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Abstract

Objectives: X-Linked hypophosphataemic rickets (XLH) is a rare multisystemic disease of mineral homeostasis that has a prominent skeletal phenotype. The aim of this study was to describe additional comorbidities in XLH patients compared to general population controls. 

Material and methods: The Clinical Practice Research Datalink (CPRD) GOLD was used to identify a cohort of XLH patients (1995-2016), along with a non-XLH cohort matched (1:4) on age, sex and GP practice. Using the CALIBER portal, phenotyping algorithms were used to identify the first diagnosis (and associated age) of 273 comorbid conditions during patient follow-up. Fifteen major disease categories were used and the proportion of patients having ≥1 diagnosis was compared between cohorts for each category using logistic regression and repeated according to Index of Multiple Deprivation (IMD). 

ResultFindings: There were 64 and 256 patients in the XLH and non-XLH cohorts, respectively. There was increased prevalence of endocrine (OR 3.46 [95% CI: 1.44 to 8.31]) and neurological (OR 3.01 [95% CI: 1.41 to 6.44] disorders among XLH patients. Across all specific comorbidities, four were at least twice as likely to be present in XLH cases, but only depression met the Bonferroni threshold: OR 2.95 [95%CI: 1.47 to 5.92]. Distribution of IMD among XLH cases indicated greater deprivation than the general population. 

Conclusion: We describe a higher risk of mental illness in XLH patients compared to matched controls, and greater than expected deprivation. These findings should inform development of may have implications for clinical practice guidelines and decisions around health and social care provision for these patients.



Introduction

X-Linked hypophosphataemic rickets (XLH) is a rare multisystemic disease of mineral homeostasis that has a prominent skeletal phenotype characterized by renal phosphate wasting due to mutations in the PHEX gene (1). It is the most common form of heritable rickets(2). The key molecular mechanism involves excess fibroblast growth factor 23 (FGF23) production, a phosphatonin first identified in autosomal dominant hypophophosphataemic rickets(3) and tumour induced osteomalacia (4, 5). XLH usually manifests early in life with shortened height and bowing of the legs, and while these can be improved with phosphate and activated vitamin D pharmacotherapy, they likely persist into adulthood along with increased risk of arthritis, dental abscesses and enthesopathy (calcification of tendons and ligaments) (2, 6). While previous studies have demonstrated the prevalence and incidence of comorbidities in cohort studies based on attendees to specialist centreers, the proportion of comorbidities that is attributable to XLH in the community setting is not known. We have previously demonstrated an unexpected increase in mortality in patients with XLH (7). Our primary aim was to describe the comorbidities associated with XLH throughout the life lifespan using routine medical data. 

Methods

Study design and participants
The study design and participants have been previously described (7) and are summarized here. This parallel cohort study used the UK Clinical Practice Research Datalink (CPRD) GOLD – a primary care database containing routinely collected electronic medical records for approximately 7% of the UK population that contains data on comorbidities using Read codes (8). A cohort of all potential XLH patients (1995 to 2016) was first generated using an initial list of Read codes and potential XLH cases were graded by two clinicians with expertise in XLH as either ‘highly likely’, ‘likely’, ‘possible’, ‘unlikely’ or ‘unable to determine’ as previously described(7). Four non-XLH general population control patients were matched to each XLH patient on age, sex and GP practice, all measured at time of first Read code pertaining to XLH diagnosis after a patient was one year of age. For the present investigation, only the potential XLH cases that were graded very likely or likely by either clinical grader (kappa for inter-grader agreement previously reported as 0.98 (7)), along with their matched non-XLH controls were retained in analyses. Linkage to hospital data was available for 58% of the cohort and this was used to record their Index of Multiple Deprivation (IMD).

We interrogated the CPRD dataset using previously defined and published Read code lists (9) to identify diagnoses of non-communicable comorbid conditions for all included XLH cases and controls, with only the first occurrence of a given condition being considered per patient. Only phenotyping code lists that pertained to primary care diagnoses were used, i.e. aspects relating to secondary care hospital data or test data were not considered. All code lists are available from the open-access CALIBER portal (10). Specifically, a list of 273 conditions (supplementary table S1 (11)) identifiable in primary care were investigated, all of which have been described previously as being involved in intensive health-care resource utilization (9). We made an adaptation to one of these code lists, changing ‘wrist fracture’ to ‘non-hip fracture’ by adding codes for other sites including pelvis, spine, shoulder and tibia amongst other fracture sites. For primary analyses the 273 individual conditions were merged into 15 major disease categories, as defined previously (9), analogous to ICD10 chapters. For secondary analyses each of the conditions was considered individually.

