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Abstract
Background
The progression of Duchenne muscular dystrophy (DMD) is characterized by loss of ambulation, respiratory insufficiency, cardiomyopathy, and early mortality. DMD profoundly impacts health-related quality-of-life (HRQoL). However, few health state utility data exist; published utilities tend to be derived from small samples for a limited number of health states and are often based on caregiver-reported patient health status. This study estimated utility values for varied clinical and functional health states in DMD, based on patient-reported health status.

Methods
Individuals with DMD in the US aged 12–40 years completed the EQ-5D (5-level) and Health Utilities Index (HUI) preference-based instruments. Based on responses to a clinical questionnaire, participants self-classified into functional health states according to level of lower and upper limb function, use of respiratory support, and presence of cardiomyopathy. Mean [standard deviation (SD)] utility and EQ-5D visual analogue scale (VAS) scores were estimated according to health state; and median (interquartile range) attribute levels calculated to understand which domains of health are most severely affected in DMD.

Results
Of 63 males with DMD, mean (SD) age was 19.8 (6.1) years and 11 (17.5%) were ambulatory. Mean (SD) utility values were 0.92 (0.08; HUI2), 0.84 (0.20; HUI3), and 0.84 (0.13; EQ-5D) for ambulatory patients without cardiomyopathy (n = 10). For non-ambulatory patients with moderately impaired upper limb function, night and daytime ventilation without cardiomyopathy, mean (SD) utilities were 0.49 (0.07) for the HUI2, 0.16 (0.15) for the HUI3 and 025 (0.14) for the EQ-5D. Mean (SD) VAS scores for the same health states were 91 (9) and 83 (21), respectively. In addition to impairments in mobility/ambulation, and self-care, attributes like usual activities and pain also showed notable effects of DMD.

Conclusions
In DMD, although a relationship between disease progression and HRQoL is observed, there is large variability in utility within functional health states, and across instruments. Utility values for less severe non-ambulatory health states described by level of upper limb function are novel. These utility values, derived based on direct patient feedback rather than from caregiver report, are relevant to individuals of varying functional statuses and augment scarce DMD-specific utility data.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s41687-023-00671-y.
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Background
Duchenne muscular dystrophy (DMD) is a rare neuromuscular disease characterized by progressive muscle weakening leading to loss of ambulation, respiratory insufficiency, cardiomyopathy, and premature mortality [1]. As DMD is an X-linked disease, males are primarily affected. As DMD progresses and functional ability diminishes, it profoundly impacts the health-related quality-of-life (HRQoL) of patients with DMD, their caregivers, and families [2–5]. Drivers of HRQoL impact in DMD are multifactorial and include functional changes, such as loss of ambulation or upper limb function; factors such as fatigue, that increase with symptom onset and development; and also the increasing social and emotional implications of DMD progression, all of which impact people’s ability to perform activities of daily living [6–9].
Despite the dramatic impact of DMD on HRQoL, current data on health state utility are limited. Health state utilities document individual preferences for the HRQoL impact of a given health state by assigning a value to that health state on a scale of 1 (full health) to 0 (dead) [10]. Values below 0 may occur that reflect health states considered worse than being dead [10]. Utility values are required inputs into many quality-adjusted life-year (QALY)-based economic models, and guidelines for health economic evaluations recommend they be derived from generic instruments such as the Health Utilities Index (HUI) or EuroQoL’s EQ-5D survey [11–13]. These instruments include a HRQoL questionnaire that classifies health status according to a set of pre-defined domains or attributes, and an accompanying formula or set of weights elicited from a sample of the general population for converting responses into utility values. Previous research has identified the domains of ambulation/mobility, self-care, and emotion to be particularly important predictors of change in utility in ambulatory boys with DMD, as they have explained the largest proportion of variability in utility over time [14].
Existing utility value estimates in DMD are limited in that they are derived from a small number of studies and are based on relatively small samples [7, 14, 15]. In addition, utility estimates are most frequently based on classifications of health status provided by caregivers reporting on behalf of patients, rather than directly from patients themselves [3, 4, 16, 17]. Utility values in DMD are also limited in that they predominantly characterize health states by focusing on ambulatory status and fail to address other potentially important aspects of function and HRQoL across the course of the disease. These include upper limb and hand function, mobility, the ability to transfer (into and out of bed, or from the wheelchair to the toilet), and respiratory insufficiency requiring ventilation, which are all important domains contributing to functional status [18] and HRQoL in DMD [6–8]. However utility values reflecting broader aspects of function among those with DMD, for health states that better represent the natural history of this complex and clinically heterogeneous disease, are not presently available. The objective of this study was to estimate EQ-5D-5L and HUI utility values, based on patient-reported health status, for a range of health states representing varied clinical and functional states in DMD.

Methods
Participants
Study participants with DMD were recruited through Parent Project Muscular Dystrophy (PPMD), an advocacy group in the United States (US) [19]. An email was sent to the PPMD mailing list informing individuals and families of the study objectives and eligibility criteria. During screening phone calls, study team members determined which household members were interested and eligible to participate. Parents of younger patients often asked their child if they would like to participate and were present during screening. Patients were also informed that they could receive assistance with completing the survey from a parent, other relative, or friend. Eligibility criteria included a confirmed diagnosis of DMD, age between 12 and 40 years, US residency, fluency in English, and capability of providing informed consent. Study participants were remunerated for their time and expertise; and approval for this study was obtained through Advarra institutional review board (IRB).

Data collection
A survey was developed using a web-based platform to capture self-reported data from study participants. The survey included a clinical questionnaire to document the extent and severity of DMD symptoms, a series of demographic questions to help characterize the study population, as well as a series of validated preference-based measures of HRQoL, including the HUI and EQ-5D (5-level [5L] version) [20, 21].
The clinical questionnaire was used to understand patient functional health state, based on self-assessment of the primary and secondary manifestations relevant to the natural history of DMD. These included not only lower and upper limb function, but also use of respiratory support for respiratory insufficiency and presence of symptomatic cardiomyopathy, both of which are markers of disease severity. These primary and secondary manifestations have also been deemed important from the patient and caregiver perspective [22, 23]. The questionnaire was based on existing clinical assessments with some modifications [24, 25], which was validated by clinical input (Additional file 1: Appendix Fig. S1) and designed such that patients would be able to self-classify into one of the health states without needing clinical input or assessment. Responses derived from the clinical questionnaire allowed classification to a variety of health states (see Fig. 1), more granular than those previously published which have primarily focused on the ability to walk [3, 4, 14–16].[image: ]
Fig. 1Health states observed among the cohort, by limb function, presence of respiratory support, and cardiomyopathy


Because of the relatively small sample size for some health states and for better comparison with existing utility values [7, 14, 15] health states were also assigned based on level of lower and upper limb function alone. Level of lower limb function was used to classify patients as (early) ambulatory, late ambulatory (transitional) or non-ambulatory. Within the non-ambulatory category, patients were further classified as early non-ambulatory if their level of upper limb involvement was considered none or minimal and late non-ambulatory if their level of upper limb involvement was moderate or severe (loss of function).
HRQoL was assessed using responses to the HUI and EQ-5D-5L measures [20, 21]. Responses to HUI questionnaire are used to derive utilities according to two complementary systems: the HUI mark 2 (HUI2) and the HUI mark 3 (HUI3) [21]. The HUI2 descriptive system considers seven attributes: sensation (vision, hearing, and speech), mobility, emotion, cognition, selfcare, pain, and fertility (optional). Levels of impairment for the six relevant HUI2 attributes range from 1 (no impairment) to 4 or 5 (severe impairment). The HUI3 descriptive system considers eight attributes: vision, hearing, speech, ambulation, dexterity, emotion, cognition, and pain. Levels of impairment for the eight HUI3 attributes range from 1 (no impairment) to 5 or 6 (severe impairment).
The EQ-5D (5L) measures health status based on single attributes of mobility, self-care, usual activities, pain/discomfort, and anxiety/depression [20]. Increasing attribute levels indicate worsening function, with a value of 1 representing the best outcome and 5 representing the worst outcome. For example, a score of 5 within the mobility dimension would represent “I am unable to walk”. The EuroQol visual analogue scale (VAS) was also administered, in which participants were asked to represent their current health on the day of completing the survey on a scale from 0 (the worst health you can imagine) to 100 (the best health you can imagine).
Prior to implementation, the survey and online platform were pilot tested for functionality and total completion time. Relevance and acceptability of the demographic and clinical questions to the study population had previously been tested in a qualitative interview study with individuals living with DMD and their caregivers [9].

