Additional file 2: Patient-reported outcome (PRO) measures used in mucopolysaccharidosis (MPS) studies
Symptom PROs
Symptom PROs assess deviations from an individual’s normal physiological condition, describing symptoms such as pain, fatigue or psychological status. Pain scales used in MPS trials include the Brief Pain Inventory Short Form (BPI-SF) [1, 2], the six-face Faces Pain Scale-revised (FPS-R) [3], and the Non-communicating Children’s Pain Checklist-Revised (NCCPC-R) [3]. These are all validated instruments used across various diseases in which pain plays a significant role [4]. The BPI-SF is used with adult patients to rate the severity and location of pain, and the impact of pain on daily functioning. It also documents use of pain medications and degree of pain relief [1].The FPS-R uses six faces to describe pain, from no pain to very much pain (score 0-100), in patients aged 8 years or older [3]. The NCCPC-R is designed for children from 3 to 18 years who are unable to speak because of intellectual impairments or disabilities and consists of a list of 30 items divided into seven subdomains (vocal, eating and sleeping, social, facial, activity, body and limb, and physiological signs) [5]. This questionnaire is completed by an observer, usually a parent, based on pain-associated behaviour. However, when used in MPS patients with behavioural problems (such as MPS III patients), it may be difficult to distinguish between MPS-specific and pain behaviour [3]. Pain scales used in MPS trials also include Visual Analog Scales (VAS) such as that of the Adolescent Pediatric Pain Tool (APPT), which also assesses pain location(s) and pain description, and HRQoL questionnaires such as the Health Assessment Questionnaire (HAQ) for adult patients, the Childhood Health Assessment Questionnaire (CHAQ) for children with arthritis, and the Quality of Life EuroQoL (EQ)-5D questionnaire [6-9]. VAS can be used easily and quickly to obtain a quantitative measure of pain, but may be less suitable for use in young children (<8 years) or patients with cognitive impairment who may have difficulty understanding its concept [10]. Information on pain and fatigue has also been obtained in several MPS clinical trials by asking simple questions about the use of pain medications or the number of evenings patients were feeling extremely tired [4, 6].
Social-adaptive and psychological symptoms have been evaluated in one study in MPS IVA patients using the Achenbach System of Empirically Based Assessment (ASEBA) Adult Self-Report (ASR) and Older Adult Self-Report (OASR) [2]. Mental health has been assessed in MPS II patients and their families using the Yatabe-Guilford Personality test (Y-G test), the Tree-Drawing Test, the General Health Questionnaire 60 (GHQ-60) and the State-Trait Anxiety Inventory (STAI) [11].

Functioning PROs
Functioning PROs include any physical, social or psychological restriction or lack of ability to perform an activity in a way considered normal. Examples include assessments of ADL such as dressing, walking or personal care. 
[bookmark: _GoBack]The HAQ and the CHAQ, originally developed for patients (or parents of patients) with rheumatoid arthritis [12, 13], have been used in MPS patients to evaluate functional capacity and independence in ADL across eight domains: dressing and grooming, getting up, eating, walking, reach, grip, hygiene, and activities. The Disability Index represents an overall summary score of the (C)HAQ[6]. The (C)HAQ also includes two VAS scores for pain evaluation and overall well-being, which can also be used independently. The HAQ was later adapted to capture self-care, mobility skills and the extent of caregiver assistance required in patients with MPS I (MPS HAQ) [14, 15]. The MPS HAQ is a survey that assesses self‑care (eating/drinking, dressing, bathing, grooming, tooth brushing, and toileting), mobility skills (dexterity, mobility, walking, stair climbing, and gross motor skills) and the extent of required caregiver assistance in the performance of these activities. Scores of both the (C)HAQ (0-3) and MPS HAQ (1-10 or 1-4 depending on the domain)increase with increasing impairment in functionality. The Disability Index is calculated by the sum of all items in the self-care domain divided by the number of items, with a higher score indicating more impaired functionality. Although the (C)HAQ and MPS HAQ are currently the most frequently used tools to measure the impact of MPS on ADL, they are not validated for use in these patients.
Recently, the Hunter Syndrome-Functional Outcomes for Clinical Understanding Scale (HS-FOCUS) was developed to capture the impact of MPS II on function [16]. The final patient and parent versions of this questionnaire contain six domains measuring functional status, i.e. walking/standing, reach/grip, sleeping, schooling/work, activities, and breathing. Each item is scored from 0 (ability to complete the activity without any difficulty) to 4 (unable to do so). Finally, a modified version of the Functional Independence Measure (FIM) has been used in two MPS II studies [11, 17]. The FIM must be completed by an observer and measures physical (13 items) and cognitive (5 items) disability by scoring the level of assistance required for an individual to perform ADL [18]. Similar to the (C)HAQ and MPS HAQ, the HS-FOCUS and the FIM have not been validated for use in MPS patients.
Daily living skills have also been evaluated in MPS patients as part of measures of adaptive function. The Vineland Adaptive Behavior Scales (VABS) assesses adaptive behavior of individuals from birth to 90 years and encompasses five domains: communication (receptive, expressive, and written), daily living (personal care, domestic care, and community), socialization (interpersonal relationships, play and leisure time, and coping skills), physical activity/motor skills (gross and fine motor skills), and maladaptive behaviors (internalizing and externalizing behaviors) [19, 20]. Other measures of adaptive function used in MPS studies are the Behavior Assessment System for Children (BASC) [21] and the Scales of Independent Behavior, Revised (SIB-R) [22]. The BASC assesses the psychological adjustment and self-perceptions of children and provides clinical scales of emotional adjustment and adaptive behaviors (including parent rating scales, self-report of personality, and interview-based self-reports) [21]. The SIB-R measures 14 areas of adaptive behavior and 8 areas of problem behavior and can be used from infancy to over 80 years of age [23]. All of the above measures of adaptive function can be completed by either a parent or caregiver.
