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Analysis Plan:  

Primary and Secondary Outcome Measures: The Profile of Hearing Aid Performance 

(PHAP, Cox & Gilmore, 1990)  and the Hearing Handicap Inventory for the Elderly (HHIE, Ventry & 

Weinstein, 1982) served as the instruments for the primary and secondary outcome measures, 

respectively. These instruments were administered in the first in-person session before participants 

were fitted with hearing aids (S1) to establish baseline, approximately six weeks later (S2), and for a 

final time approximately six months after the initial fitting (S2). Benefit, computed as the diQerence 

in scores on these instruments, S1 score – S2 score and S1 score – S3 score, were the outcome 

measures of interest. The benefit measures are labeled HHIE-total benefit. The benefit for the PHAP 

is termed Profile of Hearing Aid Benefit (PHAB) which can be calculated as a global score (PHAB 

global) for five of the seven subscales pertaining to speech communication. These five subscales 

are: Familiar Talkers (FT) Ease of Communication (EC), Reverberation (RV), Reduced Cues (RC), and 

Background Noise (BN). Finally, these scores can be computed from the entire instrument (66 

items) or from an abbreviated version, the Abbreviated Profile of Hearing Aid Benefit (APHAB), a 24-

item subset. 

Sample Size and Statistical Power: To determine the sample size needed, estimates of 

treatment eQects, eQect sizes, and common standard deviations for the primary and secondary 

outcome measures were derived from Humes et al. (2017). As in the present randomized controlled 

trial (RCT), Humes et al. (2017) obtained unaided or pre-fit measures for the PHAP and the HHIE 

total initially, with aided PHAP and HHIE total scores obtained at the conclusion of a 6-week trial. 

For the primary outcome measure, the PHAB-global, the mean treatment eQect for AB service 

delivery relative to placebo control was 11 in Humes et al. (2017). Incidentally, the common 

standard deviation was also 11, yielding a Cohen’s d eQect size of 1.0 for the PHAB-global. As a 

non-inferiority RCT, a margin must also be specified a priori, which eQectively represents a 
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boundary between clinically significant inferior and non-inferior outcomes. The most widely 

adopted convention is to set the margin to ½ the eQect of the standard of care (Audiology based – 

AB) relative to placebo, or ½ the pooled standard deviation (D'Agostino et al., 2003; Norman et al., 

2003). Following the latter convention, a non-inferiority margin of 5.5 was established for the PHAB 

global. It also translated, in the pertinent region of the PHAP rating scale, to a change of about ½ 

scale unit on the 7-point PHAP response scale, which would likely be considered a minimally 

clinically important change from unaided to aided performance. For the secondary outcome 

measure, HHIE-total benefit, the treatment eQect for AB service delivery relative to placebo was 13 

with a common standard deviation of 13 as well (Humes et al., 2017), consistent with observations 

in several prior studies using the HHIE (Chisolm et al., 2007). Accordingly, following the same 

rationale described for the PHAB-global, the non-inferiority margin for the HHIE-total benefit score 

was set to 6.5. 

nQuery Advisor (V8.3.1) was used to estimate the sample size needed for the non-inferiority 

analyses of the comparative eQectiveness of fitting methods. Two separate one-sided significance 

tests of group diQerences, AB vs Consumer Decides (CD) and AB vs Easy Fitting (EF), were planned 

for the outcome measures. As a result, the significance level was set to 0.025 (0.05/2). Power 

calculations estimated that when the sample size in each group was 64, a two group one-sided 

0.025 significance level t-test for multiple (two) comparisons will have 80% power to reject the null 

hypothesis that the test (CD or EF) and standard (AB) are not non-inferior [the diQerence in means, 

μCD-μAB or μEF-μAB, is 5.5 (PHAB), or is 6.5 (HHIE benefit), or farther from zero in the same 

direction] in favor of the alternative hypothesis. The alternative hypothesis is that the means of the 

two groups are non-inferior, assuming the expected diQerence in means is 0 and the common 

standard deviation is 11 and 13 for the PHAB global and HHIE total benefit measures, respectively. 

Thus, with three groups and a required N of 64 per group, a total of 192 participants were needed.  
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Based on prior work of a similar nature (Humes et al., 2019; Humes et al., 2017), it was 

assumed that about 36% of those who enrolled would have audiometrically defined normal hearing 

(better-ear PTA4 < 20 dB HL), better than the sponsor-required range of mild to moderate 

audiometric hearing loss. As a result, a total of 389 individuals (130 per group) were targeted for 

study completion (Session 3) so that at least 249 individuals (83 per group) with mild or moderate 

hearing loss would be included in the analyses. Assuming, again based on experience with similar 

RCTs, that overall attrition from study enrollment to the 6-month follow-up would be about 35%, the 

target enrollment at Session 1 was established to be 591 (197 per group).  

A total of 584 adults enrolled at Session 1, but both the percentage with normal hearing and 

the attrition rates were lower than anticipated. In the end, enrollment of 584 participants in Session 

1 resulted in 172, 171 and 180 adults with mild or moderate audiometric hearing loss assigned to 

the AB, CD, and EF groups. Of these, 152, 133, and 138 completed all three sessions for groups AB, 

CD, and EF, respectively. Based on the desired sample size of 64 per group for the primary (PHAB 

global) and secondary (HHIE total benefit) outcome measures, as well as the sample size of 83 per 

group targeted for eventual APHAB global analyses, the intention-to-treat (ITT) and per-protocol 

(PP) analyses were suQiciently powered. In addition, when the numbers of those with mild or 

moderate audiometric hearing loss in each group were tabulated, ITT analyses were suQiciently 

powered (group sizes > 64) to perform sensitivity analyses for each hearing-loss severity separately 

using the primary and secondary outcome measures. 

As noted, in addition to the PHAB-global and HHIE-total benefit primary and secondary 

outcome measures, a measure of quality of life, the PROMIS-10 Global (Hays et al., 2009), was 

obtained at Sessions 1 and 3. In particular, the raw PROMIS physical-health and mental-health 

scores were computed following PROMIS-10 guidelines, and these two subscale scores 

represented an additional long-term outcome measure obtained in this RCT. No non-inferiority 
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margin was established apriori for this measure because it was not the primary or secondary 

outcome and because few data were available from RCTs of hearing-aid interventions that had 

used the PROMIS-10 Global. 

Analyses: Some participants in each branch decided to withdraw from the study prior to 

completion. All participants remained in the branch to which they were randomly assigned at study 

outset. SAS Version 9.4 was used to impute missing data using the Markov Chain Monte Carlo 

(MCMC) method (n=20 imputations) and the multivariate-normal approach. Both ITT and PP 

analyses were performed, as has been recommended (Rehal et al., 2016). After addressing the 

missing data, initial analysis of the eQects of fitting method followed the recommendations by the 

International Conference on Harmonization (2001; 1998) and CONSORT (Piaggio et al., 2001; 

Piaggio et al., 2006). The primary focus of the analyses is the comparative eQectiveness of each 

self-fitting method (CD, EF) to best practices (AB). Finally, sensitivity analyses were performed by 

examining the outcomes separately for those with mild versus moderate audiometric hearing loss. 

All statistical analyses used SPSS Version 29.0.1.0. This included boot-strapped (n=1000; Bias-

corrected and accelerated, BCa) General Linear Model analyses, t-tests, means, and 95% 

confidence intervals. 
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