Analysis
To estimate individual HUI utility values, as a first step, attribute level codes were derived based on responses to single questions or from combinations of responses to sets of questions. HUI2 and HUI3 attribute levels were transformed using the developers’ algorithm, with the original (Canadian) preference weights applied to HUI responses to estimate multiattribute utility values [26, 27]. Utility values on the HUI3 range from 1.0 to − 0.36, and on the HUI2 range from 1.0 to − 0.03 [26, 27].
To estimate individual EQ-5D utility values, scores for each of the single attributes were compiled into a 5-digit health state. A health state of 11,111, for example, would represent an individual with no problems on any of the five dimensions. These 5-digit health states were then transformed into a single utility index using a US-specific value set, which are weights specific to each of the levels in each dimension [28]. Utility values on the EQ-5D-5L in the US range from 1.0 to − 0.57 [28].
To summarize available utility data, mean (standard deviation [SD]) and median (interquartile range) HUI2, HUI3 and EQ-5D utility values were estimated for health states defined by lower and upper limb function alone as well as by the more granular functional health states that considered use of respiratory support and presence of cardiomyopathy. To understand which attributes were most severely affected, and in turn were most contributing to, observed health state utility in DMD, median (IQR) levels of the attributes of the HUI2, HUI3 and EQ-5D were calculated for each DMD health state. A heat map was generated to visually show the measured values of numerical attribute and domain data using a graded color scheme, to help qualitatively understand which attributes showed the most pronounced impacts in DMD. Mean (SD) EQ-5D VAS scores were also estimated according to patient health state. All analyses were carried out in R (R Core Team, 2022); with EQ-5D analyses performed using the “Eq. 5d” package (V0.10.1, Fraser Morton and Jagtar Singh Nijjar, 2021) [29].


Results
Participants
A recruitment email was sent to 2,550 individuals from the PPMD mailing list, and from 64 eligible participants who responded, 63 males with DMD completed the survey. Fifteen participants (23.8%) reported the need for assistance to complete the survey and for 7 of these (46.7%), this assistance was limited to transcribing responses. Mean (SD) participant age was 19.8 (6.1) years; 11 (17.5%) were early ambulatory, 8 (12.7%) were late ambulatory, and 44 (69.8%) were non-ambulatory. Level of upper limb function ranged from preserved (in 18 [28.6%]) to loss of function (in 5 [7.9%]; see Table 1). Nine participants (14.3%) were on night and daytime ventilation at the time of survey, and 9 (14.3%) reported symptomatic cardiomyopathy.Table 1Demographics and clinical characteristics of participants at baseline


	 	n = 63

	Mean (SD) participant age, years
	19.8 (6.1)

	Ambulatory status, n (%)
	 
	Early ambulatory
	11 (17.5)

	Late ambulatory
	8 (12.7)

	Non-ambulatory
	44 (69.8)

	Upper limb function, n (%)
	 
	Preserved
	18 (28.6)

	Mildly impaired
	22 (34.9)

	Moderately impaired
	18 (28.6)

	Loss of function
	5 (7.9)

	Ventilation use, n (%)
	 
	No ventilation
	30 (47.6)

	Nighttime ventilation
	24 (38.1)

	Daytime ventilation
	9 (14.3)

	Cardiomyopathy, n (%)
	 
	None/none identified
	28 (44.4)

	Asymptomatic
	26 (41.3)

	Symptomatic
	9 (14.3)


n number, SD standard deviation




Utility values
Mean (SD) utility values for early ambulatory participants (n = 11; Table 2) were 0.89 (0.13) for the HUI2, 0.81 (0.22) for the HUI3, and 0.79 (0.20) for the EQ-5D. For late ambulatory participants (n = 8), utility values were considerably lower at 0.71 (0.24), 0.64 (0.32) and 0.64 (0.30), respectively. Mean (SD) utility values for early non-ambulatory participants (n = 21) were 0.49 (0.12) for the HUI2, 0.22 (0.14) for the HUI3, and 0.31 (0.13) for the EQ-5D; for late non-ambulatory participants (n = 23), utility values were 0.47 (0.10), 0.15 (0.15) and 0.22 (0.15), respectively, which is slightly lower than that for early non-ambulatory patients. Median utility values for the same health states (Fig. 2) were slightly higher but with the same relative ordering between instruments.Table 2Mean (SD) HUI2, HUI3, and EQ-5D utility values per health state


	 	N
	HUI 2
	HUI 3
	EQ5D-5L

	Early ambulatory
	11
	0.89 (0.13)
	0.81 (0.22)
	0.79 (0.20)

	Preserved upper limb, no daytime ventilation, without symptomatic CM
	10
	0.92 (0.08)
	0.84 (0.20)
	0.84 (0.13)

	Mildly impaired upper limb, no daytime ventilation, without symptomatic CM
	1
	0.57 (NA)
	0.48 (NA)
	0.30 (NA)

	Late ambulatory
	8
	0.71 (0.24)
	0.64 (0.32)
	0.64 (0.30)

	Transitional, preserved upper limb, no daytime ventilation, without symptomatic CM
	6
	0.64 (0.22)
	0.54 (0.31)
	0.59 (0.33)

	Transitional, mildly impaired upper limb, no daytime ventilation, without symptomatic CM
	2
	0.95 (0.07)
	0.94 (0.09)
	0.79 (0.16)

	Early non-ambulatory
	21
	0.49 (0.12)
	0.22 (0.14)
	0.31 (0.13)

	Preserved upper limb, no daytime ventilation, without symptomatic CM
	2
	0.61 (0.11)
	0.16 (0.33)
	0.46 (0.10)

	Mildly impaired upper limb, no daytime ventilation, without symptomatic CM
	16
	0.49 (0.12)
	0.21 (0.12)
	0.30 (0.14)

	Mildly impaired upper limb, no daytime ventilation, with symptomatic CM
	3
	0.45 (0.10)
	0.27 (0.14)
	0.29 (0.07)

	Late non-ambulatory
	23
	0.47 (0.10)
	0.15 (0.15)
	0.22 (0.15)

	Moderately impaired upper limb, no daytime ventilation, without symptomatic CM
	9
	0.49 (0.05)
	0.22 (0.11)
	0.22 (0.15)

	Moderately impaired upper limb, no daytime ventilation, with symptomatic CM
	4
	0.52 (0.05)
	0.20 (0.02)
	0.27 (0.08)

	Moderately impaired upper limb, nighttime and daytime ventilation, without symptomatic CM
	5
	0.49 (0.07)
	0.16 (0.15)
	0.25 (0.14)

	Loss of upper limb function, no daytime ventilation, without symptomatic CM
	1
	0.51 (NA)
	0.09 (NA)
	0.26 (NA)

	Loss of upper limb function, nighttime and daytime ventilation, without symptomatic CM
	2
	0.36 (0.01)
	0.01 (0.00)
	0.26 (0.01)

