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Abstract
The association of type 2 diabetes with hearing loss was evaluated in middle-aged male personnel of the Self-Defense Forces
(SDFs). Hearing loss was defined as the pure-tone average (PTA) of the thresholds frequency at 0.5, 1, 2, and 4 kHz greater than
25 dB hearing levels (HL) in the worse ear. Diabetes status was determined by self-report of physician-diagnosed diabetes or by oral
glucose tolerance test (OGTT). Of 699 subjects studied (age 52.9  1.0 years), 103 subjects were classified as having type 2
diabetes. Fasting plasma glucose of diabetic subjects was 120  19 mg/dl. Hearing loss levels were (worse) higher among diabetic
subjects compared with subjects with normal glucose tolerance (NGT) (30.7  13.0 dB versus 27.4  12.3 dB, P = 0.014). Hearing
loss was more prevalent among diabetic subjects than among subjects with normal glucose tolerance (60.2% versus 45.2%,
P = 0.006). The odds ratio (OR) of type 2 diabetes for the presence of hearing loss was 1.87 (95% confidence interval 1.20–2.91,
P = 0.006) in a logistic regression analysis adjusted for age, rank, cigarette smoking and ethanol consumption. These results suggest
that type 2 diabetes is associated with hearing loss independently of lifestyle factors in middle-aged men.
# 2006 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction
It is controversial whether hearing loss is more
prevalent in type 2 diabetic patients than in non-diabetic
subjects. Some reports support the hypothesis [1,2], but
the other reports do not [3,4]. A recent large scale study
of Dalton et al. [2] shows a significant association
between type 2 diabetes and hearing loss (odds ratio
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(OR), 1.41), although the association became insignificant when age, sex, smoking status and the other
potential confounders are taken into account. Ishii et al.
[5] showed that type 2 diabetes is associated with severe
noise-induced hearing loss (NIHL) in an occupationally
noise-exposed subjects (OR 3.9). Subjects studied in
these reports are relatively old with mean age of 66 and
63 years, respectively. On the other hand, there are few
studies which show the association between type 2
diabetes and hearing loss in middle-aged subjects. In
the present study, we analyzed the association between
type 2 diabetes and hearing loss in middle-aged male
personnel of the Self-Defense Forces (SDFs) with mean
age of 53 years (range 51–59).
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2. Methods and materials
Middle-aged male personnel of SDFs who underwent
retirement health check were studied (n = 699). Serum total
cholesterol, triglyceride, creatinine, and g-glutamyl transferase levels were measured. Oral 75 g glucose tolerance test
(OGTT) was done. Body mass index (BMI) was calculated.
Blood pressure was measured after at rest in a sitting position
with a mercury sphygmomanometer. Subjects with total cholesterol of higher than 220 mg/dl or having medication for it
were defined as hypercholesterolemia. Subjects with triglyceride of higher than 200 mg/dl or having medication for it
were defined as hypertriglyceridemia. In terms of the new
criteria of obesity for Japanese population [6], obesity was
defined as BMI of 26.4 kg/m2 or more, and overweight as BMI
of 25.0–26.3 kg/m2.
Diabetes status was determined by self-report of physiciandiagnosed diabetes or by 75 g OGTT. Criteria of the World
Health Organization was used to diagnose type 2 diabetes [7].
There were no subjects who were subject to insulin therapy. Of
699 subjects studied (age 52.9  1.0 years), 103 subjects
(14.7%) were classified as being type 2 diabetes, 154 subjects
(22.0%) as impaired glucose tolerance (IGT), and 442 subjects
(63.2%) as normal glucose tolerance (NGT). Diabetic subjects
were defined as complicating diabetic neuropathy if they show
typical symptom of diabetic neuropathy and impaired vibratory sensation or if ankle jerks were absent. Diabetic retinopathy was diagnosed by ophthalmologists of the hospital.

