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Abstract

Introduction: Noise-induced hearing loss is a serious health issue that affects people
all over the world. Occupational noise-induced hearing loss (ONIHL) is one of the
commonest occupational diseases. Several factors have been revealed to produce
hearing loss including diabetes mellitus (DM). Aim of Work: To study the relation
between type II DM and ONIHL. Materials and Methods: A total of 1292 workers
from 3 companies, occupationally exposed to noise, were categorized into normal and
hearing impairment groups by pure tone audiometry (PTA). The studied group was
subjected to a specially designed detailed questionnaire about noise exposure at work
and hearing problems. Blood pressure, fasting blood sugar, serum urea, creatinine,
and glycated hemoglobin (HbAlc) were measured. Body mass index was calculated.
Results: DM was more frequent among workers with NIHL (13.2%) than those without
(4.8%). Diabetic workers tended to be significantly older than the non-diabetics (50.6
+7.2 compared with 40.9 + 9.6 years, p < 0.001), they also spend longer time exposed
to noise at work (9.2 + 6.6 years compared with 6.6 + 5.7 years, p= 0.002). Both
systolic and diastolic blood pressures were significantly higher among diabetic than
non-diabetic workers. Diabetic workers had a higher loss of hearing levels at all studied
frequencies. By multiple logistic regression analysis, diabetes mellitus, noise exposure
years, and age were significant predictors of NIHL. Glycated hemoglobin (HbAlc)
had a significant positive correlation with the overall hearing loss. Conclusion and
Recommendations: Diabetes mellitus increase the risk of developing noise induced
hearing loss among workers exposed to noise at the workplace. Diabetic workers in
noisy occupations should undergo frequent audiological assessments, should have
easier access to healthcare facilities and their blood glucose levels checked regularly
including HbA lc testing.

Keywords: Type II Diabetes Mellitus; Hearing loss; Audiometry and Occupational
noise-induced hearing loss (ONIHL)
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Introduction

Exposure to noise at the workplace
is one of the most recorded occupational
disorders attributing to 22% of adult
male hearing loss worldwide (Nelson et
al., 2005). The burden of occupational
(NIHL)

among

noise-induced hearing loss
distributed
countries. It is generally higher in the

is not evenly
less developed regions of the world.
NIHL has long been recognized as an
occupational disease contributing to
24% of hearing loss in the United States
(Tak and Calvert, 2008). According to
American Diabetes Association, 2014,
Type 11 DM, incidence and prevalence
is increasing and it has been correlated
to sensorineural hearing impairment.
In Saudi Arabia, for example, Ahmed
2001, has shown that the
of hearing

et al.
prevalence impairment
among workers exposed to noise was
39.3% in comparison to only 4.5% of
other workers not exposed. Recently,
Bugammaz et al. 2021, stated that one-
fifth of Kuwait’s migrant industrial
workers suffer from some degree of
hearing loss, most likely as a result of

occupational exposure.

According to several studies (Wild
etal.,2005, Dudarewicz et al., 2010 and
Oh et al., 2014), there are other factors

associated with hearing loss including
age, smoking, diabetes mellitus and
high blood pressure. A meta-analysis
done by Akinpelu et al., 2014, has
demonstrated a significant association
between hearing impairment and type
II DM. Diabetes mellitus have nearly
doubled in prevalence among the adult
population worldwide 1980,
rising from 4.7% to 8.5%. It is expected
to be 93% (463 million people) in
2019, rising to 10.2% (578 million) in
2030 and 10.9 % (700 million) in 2045
(Saeedi et al., 2019). It is claimed to be
associated with further increase in the

since

prevalence of hearing loss. However,
there is uncertainty whether workers
with diabetes and exposed to noise are
at a higher risk of developing NIHL
than their co-workers who are non-
diabetic and exposed to the same level
of noise level.

The first sign of NIHL can be
observed in the typical notch at 4 kHz
observed on audiograms, with spread to
the neighboring frequencies of 3kHz and
6 kHz (Rabinowitz et al., 2006). With
ongoing noise exposure, the notch can
be deepened and widened, eventually
involving lower frequencies including
2 kHz, 1 kHz, and 0.5 kHz, which is the
speech communications range (Coles et
al., 2000). The role of an occupational
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health
surveillance is to identify ONIHL at an

physician  during workers’
early stage to prevent its progression
to speech frequencies, an issue that
might affect the quality of workers’ life,
as well as communications with their
families, friends, and co-workers.

