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Summary of HCMSQ draft development
[bookmark: _Hlk94522145][bookmark: _Hlk94522190][bookmark: _Hlk94522316]The development of the HCMSQ included initial drafting and testing to refine the instrument (Supplementary Figure S1). Five rounds of cognitive interviews were conducted in the UK, France, Italy and the USA with patients aged 18–75 years with obstructive HCM. Subsequently, exit interviews were completed to confirm comprehension of specific response scales. Full content validity and psychometric evaluation of the measurement properties of HCMSQ was completed using data from the EXPLORER-HCM and MAVERICK-HCM studies.
[bookmark: _Hlk93583875]Supplementary Figure S1 Overview of HCMSQ development
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HCM hypertrophic cardiomyopathy, HCMSQ Hypertrophic Cardiomyopathy Symptom Questionnaire, PRO patient-reported outcome
Rasch Modeling
Rasch model analysis was conducted using a partial credit Rasch model on pooled MAVERICK-HCM and EXPLORER-HCM data sets to examine how well the six shortness of breath items fit as a single domain, and to examine the ordering of the responses for items 2–4 based on the average trait level (degree of severity). In terms of domain fit, items 4 (shortness of breath severity during heavy activity) and 5 (description of worst shortness of breath) displayed a misfit (mean square values > 1.0) between the item response and person’s shortness of breath severity. All other shortness of breath items (items 1, 2, 3, and 6) had acceptable values. Based on this result, items 4 and 5 were identified as candidates for exclusion from the scoring algorithm. Descriptive data and data from the card-sorting task were examined for these items to see whether they should be retained or excluded. For item 4, the descriptive analysis showed an extremely high endorsement of “I did not attempt to do this activity” response choice (77% of diary entries), making longitudinal data interpretation difficult. This makes clinical sense given that few people with this condition can engage routinely and regularly in heavy physical activity. As such, item 4 was omitted from the scoring algorithm. For item 5, the card-sorting data identified content validity concerns. Given the misfit in the Rasch model, item 5 was also omitted. Additionally, Rasch modeling was conducted using items 2 and 3 to determine the ordering and separation of response choices. The response choices “Not at all”, “Mildly”, “Moderately”, “Severely”, “Very severely”, and “Too short of breath to do the activity” were ordered as presented in the instrument based on the average person measure (i.e., where a person falls along the latent shortness of breath severity scale). The response choice, “I did not attempt to do the activity” was ordered differently for each item. For item 2, the ranking of “I did not attempt the activity” response choice had an average person measure aligned with the lowest level of severity (i.e., ordered before “Not at all”), while item 3 had an average person measure between “Mildly” and “Moderately” response choices. “I did not attempt the activity” response choice was not ordered after response choices “Very severely” or “Too short of breath to do the activity”. Therefore, endorsement of this answer choice does not appear to be an indicator of most severe.
Mixed-Model Repeated Measures
Mixed-model repeated measures analysis was conducted to assess if potential bias is introduced to the scores when values for the “I did not attempt to do this activity” response choice are imputed for items 2 and 3. Response choice “I did not attempt to do this activity” for item 2 was imputed as the mean of items 1, 3, and 6, while this response choice for item 3 was imputed as the mean of items 1, 2, and 6. These imputations were selected as a means of imputing a value that utilized the other shortness of breath scores for that day. Mixed-model repeated measures results showed a significant relationship between not attempting light physical activity (item 2) and shortness of breath domain scores, but no significant relationship between not attempting moderate physical activity (item 3) and shortness of breath domain scores. This indicates that item 3 (moderate physical activity) can be imputed but item 2 (light physical activity) should not be imputed because this introduces bias (i.e., decreasing the shortness of breath scores, which may mask the severity of symptoms). Therefore, the scoring algorithm was refined to set to missing if light physical activity (item 2) was not attempted.
Exploratory and Confirmatory Factor Analyses
Both exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) were conducted to uncover the data structure of the Hypertrophic Cardiomyopathy Symptom Questionnaire (HCMSQ). Items 4 and 5 were omitted as previously discussed. Item 11 was also omitted from the factor analyses because it has a binary response scale and there were very few occurrences of fainting (0% of patients fainted in MAVERICK-HCM and 4.5% of patients fainted in EXPLORER-HCM). The findings from the EFA and CFA suggested which items could be combined into a domain, and the number of domains that would adequately reflect the data. Results from the EFA (see Table A) indicated that items could be combined into three domain scores. Results from the CFA supported the EFA findings and indicated that the three domain scores could be combined into one total score (CFA model results: root mean square error of approximation [RMSEA] = 0.096; p close = 0.0756, reflecting acceptable model fit [2, 3]).
· Shortness of breath, which includes items 1, 2, 3, and 6.
· Tiredness (item 7) as its own domain.
· Cardiovascular symptoms, which includes items 8, 9, and 10.
· Total score, which includes shortness of breath, tiredness, and cardiovascular symptoms domains.
Table A Exploratory factor analysis using 7-day HCMSQ weekly scores for pooled MAVERICK-HCM and EXPLORER-HCM trial data sets
	Item
	Standardized loading: rot. factor 1
	Standardized loading: rot. factor 2
	Standardized loading: rot. factor 3