	Loss of upper limb function, nighttime and daytime ventilation, with symptomatic CM
	2
	0.32 (0.27)
	− 0.15 (0.11)
	0.02 (0.34)



[image: ]
Fig. 2Median (SD) HUI2, HUI3 and EQ-5D utility scores by patient-reported health state


Considering the health states at the more granular level incorporating use of respiratory support and presence of cardiomyopathy, mean (SD) utility values were 0.92 (0.08) for the HUI2, 0.84 (0.20) for the HUI3, and 0.84 (0.13) for the EQ-5D for the least severe health state including ambulatory patients with preserved upper limb function without cardiomyopathy or daytime ventilation (n = 10; Table 2). For the non-ambulatory with mildly impaired upper limb function, and without daytime ventilation or cardiomyopathy health state (n = 16), mean utility values were 0.49 (0.12) for the HUI2, 0.21 (0.12) for the HUI3, and 0.30 (0.14) for the EQ-5D. For the most severe health state including non-ambulatory patients with loss of upper limb function, nighttime and daytime ventilation, and symptomatic cardiomyopathy (n = 2) mean utility values were 0.32 (0.27) for the HUI2, -0.15 (0.11) for the HUI3, and 0.02 (0.34) for the EQ-5D (Table 2).

Attributes showing the greatest impact due to DMD
Heat maps demonstrated that for the HUI2, the attributes with the most pronounced impacts included mobility, followed by self-care, sensation, and pain (Fig. 3). Mobility scores worsened with progressive decline of lower and upper limb function. While median (IQR) self-care scores showed no impairment for ambulatory participants (1.0 [1.0–1.0]; n = 10), severe impairments in self-care were reported for non-ambulatory participants with mild impairments in upper limb function (4.0 [4.0–4.0]; n = 16) through to those with loss of upper limb function, nighttime and daytime ventilation, and symptomatic cardiomyopathy (4.0 [4.0–4.0], n = 2). Lesser impairments were observed for sensation and pain, with median scores ranging between 1 and 2 across health states; and tended to be worse among those in non-ambulatory, vs. ambulatory, health states.[image: ]
Fig. 3Median (IQR) HUI-2 attribute scores per health state


For the HUI3, the attributes with the most pronounced impacts included ambulation, followed by dexterity, pain, emotion, and to a lesser extent vision and cognition (Fig. 4). Ambulation scores also worsened with increases in lower and upper limb impairment. For dexterity, scores showed little impairment among those in ambulatory through early non-ambulatory health states, with a pronounced impact notable for health states involving moderate impairments in upper limb function (median dexterity score, 4.0) or loss of upper limb function (median dexterity score, 5.0–6.0). The impact of pain and emotion as measured by the HUI3 fluctuated (median scores ranging from 1–2.5) across health states rather than increasing consistently with increasing functional impairment in DMD.[image: ]
Fig. 4Median (IQR) HUI-3 attribute scores per health state


For the EQ-5D, the attributes with the most pronounced impacts included were mobility, followed by self-care, usual activities, pain/discomfort and anxiety/depression (Fig. 5). Mobility and self-care scores showed mild to moderate impairments (median scores, 1–3) among ambulatory or transitional participants; for non-ambulatory participants with any upper limb impairment, scores were uniformly poor (median, 4.5–5). Scores for usual activities showed mild impairments (median scores, 1–2) among ambulatory or transitional participants and generally increased with increasing health state severity. However even among the most progressed health states, scores on usual activities reflected only mild to moderate impairments (median 2–3). Scores for pain and discomfort reflected mild to moderate impairments and were relatively consistent across health states (median scores, 1–3). Scores for anxiety and depression between health states did not correspond with increasing health state severity.[image: ]
Fig. 5Median (IQR) EQ-5D attribute scores per health state



VAS scores
VAS scores tended to be higher than utility values for the same functional health states, and this difference became more pronounced with increasing health state severity (Fig. 6). The mean (SD) VAS score for the ambulatory with preserved upper limb function without ventilation or cardiomyopathy health state was 91.0 (9.0) and for the non-ambulatory with mildly impaired upper limb function, and without ventilation or cardiomyopathy health state (n = 16), the mean (SD) VAS score was 82.0 (14.0). For the most severe health state non-ambulatory patients with loss of upper limb function, nighttime and daytime ventilation, and symptomatic cardiomyopathy (n = 2), the mean (SD) VAS score was 70.0 (28.0).[image: ]
Fig. 6Mean (SD) VAS scores by patient-reported health state