Overt diabetic nephropathy was defined as showing serum
creatinine levels of more than 1.2 mg/dl. No subjects studied
population fulfilled the definition of diabetic retinopathy,
neuropathy or overt nephropathy.
Information about current daily number of cigarettes
smoked, physical activity and daily volume of alcoholic
beverage consumed was collected using self-administrating
questionnaire. Current daily ethanol consumption (milliliters
ethanol per day) was calculated from consumed volume of
each type of alcoholic beverage. Subjects were categorized
into alcohol abstainer, light drinkers (30.0 ml ethanol per
day), moderate drinkers (30.1–60.0 ml ethanol per day) and
heavy drinkers (>60.0 ml ethanol per day) due to daily
ethanol consumption. Rank in SDFs was categorized into five
categories as previously reported [8], and the rank categories
(1–5) used as continuous variables in the logistic regression
analysis.
Pure-tone air- and bone-conduction audiometry was performed for each ear at 0.25, 0.5, 1, 2, 3, 4, 6 and 8 kHz was
calculated for each ear. Hearing loss was defined as a puretone average (PTA) of the thresholds at 0.5, 1, 2 and 4 kHz of
>25 dB hearing level (HL) in the worse ear. Low frequency
hearing loss was defined as PTA of the thresholds at 0.25, 0.5
and 1 kHz of >25 dB HL in the worse ear. High frequency
hearing loss was defined as the PTA of the thresholds at 3, 4
and 6 kHz of >25 dB in the worse ear. Informed consent was
obtained to participate in the study. The study protocol was
approved by the ethics committee of the hospital.

Table 1
Descriptive characteristic of the subjects
Subjects with NGT

Subjects with IGT

Subjects with DM

ANOVA P-values

n
Age (years)

442
52.8  1.0

154
53.0  1.1

103
52.9  0.9

0.177

Lifestyle factors
No. of cigarettes smoked (/day)
Ethanol consumption (ml/day)

10.6  12.4
33.2  30.5

8.7  13.4
32.2  28.2

11.6  11.7
31.1  23.6

0.142
0.784

Metabolic parameters
Body mass index (kg/m2)
Fasting glucose (mg/dl)
Glucose (OGTT, 2 h) (mg/dl)
Total cholesterol (mg/dl)
Triglyceride (mg/dl)
Systolic blood pressure (mmHg)
Serum creatinine (mg/dl)
g-Glutamyl transferase (IU/l)

23.3  2.3
97  6
111  21
212  32
129  59
120  13
0.86  0.12
45  37

24.2  2.2
102  11a
157  13a
214  30
155  82a
124  13b
0.87  0.13
57  61

24.5  2.8a
120  19a
227  67a
224  37a
174  92a
125  13b
0.82  0.14a
97  165a

<0.001
<0.001
<0.001
0.002
<0.001
<0.001
0.001
<0.001

Presence of metabolic disorders
Obese
Obese or overweight
Hypercholesterolemia
Hypertriglyceridemia
Hypertension

9.0%
20.6%
38.5%
10.6%
19.9%

14.9%
35.7%a
44.2%
18.2%c
24.0%

26.2%a
47.6%a
50.5%c
31.1%a
24.3%

Abbreviation: NGT, normal glucose tolerance; IGT, impaired glucose tolerance; DM, type 2 diabetes; OGTT, oral glucose tolerance test.
a
P < 0.001 for subjects with NGT.
b
P < 0.01 for subjects with NGT.
c
P < 0.05 for subjects with NGT.
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Table 2
Logistic regression analysis of the association between selected lifestyle factors and presence of hearing loss (n = 699)
Selected lifestyle factors

OR (95% CI)

P-values

Current smoking
No. of cigarettes smoked,
D10/day

0.99 (0.74–1.35)
1.03(0.92–1.16)

0.992
0.620

1.21 (0.76–1.92)

0.416

1.00 (reference)

–

1.12 (0.95–2.11)

0.087

1.69 (1.14–2.52)

0.010

0.91 (0.81–1.02)

0.104

Ethanol consumption
Ethanol abstainer
(0 ml/day)
Light drinker
(30.0 ml/day)
Moderate drinker
(30.1–60.0 ml/day)
Heavy drinker
(>60.0 ml/day)
Higher rank in Self-Defense
Forces

Abbreviation: OR, odds ratio; CI, confidence interval.