	1. Short of breath
	0.850
	0.355
	0.253

	2. Short of breath light physical activity
	0.784
	0.413
	0.167

	3. Short of breath medium physical activity
	0.893
	0.349
	0.212

	6. How often shortness of breath
	0.843
	0.230
	0.329

	7. Feel tired
	0.404
	0.313
	0.518

	8. Heart beat rapidly or flutter
	0.218
	0.637
	0.542

	9. Chest pain
	0.337
	0.793
	0.175

	10. Dizzy or lightheaded
	0.322
	0.530
	0.206


HCMSQ Hypertrophic Cardiomyopathy Symptom Questionnaire
Model fit declined when item 6 was removed from the shortness of breath domain and treated as its own domain (RMSEA = 0.116; p close = 0.0157), suggesting that the shortness of breath domain is more cohesive with both severity and frequency items. Total score was calculated as the equal weighting of the three domain scores to account for the different number of items within each domain. It is appropriate to calculate a total score from the three domains given that they each represent distinct and important aspects of the patient symptom experience with hypertrophic cardiomyopathy (HCM), and are statistically supported as a single score. Specifically, acceptable model fit from the CFA was observed when the domain scores were connected to the total score (i.e., a second-order model fit the data well, supporting the use of a total score (RMSE = 0.096; p close = 0.0756). Together in a single score, these domains provide a comprehensive assessment of HCM symptoms. 
To determine the weighting of the items and domains included in the total score, multiple sources were examined to understand the relative prevalence and importance of these symptoms in HCM. Collectively, these sources suggested an equal 1:1:1 weighting ratio of the domains (Table B). Thus, the final total score equally averages the domains as a single score to measure overall HCM symptoms.
Table B Determination of HCMSQv1.0 total score domain and item weighting
	[bookmark: _Hlk60999541]
	MAVERICK trial:
baseline “endorsement” scorea
	EXPLORER trial:
baseline “endorsement” score*
	Patient
interviews: “importance” scoreb
	Patient
interviews: “most common” scorec
	HCM 2015
survey: “occurrence” scored
	Clinician
interviews: “most bothersome” scoree

	N
	34
	200
	27
	24
	414
	3

	Shortness of breath, %
	88
	90
	81
	89
	73
	67

	Heart symptoms, %
	Dizziness: 47
Chest pain: 47
Palpitations: 74
	Dizziness: 58
Chest pain: 53
Palpitations: 73
	Dizziness: 48
Chest pain: 56
Palpitations: 67
	Dizziness: 89
Chest pain: 70
Palpitations: 81
	Dizziness: 70
Chest pain: 39
Palpitations: 67
	Dizziness: 67
Chest pain: 33
Palpitations: 33

	Tiredness, %
	88
	91
	67
	89
	74
	33

	Ratio
	~ 1:1:1
	~ 1:1:1
	~ 1:1:1
	~ 1:1:1
	~ 1:1:1
	–


[bookmark: _Hlk82095779]HCM hypertrophic cardiomyopathy, HCMSQv1.0 Hypertrophic Cardiomyopathy Symptom Questionnaire version 1.0
aPercentage of participants who reported this symptom at least once during baseline from trial
bPercentage of participants who reported symptom/domain as “most important to them” during the interview
cPercentage of participants who reported symptom/domain during the interview
dPercentage of participants who reported symptom/domain on “Q16: Have you experienced any of the following? Check all that apply”
eThree clinicians were asked which symptoms were most bothersome to patients