Discussion
DMD is a complex disease due to its heterogeneous presentation and numerous primary and secondary manifestations – not only loss of lower and upper limb function, but also respiratory involvement and cardiomyopathy all of which contribute to considerable HRQoL impacts from the caregiver and patient perspectives [8, 22, 30]. Estimates of health state utility are therefore important to document the HRQoL implications of DMD progression. Presently-available utility estimates do not reflect the somewhat linear progression of DMD symptom development; as they are based on a limited number of health states and result in rather large stepwise decrements in utility from ambulatory to non-ambulatory states [7, 14, 15]. Thus, utility estimates for a comprehensive, granular set of health states that accurately represent the natural history of DMD and capture differences in morbidity in a nuanced way, are needed.
This study documented the effects of disease progression and HRQoL impact on utility in DMD, with lower utility values recorded for more severe health states. Utility values for health states involving preserved upper limb function among early- or late-ambulatory patients were consistent with, or higher than, other published estimates. A recent systematic review documented utility values ranging from 0.65 to 0.75 for ambulatory patients with DMD, based on caregivers reporting on behalf of patients [15]. Another recent EQ-5D-based study, by Crossnohere et al., reported utility values ranging from 0.49 to 0.65 for ambulatory DMD health states, and while patients were included in that study, values were not presented stratified by respondent type [31]. In addition, that study used the 3-level (rather than 5-level) version of the EQ-5D, which has well-documented limitations in the language used to describe mobility, and ceiling effects due to the 3 level response options that limit informativity [32]. No other utility data were identified for ambulatory health states that relied on patient report (rather than caregivers reporting on their behalf).
While utility values for less severe non-ambulatory states tended to be higher than published estimates including those identified in the recent systematic review [15, 31], this may be because published health states often lacked stratification by level of upper limb function or other factors important to patient status [15]. Utility values for non-ambulatory health states were 0.26 to 0.31 (EQ-5D) in the study by Crossnohere et al. [31] and ranged from 0.15 (HUI3) to 0.44 (EQ-5D) in the aforementioned systematic review [15]. It is notable that the highest utility estimate for a non-ambulatory state in the systematic review (0.44) was based on feedback directly from Dutch adult patients with DMD (rather than caregivers reporting on their behalf); these adult patients would be expected to have relatively progressed DMD as 95% were on some type of ventilation. However, that study did not report upper limb function when presenting utility estimates, so despite being non-ambulatory, patients may have otherwise been very highly functioning on the dimensions captured by the EQ-5D [16].
As existing utility estimates in DMD are largely derived from caregiver report, the absence of direct patient-reported data represented an important gap [7, 14, 15, 31]. Patients have unique insights on living with their health condition, and caregivers may not necessarily understand the exact extent of the HRQoL impact on their child. For example, research in juvenile arthritis suggests that parents can reliably report on more ‘observable’ contributors to HRQoL (such as functional aspects), but are less able to judge pain, emotional impacts, or psychosocial functioning [33, 34]. Additionally, various decision makers and health technology assessment agencies recommend incorporating HRQoL data directly from patients where possible, rather than from caregivers [13, 35]. Nonetheless, in DMD it is not possible to avoid caregiver report, due to the early age at onset and development status of younger patients [36], and behavioral challenges afflicting some individuals with DMD [37]. Even for studies involving adult patients, many still feature caregiver report [14, 31]. While differences in utility according to source of report has not yet been examined in DMD, in other therapeutic areas caregivers tend to report greater HRQoL impacts (that result in lower utility values) than patients [38, 39].
The ordering of the best to worst functional health state (in terms of associated mean utility value) varied slightly by utility instrument; variability in utility was also observed among individuals within a given functional health state. This variability may potentially be due to several reasons: (1) the small sample sizes for some health states, (2) heterogenous health experiences between individuals, even when health states are described with a high degree of clinical granularity; (3) differences in how the same experiences are captured and scored between instruments. For example, mean utility values from the two patients in the non-ambulatory, preserved upper limb, without symptomatic cardiomyopathy or daytime ventilation health state were 0.46 (EQ-5D), 0.61 (HUI2), and 0.16 (HUI3). In these two patients, in addition to the large impact of mobility/ambulation on utility, the particularly low HUI3 utility value was also driven by one patient’s score for cognition. Although the same two survey questions contribute to the HUI2 and HUI3 single attribute utility scores for cognition, scoring algorithms differ giving rise to different scores (0.66 on the HUI3 and 0.93 on the HUI2). Other studies have also noted that differences in the health state classification systems of different instruments result in systematically different utility values, even for people in similar disease-specific health states [40–42]. In the current study, the HUI3 classification system produced the broadest range in utility values for all disease-specific health states, with values higher than the EQ-5D for the least progressed health states but similar or lower for more severe health states. These findings highlight the importance of considering the alignment of an instrument’s descriptive system versus the target condition, when selecting a utility measure. In addition to recent work to understand which aspects of HRQoL are most important from the perspective of patients with DMD and their caregivers (‘Project Hercules') [8, 43], further research will be important to assess which dimensions from widely-used, generic preference-based measures are most appropriate for understanding the HRQoL impacts in DMD.
The analysis of instrument-specific attribute scores, which was intended to qualitatively illustrate which aspects of HRQoL are contributing most to disutility in DMD, highlighted the preponderance of patients reporting deficits in ambulation, mobility, and dexterity throughout all but the least progressed health states. Impacts in these attributes in turn drive deficits in ability for self-care and performance of usual activities. Scores on ambulation, mobility or dexterity drop to very low levels even for those in, for example, late ambulatory or non-ambulatory health states with preserved upper limb function, giving rise to large disutility. This reflects the emphasis members of the general public involved in valuation exercises placed on the negative aspects of ambulation loss, potentially underappreciating the importance of unaffected domains compared to patients as they experience ambulation loss. Patient-provided ratings for other attributes (such as usual care, pain or emotion) demonstrated more variability which could be reflecting the heterogeneous experiences of individuals with DMD, but also how the impact of DMD on emotional status or pain can wax and wane in response to functional changes experienced and accommodation to these [9].
Additional context as to how patients view the impact of DMD is provided by comparing VAS scores (from patients) and utility values (reflecting general public preferences). When preference-based measures are used, disease-specific health states are valued via a hypothetical set of health states based on the EQ-5D or HUI descriptive systems. Although the VAS is not preference-based and cannot provide a utility value, it nonetheless is an intuitive experience-based measure that can incorporate wider notions of HRQoL than, for example, the EQ-5D. While the two scales have different lower anchors (VAS scores anchored by the worst health imaginable, vs. utility values anchored by being dead) [44], non-ambulatory patients in the current study valued their current health using the VAS far better compared to indirect utility estimates of that same health state based on general public preferences. This trend has also been observed in other patient populations when comparing perspectives from patients to those of the general public [45–47].
Strengths of this study include the large sample size of patients with DMD who directly reported on their health status, representing a range of health states with varying clinical and functional considerations of DMD. Utility values were elicited for health states reflecting a spectrum of different functional aspects including upper limb function in addition to lower limb function, both equally important determinants of HRQoL in DMD [14]. Multiple instruments were used to assess utility, including the 5-level version of the EQ-5D whose descriptive system better reflects mobility impacts in DMD than the 3-level version of the EQ-5D [32].
Limitations include that, although the sample size was relatively large for a rare condition like DMD, sample sizes for some granular health states were very small. For this reason, we presented estimates both according to granular level of function, but also for less granular health states defined by ambulatory status and upper limb function only. An important implication of focusing on patient self-reported health status is that the sample was limited to those aged 12 years or older, which is aligned with the minimum age of self-report for the HUI [21]. However, this resulted in the exclusion of younger children with DMD, who may have different health experiences than the sample included here. For example, as many with DMD will have lost ambulation prior to age 12 years [1], those in the non-ambulatory health state within the current study would represent a subset of all non-ambulatory patients with DMD. On the contrary, given that ambulatory teenagers with DMD have more disease experience, insight, and knowledge of their eventual prognosis compared to younger children with DMD, the inclusion of older ambulatory patients with DMD could result in a conservative (or lower) estimate of utility for this health state. The study included eligibility criteria that required participants be capable of completing a survey in English and providing informed consent, which may limit the generalizability of the sample. While allowing participants to receive assistance with the survey may have helped to address this limitation, the presence of another individual recording the survey responses or providing other forms of assistance has the potential to influence the responses provided. There are many factors that could impact utility within a given health state that are difficult to quantify or capture, and these may also contribute to within health state variability. Examples include personal access to social and financial resources, features of the built environment (such as whether sidewalks exist, and if they include wheelchair-friendly features like down ramps leading to the road), as well as personal and psychosocial characteristics of the patient and their family members [9, 14].

Conclusions
In this study, although utility values tend to decline with increasing health state severity, large variability in utility was observed among individuals within the same health state. Utility values for less severe non-ambulatory health states described by level of upper limb function are novel. These utility values, estimated using two different preference-based measures from a large sample from the US, are based on health status self-reported directly by patients, applying a clinical classification system that does not require external clinical or functional assessment. The classification considers numerous patient-relevant and clinically meaningful DMD manifestations, including level of upper limb function but also presence of symptomatic cardiomyopathy and need for ventilation. This resulted in utility values for health states that more accurately describe morbidity and the clinically-heterogeneous natural history, and are relevant to individuals at various stages of disease progression. Describing utility values from larger samples of patients, understanding how utility in DMD changes over time, and further investigating the determinants of utility scores will be important for better understanding the impact of DMD symptoms on utility and patient HRQoL.

Acknowledgements
The authors would like to gratefully acknowledge the support of Parent Project Muscular Dystrophy (PPMD)’s Duchenne Registry, that facilitated recruitment for this study. This work has been presented, in part, as an abstract at the World Muscle Society 2022 annual conference.

Author contributions
All authors contributed to study conception and design. SMS and AB conducted data collection. SMS, FOS and PJ were responsible for data analyses. All authors reviewed the results and drafts of the manuscript; IFA and SMS drafted the manuscript.

Funding
This study was funded by Sarepta Therapeutics Inc.

Availability of data and materials
The datasets used and/or analysed during the current study are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
Ethical approval for this study was obtained through Advarra IRB, and all participants provided informed consent prior to participation.

Consent for publication
Not applicable.

Competing interests
This study was funded by Sarepta Therapeutics, Inc. IFA and KLG are employees of Sarepta Therapeutics, Inc. SMS, AB, FOS and PJ are employees of Broadstreet HEOR, which received funds from Sarepta to conduct this study. DF, PN, and DCM received consulting fees related to this work. DF has a proprietary interest in Health Utilities Incorporated, Dundas, Ontario, Canada. HUInc. distributes copyrighted Health Utilities Index (HUI) materials and provides methodological advice on the use of HUI. STI has received research funding or consulting fees from Avexis, Biogen, Fibrogen, Mallinkrodt, Regeneron, Sarepta, Scholar Rock, PTC Therapeutics, Pfizer, MDA, CureSMA, NIH, Genentech-Roche, and BCBS.


