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Table displaying criteria for air-conduction and bone-conduction testing 
	
	Air-conduction 
	Bone-conduction 

	Test Frequencies
	250 Hz, 500 Hz, 1000 Hz, 2000 Hz, 4000 Hz, 8000 Hz
	500 Hz, 1000 Hz, 2000 Hz

	Additional notes
	All of the above frequencies should be tested as minimum.
Where needed and practicable, test also at intermediate frequencies 750 Hz, 1500 Hz, 3000 Hz and 6000 Hz. 
	It may not be necessary or appropriate to test at all these frequencies in every case
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Table displaying criteria used for identifying excluding CHL audiograms. 

	
	Conductive Hearing loss

	Official Criteria:
	25 dB or greater air-bone gap present at two or more of the following frequencies: 500, 1000, 2000Hx or 4000 Hz

	Adapted criteria: 
	However: updated guidance for bone-conduction testing procedure in Appendix 1 states not all of these frequencies need to be tested.
Therefore the above criteria was adapted to included 2 or more frequencies with an air-bone gap of >25dB between 500 Hz, 1000 Hz, 2000 Hz.
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Table displaying parameters used for tuning the GMM model 
	Parameter
	Value

	Random state 
	1, 10, 20, 30, 40, 50, 60000, 70, 80, 9333330, 100, 110, 120, 13044, 140, 150, 160, 170, 18024, 190, 200

	Regularisation value
	0.001, 0.002, 0.003, 0.004, 0.005, 0.006, 0.007,
0.008, 0.009, 0.01

	Cluster number 
	2,3,4,5,6,7,8,9,10, 11,12,13, 14, 15

	Covariance type 
	Spherical, tied, diagonal, Full 

	Convergence threshold
	1e-3




Appendix 4





Identifying patients with sensorineural hearing loss (SNHL) using audiogram data requires several stages of data pre-processing. The whole workflow is displayed in Appendix 4. Key steps are outline here to assist the reader.

Auditbase stores audiograms as individual curves. For example, a patient may have air conduction (AC) and bone conduction (BC) measured in a single audiogram. These 2 different measurements are saved as separate rows in the AUDIOGRAMCURVE table. AC curves are identified by a curve column value of 0 and BC curves with a value of 10. Therefore the dataset initially is composed of records corresponding to curves and not complete audiograms. In order to re-create the entire hearing test a join is performed to link the different curves belonging to the same audiogram. This is why the number in this flow charts drops to 121478 at the first three-way branch. This value represents 121478 audiograms which corresponds to 242956 audiogram curves.

Looking at the start of the flowchart, duplicates rows across all column values are removed.
Patients with incomplete values for sex then data-of-birth are then removed. The next step is to remove records which have complete values for age and sex but no audiogram thresholds recorded (this step is described as the removal of empty curves). 

In the next step we removed patients who have multiple curves of the same type (AC or BC) taken on the same day with the same hearing thresholds across all frequencies. These records only differ by a field called “audindex” which refers to the ongoing audiogram number taken in respect to a certain patient on a certain date. In other words, a person may have multiple audiogram curves taken on the same day. We have removed audiogram curves that are exactly the same on different repetitions. 

The next step “removal of multiple entries” relates to the process of ensuring only 1 audiogram per patient per date is included as typically hearing tests are repeated over a longer time interval. Hearing tests repeated on a single day suggest that the test needed to be repeated for a specific reason e.g. to re-test a particular frequency or following some sort of intervention (e.g. removal of wax). A heuristic approach was taken to decide which audiogram to keep in patients who had multiple audiograms performed on the same day. The most-complete audiogram curve across the 6 test frequencies of interest was kept. In cases where the same number of fields were complete in patients with multiple audiogram curves on the same day, the most recent test (designated by a higher audindex value) was kept with the idea being that the test was repeated for some reason, so the latest test is the most accurate test. 

At the next stage a join is performed to link together patients who have AC and BC curves performed as part of a single hearing test. This join yields 3 groups: those who have had AC and BC performed within a single hearing test, those with only AC and those with only BC. 

Those with only AC (n = 52614)

The first step in this branch involves only including audiogram thresholds with possible values. Audiogram thresholds must fall within the range of -10 to + 120dB and can only take values that are multiples of 5. This step was performed after the join to avoid the situation where audiogram curves forming part of an audiogram were removed. This could, for example, lead to a situation where someone appears to have only AC measured when in reality they had AC and BC measured but the BC curve was removed before the 2 curves were joined. 

In the presence of hearing loss, AC without BC cannot tell us whether a person has a SNHL or CHL in general. However there are rules-of-thumb where this may occur. Firstly if someone has normal hearing thresholds, BC is not typically performed. Secondly, if someone has unchanged AC thresholds and they previously had no air-bone gap (ABG). All patients in the AC only group were also present in the AC/BC group therefore they were considered to fall into 2nd category and were kept in the dataset. 

In this study we were interested in patients with bilateral SNHL so only those with SNHL in both ears (blue box) were kept. Incomplete refers to patients who did not have complete values for the 6 required frequencies in either ear. 

Those with BC only (n = 344)

BC without AC is clinically, and this group were not used.

Those with AC and BC only (n = 121478)

As explained earlier, in this step we join audiogram AC and BC curves performed on the same day for the same patient to create a complete audiogram record. As per the AC group, only records with possible thresholds are kept (within the measurement range and multiples of 5). 

The next branching point is defined by whether bone conduction thresholds have been performed in both ears (n = 27512), in the left ear only (n = 39711) and in the right ear only (n = 43106). 

For patients with BC in both ears, we identify SNHL implementing the rule in Appendix 2. There will be a subset of patients designated “incomplete”. This occurs in the specific condition where someone has no ABG at 1 frequency, an ABG at a second frequency and they did not have BC measured in a third frequency. They can still be included in the SNHL cohort because they do not fulfil the CHL criteria of an ABG of >25dB at 2 or more frequencies. 

For patients where BC has only been performed in 1 ear (e.g. left ear only or right ear only) there is an additional branch depending on whether they have had masked bone conduction performed or no masked bone conduction performed (ie only unmasked bone conduction). This distinction is necessary for the reason outlined below. Where masked bone conduction has been performed this can only be used to calculate the ABG for the ispsilateral ear. In the case where ipsilateral masked and unmasked BC is performed the later can be used to calculate the ABG for the contra-lateral ear and the former is used to calculate the ABG in the ipsilateral ear. In the case where only unmasked BC is performed this can be used to calculate the ABG in both ears. 