A logistic regression analysis was performed with the
presence of lifestyle factors and metabolic disorders as independent variables and the presence of hearing loss as dependent variables. A linear regression analysis was performed to
analyze the association between hearing loss and metabolic
parameters. Comparison of mean values between multiple
pairs of groups were accomplished by application of Fisher’s
protected least-significant (PLSD) post hoc test, if there were
differences by one-way ANOVA. Continuous variables were
presented as mean  S.D. Statistical analysis was done using
Stat View, version 5.0 (SAS Institute Inc., Cary, IL, USA).

3. Results
Descriptive characteristics of the subjects were
shown in Table 1. Body mass index, fasting and 2 h
(OGTT) plasma glucose, total cholesterol, triglyceride,
g-glutamyl transferase and systolic blood pressure of
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diabetic subjects were higher than those of subjects with
NGT, respectively (Table 1). There were no significant
differences in age or lifestyle factors between NGT
subjects, IGT subjects and diabetic subjects.
Association between lifestyle factors and the presence
of hearing loss was analyzed in a logistic regression
model. Neither current smoking status nor number of
cigarettes smoked was associated with the presence of
hearing loss (Table 2). Light drinking (30.0 ml ethanol
per day) showed protective effects against hearing
loss. The height of rank in SDFs was inversely but
insignificantly associated with the presence of hearing
loss.
In a simple logistic regression analysis, prevalence of
type 2 diabetes but not IGT was associated with the
presence of hearing loss (Table 3). Hypertriglyceridemia
was significantly and hypercholesterolemia was marginally associated with the presence of hearing loss. None of
overweight, obesity or hypertension was associated with
the presence of hearing loss. Similar results were
obtained in a logistic regression model adjusted for
age, rank in SDFs, daily number of cigarettes smoked and
daily ethanol consumption (Table 3).
In a linear regression analysis, 2 h (OGTT) plasma
glucose and serum g-glutamyl transferase activity, a
marker of oxidative stress [9], but not fasting plasma
glucose, BMI or systolic blood pressure correlated with
levels of hearing loss (dB) (Table 4). Serum total
cholesterol and triglyceride marginally correlated with
levels of hearing loss (dB).
Levels of hearing loss (dB) was greater among
diabetic subjects than among NGT subjects (Table 5).
Levels of hearing loss (dB) were more than 3 dB larger at
high frequency range (2–8 kHz) among diabetic subjects
than among NGT subjects, whereas the differences were
smaller in lower frequency range (0.25–1 kHz) (Fig. 1).

Table 3
Logistic regression analysis of the association between presence of metabolic disorders and presence of hearing loss (n = 699)
Metabolic disorders

OR (95% CI)

P-values

a

a

Glucose tolerance
IGT
Type 2 diabetes

1.12 (0.78–1.62)
1.83 (1.18–2.83)

0.548
0.007

1.16 (0.80–1.68)
1.87 (1.20–2.91)

0.433
0.006

Obesity
Overweight
Obese
Hypercholesterolemia
Hypertriglyceridemia
Hypertension

1.09
0.97
1.35
1.60
1.07

0.631
0.878
0.053
0.027
0.727

1.10
1.04
1.33
1.58
1.04

0.602
0.882
0.063
0.034
0.851

(0.77–1.54)
(0.61–1.52)
(1.00–1.82)
(1.05–2.43)
(0.74–1.53)

OR (95% CI)

(0.77–1.55)
(0.65–1.64)
(0.98–1.81)
(1.04–2.40)
(0.72–1.49)

P-values

Abbreviation: OR, odds ratio; CI, confidence interval; IGT, impaired glucose tolerance.
a
Values were adjusted for age, rank in the Self-Defense Forces and lifestyle factors including daily number of cigarettes smoked and daily ethanol
consumption.
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Table 4
Linear regression analysis of the association between metabolic parameters and hearing loss levels (dB) (n = 699)
Metabolic parameters