[image: Creative Commons]Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article are included in the article's Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creativecommons.​org/​licenses/​by/​4.​0/​.

References
	1.
Szabo SM, Salhany RM, Deighton A, Harwood M, Mah J, Gooch KL (2021) The clinical course of Duchenne muscular dystrophy in the corticosteroid treatment era: a systematic literature review. Orphanet J Rare Dis 16(1):237PubMedPubMedCentral

	2.
Baiardini I, Minetti C, Bonifacino S, Porcu A, Klersy C, Petralia P et al (2011) Quality of life in Duchenne muscular dystrophy: the subjective impact on children and parents. J Child Neurol 26(6):707–713PubMed

	3.
Cavazza M, Kodra Y, Armeni P, De Santis M, López-Bastida J, Linertová R et al (2016) Social/economic costs and health-related quality of life in patients with Duchenne muscular dystrophy in Europe. Eur J Health Econ HEPAC Health Econ Prevent Care 17(Suppl 1):19–29

	4.
Landfeldt E, Lindgren P, Bell CF, Schmitt C, Guglieri M, Straub V et al (2014) The burden of Duchenne muscular dystrophy: an international, cross-sectional study. Neurology 83(6):529–536PubMedPubMedCentral

	5.
Powell PA, Carlton J, Woods HB, Mazzone P (2020) Measuring quality of life in Duchenne muscular dystrophy: a systematic review of the content and structural validity of commonly used instruments. Health Qual Life Outcomes 18(1):263PubMedPubMedCentral

	6.
Landfeldt E, Alfredsson L, Straub V, Lochmüller H, Bushby K, Lindgren P (2017) Economic evaluation in Duchenne muscular dystrophy: model frameworks for cost-effectiveness analysis. Pharmacoeconomics 35(2):249–258PubMed

	7.
Rowen D, Powell P, Mukuria C, Carlton J, Norman R, Brazier J (2021) Deriving a preference-based measure for people with Duchenne muscular dystrophy from the DMD-QoL. Value in Health 24(10):1499–1510PubMed

	8.
Powell PA, Carlton J (2023) A comprehensive qualitative framework for health-related quality of life in Duchenne muscular dystrophy. Qual Life Res 32(1):225–236PubMed

	9.
Szabo SM, Audhya IF, Bever AE, Mickle AT, Iannaccone ST, Gooch KL (2022) The impact of key health state transitions on health-related quality of life (HRQOL) in Duchenne muscular dystrophy (DMD): a qualitative study. Value Health 25(7):S560–S561

	10.
Briggs A, Claxton K, Sculphur M (2006) Decision modelling for health economic evaluation (handbooks in health economic evaluation). Oxford University Press

	11.
Sharma D, Aggarwal AK, Downey LE, Prinja S (2021) National healthcare economic evaluation guidelines: a cross-country comparison. PharmacoEconomics Open 5(3):349–364PubMedPubMedCentral

	12.
Canadian Agency for Drugs and Technologies in Health. Guidelines for the economic evaluation of health technologies: Canada. Ottawa March 2017

	13.
[NICE] NIfHaCE. NICE health technology evaluations: the manual 2022 [Available from: https://​www.​nice.​org.​uk/​process/​pmg36/​resources/​nice-health-technology-evaluations-the-manual-pdf-72286779244741

	14.
Szabo SM, Audhya IF, Rogula B, Feeny D, Gooch KL (2022) Factors associated with the health-related quality of life among people with Duchenne muscular dystrophy: a study using the Health Utilities Index (HUI). Health Qual Life Outcomes 20(1):93PubMedPubMedCentral

	15.
Szabo SM, Audhya IF, Malone DC, Feeny D, Gooch KL (2020) Characterizing health state utilities associated with Duchenne muscular dystrophy: a systematic review. Qual Life Res 29(3):593–605PubMed

	16.
Pangalila RF, van den Bos GA, Stam HJ, van Exel NJ, Brouwer WB, Roebroeck ME (2012) Subjective caregiver burden of parents of adults with Duchenne muscular dystrophy. Disabil Rehabil 34(12):988–996PubMed

	17.
Bray N, Noyes J, Harris N, Edwards RT (2017) Measuring the health-related quality of life of children with impaired mobility: examining correlation and agreement between children and parent proxies. BMC Res Notes 10(1):377PubMedPubMedCentral

	18.
Landfeldt E, Mayhew A, Eagle M, Lindgren P, Bell CF, Guglieri M et al (2015) Development and psychometric analysis of the Duchenne muscular dystrophy functional ability self-assessment tool (DMDSAT). Neuromuscul Disord 25(12):937–944PubMed

	19.
Parent Project Muscular Dystrophy. https://​www.​parentprojectmd.​org/​

	20.
Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D et al (2011) Development and preliminary testing of the new five-level version of EQ-5D (EQ-5D-5L). Qual Life Res 20(10):1727–1736PubMedPubMedCentral

	21.
Horsman J, Furlong W, Feeny D, Torrance G (2003) The Health Utilities Index (HUI®): concepts, measurement properties and applications. Health Qual Life Outcomes 1(1):54PubMedPubMedCentral

	22.
Szabo SM, Audhya IF, Bever AE, Feeny D, Malone DC, Neumann PI et al (2022) PCR105 The impact of key health state transitions on health-related quality of life (HRQOL) in Duchenne muscular dystrophy (DMD): a qualitative study. Value Health 25(7):S560–S561

	23.
Audhya IF, Szabo SM, Bever AE, Malone DC, Feeny D, Neumann PI et al (2022) PCR176 time trade-off utility values for health states characterizing progressive muscular degeneration in Duchenne muscular dystrophy (DMD). Value Health 25(7):S574

	24.
Lowes L, Reash N (2019) Lab ambulatory status algorithm: a new tool to determine ambulatory status. Abigail Wexner Research Institute

	25.
Mayhew AG, Coratti G, Mazzone ES, Klingels K, James M, Pane M et al (2020) Performance of upper limb module for Duchenne muscular dystrophy. Dev Med Child Neurol 62(5):633–639PubMed

	26.
Feeny D, Furlong W, Torrance GW, Goldsmith CH, Zhu Z, DePauw S et al (2002) Multiattribute and single-attribute utility functions for the health utilities index mark 3 system. Med Care 40(2):113–128PubMed

	27.
Torrance GW, Feeny DH, Furlong WJ, Barr RD, Zhang Y, Wang Q (1996) Multiattribute utility function for a comprehensive health status classification system: health utilities index mark 2. Med Care 34(7):702–722PubMed

	28.
Pickard AS, Law EH, Jiang R, Pullenayegum E, Shaw JW, Xie F et al (2019) United states valuation of EQ-5D-5L health states using an international protocol. Value in Health 22(8):931–941PubMed

	29.
Morton F, Nijjar JS. eq5d: Methods for Analysing 'EQ-5D' Data and Calculating 'EQ-5D' Index Scores. R package version 0.10.1.2021 [Available from: https://​CRAN.​R-project.​org/​package=​eq5d

	30.
Uttley L, Carlton J, Woods HB, Brazier J (2018) A review of quality of life themes in Duchenne muscular dystrophy for patients and carers. Health Qual Life Outcomes 16(1):237PubMedPubMedCentral

	31.
Crossnohere NL, Fischer R, Lloyd A, Prosser LA, Bridges JFP (2021) Assessing the appropriateness of the EQ-5D for duchenne muscular dystrophy: a patient-centered study. Medi Decis Mak Int J Soc Med Decis Mak 41(2):209–221

