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ABSTRACT:

Background: The widespread use of mobile phones has raised concerns about their
potential impact on the auditory system. Auditory Brainstem Response (ABR) testing can
objectively assess auditory pathway neuronal conduction and detect small
neurophysiological changes caused by prolonged mobile phone use.

Objective: To determine how mobile phone usage affects young adults' auditory

brainstem response characteristics.

Method: A cross-sectional correlational study involved 68 youth. Mobile phone usage
characteristics, including years used, daily calling duration, and total calling length
(minutes, days), were recorded. ABR absolute and interpeak latencies of Waves I, I1I, and
V wete studied. Pearson correlation was used for regularly distributed variables and

Spearman's tho for non-normally distributed variables.

Results: The daily duration of calls was positively correlated with Wave latency and
Interpeak Latencies in the right eat's total duration, measured in minutes, and latency.
Comparisons were made for total calling duration in days. No significant relationships
were found between cellphone usage (years) and ABR features.

Conclusion: Higher daily and cumulative mobile phone exposure extended right-ear
Wave I latency, suggesting peripheral auditory nerve conduction issues. Additional
longitudinal studies are needed to prove causality.
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INTRODUCTION

The use of mobile phones has increased exponentially over the past two decades. Concerns have been raised regarding the potential

biological effects of radiofrequency electromagnetic fields emitted by mobile phones on neural tissues, particularly structures located

in close proximity to the handset.

The auditory pathway is of special interest because mobile phones are typically used near the ear for prolonged periods. Auditory

Brainstem Response (ABR) testing is a non-invasive electrophysiological technique used to assess neural conduction from the

auditory nerve through the brainstem. Alterations in ABR latencies may indicate subtle dysfunction within the auditory pathway.

Several studies have investigated the association between mobile phone use and auditory function, with inconsistent findings. While

some investigators have reported prolonged ABR latencies among heavy users, others have failed to demonstrate significant effects.

The present study was undertaken to evaluate the relationship between mobile phone usage characteristics and ABR parameters

among young adults.

METHODS

Study Design: Cross-sectional analytical study.

Study Population: Young adult mobile phone users.

Sample Size: N = 68 participants.

Exposure Variables

1.

Calling duration per day (minutes)

Outcome Variables

Right Ear (LonR) When Stimulus is given on the left ear and Potential recorded from the right ear Wave latency

Additional Right Ear Measures ( When Stimulus is given on the Right ear and Potential recorded from the right ear) RonR

LonR I (ms)
LonR IIT (ms)
LonR V (ms)
LonR I-III (ms)
LonR I-V (ms)

LonR III-V (ms)

RonR I
RonR III
RonR V
RonR I-III
RonR I-V

RonR III-V
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Statistical Analysis

Variables were assessed for normality. Pearson cortrelation was used for normally distributed variables, whereas Spearman's rank

correlation was applied to non-normally distributed variables. A p-value <0.05 was considered statistically significant.

RESULTS

Participant Characteristics

The study included 68 participants. The average duration of mobile phone use ranged from approximately 5 to 10 years. Daily
calling duration ranged widely among participants, indicating substantial variability in exposure. The correlation is seen in all the

wave latencies and minutes in days with recording as follows:

When the sound stimulus is given in the left ear, and the recording is done in the right ear via I, III, V, and interpeak latencies.

When the sound stimulus is given in the Right ear, and the recording is done in the right ear via I, 111, V, and Interpeak latencies.

CORRELATION BETWEEN CALLING DURATION IN YEARS AND DIFFERENT WAVE LATENCY

S.no. Wave latency Correlation efficient Sign(2-tailed)
1 1 0.108 0.383
2 111 0.160 0.193
3 \Y% -0.052 0.671
Interpeak latency
4 I-111 0.077 0.531
5 IaY -0.106 0.390
6 I1-v -0.123 0.429

When the sound stimulus is given in the left ear, and the recording is done in the right ear via I, 111, V, and interpeak latencies

CORRELATION BETWEEN CALLING DURATION PER DAY (IN MINUTES) AND DIFFERENT WAVES

S.no. Wave latency Correlation efficient Sign(2-tailed)
1 1 0.292 0.016
2 111 0.044 0.719
3 A% 0.200 0.102
Interpeak latency
4 I-111 -0.227 0.063
5 1-v -0.027 0.827
6 III-v 0.119 0.731

When the sound stimulus is given in the Right ear, and the recording is done in the right ear via I, I1I, V, and Interpeak latencies.
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When the stimulus is given on the left side, and the potential is recorded in the right ear
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Correlation between Wave V Latency and Calling Duration expressed in minutes each day

I-1II ms

50 100 150

CALLING DURATION EXPRESSED IN MINUTES EACH DAY

I-1II ms Linear (I-1II ms)