Standard regression
coefficient

P-values

a

Standard regression
coefficient

a

Fasting plasma glucose
Glucose (OGTT, 2 h)
Body mass index
Total cholesterol
Triglyceride
Systolic blood pressure
g-Glutamyl transferase

0.052
0.078
0.002
0.073
0.071
0.016
0.093

0.171
0.044
0.956
0.053
0.061
0.669
0.014

0.045
0.077
0.003
0.071
0.064
0.010
0.077

0.243
0.046
0.934
0.061
0.093
0.790
0.046

P-values

a

Values were adjusted for age, rank in the Self-Defense Forces and lifestyle factors including daily number of cigarettes smoked and daily ethanol
consumption.
Table 5
Comparison of degree and prevalence of hearing loss among subjects with normal glucose tolerance (NGT), impaired glucose tolerance (IGT), and
type 2 diabetes (DM)
Subjects with
NGT n = 442

Subjects with
IGT n = 154

Subjects with
DM n = 103

ANOVA
P-values

Hearing loss (average thresholds in the worse ear, dB)
Hearing loss
27.4  12.3
High frequency hearing loss
39.3  20.3
Low frequency hearing loss
23.0  10.5

27.8  11.6
39.8  20.7
22.6  9.5

30.7  13.0*
43.7  21.3
25.0  11.0

0.048
0.146
0.157

Prevalence of hearing loss (average thresholds >25 dB in the worse ear)
Hearing loss
45.2%
High frequency hearing loss
67.4%
Low frequency hearing loss
24.4%

48.1%
70.1%
24.7%

60.2%*
76.7%
34.0%*

*

P < 0.05 for subjects with NGT.

Prevalence rate of hearing loss was higher among
diabetic subjects than among NGT subjects (Table 5).
4. Discussion

Fig. 1. Frequency thresholds of subjects with normal glucose tolerance (NGT, n = 442), impaired glucose tolerance (IGT, n = 154), and
type 2 diabetes (DM, n = 103). The thresholds show average values of
right and left ears. Hearing loss was more than 3 dB larger among
diabetic subjects than among NGT subjects, at 2, 3, 4, 6 and 8 kHz.
*
P < 0.05 for subjects with NGT.