	32.
Janssen MF, Bonsel GJ, Luo N (2018) Is EQ-5D-5L better than EQ-5D-3L? A head-to-head comparison of descriptive systems and value sets from seven countries. Pharmacoeconomics 36(6):675–697PubMedPubMedCentral

	33.
Brunner HI, Klein-Gitelman MS, Miller MJ, Trombley M, Baldwin N, Kress A et al (2004) Health of children with chronic arthritis: relationship of different measures and the quality of parent proxy reporting. Arth Rheum 51(5):763–773

	34.
Khadka J, Kwon J, Petrou S, Lancsar E, Ratcliffe J (2019) Mind the (inter-rater) gap: an investigation of self-reported versus proxy-reported assessments in the derivation of childhood utility values for economic evaluation: A systematic review. Soc Sci Med 240:112543PubMed

	35.
Brazier J, Ratcliffe J, Saloman J, Tsuchiya A (2017) Measuring and valuing health benefits for economic evaluation. Oxford University Press, Oxford

	36.
Mpundu-Kaambwa C, Chen G, Dalziel K, Devlin N, Ratcliffe J (2021) Quality Of Life in Kids: Key evidence to strengthen decisions in Australia project t: International guidelines for self-report and proxy completion of paediatric health-related quality of life measures: a protocol for a systematic review. BMJ Open 11(12):e052049PubMedPubMedCentral

	37.
Pascual-Morena C, Cavero-Redondo I, Reina-Gutierrez S, Saz-Lara A, Lopez-Gil JF, Martinez-Vizcaino V (2022) Prevalence of neuropsychiatric disorders in Duchenne and Becker muscular dystrophies: a systematic review and meta-analysis. Arch Phys Med Rehabil 103(12):2444–2453PubMed

	38.
Jiang M, Ma Y, Li M, Meng R, Ma A, Chen P (2021) A comparison of self-reported and proxy-reported health utilities in children: a systematic review and meta-analysis. Health Qual Life Outcomes 19(1):45PubMedPubMedCentral

	39.
Banks BA, Barrowman NJ, Klaassen R (2008) Health-related quality of life: changes in children undergoing chemotherapy. J Pediatr Hematol Oncol 30(4):292–297PubMed

	40.
Whitehurst DGT, Mittmann N, Noonan VK, Dvorak MF, Bryan S (2016) Health state descriptions, valuations and individuals’ capacity to walk: a comparative evaluation of preference-based instruments in the context of spinal cord injury. Qual Life Res 25(10):2481–2496PubMed

	41.
Konerding U, Moock J, Kohlmann T (2009) The classification systems of the EQ-5D, the HUI II and the SF-6D: what do they have in common? Qual Life Res 18(9):1249–1261PubMed

	42.
Kopec JA, Willison KD (2003) A comparative review of four preference-weighted measures of health-related quality of life. J Clin Epidemiol 56(4):317–325PubMed

	43.
Powell PA, Carlton J, Rowen D, Brazier JE (2019) Producing a preference-based quality of life measure for people with Duchenne muscular dystrophy: a mixed-methods study protocol. BMJ Open 9(3):e023685PubMedPubMedCentral

	44.
Morimoto T, Fukui T (2002) Utilities measured by rating scale, time trade-off, and standard gamble: review and reference for health care professionals. J Epidemiol 12(2):160–178PubMed

	45.
Insinga RP, Fryback DG (2003) Understanding differences between self-ratings and population ratings for health in the EuroQOL. Qual Life Res 12(6):611–619PubMed

	46.
Polsky D, Willke RJ, Scott K, Schulman KA, Glick HA (2001) A comparison of scoring weights for the EuroQol derived from patients and the general public. Health Econ 10(1):27–37PubMed

	47.
Wilson R, Hansen P, Langley J, Derrett S (2014) A comparison of injured patient and general population valuations of EQ-5D health states for New Zealand. Health Qual Life Outcomes 12:21PubMedPubMedCentral



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Estimating health state utilities in Duchenne muscular dystrophy using the health utilities index and EQ-5D-5L


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/41687_2023_671_Fig4_HTML.png
Early ambulatory

Preserved upper limb, no daytime ventilation,
without symptomatic CM

Mildly impaired upper limb, no daytime
ventilation, without symptomatic CM

Late ambulatory

Preserved upper limb, no daytime ventilation,
without symptomatic CM

Mildly impaired upper limb, no daytime
ventilation, without symptomatic CM

Early non-ambulatory

Preserved upper limb, no daytime ventilation,
without symptomatic CM

Mildly impaired upper limb, no daytime
ventilation, without symptomatic CM

Mildly impaired upper limb, no daytime
ventilation, with symptomatic CM

Late non-ambulatory

Moderately impaired upper limb, no daytime
ventilation, without symptomatic CM

Moderately impaired upper limb, no daytime
ventilation, with symptomatic CM

Moderately impaired upper limb, nighttime and
daytime ventilation, without symptomatic CM

Loss of upper limb function, no daytime

ventilation, without symptomatic CM

Loss of upper limb function, nighttime and
daytime ventilation, without symptomatic CM

Loss of upper limb function, nighttime and
daytime ventilation, with symptomatic CM

N
lil

10

Vision
1.00 (1.00, 1.50)
1.00 (1.00 - 1.00)

2.00(2.00

)
1.00 (1.00, 1.25)
1.00 (1.00- 1.75)
1.00 (1.00 - 1.00)
1.00 (.00, 2.00)
1.00 (1.00- 1.00)
1.50 (1.00 - 2.00)
1.00 (1.00- 1.50)
2.00 (1.00, 2.00)
2.00 (1.00 - 2.00)

2.00 (1.75 - 2.00)

2.00 (2.00 - 2.00)

2.00 (2.00 - 2.00)

1.00 (1.00 - 1.00)

1.50(1.25-1.75)

Hearing
1.00 (1.00, 1.00)
1.00 (1.00 - 1.00)
1.00 (1.00 - 1.00)
1.00 (1.00, 1.00)
1.00 (1.00 - 1.00)
1.00 (1.00 - 1.00)
1.00 (1.00, 1.00)
1.00(1.00-1.00)
1.00 (1.00 - 1.00)
1.00(1.00-1.00)
1.00 (1.00, 1.00)
1.00 (1.00 - 1.00)
1.00 (1.00 - 1.00)
1.00 (1.00 - 1.00)
1.00(1.00-1.00)
1.00 (1.00 - 1.00)

1.00(1.00-1.00)

Speech L y Cogl Pain
1.00(1.00,1.00)  1.00(1.00,2.00) 1.00(1.00,1.00) 1.00(1.00,1.50) 1.00 (1.00,2.50) 2.00 (1.00, 2.00)

1.00 (1.00-1.00) 1.00(1.00-2.00) 1.00(1.00-1.00) 1.00(1.00-1.00) 1.00(1.00-1.75) 1.50 (1.00-2.00)

1.00 (1.00-1.00) [ABNERRPAN)

ERVTEREERON 3.00 (3.00-3.00) 4.00 (4.00-4.00) | 2.00(2.00-2.00)
1.00(1.00,1.25) 1.50(1.00,4.00) 1.0 (1.00,1.00) 1.50(1.00,2.00) 1.00(1.00,2.00) 2.0 (1.75,2.50)
1.00 (1.00-1.75) [ENUONERITAON 1.00 (1.00-1.00) 1.50(1.00-2.00) 1.50 (1.00-2.00) [EHNPAEER)]
1.00 (1.00-1.00) 1.0 (1.00-1.00) 1.00(1.00-1.00) 1.50(1.25-1.75) 1.00(1.00-1.00) 1.50 (1.25-1.75)
1.00(1.00,1.00) _6.00 (6.00,6.00) ~ 2.00 (1.00,4.00) 1.00 (1.00, 2.00)