Up to the authors knowledge,
in Kuwait, no studies were done to
investigate the relationship between
diabetes mellitus and noise-induced
hearing loss. This study was a trial
to shed light on this topic in Kuwait
industrial settings.

Aim of Work

To study the relation between
type II diabetes mellitus (DM) and

occupational noise-induced hearing
loss (ONIHL).
Materials and Methods

Study design: It is a cross-sectional
study.

Study place and duration: The
study was conducted in an industrial
medical center for occupational health
services, south of Kuwait, during the
period from 2020 to 2021.

Study subjects: All workers who
presented for medical fitness during
periodic medical examination and were
exposed to noise at work were the target

group of this study. Previous health
records of these workers were reviewed
to assess their harmful noise exposure
at work. Further investigations revealed
that all selected workers were affiliated
to 3 factories with the main industrial
activity of carpentry; they were exposed
to occcupational noise levels exceeding
90 dB in multiple places. Exclusion

criteria included workers who had
non-occupational  noise  exposure,
conductive deafness or unilateral

hearing impairment, history of ear
surgeries, history of ear infections in
the past, chronic otitis, history of
recent infections in the nose, throat, or
ear, ototoxicity, acoustic trauma and
malignancy. Workers with chemical
exposures as solvents were excluded as
well. Thereafter, a total of 1292 male
workers were included in the current
study.

Study methods

The whole studied group was
subjected to:

1-  Questionnaire including
socio demographic characteristics,
occupational noise exposure (at present
or previous jobs, duration of exposure
in years, and work hours per shift) and
questions investigating other causes
of hearing loss (head trauma, ototoxic
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medications, infection).

2- The mean arterial blood pressure
was used to evaluate blood pressure as a
continuous variable.

3- Body Mass Index (BMI) was
calculated by dividing the weight in
kilograms by the squared height in
meters.

4- Otoscopic examination and
history taking of ear diseases were done.

5-Pure tone audiometry (PTA)
was performed by two experienced,
well-trained nurses in a testing
facility that met ISO 8253-1(1989)
requirements. PTA thresholds were
measured in both ears at frequencies
of 250, 500, 1000, 2000, 3000, 4000,
6000, and 8000 Hz.

The degree of ONIHL is detected
and quantified using PTA testing.
This method provides a subjective
measurement of hearing loss in workers
who have been exposed to occupational
noise and requires the person being
tested to cooperate. In audiogram
testing, the main features of ONIHL
are symmetric and show typical signs
of notching at high frequencies of
3000, 4000, or 6000 Hz with recovery
at 8000 Hz. This notch appears at one
of these frequencies and has no effect
on nearby frequencies; however, once

a notch appears, other frequencies may
also show notches, and the prominence
of this notch may be affected by age-
related hearing loss. As a result, NHL
must be distinguished from age-related
hearing loss in the elderly (Chen et al.,
2020). Study subjects were categorized
into 2 groups normal, and hearing
impairment groups according to PTA
results.

6- Investigations: The following
parameters were done:

a- Fasting blood sugar for
screening purposes. After fasting for at
least 8 hours, blood samples were taken.
The normal group consisted of people
who had a fasting blood glucose level
of less than 5.5 mmol/L. The DM group
included people who had fasting blood
glucose of more than 6.1 mmol/L, were
taking anti-diabetic medications and

had a self-reported history of diabetes.

b- Glycated hemoglobin (HbA1c)
with ethylenediaminetetraacetic acid
(EDTA)
liquid chromatography (HPLC) and
a Cobas C311
analyzer: (Roche Inc., Indianapolis).
A normal HbA1c level is below 5.7%,
a level of 57% to 6.4% indicates
prediabetes, and a level of 6.5% or more

using  high-performance

hexokinase using

indicates diabetes.
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c- Blood urea; normal range (5-20
mg/dl) .

d- Serum creatinine ;
range (60-110 gmol/L).

Consent

normal

A written consent to participate
in the study was obtained from all
workers who were eligible and agreed
to participate in the study.

Ethical Approval

The study protocol was approved
from the standing committee for
Coordination of Health and Medical
Research, Ministry of Health , Kuwait.

