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Objectives: To determine diagnostic accuracy of 

audiometry mobile application to detect hearing loss 

keeping pure tone audiometry as gold standard. 

Study Design: Prospective validation study. 

Place and Duration of Study: “Combined Military 

Hospital, Lahore from July 2024 to December 2024”. 

Methodology: Eighty nine patients who presented at ENT 

outdoor department with hearing difficulty were included 

in the study. Initial assessment for hearing loss was made 

using a commercially available android mobile phone 

application Hearing test pro ® version 2.4. After this 

patients underwent pure tone audiometry to diagnose 

hearing loss. Data was analyzed using SPSS v22.00. 

Results: Median age was 54.00 (67.00 – 29.00) years. 

There were 64 (71.91%) males and 25 (38.09%) were 

females. Specificity, sensitivity, accuracy, negative 

predictive value and positive predictive value of 

audiometry application to diagnose hearing loss with pure 

tone audiometry being the gold standard were 93.75%, 95.89%, 95.51%, 83.33% and 

98.59%, respectively.  

Conclusion: Commercially available audiometry applications are useful and reliable 

tools to detect presence of hearing loss. 
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Introduction 

Hearing loss is a major concern of public health that affects millions worldwide and 

presents a multifaceted burden involving communication barriers, decreased social 

integration and economic costs. 
1
 According to estimates from the World Health 

Organization (WHO), over 1.5 billion people experience some degree of hearing 

impairment. 
2 

In Pakistan, hearing loss is a considerable but often overlooked health 

concern, impacting approximately 14.5 million people in Pakistan. 
3 

There are several 

factors that contribute to these high burden of hearing loss including inappropriately 

treated ear infections, high rates of marital consanguinity, noise pollution, inadequate 

access to healthcare services, stigma surrounding hearing impairment, lack of public 

awareness and limited audiology services. 
4, 5 

In addition, with the availability of 

treatment for major chronic morbidities, elderly population is Pakistan is also 

expected to rise in coming future which raises the possibility of increasing the societal 

burden of hearing loss even higher owing to direct association of hearing loss with 

advancing age. 
6  

Pure-tone audiometry (PTA) is a key diagnostic tool that measures hearing thresholds 

at various frequencies and provides an audiogram, which helps classify hearing loss 

as conductive, sensorineural, or mixed as is the gold standard investigation. 
7
 

However, in modern world of assistive technology and artificial intelligence other 

easily accessible means of hearing assessment are available like commercially 

available audiometry mobile applications. 
8 

These not only are cheaper but also not 

operator dependent giving them a logistic advantage. In addition, their results are 

reproducible at much shorter times compared to conventional hearing loss tests but 

the chances of results being inaccurate are also relatively higher in these automated 

audiometry applications. 
9 

Since, Pakistan is still quite far behind in development as well as use of assistive 

technology in the field of healthcare and healthcare professionals themselves are still 

reluctant to adopt modern devices and rely on the conventional technology, not much 

regional research has been conducted in this regard. Additionally, PTA is mostly not 

available in the periphery hospitals where mobile application based audiometry can be 

very beneficial in screening patients for hearing loss. To address this, present study is 

being conducted with the aim to determine diagnostic accuracy of audiometry mobile 

application to detect hearing loss keeping PTA as gold standard. 

 

METHODOLOGY 

This prospective validation study was conducted at “Combined Military Hospital, 

Lahore from July 2024 to December 2024. Appropriate sample size was calculated 

using following formula: 

 

For calculations, following assumptions were used; confidence level of 95%, absolute 

precision of 8% and anticipated sensitivity of audiometry mobile application to detect 

hearing loss 82%. 
10 

This gave a sample size of 89. 

 

Inclusion criteria: Patients aged over 18 years, both males and females, presenting at 

outdoor ENT department with complaint of hearing difficulty were included in the 

study.  
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Exclusion criteria: Patients who had evidence/history of hereditary hearing loss, 

ongoing therapy with ototoxic drugs, history anatomical anomaly of ear, ongoing ear 

infection and pregnant women were excluded from the study.  

Patients were selected by using non-probability purposive sampling. A detailed 

interview was conducted with the patient and baseline characteristics of the patients 

including age and gender were documented. Initial assessment for hearing loss was 

made using a commercially available android mobile phone application Hearing test 

pro ® version 2.4 (a paid and automated audiometry application available on the 

Google ® application store). Hearing assessment was performed in a quiet room and 

the status of hearing loss by this assessment was documented. After this all the 

patients underwent PTA to make definitive diagnosis of hearing loss. Hearing loss by 

both the methods was defined as “air conduction thresholds checked at frequencies of 

500Hz, 1000Hz, 2000Hz and 3000Hz to be more than 20 dB”. Based on the 

assessment by both methods, cases were identified as “true positive (TP)” defined as 

patients having hearing loss both on audiometry application and PTA, “true negatives 

(TN)” defined as patients having no hearing loss both on audiometry application and 

PTA, “false positives (FP)” defined as patients having hearing loss on audiometry 

application but not on PTA and “false negatives (FN)” defined as patients not having 

hearing loss on audiometry application but present on PTA. 

Statistical analysis of collected data was performed by using Statistical package for 

Social Sciences version 22.00. Normality of data was checked by Shapiro-Wilk test. 

Age was not distributed normally and was represented using median interquartile 

range (IQR). Qualitative data was represented by using percentage and frequency. 2x2 

contingency table was drawn based on which specificity, sensitivity, accuracy, 

negative predictive value (NPV) and positive predictive value (PPV) were calculated. 

 

RESULTS 

In this study, 89 patients were included. Median age was 54.00 (67.00 – 29.00) years. 