1.00(1.00,3.00)  2.00 (1.0, 2.00)

VG RERI)R 6.00 (6.00-6.00) EENVOERENEI)R 2.50 (1.75-3.25) 3.00 (2.00-4.00) = 2.00(2.00-2.00)

1.00 (1.00-1.00) [EXKCRNEAORPILNEREZEIN 1.00 (1.00-2.00) 1.00 (1.00 - 2.25)

1.00(1.00-2.00) EEKLE(RVEIXVON 1.00 (1.00 - 1.50) FReINE RIS H0[0) SR NP RI )]

2.00 (1.75 - 2.00)

1.00(1.00-1.50)

1.00(1.00,1.00) _6.00 (6.00,6.00) 4.00 (3.50,5.00) 1.00(1.00,2.00) 1.00(1.00,1.50) 2.0 (1.0, 2.00)

1.00 (1.00-1.00) [EICRNEAV) BPRGTPX BN 1.00 (1.00-2.00) 1.00 (1.00-1.00) [EHNERERN)]

1.00 (1.00-1.00) [EXUNCRQIEAV) IPRONCRT PPN 1.50 (1.00-2.00) 1.00 (1.00-1.75) [EHNESX00)}

1.00 (1.00-1.00) [ENCRNIEAV) BEKICRIEFON 1.00 (1.00-2.00) 1.00 (1.00-1.00) 1.00 (1.00 - 2.00)

1.00(1.00 - 1.00) [ERo[VE(CHo[VENN[0) RV ON(RVOEEN () R I PAOEPRON 1.00 (1.00 - 1.00)

2.00(2.00 - 2.00)

2.00(1.50-2.50) 6.00 (6.00-6.00) 6.00 (6.00-6.0 WVPERVOY 2.00 (1.50-2.50) 2.50 (2.25-2.75)

2.00(1.50-2.50) | 6.00(6.00-6.00) 5.50(5.25-5.75) | 2.50(1.75-8.25) 5.00(5.00-5.00) | 2.00(2.00-2.00)





OEBPS/images/41687_2023_671_Fig1_HTML.png
Early

ambulatory | ambulatory

Late

Early non-
ambulatory

Late non-ambulatory

Upper limb function

Respiratory support I

Cardiomyopathy

nat
baseline

Preserved upper limb

No daytime ventilation

Without symptomatic cardiomyopathy

10

Mildly impaired upper limb function

Preserved upper limb

Mildly impaired upper limb function
Preserved upper limb

Mildly impaired upper limb function
Mildly impaired upper limb function
Moderately impaired upper limb
Moderately impaired upper limb
Moderately impaired upper limb
Loss of function

Loss of function

Loss of function

No daytime ventilation

No daytime ventilation

No daytime ventilation

No daytime ventilation
No daytime ventilation

No daytime ventilation

No daytime ventilation
No daytime ventilation
Nighttime and daytime ventilation
No daytime ventilation
Nighttime and daytime ventilation

Nighttime and daytime ventilation

Without symptomatic cardiomyopathy

Without symptomatic cardiomyopathy
Without symptomatic cardiomyopathy

Without symptomatic cardiomyopathy
Without symptomatic cardiomyopathy

With symptomatic cardiomyopathy

Without symptomatic cardiomyopathy
With symptomatic cardiomyopathy

Without symptomatic cardiomyopathy
Without symptomatic cardiomyopathy
Without symptomatic cardiomyopathy

With symptomatic cardiomyopathy

1






OEBPS/images/41687_2023_671_Fig5_HTML.png
N Mobility Self-Care Usual Activities Pain and Discomfort pejand
Depression

Early ambulatory 11 2.00(1.00-2.00) 1.00 (1.00 - 1.50) 1.00 (1.00 - 2.00) 1.00 (1.00 - 2.00) 2.00 (1.00 - 2.00)
Preserved upper limb, no daytime ventilation, without symptomatic CM 10 2.00(1.00-2.00) 1.00(1.00 - 1.00) 1.00(1.00 - 2.00) 1.00(1.00-1.75) 1.50(1.00 - 2.00)

Mildly impaired upper limb, no daytime ventilation, without symptomatic CM JB  3.00(3.00-3.00) 2.00(2.00-2.00)  2.00 (2.00-2.00) 3.00(3.00-3.00)  5.00 (5.00-5.00)
Late ambulatory 8  2.00(1.75-3.25) 2.00 (1.00-3.00)  2.00 (1.00-2.25) 3.00 (1.75 - 3.00) 1.50 (1.00 - 2.00)
Preserved upper limb, no daytime ventilation, without symptomatic CM [ 2.50(1.25-3.75) 3.00(1.50-3.00) | 2.00 (1.25-2.75) 3.00 (2.25-3.00) 1.50 (1.00 - 2.00)

Mildly impaired upper limb, no daytime ventilation, without symptomatic CM 2 2.00(2.00 - 2.00) 1.00 (1.00 - 1.00) 1.50 (1.25-1.75) 2.00 (1.50 - 2.50) 1.50 (1.25-1.75)
Early non-ambulatory 21 5.00 (5.00 - 5.00) 4.00 (3.00 - 5.00) 2.00(1.00 - 3.00) 2.00 (1.00 - 2.00) 2.00 (1.00 - 3.00)
Preserved upper limb, no daytime ventilation, without symptomatic CM A 5.00 (5.00 - 5.00) 2.50 (2.25 - 2.75) 1.00 (1.00 - 1.00) 2.00 (2.00 - 2.00) 2.00 (1.50 - 2.50)

Mildly impaired upper limb, no daytime ventilation, without symptomatic CM 16 5.00 (5.00 0) 4.50 (3.00 - 5. 2.0 75 -3.00) 2.00 (1.00 - 2.00) 2.50 (1.00 - 3.00)

Mildly impaired upper limb, no daytime ventilation, with symptomatic CM 3 5.00 (5.00 - 5.00) 5.00 (4.50 - 5.00) 3.00 (2.50 - 3.00) 2.00(1.50 - 2.50) 1.00(1.00 - 1.00)
Late non-ambulatory 23 5.00(5.00-5.00) 5.00 (5.00 - 5.00) 3.00 (1.50 - 3.00) 2.00 (1.00 - 3.00) 2.00 (1.00 - 2.50)
Moderately impaired upper limb, no daytime ventilation, without symptomatic CM 9 5.00 (5.00 - 5.00) 5.00 (5.00 - 5.00) 3.00 (2.00 - 3.00) 2.00(2.00 - 3.00) 2.00 (2.00 - 3.00)

Moderately impaired upper limb, no daytime ventilation, with symptomatic CM 4 5.00 (5.00 - 5.00) 5.00 (4.75-5.00) 2.00(1.75-2.25) 2.00(1.75-2.25) 1.50(1.00 - 2.25)

Moderately impaired upper limb, nighttime and daytime ventilation, without symptomatic

Sl Gl 5.00(5.00 00(5.00-5.00)  3.00(1.00-3.00) 1.00(1.00-1.00) [EXIYEXERN)

Loss of upper limb function, no daytime ventilation, without symptomatic CM il 5.00 (5.00 00 (5.00 - 5.00) 3.00 (3.00 - 3.00) 2.00 (2.00 - 2.00) 1.00 (1.00 - 1.00)
Loss of upper limb function, nighttime and daytime ventilation, without symptomatic CM 2 5.00 (5.00 00 (5.00 - 5.00) 1.50 (1.25-1.75) 3.00 (3.00 - 3.00) 1.50 (1.25-1.75)

Loss of upper limb function, nighttime and daytime ventilation, with symptomatic CM 2 5.00 (5.00 00 (5.00-5 4.00 (3.50 - 4.50) 2.00(2.00 - 2.00)





