are controlled

a) The study controls for the most important factor (select one) * 
b) The study controls for any additional factor*
	Assessment of the outcome

a) Independent blind assessment ** 
b) Record linkage** 
c) Self report* 
d) No description
	Statistical test:

a) The statistical test used to analyse the data is clearly described and appropriate, and the measurement of the association is presented, including confidence intervals and the probability level (p value)* 
b) The statistical test is not appropriate, not described or incomplete
	–
	

	Anderson et al, 2012 [18]
	Prospective cross-sectional study (36a)
	a (+1)
	a (+1)
	c (0)
	a (+2)
	NA (0)
	a (+2)
	a (+1)
	–
	7/10
Good

	Beck-Nielsen et al, 2010 [19]
	Prospective cross-sectional study (38)
	b (+1)
	b (0)
	c (0)
	a (+2)
	NA (0)
	a (+2)
	a (+1)
	–
	6/10
Satisfactory

	Connor et al, 2015 [20]
	Retrospective cross-sectional study (52)
	c (0)
	a (+1)
	c (0)
	a (+2)
	a and b (+2)
	a (+2)
	a (+1)
	–
	8/10
Good

	Davies et al, 1984 [21]
	Prospective cross-sectional study (22a)
	d (0)
	b (0)
	NA (0)
	c (0)
	NA (0)
	a (+2)
	b (0)
	–
	2/10
Poor

	Econs et al, 1994 [22]
	Survey (50a,c)
	b (+1)
	a (+1)
	c (0)
	a (+2)
	NA (0)
	c (+1)
	a (+1)
	–
	6/10
Satisfactory

	Endo et al, 2015 [23]
	Survey (36c,d)
	a (+1)
	a (+1)
	b (0)
	c (0)
	NA (0)
	a (+2)
	b (0)
	–
	4/10
Poor

	Forestier-Zhang et al, 2016[24]
	Survey (24c)
	b (+1)
	b (0)
	b (0)
	a (+2)
	NA (0)
	c (+1)
	a (+1)
	–
	5/10
Satisfactory

	Harrison et al, 1976 [25]
	Prospective cross-sectional study (7b)
	d (0)
	b (0)
	NA (0)
	a (+2)
	NA (0)
	a (+2)
	b (0)
	–
	4/10
Poor

	Theodore-Oklota et al, 2018 [26]
	Interview (18)
	b (+1)
	b (0)
	c (0)
	c (0)
	NA (0)
	c (+1)
	b (0)
	–
	2/10
Poor

	Veilleux et al, 2012 [27]
	Prospective cross-sectional study (34d)
	b (+1)
	b (0)
	c (0)
	a (+2)
	a (+1)
	a (+2)
	a (+1)
	–
	7/10
Good

	Veilleux et al, 2013 [28]
	Prospective cross-sectional study (30d)
	b (+1)
	b (0)
	c (0)
	a (+2)
	a (+1)
	a (+2)
	a (+1)
	–
	7/10
Good

	Wiemann et al, 2018 [29]
	Survey (13c,e)
	b (+1)
	a (+1)
	b (0)
	c (0)
	NA (0)
	c (+1)
	a (+1)
	–
	4/10
Poor

	Yuan et al, 2015 [30]
	Genetic analysis (4c)
	c (0)
	b (0)
	NA (0)
	a (+2)
	NA (0)
	a (+2)
	NA (0)
	–
	4/10
Poor


[bookmark: _Hlk40717994]The Newcastle–Ottawa Scale for assessing the quality of cohort and cross-sectional studies was used in this evaluation [31]. Asterisks denote the allocation of stars in the evaluation. Quality of evidence from cohort studies was rated as poor, satisfactory and good for studies scoring ≤ 4, 5 and ≥ 6 out of 9 stars, respectively; quality of evidence from cross-sectional studies was rated as poor, satisfactory and good for studies scoring ≤ 4, 5 or 6 and ≥ 7 out of 10 stars, respectively
aThese studies included children; sample sizes stated here include adult patients (aged ≥ 18 years) only. bThese studies included patients aged 17 years. cThese studies included individuals without XLH; sample sizes stated here include patients with XLH only. dThe number of adults included in these studies was not reported. eThis study may have included patients aged 16 or 17 years 
NA, not applicable; XLH, X-linked hypophosphataemia
Table S3 Search terms used in the structured Internet search
	Number
	Searches

	1
	X-linked hypophosphat(a)emia / XLH AND disease burden

	2
	X-linked hypophosphat(a)emia / XLH AND quality of life

	3
	X-linked hypophosphat(a)emia / XLH AND unmet needs

	4
	X-linked hypophosphat(a)emia / XLH AND patient experience

	5
	X-linked hypophosphat(a)emia / XLH AND insurance

	6
	X-linked hypophosphat(a)emia / XLH AND mobility

	7
	X-linked hypophosphat(a)emia / XLH AND diagnosis


XLH, X-linked hypophosphataemia



Table S4 Included websites identified in the structured Internet search
	Title
	Resource type
	URL

	Ultragenyx announces presentation of disease burden data in adult patients with X‑linked hypophosphatemia
	Press release
	http://globenewswire.com/news-release/2015/03/09/713519/10123739/en/Ultragenyx-Announces-Presentation-of-Disease-Burden-Data-in-Adult-Patients-With-X-Linked-Hypophosphatemia.html