Statistical analyses

Patient-level data flags were created to identify the presence of at least one recorded comorbidity code for each of the 15 major condition categories and for each of the 273 specific conditions. Patient age at the first recording of each comorbid category/condition was also derived. The time window for each patient in which this search was made was from the latest of enrollment into the CPRD, and date of GP practice being recognized as ‘up to standard’ (i.e. as contributing data of sufficient quality), up to the earliest of the date of data download, and patient transference out of practice owing to death or loss to follow-up. 

The derived variables were then aggregated separately for XLH and non-XLH cohorts. The proportion of patients affected (i.e. having ≥1 diagnosis) by each of these conditions was formally compared between the cohorts using univariable logistic regression models yielding odds ratios (OR). P-values from these models were interpreted relative to a Bonferroni corrected threshold to account for multiple testing, allowing the significance level of 0.05 to be tailor transformed according to the number of comparisons being performed. In primary analyses the proportion of patients receiving ≥1 diagnosis of any condition within the broader disease categories was the outcome of interest, while secondary analyses investigated each of the 273 conditions individually. These comparisons were only conducted for categories and conditions that affected ≥10% of either cases orf controls. This 10% cutoff was used given our interest in conditions that affect a considerable and clinically relevant proportion of the population, which was necessary given the large number of phenotyping code lists available for investigation relative to a limited sample size. 

In analyses of individual comorbidities, the relative frequency of affected patients (≥1 diagnosis of a condition) according to XLH/non-XLH cohort was depicted graphically against the mean age at earliest recorded diagnosis for each condition. The OR for disease occurrence alongside corresponding p-values were presented using smile plots (11).

Sensitivity analysis

Two sensitivity analyses were performed. The first was to examine the distribution of IMD quintiles within the XLH cohort and repeat the descriptive component of the main analysis (reporting the occurrence of conditions by main disease categories for the XLH and non-XLH cohorts) stratified by below versus above national average IMD. We did this to explore potential differences in natural history, given that there may plausibly be differences in service provision as well as many relevant patient and life-style risk factors according to socio-economic status. Secondly, logistic regression models were used to compare the occurrence of individual categories/conditions that were recorded in ≥5% in either XLH or non-XLH cohorts rather than the 10% cutoff used in the main analysis. 

Results

Out of 522 patients initially identified with a possible Read code for XLH, 64 were retained as being graded either very likely or likely, along with their 256 matched controls. Characteristics of these patients are included in table 1. Median age at first recorded code pertaining to XLH was 12.5 years with an overall median follow-up of 10.2 (IQR: 6.8 to 16.4) years. 45% were aged 16 years or older and 70.5% were female. There were a total of 41,976 eligible recorded event/diagnosis codes during study follow-up among the 320 individuals included in analyses, with the median number per patient being 119 (IQR: 53 – 233) and 80 (IQR: 33 – 177) for XLH and non-XLH patients, respectively.

In analyses of the 15 condition categories, nine were present in ≥10% of the XLH cohort while six were present in ≥10% of the non-XLH cohort (table 2). In terms of a differential burden of categorized conditions between cohorts, there was a significantly higher occurrence of neurological (OR=3.01 [95% CI: 1.41 to 6.44]; p=0.0046) and endocrine (OR=3.46 [95% CI: 1.44 to 8.31]; p=0.0054) comorbidities in XLH patients (table 2). Categorized mental health conditions were also elevated (OR=1.90 [95%CI: 0.99 to 3.62]), although did not meet statistical significance (p=0.053) considering the multiple testing (table 2). Specific conditions that particularly contributed to the greater burden of categorized neurological conditions in the XLH cohort were epilepsy (4.7% versus 0.4%) and migraine (10.9% versus 4.7%) (supplementary table S1 (12)). Those that contributed to the raised categorized endocrine system conditions were hyperparathyroidism (6.3% versus 0%) and obesity (7.8% versus 1.6%) (supplementary table S1 (12)).

In secondary analyses, out of the 273 individual conditions investigated, nine were recorded in at least 10% of XLH and/or non-XLH patients which in age ascending order (for XLH patients) were: acne, dermatitis, asthma, rhinitis, migraine, depression, enthesopathy, anxiety and hypertension (figure 1, supplementary table S1 (12)). Rates of four of these were at least twice as high in the XLH versus non-XLH cohort: depression (OR=2.95 [95% CI: 1.47 to 5.92]), migraine (OR=2.50 [95% CI: 0.94 – 6.62]), rhinitis (OR=2.40 [95% CI: 1.20 to 4.80]) and hypertension (OR=2.12 [95% CI: 0.82 to 5.50]) (figure 1A, supplementary table S2 (12)), although the strength of evidence for this elevation was only considered significant for depression given the Bonferroni corrected p-threshold of 0.00556 (figure  2B, supplementary table S2 (12)).