Missing-Data Simulation Analysis
It was proposed, as part of the HCMSQ scoring algorithm, that if more than three of the seven daily scores are missing, then the weekly score will be treated as missing. As a means of justifying this rule, a missing-data simulation study was performed for HCMSQ domain and total scores using the full analysis set of the pooled (FAS-P) data set, combining the full analysis sets from the MAVERICK-HCM (FAS-M) and EXPLORER-HCM (FAS-E) populations. For patients with 7 days of data (N = 115), 6000 simulations were performed in which an increasing number of valid daily scores were randomly set to missing (i.e., 1000 simulations removing one daily score, 1000 simulations removing two daily scores, and so forth until six daily scores had been removed). The weekly average score and the standard deviation (SD) were computed at each iteration (SD-partial), as well as the 95% confidence interval (CI) for the SD-partial, which was calculated based on the 2.5 and 97.5 percentiles of 1000 simulations. The 95% CI for the SD-partial was compared with the SD of scores computed with no missing data (SD-full). When the 95% CI of the SD-partial value was outside the range of SD-full ± 0.5 SD-full, the computed score with that specific level of missing data was considered unstable, and no further simulations were performed. 

Supplementary Table S1 presents the results of this simulation study. Based on these results, the rule of requiring at least four daily scores in order to calculate a weekly score is acceptable. The SD remained within the range of ± 0.5 SD-full for the shortness of breath and cardiovascular symptoms domains and total scores when five entries were missing (i.e., when only two entries were available). 

1

Supplementary Table S1 Missing-data simulation study for HCMSQ domain and total scores for FAS-P
	[bookmark: _Hlk42599668]Domain
	Number missing
	True mean
	95% LCL mean with missing days
	95% UCL mean with missing days
	95% UCL root mean square deviance from 7-day mean
	95% LCL root mean square deviance from 7-day mean
	True SD
	95% LCL SD with missing days
	95% UCL SD with missing days
	True within subject SD
	95% LCL within subject SD with missing days
	95% UCL within subject SD with missing days

	Cardiovascular symptoms
	1
	1.786
	1.760
	1.812
	0.114
	0.164
	1.620
	1.593
	1.654
	0.896
	0.859
	0.924

	
	2
	1.786
	1.745
	1.827
	0.176
	0.264
	1.620
	1.583
	1.679
	0.896
	0.836
	0.945

	
	3
	1.786
	1.730
	1.846
	0.238
	0.354
	1.620
	1.581
	1.712
	0.896
	0.818
	0.966

	
	4
	1.786
	1.704
	1.866
	0.319
	0.472
	1.620
	1.584
	1.755
	0.896
	0.780
	0.993

	
	5
	1.786
	1.686
	1.892
	0.443
	0.636
	1.620
	1.602
	1.827
	0.896
	0.729
	1.055

	
	6
	1.786
	1.618
	1.961
	0.678
	0.986
	1.620
	1.632
	2.009
	0.896
	0.000
	0.000

	Tiredness
	1
	1.244
	1.230
	1.258
	0.067
	0.089
	0.753
	0.743
	0.770
	0.506
	0.491
	0.520

	
	2
	1.244
	1.221
	1.269
	0.101
	0.140
	0.753
	0.742
	0.783
	0.506
	0.480
	0.528

	
	3
	1.244
	1.211
	1.276
	0.139
	0.194
	0.753
	0.742
	0.799
	0.506
	0.472
	0.539

	
	4
	1.244
	1.203
	1.288
	0.184
	0.260
	0.753
	0.748
	0.823
	0.506
	0.461
	0.551

	
	5
	1.244
	1.186
	1.304
	0.254
	0.356
	0.753
	0.760
	0.866
	0.506
	0.426
	0.586

	
	6
	1.244
	1.157
	1.333
	0.402
	0.539
	0.753
	0.816
	0.961
	0.506
	0.000
	0.000

	Shortness of breath
	1
	4.559
	4.509
	4.613
	0.220
	0.306
	2.966
	2.933
	3.021
	1.697
	1.633
	1.746

	
	2
	4.559
	4.480
	4.637
	0.341
	0.472
	2.966
	2.927
	3.059
	1.697
	1.604
	1.781

	
	3
	4.559
	4.450
	4.665
	0.470
	0.642
	2.966
	2.927
	3.110
	1.697
	1.566
	1.820

	
	4
	4.559
	4.415
	4.698
	0.625
	0.870
	2.966
	2.932
	3.183
	1.697
	1.532
	1.859

	
	5
	4.559
	4.352
	4.752
	0.847
	1.182
	2.966
	2.988
	3.306
	1.697
	1.428
	1.960

	
	6
	4.559
	4.260
	4.851
	1.334
	1.833
	2.966
	3.120
	3.611
	1.697
	0.000
	0.000

	Total score
	1
	2.979
	2.953
	3.007
	0.114
	0.160
	1.730
	1.708
	1.762
	0.886
	0.853
	0.913