Frequency of patients aged 18-30 years were 3 (3.37%), 31-50 years were 25 

(28.09%), 51-60 years were 41 (46.07%) and > 60 years were 20 (22.47%). There 

were 64 (71.91%) males and 25 (38.09%) were females. These baseline 

characteristics are given below in Table-I: 

 

Table-I: Baseline characteristics (n = 89) 

Parameter Median (IQR); n (%) 

Median age 54.00 (67.00 – 29.00) years 

Age groups 

18-30 years 

31-50 years 

51-60 years 

> 60 years 

 

3 (3.37%) 

25 (28.09%) 

41 (46.07%) 

20 (22.47%) 

Gender 

Male 

Female 

 

64 (71.91%) 

25 (38.09%) 

 

Frequency of patients who were found to have hearing loss by assessment through 

commercially available android mobile phone application Hearing test pro ® version 

2.4 was 71 (79.78%) while frequency of patients who were diagnosed to have hearing 

loss based on PTA assessment was 73 (82.02%). A total of 70 (78.65%) patients were 

found to have hearing loss both on audiometry application and PTA [TP] while those 

with hearing loss on audiometry application but not on PTA was 1 (1.12%) [FP]. 

Similarly, patients who did not have hearing loss on audiometry application but had 



 Page 115  

on PTA were 3 (3.37%) [FN] while those who neither had hearing loss on audiometry 

application nor on PTA were 15 (16.85%) [TN]. Based on these following 2 x 2 

contingency table was drawn, Table-II: 

 

Table-II: 2x2 Contingency table of TP, TN, FP and FN cases (n = 89) 

 Hearing loss on 

PTA 

No hearing loss on 

PTA 

Hearing loss on audiometry 

application 

70 (TP) 1 (FP) 

No hearing loss on audiometry 

application 

3 (FN) 15 (TN) 

 

Based on the formulas, it was found that “specificity (SP), sensitivity (SN), accuracy, 

negative predictive value (NPV) and positive predictive value (PPV)” of audiometry 

application to diagnose hearing loss with PTA being the gold standard were 93.75%, 

95.89%, 95.51%, 83.33% and 98.59%, respectively. This is tabulated below in Table-

III: 

 

Table-III: Diagnostic parameters of audiometry application in diagnosis of 

hearing loss with PTA as gold standard (n = 89) 

Specificity 

(TN/FP+TN) x 100 

93.75% 

Sensitivity 

(TP/TP+FN) x 100 

95.89% 

Accuracy 

(TP+TN/TP+TN+FP+FN) x 100 

95.51% 

NPV 

(TN/FN+TN) x 100 

83.33% 

PPV 

(TP/TP+FP) x 100 

98.59% 

 

DISCUSSION 
With the global advancement in technology in all works of life, assistive technology 

has become a major part in the field of medicine. 
11, 12 

Advanced diagnostics, robotic 

surgical procedures and complex problem solving through artificial intelligence is 

continuously being integrated in the conventional healthcare practices. 
13, 14 

However, 

in Pakistan, integration process of technology in healthcare is still years behind 

compared to the developed world due to lack of financial resources, skilled manpower 

and reluctance to replace conventional practices by healthcare professionals 

themselves. 
15

 One such assistive technology is audiometry mobile phone applications 

for assessment of hearing loss which was the focus of present study. 

In present study, average age of the patients who were found to have hearing loss was 

54 years with majority of the patients having age ranging from 51 to 60 years. This 

finding correlates with the findings of previous literature reporting that hearing loss is 

much more prevalent among older people as compared to the younger population. 
16, 

17
 Major mechanism that contributes to hearing loss with advancing age is the 

inability to clear the metabolic toxins produced in the body. This impairs the body’s 

ability to repair the tissue damage resulting in irreversible cochlear tissue damage. 
18

 

It was also observed that majority of victims of hearing loss were males which is 

coherent with the findings reported in previous literature showing a significant male 

predominance in this regard. 
19, 20 

This male predominance can be attributed to the 
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higher exposure of men in the community to the damaging noise pollution due to their 

predominant social role in the community. 
20 

In terms of diagnostic ability, it was found that “specificity, sensitivity, accuracy, 

NPV and PPV” of audiometry application to diagnose hearing loss with PTA being 

the gold standard were 93.75%, 95.89%, 95.51%, 83.33% and 98.59%, respectively. 

Compared to this, Dutta et al. 
10

 reported the specificity of audiometry application to 

diagnose hearing loss was 95% which was similar to present study but the reported 

sensitivity was only 82% which was much lower as compared to present study. In 

another study conducted by Gupta et al. 
21

 with similar aim, sensitivity value (96%) 

was comparable to current study but the reported specificity was much lower at only 

82%. Similar trend compared to present study was observed by Swami et al. 
22

 who 

found automated audiometry application’s diagnostic parameters at 95%, 98%, 78.57% 

and 98.65%. In one study, specificity of audiometry application for detecting hearing 

loss was reported only 60% but the sensitivity was 100%. 
23 

In one study these values 

were found to be 76% and 92% making application based audiometry a more 

sensitive rather than a specific tool to detect hearing loss. 

Present study shows that automated audiometry mobile phone application proves to 

be a highly specific and sensitive toll to detect hearing loss compared with the 

conventional gold standard, i.e., PTA. This shows that integration of mobile phone 

based assistive technology in the clinical practice for detecting hearing loss is need of 

the hour. Limited sample size, single study center and lack of assessment of younger 

population were few limitations of study. 

 

CONCLUSION 

Mobile phone based audiometry application is a useful diagnostic tool to detect 

hearing loss in community with high degree of specificity as well as sensitivity 

reported at 93.75% and 95.89%.  
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