Data Management

Statistical procedures were
performed using SPSS version 26.
Continuous variables, such as age,
duration of noise exposure at work,
and blood pressure were expressed
as mean and standard deviations.
Categorical variables, such as gender,

marital status, and nationality were

presented as numbers and percentages.
For continuous variables, the student
t-test was used, and for categorical
variables, the Pearson chi-square
test or Fisher exact test was used. To
investigate the relationship between
ONIHL and other predictors, the study
used multivariate logistic regression
with a forwarding likelihood model
and reported odds ratios to investigate
the independent factors associated with
NIHL. Multivariate logistic regression
was used to elucidate the relationship
between the outcome and variables
after adjusting for other predictors.
Age, blood pressure, and duration of
exposure were treated as confounding
risk factors and were adjusted during
multivariate analysis. For all tests, a
significance level of P <0.05 was used.
Pearson correlation was employed to
investigate the relation between hearing
loss indicators and both fasting blood

sugar and glycated hemoglobin



102 Samir AM, et al.

Results

In the current study, 96 (7.4%) workers were diabetics from a total of
1292(100%) exposed to noise at work. The total number of exposed workers who
had noise-induced hearing loss (NIHL) was 408 (31.6%). Diabetes mellitus is more
likely to be encountered among workers suffering from NIHL 54 (13.2%). This

difference is statistically significant, p< 0.001(results were not tabulated)
Table (1): Comparison of sociodemographic and clinical characteristics
between diabetic and non-diabetic workers suffering from noise-

induced hearing loss.

Characteristics Diabetic workers [Non-diabetic workers p
No=54 No=354

[Age (years) 50.6+7.2 40.9+9.6 <0.001*
Exposure to noise at work (years) 9.2+6.6 6.6+5.7 0.002*
BMI (kg/m?) 27.0+2.7 26.1 +3.40 0.934
SBP (mmHg) 132.4 +23.1 121.1 £ 13.8 <0.001*
[DBP (mmHg) 84.7+9.1 79.7+8.9 <0.001*
[Duration of diabetes (years) 4.61 +4.43 - -
Treatment of diabetes (insulin) 6 (11.1) - -
HbAlc (%) 9.1+14 69+1.6 <0.001*
Fasting blood glucose (mmol/dl) 92+24 59+09 <0.001*
Serum creatinine (pmol/L) 76.9 +19.8 78.7+14.4 0.417
Blood urea (mg/dl) 50+1.8 58+1.9 0.751

BMI: Body Mass Index.

HbAlc: Glycated hemoglobin Alc

SBP: systolic blood pressure

*: Statistically significant.

DBP: diastolic blood pressure

Table (1) showed that diabetic workers were statistically significantly older
than non-diabetics, they had a longer duration of noise exposure, had significantly
higher systolic, diastolic blood pressure higher glycated hemoglobin and fasting
blood glucose. (HbAlc).
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Table (2): Comparison of audiological findings (hearing level in dB) between
diabetic and non-diabetic workers suffering from noise-induced
hearing loss.

Diabetic workers Non diabetic workers
Findings
Right side Left side Right side Left side
0.5 KHz 182+7.9 18.4+8.7 17.8+17.7 16.7+7.1
1.0 KHz 17.5+7.5 19.1+9.2 17.0+7.7 16.5+7.6
2.0 KHz 18.8+9.2 21.9+11.6 16.6 +11.0 16.4+10.8
3.0 KHz 31.2+15.2 32.0+15.7 27.4+16.3 249 +14.7
4.0 KHz 40.7+15.8 41.6 +18.0 36.1+17.8 32.8+16.0
6.0 KHz 469+ 164 48.7+17.6 39.8+17.1 39.1+152
8.0 KHz 343+ 153 342+17.2 26.9+16.9 253+15.8
Total by side 343+ 15.34 36.0+12.4 30.3+12.1 28.7+11.1
Total hearing loss of
35.4 £10.5* 29.5 + 10.9%
both ear#
Worse ear## 25.1 £ 8.0** 21.7 £ 8.2%*

#: Total hearing loss of both ears comparing diabetic to nondiabetic workers *p <0.001
##: Worse ear comparingx diabetic to nondiabetic workers **p <0.01.
*: Statistically significant. *%*: Highly statistically significant.