	
	2
	2.979
	2.938
	3.020
	0.176
	0.247
	1.730
	1.700
	1.782
	0.886
	0.834
	0.931

	
	3
	2.979
	2.924
	3.033
	0.242
	0.345
	1.730
	1.702
	1.811
	0.886
	0.821
	0.949

	
	4
	2.979
	2.904
	3.054
	0.322
	0.457
	1.730
	1.698
	1.852
	0.886
	0.795
	0.980

	
	5
	2.979
	2.876
	3.080
	0.440
	0.616
	1.730
	1.711
	1.917
	0.886
	0.735
	1.033

	
	6
	2.979
	2.820
	3.145
	0.682
	0.962
	1.730
	1.748
	2.082
	0.886
	0.000
	0.000


FAS-P full analysis safety set (pooled), HCMSQ Hypertrophic Cardiomyopathy Symptom Questionnaire, LCL lower confidence limit, SD standard deviation, UCL upper confidence limit


Supplementary Table S2 Internal consistency for HCMSQ from the two HCM trials
	
	Cronbach’s alpha (standardized)

	
Domain
	MAVERICK-HCM trial
(patients with nHCM)
	EXPLORER-HCM trial
(patients with oHCM)

	Cardiovascular symptoms
	0.586
	0.795

	Shortness of breath
	0.924
	0.962

	Total score
	0.811
	0.924


HCM hypertrophic cardiomyopathy, HCMSQ Hypertrophic Cardiomyopathy Symptom Questionnaire, nHCM nonobstructive hypertrophic 
cardiomyopathy, oHCM obstructive hypertrophic cardiomyopathy

[bookmark: _Hlk42599702]

Supplementary Table S3 Correlations between HCMSQ and KCCQ-23 domain/total scores, and EQ-5D-5L VAS for MAVERICK-HCM and EXPLORER-HCM trial data sets
	Domain/
total score
	KCCQ_CS
	KCCQ_OS
	KCCQ_PL
	KCCQ_QOL
	KCCQ_SB
	KCCQ_SE
	KCCQ_SF
	KCCQ_SL
	KCCQ_SS
	KCCQ_TS
	HCMSQ_CS
	HCMSQ_SB
	HCMSQ_Tot
	HCMSQ_T
	EQ-5D-5L VAS

	KCCQ_CS
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	KCCQ_OS
	0.91–0.97
	1
	
	
	
	
	
	
	
	
	
	
	
	
	

	KCCQ_PL
	0.92–0.95
	0.81–0.90
	1
	
	
	
	
	
	
	
	
	
	
	
	

	KCCQ_QOL
	0.65–0.80
	0.86–0.90
	0.56–0.69
	1
	
	
	
	
	
	
	
	
	
	
	

	KCCQ_SB
	0.89
	0.84–0.91
	0.71–0.74
	0.63–0.78
	1
	
	
	
	
	
	
	
	
	
	

	KCCQ_SE
	0.04–0.11
	0.05–0.16
	0.01–0.10
	0.05–0.17
	0.08–0.14
	1
	
	
	
	
	
	
	
	
	

	KCCQ_SF
	0.87–0.91
	0.81–0.90
	0.66–0.77
	0.60–0.77
	0.80–0.87
	0.09–0.10
	1
	
	
	
	
	
	
	
	

	KCCQ_SL
	0.73–0.90
	0.91–0.94
	0.63–0.86
	0.75–0.77
	0.70–0.85
	0.07–0.14
	0.67–0.80
	1
	
	
	
	
	
	
	

	KCCQ_SS
	0.24–0.27
	0.22–0.25
	0.17–0.23
	0.20–0.35
	0.13–0.27
	−0.07 to 0.10
	0.25–0.26
	0.08–0.19
	1
	
	
	
	
	
	

	KCCQ_TS
	0.93
	0.87–0.93
	0.72–0.78
	0.65–0.81
	0.94–0.96
	0.08–0.13
	0.96–0.97
	0.72–0.85
	0.22–0.27
	1
	
	
	
	
	

	HCMSQ_CS
	−0.53 to ‑0.46
	−0.56 to −0.50
	−0.48 to −0.35
	−0.53 to −0.45
	−0.52 to −0.50
	−0.26 to −0.05
	−0.54 to −0.47
	−0.47 to ‑0.45
	−0.14 to 0.07
	−0.53 to −0.51
	1
	