Correlation between I-III Latency and Calling Duration expressed in minutes each day

1( 150 200
CALLING DURATION EXPRESSED IN MINUTES EACH DAY

1II-V ms Linear (II
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Correlation between Wave III-V Latency and Calling Duration expressed in minutes each day

When Auditory stimulus is given
on right side and recording
done through Right ear Wave 1
latency ( ms)

WAVE 1

50 100 150 200 250
CALEING DURATION EXPRES3ED MPMINUTES EACH DAY

50 100 150 200 250

CALLING DURATION EXPRESSED IN MINUTES EACH DAY

11l ms Linear (II1 ms)

50 100 150 200
CALLING DURATION EXPRESSED IN MINUTES EA!

V ms Linear (V ms)

Correlation between Wave V Latency and Calling Duration expressed in minutes each day
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INTERPEAK LATEN

50 100 150 200 250
CALLING DURATION EXPRESSED IN MINUTES EACH DAY

[-III ms Linear (I-IT1I ms)

Correlation between Wave I- III Latency and Calling Duration expressed in minutes each day

50 100 150 200 250

CALLING DURATION EXPRESSED IN MINUTES EACH DAY

I-V ms Linear (I-V ms)

Correlation between Wave I-V Latency and Calling Duration expressed in minutes each day
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INTERPEAK LATENCY(III-V)

50 100 150 200 250
CALLING DURATION EXPRESSED IN MINUTES EACH DAY

[1I-V ms Linear (1II-V ms)

Correlation between Wave III-VLatency and Calling Duration expressed in minutes each day
DISCUSSION

This study aimed to investigate the relationship between mobile phone usage characteristics and auditory brainstem response (ABR)
parameters in young adults. The main finding was a statistically significant positive association between daily call duration and Wave
I latency. A significant positive association was found between daily calling time and Wave I latency (o = 0.292, p = 0.016) indicating
that extended mobile phone use was commonly associated with increasing Wave I latencies. The length of daily calls was not
significantly correlated with Wave III latency, Wave V latency, and the interpeak latencies I-1II, I-V, and III-V.

The first wave of the Auditory Brainstem Response (ABR) is generated in the distal part of the auditory nerve as a marker of
peripheral auditory neuronal transmission. Prolonged latency of Wave I may be suggestive of slight alterations in auditory nerve
function. Wave I has been identified as the first measurable component of the auditory brainstem response (Hall and Hood 1998)
and is particulatly sensitive to failure of the auditory nerve.!.? The positive association between daily mobile phone use and Wave 1
latency may reflect a minor effect of prolonged mobile phone exposute on the peripheral auditory nerve conduction.

Significant effects were seen for Wave I delay but not for Waves III and V. Wave 111 is largely generated in the cochlear nucleus
and superior olivary complex, and Wave V in the lateral lemniscus and inferior colliculus. The absence of robust associations with
Waves I1I and V indicates that the electrophysiological changes that are recorded are likely to be localized to the peripheral auditory
pathway and not the whole brainstem auditory system. This notion is further supported by the lack of significant correlations for
interpeak latencies (considered markers of central auditory conduction).

Also, the present investigation did not find any significant correlations between length of cell phone use and ABR parameters. Wave
I (o = 0.108) and Wave III (o = 0.160) both had weak positive associations, but none were statistically significant. Likewise, weak
negative correlations were seen for Wave V and the interpeak latencies, although again these relationships were not significant.
These statistics imply that the duration of mobile phone use in years may not be a good proxy for biological exposure. People may
carry cell phones for similar periods of time but use them in quite different ways. Thus, the length of daily exposure might be a
more important measure for exposure of the auditory system than the length of ownership alone.

The present findings are somewhat consistent with previous studies reporting slight hearing changes in heavy mobile phone users.
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Oktay and Dasdag? reported the results of auditory changes in frequent cellular phone users and concluded that long-term exposure
may affect auditory function*. Panda et al. reported auditory changes in mobile phone users while Hegde et al. observed prolonged
certain ABR features in those with increased mobile phone use.?® These studies support the hypothesis that electrophysiological

measures can detect ecarly brain changes even before the appearance of clinical signs of hearing loss.

The number of discoveries in Wave I is physiologically plausible. Since mobile phones are held close to the external ear and the
auditory nerve, any potential consequences of exposure to radiofrequency electromagnetic fields are expected to be manifested in
peripheral auditory structures before affecting more central auditory pathways. Thus, the significant association observed in Wave
I but not in later ABR components may represent an early electrophysiological index of exposure.