Sensitivity analyses
Of the 37 (58%) XLH patients with linked IMD data, a significantly higher than expected proportion were below the national IMD average (24/37 [63%], p=0.011) (Figure 2). When the prevalence of comorbidities was examined only among XLH patients with a worse than average IMD along with their non-XLH counterparts, XLH patients still had more conditions affecting the endocrine system (13% versus 4%), mental health (33% versus 17%), musculoskeletal (17% versus 9%) and neurological conditions (21% versus 5%), although the statistical significance was not assessed given the small numbers (supplementary figure S1 (12)). Skin conditions appeared less prevalent in low IMD XLH patients relative to their non-XLH controls: 25% versus 40% (supplementary figure S1 (12)). Among XLH patients with higher than average IMD, only the endocrine conditions comorbidity category was elevated compared to matched non-XLH patients (15% versus 2%), while other categories appeared similarly prevalent or less so (supplementary figure S1 (12)).

When main analyses were repeated including all conditions in logistic regression models if they affected ≥5% of XLH cases or controls, rather than the 10% cut-off, results were very similar as to main analyses, except the statistical significance of the higher rate of endocrine system conditions (at the category level) was no longer below the Bonferroni corrected threshold of p=0.005 (supplementary table S3 (12)). Depression was still significantly elevated among XLH cases, and while rhinitis, obesity, migraine, osteoarthritis and chronic kidney disease were also higher in XLH patients relative to the non-XLH patients (OR>2.00), the evidence for these was weak (0.01≤p≤0.1) given the multiple testing involved (supplementary figure S2 (12)).

Discussion

In this study, we describe the life course burden of comorbidity among XLH patients, relative to matched non-XLH controls, in terms of broad disease categories and specific comorbid conditions. We demonstrate greater burden of conditions broadly defined as neurological, or endocrinological in XLH patients, alongside a significant elevation in depression which affected 25% of XLH cases relative to 10% of matched general-population controls. Our findings suggest a higher than expected prevalence of deprivation among XLH patients and that a higher prevalence of mental health, neurological and musculoskeletal conditions was particularly apparent in XLH patients with greater deprivation versus their matched controls.

The finding of more mental illness in people with XLH was unexpected. Most research into the burden of XLH and management guidelines for XLH has focused on skeletal and dental aspects of XLH (12, 13) (14-19).  Further, using generic quality of life tools, no clinically meaningful deficit in mental wellbeing was seen in adults using EQ-5D-5L(20) or SF10 (21). In contrast, qualitative approaches have detected significant issues around mental wellbeing. A thematic analysis of free text responses to the UK regulatory consultation for Burosumab demonstrated that people with XLH frequently reported a negative psychological impact, particularly during adolescence (22). Qualitative semi-structured interviews in adults with XLH have also elicited impacts around depression and frustration (23). This suggests that generic tools may be insensitive to capture mental health issues in people with XLH. Further detail is needed to describe how to assess and manage the mental as well as physical aspects of health in this patient group.

Why patients with XLH have lower mental health is not well understood, but likely reflects the consequences of bone pain, deformity and reduced mobility and function (24, 25). The need to regularly attend multiple clinics that can require considerable time and energy for patients to co-ordinate has been noted as a source of stress, along with a perceived need of some patients to “fight for funding” for off-label drugs or for personal care and mobility (26). While recent clinical practice recommendations include the psychologist as part of the multidisciplinary team for managing people with XLH (27, 28), further work is needed to explore the potential impact of pharmacotherapy on these non-skeletal features of XLH across the life course. It has been suggested some symptoms could be due to continuing effects of elevated FGF23 (25), the target of burosumab (29). Issues around delayed diagnosis, misdiagnosis, cycles of symptom improvement-relapse and lack of definitive prognosis may also contribute to poor mental health (26).