Table (2) showed that diabetic workers had higher losses of hearing levels at all
the studied frequencies. Total hearing loss was higher among the diabetic workers
than the non-diabetic p < 0.001. Also, the level of deafness was higher in the worse
ear of the diabetic workers compared to the non-diabetics p < 0.01.
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Figure (1): Audiometric findings of diabetic and non-diabetic workers
with noise-induced hearing loss.

RD: Right ear of diabetic workers. LD: Left ear of diabetic workers.
RND: Right ear of non-diabetic workers. LND: Left ear of non-diabetic workers

Figure 1 showed that both diabetic and non-diabetic workers showed a
“V” pattern of hearing loss with the bottom of the “V” at 4.0 K Hz frequency.
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Table (3): Significant predictors of noise-induced hearing loss using multiple
logistic regression forward likelihood model.

Predictors B Significance Exp(B) | 95% Confidence limits
Diabetes mellitus 0.56 0.019* 1.74 1.10-2.77

Noise exposure (years) | (.11 <0.001* 1.12 1.09 - 1.15

Age (years) 0.03 <0.001* 1.03 1.02-1.05
Constant -2.56 0.014* - -

*: Statistically significant difference.

Table (3) showed that the presence of diabetes mellitus; years of exposure to
noise and age were significant predictors of NIHL after controlling the confounding
effects of other variables. The model succeeded incorrectly predicting 29.2% of
those suffering from NIHL, 94.5% of those not suffering from NIHL, and 73.8% of
the studied workers exposed to noise.

Table (4): Correlation among diabetes indicators and hearing levels of diabetic
workers suffering from noise-induced hearing loss.

Diabetes indicators . The hearing level at 4.0
Overall hearing loss Worse ear level
kHz
HbAlc 0.407 (0.002%) 0.393 (0.003%) 0.373 (0.005%)
Fasting blood glucose 0.086 (0.539) 0.030 (0.828) -0.026 (0.851)

*: Statistically significant.

Table (4) showed Pearson correlation coefficients of diabetic and hearing loss
indicators. Glycated hemoglobin (HbAlc) had a significant positive correlation
with the overall hearing loss (r=0.407, p = 0.002), the hearing level at 4.0 kHz
(r=0.393, p = 0.003), and hearing level of the worse ear (r=0.373, p = 0.005) while
fasting blood glucose did not show significant correlation with any of the hearing
indicators.
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Discussion

Various studies have postulated
hypotheses about how diabetes causes
hearing loss. Microangiopathy could
induce cochlear damage (Taslipinar
2011).
neuropathy may cause injury to the

et al., Diabetic peripheral
auditory nerve (Sonneville et al.,
2012). Hearing loss is more prone to
occur at high and low frequencies due
to genetic and complicating factors
such as diabetes (Yamasoba et al.,
2013). Hearing loss is common in
diabetics, and it is aggravated when are
exposed to loud noise. A meta-analysis
by Horikawa et al., 2003, suggested
that diabetic patients had a higher
prevalence of hearing impairment than
non-diabetic patients.

The current study showed that
the prevalence of type II DM among
workers with early signs of developing
NIHL was significantly higher than
among workers with normal audiograms
(Table 1). These results were similar
to that found in a study done in USA
by Ishii et al., 1992, on manufacturing
workers at metal assembly plants. In
their study, the prevalence of type Il DM
was 16.4% among workers with severe
NIHL compared to 4.8% of workers
without NIHL. All the studied workers

were males, and the majority was
Indians; gender and race as risk factors
were not considered. Furthermore, all
subjects wore hearing ear muffs for
protection against noise at work by their
company policies.

Diabetic studied workers with
ONIHL were significantly older than
non-diabetic, there was a statistically
significant difference between them
regarding the duration of noise exposure
at work (Table 1).
exposure are common risk factors for

Aging and noise

sensorineural hearing loss in adults (Oh
et al., 2014). Some studies have found
that the interaction of age and noise
exposure is not additive. According to
Austin et al. 2009, diabetes is linked
to an increased risk of hearing loss,
especially in people under the age of
50. Younger people had early high-
frequency hearing loss similar to early
presbycusis in a 5-year prospective
study reported by Vaughan et al., 2007,
additionally, the difference in hearing
loss between diabetic and nondiabetic
patients was reduced after the age of 60.