However, the literature is still inconsistent. No significant effect of cell phone exposure on ABR parameters has been shown in
several studies . Arai et al.” did not find any significant changes in auditory brainstem responses (ABR) after mobile phone exposure
and Stefanics et al.® did not find any quantifiable differences in ABR after GSM exposure .Methodological heterogeneity, differences
in exposure measurement, and variability in assessment of electrophysiological outcomes have led to inconclusive conclusions in

systematic evaluations by Valentini et al. and Kwon et al1

The association coefficient for Wave I delay was moderate (o = 0.292), but statistically significant. The traditional understanding is
that this means a small beneficial effect. Cell phone exposure therefore explains just a small amount of the variance in Wave 1
latency. There are probably a multitude of biological, environmental and genetic factors affecting auditory neuronal transmission.
However, even small electrophysiological alterations may be meaningful as they can indicate early functional changes that occur
prior to clinically detectable auditory dysfunction.

There are many strengths to this study. ABR is an objective, reproducible test of the integrity of the auditory system, and is less
subject to participant bias than are subjective hearing tests. Moreover, the combination of different exposure indicators allowed the
assessment of both exposure intensity and duration. The fact that the daily time of calling was more significantly correlated with the
ABR characteristics than the duration of mobile phone ownership suggests that it is more important to evaluate the real exposure
behavior than the duration of ownership.

Many limitations must be acknowledged. This is a cross-sectional design, thus no causal inference can be made. Data on mobile
phone use were self-reported and subject to recollection bias. The study did not assess the preferred ear for phone use, handedness
or the specific absorption rate (SAR) properties of certain gadgets. The large number of statistical comparisons made increased the
probability of a type I mistake. The sample size may have been a limitation to discover weaker associations.

A significant positive association between daily mobile phone use and delay of Wave I was detected in the present investigation,
suggesting that prolonged mobile phone exposure can affect the conduction of the peripheral auditory nerve. No significant
connections were found for the central auditory conduction features and the duration of mobile phone use in years. The results
suggest that the intensity of exposure may be more important than the duration of ownership in shaping auditory
electrophysiological responses. Further longitudinal investigations with objective exposure measures and larger sample sizes are

needed to clarify the therapeutic relevance of these findings.
LIMITATIONS
There are vatious limitations to the present study that should be addressed when interpreting the findings.

First, the cross-sectional study design limits the capacity to establish a causal association between mobile phone usage and ABR
alterations. There were strong connections but it is not possible to say if the exposure to the cell phone itself caused the changes in

auditory nerve conduction.

Second, the parameters of mobile phone use, such as daily calling time and time of use, were based on self-reported information.
Such data are subject to recall bias and may not correctly reflect actual exposure. Objective measurements, such as call records or

smartphone usage logs, could provide more credible estimates of cumulative exposure.
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Thitdly, the study did not analyze parameters such as preferred ear for phone use, handedness, use of earphones or speaker mode,
and specific absorption rate (SAR) values for individual mobile devices. These variables may change the degree of exposure of the
auditory system and may potentially affect ABR parameters.

Fourth, some ABR variables were subjected to multiple correlation analyses increasing the probability of type I error. We found a
statistically significant association between daily calling duration and Wave I latency, although we cannot totally rule out a false
positive.

Fifth, the sample size might have restricted the power to detect weaker relationships between mobile phone exposure and ABR
characteristics. Larger investigations may be needed to detect minor electrophysiological effects.

Finally, the observed correlation coefficient was rather weak, showing that exposure to mobile phones accounts for only a tiny
amount of variability in ABR latencies. Other biological, environmental and lifestyle factors not analyzed in the current study might
possibly modify auditory neural conduction properties.

Future prospective research with bigger sample size, objective exposure assessment, car-specific usage patterns and detailed

electrophysiological testing are needed to elucidate long-term implications of mobile phone use on auditory function.

SUMMARY

The current study examined the link between mobile phone usage features and auditory brainstem response parameters in young
adults. A strong positive connection was found between daily calling duration and Wave I latency (o = 0.292, p = 0.016) indicating
that greater daily use of mobile phones may be related with mild lengthening of peripheral auditory nerve conduction.

No significant relationships were found between the duration of mobile phone use measured in years and any of the absolute or
interpeak ABR latencies. Similarly, no significant relationships were observed for Wave III latency, Wave V latency, or central
auditory conduction parameters represented by interpeak latencies.

The results suggest that the intensity of exposure, as measured by the length of daily calls, may be more important than the number
of years of ownership or use when considering possible auditory impacts of mobile phone use. The observed changes were limited
mostly to Wave I latency suggesting that any potential impacts are likely limited to the peripheral auditory pathway rather than the

central auditory brainstem components.

The connections found were minor, but the results indicate the need for more studies on the auditory impacts of long-term mobile
phone use. Further large-scale prospective studies with objective exposure assessment and longitudinal follow-up are needed to
determine the clinical significance of these electrophysiological changes and their possible implications for auditory health.
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