HRQoL	
HRQoL is defined by the European Medicines Association as ‘the patient’s subjective perception of the impact of his disease and its treatment(s) on his daily life, physical, psychological and social functioning and wellbeing’[24, 25]. 
The best known generic HRQoL questionnaires are the General Health-Related Quality of EQ-5D questionnaire [9] and the Short-Form (SF)-36. These questionnaires are well validated, available in many languages and applicable to both patients with various diseases and healthy individuals. Both questionnaires have been used to assess HRQoL in MPS patients. The most recent version of the EQ-5D questionnaire (the EQ-5D-5L) is designed for self-completion in 3-5 minutes and comprises five dimensions (5D): mobility, self-care, usual activities, pain/discomfort and anxiety/depression. Each dimension has five levels (5L) coded from 1 to 5 (no to extreme problems). EQ-5D-5L health states can be converted into a single summary index value (utility), with a utility value of “1” representing perfect health and a value of “0” representing death [9]. Normalisation of the scale to a healthy population means that some MPS patients would provide ratings with negative values to suggest they feel worse than death. There are different versions of the EQ-5D for children (≥8 years) and for adults (≥16 years). A limitation of the EQ-5D is that it does not discriminate between anxiety and depression and does not collect data on psychological factors like anger, isolation, low self-esteem, self-harm, and suicidal ideation.  A version of the EQ-5D in pictorial form would be valuable for persons with learning disability or cognitive impairment. The SF-36 has been developed for use in adults and older adolescents (≥16 years) and takes 10 minutes to complete [26]. It assesses eight subitems in two subdomains, i.e. the Physical Component Summary (PCS) and the Mental Component Summary (MCS). Each of the eight scales, as well as the two summary scores, are scored from 0 to 100, with higher scores indicating better QoL and a score of 50 (± 10 SD) being representative of the general population (i.e. norm-based scoring) [26, 27]. There is not information on how the EQ-5D and the SF-36 perform in patients with MPS.
The Health Utilities Index (HUI) is another generic instrument that has been used to assess the experience of MPS patients aged 5 years or older undergoing therapy, the long-term outcomes associated with disease or therapy, the efficacy, effectiveness and efficiency of health care interventions and health status [16].
Several MPS studies have used generic instruments to measure HRQoL in children, including the Pediatric Quality of Life inventory (PedsQL) [3, 28, 29], the Pediatric Evaluation of Disability Inventory (PEDI)[30, 31], the TNO-AZL Preschool children and Children QoL (TAPQOL and TACQOL) questionnaires [32, 33], and the childhood Health Questionnaire (CHQ)[16]. These validated instruments are specifically designed for use in children and are not suitable for adult patients. The 23-item PedsQL, appropriate in children and adolescents (< 18 years), consists of four multidimensional domains: physical, emotional, social and school functioning. Items are reverse-scored and linearly transformed to a 0–100 scale with higher scores indicating better HRQoL [3, 28]. The PEDI measures capability and performance in children from 6 months to 7.5 years in three categories: self-care, mobility and social function. According to the score obtained in each domain, the performance is classified as below normal (<30), normal (30-70) and above normal (>70) [30, 31]. The TAPQOL is a 43-item questionnaire consisting of 12 scales covering four domains (physical, social, cognitive and emotional functioning) developed for parents of patients from 6 months to 5 years [32, 34]. The TACQOL (for parents of and patients from 6-15 years) is a 56-item questionnaire consisting of seven domains (body, motor, autonomous, social and cognitive functioning and negative and positive moods) [33]. The presence of a specific limitation is scored on a 3-point scale (never-occasionally-often). If limitations are present, the wellbeing of the child related to that complaint is measured on a 4-point scale (fine-not so good-quite bad-bad). Scale scores are calculated by adding up item scores within scales, and transforming crude scales scores linearly to a 0-100 scale, with higher scores indicating better QoL [32, 33]. The CHQ assesses physical and psychosocial health status in children aged 5–18 years. It has been validated in a wide range of conditions, including MPS II. The version for children includes ten multi-item scales (physical functioning, role/social–emotional, role/social–behavioural, role/social–physical, bodily pain, general behaviour, mental health, self-esteem, general health perceptions, and family activities) and two single-item scales (change in health and Family Cohesion). The parent or caregiver form includes the 14 health concepts and HRQoL impacts included in the children version and two additional multi-item scales (parental impact-emotional and parental impact–time. Individual scale scores can be analysed separately, or combined to derive an overall physical and psychosocial score, ranging from 0 to 100, with higher scores indicating better health [16].

Impact on caregivers
The PedsQL Family Impact Module has been used in MPS II studies to assess the impact of a child’s chronic health condition on the parent and family during the past month [19, 29]. It consists of 36 items measuring the parent’s physical, emotional, social, and cognitive functioning, communication, worry, and problems specific to the family’s daily activities and family relationships. The questionnaire uses a 5-point Likert scale to evaluate the frequency of the child’s self-reported experiences for each item, ranging from 0 (never) to 4 (almost always) [35].
A study of patients with MPS IVA used the Zarit Burden Interview (ZBI), a validated questionnaire developed for caregivers of older patients [36]. The ZBI contains 22 items investigating the burden of caring in 5 domains: burden in the relationship, emotional well-being, social and family life, finances, and loss of control over one’s life, with a higher score indicating greater caring distress [37].
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