	Kyowa Hakko Kirin announces positive interim data from pediatric and adult phase 2 studies of KRN23 in X-linked hypophosphatemia
	Press release
	http://kyowa-kirin.com/news_releases/2016/pdf/e20160920_02.pdf

	Diagnosis and management of X-linked hypophosphatemia (XLH)
	Slide presentation
	http://syllabus.aace.com/2018/Chapters/Heartland/slides/Rush_Diagnosis%20and%20Management%20Xlinked_HRLD2018AM.pdf

	X-linked hypophosphatemia in a South African population 
	MSc dissertation
	http://wiredspace.wits.ac.za/bitstream/handle/10539/14070/Basu%20D%201999-001.pdf?sequence=1&isAllowed=y

	Banjogrrldiaries (XLH and me)
	Blog written by an adult with XLH
	https://banjogrrldiaries.wordpress.com/tag/x-linked-hypophosphatemia/

	X-linked hypophosphatemia (XLH) case study: a dynamic development model for rare disease
	Slide presentation
	https://everylifefoundation.org/wp-content/uploads/2018/09/Alison-Skrinrar-Ultragenyx.pdf

	Hereditary X-linked hypophosphatemia and thoracic myelopathy 
	Journal article (case study)
	https://journals.aace.com/doi/pdf/10.4158/EP15858.CR

	Research offers new hope for XLH patients
	Video containing interview with an adult with XLH
	https://medicine.iu.edu/expertise/musculoskeletal-health/research/hypophosphatemic-rickets/

	X-linked hypophosphatemia in adults: new biology, new therapies
	Slide presentation
	https://medicine.yale.edu/lab/insogna/ASBMR.KLI.2016.Sep14KIpm_275856_1095_5_v1.pdf

	Humanistic and economic burden of X‑linked hypophosphatemia (XLH): a systematic literature review
	Congress poster
	https://tools.ispor.org/research_pdfs/60/pdffiles/PMS116.pdf

	David: living life to the fullest
	Website article written by an adult with XLH
	https://ultrarareadvocacy.com/patient-story/xlh/

	Ultragenyx Pharmaceuticals announces presentation of disease burden data in adult patients with X-linked hypophosphatemia
	Press release
	https://www.biospace.com/article/releases/ultragenyx-pharmaceuticals-announces-presentation-of-disease-burden-data-in-adult-patients-with-x-linked-hypophosphatemia-/

	Familial X-linked hypophosphatemic rickets of 3 generations: a clinicohistopathological study
	Journal article (case study)
	https://www.ecronicon.com/ecde/pdf/ECDE-18-00898.pdf

	X-linked hypophosphatemia symptoms
	Video containing interviews with adults with XLH
	https://www.news-medical.net/health/X-Linked-Hypophosphatemia-Symptoms.aspx

	Passing my disability on to my children
	Newspaper article written by an adult with XLH
	https://www.nytimes.com/2016/09/07/opinion/passing-my-disability-on-to-my-children.html

	Dental management of patients with X‑linked hypophosphatemia
	Journal article (case study)
	https://www.rde.ac/Synapse/Data/PDFData/2185RDE/rde-42-146.pdf

	X-linked hypophosphatemia (XLH) impairs skeletal health outcomes and physical function in affected adults
	Congress poster
	https://www.ultragenyx.com/file.cfm/22/docs/KRN23%20-%20ENDO%20adult%20disease%20burden%20poster%20March%202015.pdf

	X-linked hypophosphatemia: a new therapeutic approach
	Online case study
	https://www.upmcphysicianresources.com/news/032719-xlinked-hypophosphatemia-a-new-therapeutic-approach

	Adults with XLH have an ongoing active disease due to unresolved symptoms that can result in disability
	Online resource for patients and caregivers
	https://www.xlhlink.com/hcp/burden-of-disease-adults/


URL, Uniform Resource Locator; XLH, X-linked hypophosphataemia



[image: ]
Fig. S1 Reported occurrence of XLH manifestations in case studies (n = 68)
Case studies in articles and conference abstracts were included; duplicates were removed prior to analysis. In total, 33 of the 68 patients (49%) were reported to have received conventional supplementation therapy for XLH
aLimb deformity included bowing of the legs and genu varum. bTypes of fracture reported included insufficiency fractures (n = 4) and pseudofractures (n = 4); four case studies did not specify the type of fractures experienced. cOther skeletal manifestations were those that were reported in ≤ 4 case studies and included osteomalacia (n = 3), Chiari malformation (n = 2), hip dysplasia (n = 2), syringomyelia (n = 2) and cranial abnormalities (n = 2). dSensory changes included paraesthesia (n = 5), numbness (n = 5), hearing loss (n = 2) and tinnitus (n = 1); three case studies did not specify the type of sensory changes experienced. eRenal manifestations included nephrocalcinosis (n = 6), renal disease (n = 5), kidney stone (n = 2) and renal cancer (n = 1). fOther manifestations were those that were reported in ≤ 4 case studies and included hypertension (n = 3), fatigue (n = 3), obesity (n = 2) and cardiovascular disease (n = 1)
XLH, X-linked hypophosphataemia

[image: ]
Fig. S2 PRISMA diagram showing the selection of web-based sources identified in the structured Internet search
PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; SLR, systematic literature review
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