Given that mutations responsible for XLH are not thought to be predicted by social deprivation or associated lifestyle factors, the finding that people with XLH have worse indices of deprivation suggests that a diagnosis of XLH is associated with downward social mobility, a process of health selection, where an individual’s health affect socioeconomic status more than social causation, where an individual’s socioeconomic status affects health (30). This is a novel finding with little reported in the literature regarding associations between rare bone diseases and social deprivation and social mobility. In cardiovascular studies, health selection has been demonstrated to operate more during childhood with social causation influencing health outcomes in later adulthood (31). The inter-generational transmission of XLH is likely to worsen deprivation, but this information was not available in CPRD. Higher Worsening deprivation scores are known to predict health outcomes in later life relevant to XLH such as fragility fractures (32), oral health (33) as well as psychological heath issuesmental wellbeing (34) and reduced survival (35). Understanding that people with XLH are at higher risk of deprivation may influence the design of care pathways by requiring the inclusion of expertise in benefits and other aspects of social care across the life course (36), as well as education (37, 38) and employment (39).

One of the key strengths of this analysis is the availability of routinely and prospectively collected health data over a median follow-up of approximately 10 years per patient. The CPRD GOLD is a large sample of the UK population, previously shown to be representative in terms of age, sex and ethnicity (8, 40). The included breadth of data allowed for a detailed and conservative approach to XLH case ascertainment. This, in conjunction with a large number of readily available phenotyped conditions (9) within this data resource allowed a comprehensive investigation of comorbid conditions throughout the lifespan of XLH patients in relation to matched non-XLH patients of near identical age, sex and geographic profile.

However, no validated algorithm exists for confirming the diagnosis of XLH in the primary care setting and the limitations from this are discussed in our previous paper. (41). While we attempted to address the occurrence of mimicking conditions in case ascertainment, we cannot rule out the possibility of misclassification, especially given that the potential for miscoding rare disease is likely higher in the primary care setting where coding is probably completed by a clinician, nurse or administrative staff with little training in rare diseases. Likewise, while the availability of pre-existing phenotyping code lists, developed by a panel of 10 clinicians with expertise spanning the range of recorded conditions enabled the investigation of an extensive number of comorbid conditions (9), little data exists on the internal validity of these codes. Several other limitations to using this approach have also previously been acknowledged, such as the existence of a possible time-lag between disease onset and the first coded event for a given condition, and the ‘clinical iceberg’ phenomenon where only a proportion of individuals with a given condition will actually demonstrate the health care seeking behavior to attend a GP and have the condition recorded (9). This is likely to be especially so for those with only mild or moderate symptoms. 

Furthermore, given our approach of matching each XLH patient to four non-XLH controls on age, sex and GP practice at the time of earliest READ code pertaining to XLH, the resultant follow-up time overall is disproportionately sampled from a younger population that is predominantly female. While this facilitates valid comparison of XLH patients versus controls, caution is required in interpreting the burden of comorbidity across the life course, particularly in older age where we had less follow-up time to include in analyses. Likewise, while we compared burden of comorbidity in XLH vs the general population at various levels (condition categories and individual conditions), given the nature of studying a rare disease we were underpowered to statistically demonstrate what may be meaningful changes in the less prevalent comorbidities. This was especially the case in exploratory analyses stratified by IMD, where further work is needed on larger samples to confirm and further elucidate the relatively higher increase in comorbidity (particularly neurological and mental health conditions) among XLH patients from more deprived areas. The importance of more research on this topic is further underlined by the observation that XLH patients here tended to reside in areas of higher deprivation (figure 2) than would be expected given the generalizability of CPRD GOLD in terms of IMD (42).

Another limitation is that we did not include aspects of phenotyping code lists dependent on secondary care hospital data, mainly because only approximately 60% of our sample had available linkage to such data. This did restrict our investigation to non-communicable conditions, with exclusion of approximately 25 available machine readable algorithms for infections/infectious conditions (9). Test data has also been shown to be subject to large practice (43), temporal and age-related variation (44), and given the added challenges of interpreting test results in the context of missing reference ranges etc., we opted to use only diagnosis Read codes. Despite this fact, our inclusion of 273 conditions, considered individually and as 15 grouped categories provides a comprehensive investigation at varying degrees of granularity. Finally, we recognize that dental complications are common in XLH (45), however, due to the nature of provision of dental care in the UK healthcare system, information on dental comorbidity was not collected. 

Conclusion
We have confirmed the excess of comorbidities associated with neurological and endocrine conditions in XLH patients compared with matched controls, and have identified higher prevalence of psychological health issues and worse social deprivation. These findings have implications for should inform development of clinical practice guidelines and decisions around health and social care provision for this patient group. 
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Figure Legends
Figure 1: presence of comorbidities* in XLH cases and non-XLH controls
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