The results of the present study suggest that type 2
diabetes is associated with the presence of hearing loss
independently of age, rank and lifestyle factors in
middle-aged Japanese men who belong to SDFs. The
differences in hearing loss (dB) were larger in the high
frequencies (Table 4 and Fig. 1). There are several studies
which examined the association between type 2 diabetes
and hearing loss [1,2,5]. In those studies, however,
subjects are relatively old (mean age  63 years) [2,5] or
subjects size are relatively small (n = 60) [1]. Thus, the
present report appears to be the only report which showed
the association between type 2 diabetes and hearing loss
in middle-aged men in a relatively large scale. In
addition, as far as we know, this is the first report which
showed that hypertriglyceridemia is associated with the
presence of hearing loss independently of age. The results
are consistent with the previous report by others [10].
Several studies show that control status of diabetes
[11], and presence of diabetic retinopathy [12,13],
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nephropathy [2] and neuropathy [14] are associated with
hearing loss. But, at the same time negative findings have
been reported as to the association of hearing loss with
control status [2], retinopathy [2,15,16], nephropathy
[16] and neuropathy [16]. In the present study, no diabetic
subjects showed overt diabetic retinopathy, neuropathy or
overt nephropathy. But, it is not negligible that subclinical
complications might contribute to the association
between diabetes and hearing loss, because the criteria
of diabetic neuropathy and nephropathy adopted in the
present study were not strict ones. We could not clarify the
association between control status of diabetes and hearing
loss, because HbA1c levels were not estimated. It is
possible, however, that post-prandial hyperglycemia
contribute to the development of hearing loss, because
2 h (OGTT) plasma glucose correlated with the levels of
hearing loss (dB) (Table 4). Insulin resistance does not
appear to contribute to the pathogenesis of the hearing
loss, because IGTwas not associated with the presence of
hearing loss (Table 3).
The mechanism by which diabetic subjects show
higher prevalence rate of hearing loss is not clear.
Diabetes is associated with a number of microvascular
complications affecting commonly the eyes and kidneys
of the diabetic patients. Microvascular abnormalities may
also affect the ears and hearing of individuals with
diabetes. Because, it has been shown that basement
membrane thickening consistent with diabetic microangiopathy was observed in insulin-dependent diabetic
rats but not in non-diabetic rats [17], and that diabetic
sensorineural hearing loss results from microangiopathic
involvement of endolymphatic sac and/or basilar membrane vessels [18]. It is also reported that combination of
non-insulin-dependent diabetes and noise exposure is
associated with the microangiopathy in the inner ear [19].
Because most SDFs personnel are exposed to noise at
work, they have higher risk of acquiring noise-induced
hearing loss compared with unexposed subjects. Indeed,
hearing loss was larger in the high frequencies in this
population (Fig. 1). The effects of diabetes on hearing loss
levels (dB) were larger among diabetic subjects than
among subjects with NGTin the high frequencies (Fig. 1).
These results suggest that diabetes facilitates the
development of hearing loss in noise-exposed personnel.
The findings are consistent with the previous report which
shows that occupationally noise-exposed diabetic subjects are more likely to develop severe NIHL than nondiabetic noise-exposed controls [5].
We cannot specify the legion which is responsible
for the diabetes-associated hearing loss. Although
auditory brainstem potentials were not examined in the
present study, it is conceivable that both cochlea and the
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central auditory pathways are included in the pathogenesis, because both cites are implicated for the
hearing impairment in diabetic subjects [20–22] and for
the development of NIHL [23].
Elevated plasma glucose [24,25] and serum triglyceride [26,27] are associated with increased oxidative stress,
whereas oxidative stress is implicated for the pathogenesis of NIHL [28–31]. The association between diabetes,
hypertriglyceridemia and NIHL might be explained by
oxidative stress, which is reported to be increased in
subjects with diabetes [24] and subjects with hypertriglyceridemia [26,27]. In the present study, both serum
triglyceride and 2 h (OGTT) plasma glucose correlated
with the levels of hearing loss (dB) (Table 4), and with
serum g-glutamyl transferase (data not shown), a marker
of oxidative stress [9]. Interestingly, serum g-glutamyl
transferase activity correlated with the levels of hearing
loss (dB) (Table 4).
Patients with maternally inherited diabetes and
deafness (MIDD) and those with mitochondrial myopathy, encephalopathy, lactic acidosis, and stroke-like
episodes (MELAS) [32,33] show both diabetes and
hearing loss, due to a point mutation of mitochondrial
DNA (A3243G). These syndromes may partly explain
the observed association between diabetes and hearing
loss. Contribution of this mechanism, however, appears
to be minimal, because the prevalence rate of MIDD in
diabetic patients is estimated to be no more than 0.9% in
Japanese [34].
Merit of the present study is the homogeneity of the
subjects in terms of age, gender, ethnicity and occupational background. They were all 50s and relatively
healthy, and most subjects are exposed to noise associated with military activity. The homogeneity of the subjects studied would make the interpretation of the results
somewhat clearer.
One of the limitations of the present study is that
individual history of noise exposure was not collected or
taken into account. The difference in individual noise
exposure may confound the association between diabetes
and hearing loss. Another limitation of the present study
is its modality. Because of the cross-sectional design, we
could not clarify cause–effect relationship. Thus, longitudinal studies are necessary to confirm the observed
temporal relationship between diabetes and hearing loss.
The results of the present study may not be simply
extrapolated to other populations, because the studied
population exclusively consist of occupationally noiseexposed personnel.
In conclusion, type 2 diabetes was associated with
hearing loss in middle-aged male personnel of SDFs
independently of age, rank and lifestyle factors.
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