	
	
	

	HCMSQ_SB
	−0.72 to −0.71
	−0.71 to −0.69
	−0.66 to −0.64
	−0.60 to −0.55
	−0.70 to −0.68
	−0.16 to −0.001
	−0.69 to −0.63
	−0.64 to −0.58
	−0.22
	−0.72 to −0.69
	0.16–0.61
	1
	
	
	

	HCMSQ_Tot
	−0.74 to −0.72
	−0.74 to −0.72
	−0.65 to −0.60
	−0.63 to −0.55
	−0.78 to 0.74
	−0.18 to −0.03
	−0.76 to 0.66
	−0.70 to −0.63
	−0.21 to −0.20
	−0.79 to −0.74
	0.79–0.52
	0.79–0.89
	1
	
	

	HCMSQ_T
	−0.65 to −0.56
	−0.65 to −0.54
	−0.56 to −0.44
	−0.53 to −0.36
	−0.68 to −0.66
	−0.07 to −0.06
	−0.59 to −0.58
	−0.58 to 0.56
	‑0.22 to −0.20
	−0.66 to −0.64
	0.36–0.54
	0.50–0.64
	0.83–0.86
	1
	

	EQ-5D-5L VAS
	0.62–0.65
	0.67–0.71
	0.53–0.56
	0.57–0.69
	0.60–0.77
	0.08–0.11
	0.55–0.64
	0.58–0.67
	0.24 – 0.25
	0.60–0.74
	−0.37 to −0.34
	−0.57 to -0.44
	−0.66 to −0.50
	−0.67 to −0.50
	1


CS (KCCQ) clinical summary, CS (HCMSQ) cardiovascular symptoms, EQ-5D-5L 5-dimension 5-level EuroQol questionnaire, HCM hypertrophic cardiomyopathy, HCMSQ Hypertrophic Cardiomyopathy Symptom Questionnaire, KCCQ Kansas City Cardiomyopathy Questionnaire, OS overall summary, PL physical limitation, QOL quality of life, SB (HCMSQ) shortness of breath, SB (KCCQ) symptom burden, SE self-efficacy, SF symptom frequency, SL social limitation, SS symptom stability, T tiredness, Tot Total, TS total symptom, VAS visual analogue scale



[bookmark: _Hlk41848546]Supplementary Table S4 Sensitivity to change: mean change HCMSQv1.0 scores from baseline to week 16 for patients who improved vs. stable/worsened using PGIC and PGIS categories for MAVERICK-HCM trial data set
	Response metric
	Scale
	Responder
	N
	Mean (SD)
	F value
	DF
	Prob F

	PGIC
	Cardiovascular symptoms
	Improved
	10
	−0.39 (1.22)
	2.557
	1
	0.131

	
	
	Stable/worsened
	7
	0.58 (1.24)
	
	
	

	
	Tiredness
	Improved
	10
	−0.83 (0.58)
	9.333
	1
	0.008

	
	
	Stable/worsened
	7
	0.06 (0.61)
	
	
	

	
	Shortness of breath
	Improved
	10
	−2.01 (1.56)
	9.019
	1
	0.009

	
	
	Stable/worsened
	7
	−0.05 (0.85)
	
	
	

	
	Total score
	Improved
	10
	−1.46 (1.09)
	9.984
	1
	0.006

	
	
	Stable/worsened
	7
	0.24 (1.11)
	
	
	

	PGIS
	Cardiovascular symptoms
	Improved
	6
	−0.28 (0.71)
	0.468
	1
	0.504

	
	
	Stable/worsened
	11
	0.17 (1.52)
	
	
	

	
	Tiredness
	Improved
	6
	−0.91 (0.76)
	4.040
	1
	0.063

	
	
	Stable/worsened
	11
	−0.22 (0.63)
	
	
	

	
	Shortness of breath
	Improved
	6
	−2.35 (1.73)
	6.181
	1
	0.025

	
	
	Stable/worsened
	11
	−0.58 (1.21)
	
	
	

	
	Total score
	Improved
	6
	−1.59 (1.24)
	4.041
	1
	0.063

	
	
	Stable/worsened
	11
	−0.31 (1.26)
	
	
	


DF degrees of freedom, HCMSQv1.0 Hypertrophic Cardiomyopathy Symptom Questionnaire version 1.0, PGIC Patient Global Impression of Change, PGIS Patient Global Impression of Severity, Prob F probability of the observation from the F distribution (which is the p value for this analysis), SD standard deviation
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