OEBPS/images/41687_2023_671_Fig2_HTML.png
Ambulatory

Transitional

Non-ambulatory

10

16

Measure -e= HUI-2 -e= HUI-3 -»= EQ-5D

Patient-reported
. '_=='.'| - Preserved upper limb, no daytime ventilation, without symptomatic CM
. ¢ L] . = Mildly impaired upper limb, no daytime ventilation, without symptomatic CM
. —_— X . §
. I ! H 1 - Preserved upper limb, no daytime ventilation, without symptomatic CM
. Hea] = Mildly impaired upper limb, no daytime ventilation, without symptomatic CM
e — e
i = Preserved upper limb, no daytime ventilation, without symptomatic CM
I — - Mildly impaired upper limb, no daytime ventilation, without symptomatic CM
: e
1 == = Mildly impaired upper limb, no daytime ventilation, with symptomatic CM
i - Moderately impaired upper limb, no daytime ventilation, without symptomatic CM
s ol e = - Moderately impaired upper limb, no daytime ventilation, with symptomatic CM
L ——t ko = Moderately impaired upper limb, nighttime and daytime ventilation, without symptomatic CM
i L]
. L ¢ - Loss of upper limb function, no daytime ventilation, without symptomatic CM
» B L] - Loss of upper limb function, nighttime and daytime ventilation, without symptomatic CM
L . J i J = Loss of upper limb function, nighttime and daytime ventilation, with symptomatic CM
¥ ' L ' '
0.00 0.25 0.50 0.75 1.00

Utility





OEBPS/css/cc-by.png
() _®





OEBPS/images/41687_2023_671_Fig6_HTML.png
Early ambulatory

Preserved upper limb, no daytime ventilation, without symptomatic CM

Mildly impaired upper limb, no daytime ventilation, without symptomatic CM

Late ambulatory

Preserved upper limb, no daytime ventilation, without symptomatic CM

Mildly impaired upper limb, no daytime ventilation, without symptomatic CM

Early non-ambulatory

Preserved upper limb, no daytime ventilation, without symptomatic CM

Mildly impaired upper limb, no daytime ventilation, without symptomatic CM

Mildly impaired upper limb, no daytime ventilation, with symptomatic CM

Late non-ambulatory

Moderately impaired upper limb, no daytime ventilation, without symptomatic CM
Moderately impaired upper limb, no daytime ventilation, with symptomatic CM
Moderately impaired upper limb, nighttime and daytime ventilation, without symptomatic CM
Loss of upper limb function, no daytime ventilation, without symptomatic CM

Loss of upper limb function, nighttime and daytime ventilation, without symptomatic CM

Loss of upper limb function, nighttime and daytime ventilation, with symptomatic CM
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N Sensation Mobility Emotion Cognitive Self-care Pain

Early ambulatory 11 1.00 (1.00, 1.50) 1.00 (1.00, 2.00) 1.00 (1.00, 1.00) 1.00 (1.00, 2.00) 1.00 (1.00, 1.00) 1.00 (1.00, 2.00)
Preserved upper limb, no daytime ventilation, without

symptomatic CM 1.00 (1.00 - 1.00) 1.00 (1.00 - 2.00) 1.00 (1.00 - 1.00) 1.00 (1.00-1.75) 1.00 (1.00 - 1.00) 1.00 (1.00- 1.75)
Mildly impaired upper limb, no daytime ventilation, _

without symptomatic CM 2.00 (2.00 - 2.00) 2.00 (2.00 - 2.00) 4.00 (4.00 - 4.00) 2.00 (2.00 - 2.00) 1.00 (1.00 - 1.00) 2.00 (2.00 - 2.00)
Late ambulatory 8 1.50 (1.00, 2.25) 1.50 (1.00, 3.00) 2.00 (1.00, 2.25) 1.00 (1.00, 2.00) 1.00 (1.00, 2.00) 2.00 (1.75, 2.25)
Preserved upper limb, no daytime ventilation, without

symptomatic CM 6 2.00 (1.25 - 2.75) 2.50 (1.25 - 3.00) 2.00 (1.25 - 2.75) 1.50 (1.00 - 2.00) 1.50 (1.00 - 2.00) 2.00 (2.00 - 2.75)
Mildly impaired upper limb, no daytime ventilation,

without symptomatic CM 2 1.00 (1.00 - 1.00) 1.00 (1.00 - 1.00) 1.50 (1.25 - 1.75) 1.00 (1.00 - 1.00) 1.00 (1.00 - 1.00) 1.50 (1.25 - 1.75)
Early non-ambulatory 21 1.00 (1.00, 2.00) 4.00 (4.00, 4.00) 2.00 (1.00, 3.00) 1.00 (1.00, 2.00) 4.00 (3.00, 4.00) 2.00 (1.00, 2.00)

Preserved upper limb, no daytime ventilation, without

symptomatic CM 2 1.00(1.00 - 1.00) 4.00 (4.00 - 4.00) 2.00(1.50 - 2.50) 1.50(1.25-1.75) 1.00(1.00-1.00) 1.50 (1.25-1.75)
Mildly impaired upper limb, no daytime ventilation,

without symptomatic CM 16 1.50(1.00 - 2.00) 4.00 (4.00 - 4.00) 2.00(1.00 - 3.00) 1.00(1.00 - 2.00) 4.00 (3.00 - 4.00) 2.00(1.00-2.00)
Mildly impaired upper limb, no daytime ventilation,

with symptomatic CM 3 2.00(1.50 - 2.50) 4.00 (4.00 - 4.00) 2.00(1.50 - 2.50) 2.00(1.50-2.00) 4.00 (4.00 - 4.00) 1.00(1.00 - 1.50)
LS 0L L) 2.00 (1.00, 2.00) 4.00 (4.00, 4.00) 1.00 (1.00, 2.00) 1.00 (1.00, 1.50) 4.00 (4.00, 4.00) 2.00 (1.00, 2.00)
Moderately impaired upper limb, no daytime

ventilation, without symptomatic CM 2.00(1.00 - 2.00) 4.00 (4.00 - 4.00) 2.00(1.00-2.00) 1.00(1.00 - 1.00) 4.00 (4.00 - 4.00) 2.00(1.00-2.00)
Moderately impaired upper limb, no daytime

ventilation, with symptomatic CM 2.00(1.75-2.00) 4.00 (4.00 - 4.00) 1.50 (1.00 - 2.00) 1.00(1.00-1.25) 4.00 (3.50 - 4.00) 2.00(1.75-2.00)
Moderately impaired upper limb, nighttime and

daytime ventilation, without symptomatic CM 2.00 (2.00 - 2.00) 4.00 (4.00 - 4.00) 1.00(1.00 - 2.00) 1.00(1.00 - 1.00) 4.00 (4.00 - 4.00) 1.00 (1.00 - 1.00)
Loss of upper limb function, no daytime ventilation,

without symptomatic CM 2.00(2.00 - 2.00) 4.00 (4.00 - 4.00) 1.00(1.00 - 1.00) 1.00(1.00 - 1.00) 4.00 (4.00 - 4.00) 2.00(2.00-2.00)
Loss of upper limb function, nighttime and daytime

ventilation, without symptomatic CM 2.00(1.50 - 2.50) 5.00 (5.00 - 5.00) 1.50 (1.25-1.75) 1.50(1.25-1.75) 4.00 (4.00 - 4.00) 2.00(2.00-2.00)

Loss of upper limb function, nighttime and daytime
ventilation, with symptomatic CM 2.00 (1.50 - 2.5 4.50 (4.25-4.75) 3.00 (2.00 - 4.0f 2.50 (2.25-2.75) 4.00 (4.00 - 4.00) 2.00(2.00-2.00)






