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Although people with normal hearing sensitivity are comfortable listening to slightly loud environmental
sounds, people who are sensitive to even small changes in volume tend to avoid them. Hyperacusis
refers to abnormal intolerance to ordinary environmental sounds, or a disorder in loudness perception.
By doing systematic research and meta-analysis, 2 kHz was the largest mean difference compared to
other frequencies. Suggesting that it is efficient to measure 2 kHz first and then test 4 kHz or 1 kHz in
clinical settings. In a pooled analysis, the LDL of the patients with hyperacusis was significantly lower than the LDL of

those with normal sensitivity function (SMD=-2.3615, 95% CI, -3.1405 to -1.5825, p<0.001). However,

the funnel plot was asymmetric and the Egger's regression test also detected publication bias in the

studies. Due to that high heterogeneity, we conducted a subgroup analysis for the test frequency.

A subgroup analysis of six testing frequencies (0.25, 0.5, 1, 2, 3, 4 and 8 kHz) was performed to

investigate which frequencies were most sensitive to LDL measurements in the hyperacusis. Although

the hyperacusis group had overall lower LDL levels than the control group, there was no significant

group difference in LDL level (Q = 1.70, df = 5, p = 0.8895). The largest difference in LDL between the

two groups was at 2 kHz, followed by 4 kHz, 1 kHz, 0.5 kHz, 8 kHz, and 0.25 kHz. In addition, using a

descriptive statistical analysis, the two frequencies showing the largest difference in LDL between the

two groups was 23.26 dB at 2 kHz and 22.15 dB at 1 kHz.(fig.2)
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Unfortunately, statistical significance by the test frequency could not be confirmed in our meta-analysis

results, which were analyzed using data from 14 previous studies. However, when compared to the

control group, the standardized mean difference (SMD) was the highest as -2.75 at 2 kHz, and the

frequency with the largest difference in the descriptive mean at 23.26 dB HL was 2 kHz. When

measuring LDL in hyperacusis, we suggest that it is clinically efficient to first measure at 2 kHz and also

propose that the difference at 4 kHz (meta-anal) and/or 1 kHz (descriptive mean) was found to be

largest in the next order. Through this systematic review and meta-analysis, we gain a clear perspective

on what research needs to be done and generate hypotheses for further study.

The present study aimed to efficiently evaluate patients with hyperacusis by creating standards or rules

for the various testing frequencies by applying a systematic search and meta-analysis technique.

From the systematic review of electronic journal databases, a total of 12872 articles were initially

identified and 14 studies met our criteria for behavioral loudness measurement (fig.1).
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Meta-analysis was also conducted to determine the most critical testing frequency that evaluates LDLs

by using data extracted from 1783 subjects (1548 for hyperacusis and 235 for normal hearing function).

The effect size for LDL values was estimated using the mean and standard deviation for the

hyperacusis group and the control group.
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Fig. 1. Flow diagram of the studies for loudness discomfort levels selected for the systematic review and based on the PRISMA criteria

Fig. 2. Loudness Discomfort Level difference between Hyperacusis and Normal participants
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