Recently, Gopinath et al., 2021 in
their study on population-based data for
occupational noise exposure and risk of
age-related hearing loss, they assessed
and

cross-sectional longitudinal
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associations of workplace noise
exposure with hearing loss in older
adults. They concluded that workplace
noise exposure increased the risk of

incident hearing loss in older adults.

Both systolic and diastolic blood
pressure was significantly higher among
the diabetic compared to non-diabetic
studied workers (Table 1).

According to Bener et al., 2017,
hypertension is linked to hearing loss
due to vascular physiopathology as rise
in blood viscosity, decreased capillary
blood flow, and reduction in oxygen
transport; thus leads to tissue hypoxia
and then auditory dysfunction as well as
hearing loss.

Serum creatinine level done to the
studied group showed no significant
diabetic
nondiabetic workers (Table 1); which

difference  between and
agreed with Jang et al., 2011, who found
no significant association between
serum creatinine and ONIHL among

diabetic and nondiabetic workers.
Pure Tone Audiometry (PTA)

that diabetic
workers tended to have higher losses

results demonstrated
of hearing levels at all the studied
frequencies (Table 2). These results
were consistent with many other
studies, Austin et al. 2009, in their

study on diabetes related changes in
hearing and detected that, there were
significant hearing differences at all
frequencies, but only at 1,000 Hz and
below for type II DM subjects, and at
10,000 Hz and above for type I DM
subjects. Another work conducted by
Jang et al. 2011, in their study on the
association between impaired fasting
glucose and noise-induced hearing
loss, they revealed that a significantly
hearing thresholds difference between
the three groups of people with normal,
impaired fasting glucose and diabetes.
The
diabetes groups had higher levels than

impaired fasting glucose and

the normal fasting glucose group.
Meanwhile, Yadav and Yadav, 2018 in
their study on Indian workers found that
only for mixed bilateral hearing loss,
NIHL analysis by audiometry revealed
significant differences between diabetic
and non-diabetic groups. Another
study conducted by Kim et al. 2019,
which analyze the effect of diabetes on
hearing impairment in workers exposed
to similar noise levels from 2013 to
2017. The study subjects included 2,087
male workers exposed to noise in a
single company, who underwent health
examinations at the same hospital in
Ulsan city, Korea .They found that
the average PTA thresholds and their
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average changes between 2013 and
2017 were significantly higher in the
diabetes mellitus (DM) group compared
to the normal and impaired fasting
glucose group.

In the multiple logistic regression
analysis, age, duration of exposure, and
type II DM were significant predictors
of NIHL among the studied group (Table
3). These findings were in accordance
with that of Jang et al. 2011, who
determined that age, noise exposure, and
impaired fasting blood glucose are risk
factors for NHL. This confirms the role
of type II DM as a risk factor for NIHL.
Prior studies done by (Ooley et al.,
2017; Nagahama et al., 2018; Atsmoni
et al., 2019) had revealed that the risk
of sensorineural hearing loss increases
as the HbAlc value used to monitor the
risk of diabetes complications rises.

The current study detected a
significant positive correlation between
HbAlc and overall hearing loss (Table
4). According to Nagahama et al.
2018, hearing test results from patients
with HbAlc of 7.3 or higher showed
significantly higher hearing loss at
higher frequencies compared to other
groups. Another study done by Kang
et al. 2016, noticed that there was an

association between HbA1c and hearing

loss in non-diabetic patients and that
HbAlc’s high value was related to
hearing loss in non-diabetic patients.
In the contrary, Ashkezari et al. (2018)
found that there is no link between
HbAlc and hearing loss in diabetic
patients.

Elibol and Baran, 2020, did a study
to determine the correlation between
glycated hemoglobin (HbAlc) levels
and the audiometric parameters in
diabetic patients. Their studied group
included 724 patients and was classified
as follows: the first group was 192
patients with an HbAlc value <4.5,176
patients with an HbAlc value between
4.5 - 5 as Group 2, 177 patients with an
HbAlc value between 5 - 6 as Group
3, and 179 patients that had an HbAlc
value greater than 6 as Group 4. They
concluded that according to HbAlc
levels, the severity of diabetes can
affect high to all frequencies of hearing
functions negatively.

Limitations of the study; being a
cross-sectional study, the study had a
limitation inherent to its design. Also,
it would have been supportive of the
study if personal noise dosimetry was
measured. Therefore, larger prospective
studies with larger number of workers
and variables are required
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