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Abstract
Epidemiological information regarding the relationship between hypertension, dyslipidemia, and/or diabetes and hearing
impairment (HI) has been controversial. The present cross-sectional study investigated this issue in Japan. The subjects were
371 men and 639 women aged 36‒84 years. Hypertension was defined as systolic blood pressure ≥140mmHg, diastolic blood
pressure ≥90mmHg, or current use of antihypertensive medication. Dyslipidemia was defined as a serum low-density
lipoprotein cholesterol concentration ≥140mg/dL, high-density lipoprotein cholesterol concentration <40mg/dL, triglyceride
concentration ≥150mg/dL, or current use of cholesterol-lowering medication. Diabetes was defined as a fasting plasma glucose
level ≥126mg/dL, hemoglobin A1c level ≥6.5%, or current use of diabetic medication. HI was defined as present when subjects
did not respond to a pure-tone average of >25 dB HL in the better hearing ear. Adjustments were made for age, smoking,
alcohol consumption, body mass index, household income, and education. The prevalence of HI was 31.5% in men and 20.8%
in women. In men, hypertension, but not dyslipidemia or diabetes, was independently positively associated with HI:
the adjusted prevalence ratio (PR) was 1.52 (95% CI: 1.07‒2.16). Having at least two cardiovascular risk factors
among hypertension, dyslipidemia, and diabetes was independently positively related to HI: the adjusted PR was 1.82 (95% CI:
1.11‒2.99, P for trend= 0.02). Such positive associations were not found in women. Hypertension and having at least two
cardiovascular risk factors may be positively associated with HI in men only.
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Highlights
● Question: Is there a relationship between hypertension, dyslipidemia, and/or diabetes and hearing impairment (HI)?
● Findings: In the present cross-sectional study of 371 men and 639 women, hypertension was independently associated

with an increased prevalence of HI in men only, and having at least two cardiovascular risk factors among hypertension,
dyslipidemia, and diabetes mellitus was independently positively related to the prevalence of HI in men only.

● Meanings: Hypertension and having at least two cardiovascular risk factors may be positively associated with HI in men only.

Introduction

Approximately one-third of people aged 65 years and older
are affected by significant hearing impairment (HI) [1].
Age-related HI is associated with various health issues,
including accelerated cognitive decline, depression, poor
balance, and falls, as well as social implications such as
reduced communication and social isolation [2]. Prevention
of age-related HI is an important element of public health,
and accordingly, it is essential to identify risk and pre-
ventive factors for age-related HI.

* Kazuya Hara
m08085kh@jichi.ac.jp

1 Department of Otolaryngology, Head and Neck Surgery, Ehime
University Graduate School of Medicine, Ehime, Japan

2 Department of Otorhinolaryngology, HITO Hospital,
Ehime, Japan

3 Department of Epidemiology and Preventive Medicine, Ehime
University Graduate School of Medicine, Ehime, Japan

4 Research Promotion Unit, Translation Research Center, Ehime
University Hospital, Ehime, Japan

5 Department of Lifestyle-related Medicine and Endocrinology,
Ehime University Graduate School of Medicine, Ehime, Japan

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-020-0444-y&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-020-0444-y&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-020-0444-y&domain=pdf
mailto:m08085kh@jichi.ac.jp


Epidemiological evidence regarding the relationship
between hypertension and/or dyslipidemia and HI has been
limited; however, the results obtained from seven studies
conducted in the US, Japan, or Korea were not consistent
[3–9]. A meta-analysis in 2014 that included six studies
showed a significant positive association between type 2
diabetes mellitus and HI [10]. Five recent prospective cohort
studies performed in the US, Japan, and Korea examined
this issue and yielded inconsistent results [6, 11–14]. The
definitions of HI used in the abovementioned previous stu-
dies were also inconsistent [3–14].

The present cross-sectional study investigated the asso-
ciations of hypertension, dyslipidemia, and diabetes with the
prevalence of HI based on the WHO definition in a Japanese
population using baseline data from the Aidai Cohort Study
(AICOS) conducted in Yawatahama and Uchiko.

Material and methods

Study population

The baseline survey of the AICOS was conducted in 2015
in Yawatahama city, with a total population of nearly
36,000, and in 2016 in the town of Uchiko, with a total
population of nearly 17,000, and it is still ongoing in other
municipalities in Ehime Prefecture on Shikoku Island,
which is located south of Japan’s main island. The current
study used data obtained in Yawatahama and Uchiko. In
Yawatahama in 2015 and Uchiko in 2016, 798 and 347
individuals participated in the baseline survey, respectively;
i.e., 1145 participants aged 36‒84 years (419 men aged
36‒84 years and 726 women aged 37‒79 years) in 2015 and
2016 gave their written informed consent and completed a
baseline questionnaire. A total of 118 participants with
missing or incomplete data on the variables under study
or the audiometric hearing assessment were excluded. In
addition, 17 participants with an asymmetrical hearing
threshold defined as a between-ear difference of pure-tone
average (PTA) >20 dB hearing level (HL) were excluded to
rule out subjects with otologic disease to the greatest extent
possible. Ultimately, data on 371 men and 639 women were
used for analysis. The ethics committee of the Ehime Uni-
versity Graduate School of Medicine approved the AICOS.

Measurements

A self-administered questionnaire elicited information
on smoking habits; drinking habits; current use of anti-
hypertensive, cholesterol-lowering, and diabetic medica-
tions; household income; and education. Blood pressure
was measured twice with a cuff in the sitting position after
a rest period of greater than 5 min; the value recorded in

the second measurement was adopted for the present
study. Hypertension was defined as systolic blood pressure
≥140 mmHg, diastolic blood pressure ≥90 mmHg, or cur-
rent use of antihypertensive medication. Blood samples
were collected from an antecubital vein after an overnight
fast. Serum concentrations of low-density cholesterol,
high-density lipoprotein (HDL) cholesterol and triglycer-
ide, plasma glucose concentrations, and hemoglobin A1c
levels were determined at an external laboratory (Shikoku
Chuken, Matsuyama, Japan). Dyslipidemia was defined as
a serum low-density lipoprotein cholesterol concentration
≥140 mg/dL, HDL cholesterol concentration <40 mg/dL,
triglyceride concentration ≥150 mg/dL, or current use of
cholesterol-lowering medication. Diabetes mellitus was
defined as a fasting plasma glucose level ≥126 mg/dL,
hemoglobin A1c level ≥6.5%, or current use of diabetic
medication. Height and weight were measured with the
subject in light clothes without shoes. Body mass index
(BMI) was calculated by dividing body weight (kg) by the
square of height (m).

Hearing assessment

The audiometric hearing assessment was made using air
conduction threshold testing with a pure-tone audiometer
(AA-75; Rion, Tokyo, Japan) calibrated according to
Japanese Industrial Standards T 1201. Air conduction
thresholds were obtained at octave frequencies from 0.125
to 8 kHz using a manual testing protocol. Testing was
performed by a trained staff member using headphones. We
used the audiometric definition of HI adopted by the World
Health Organization, which identifies the speech-frequency
PTA hearing thresholds at 0.5, 1, 2, and 4 kHz tones. HI
was defined as present when the PTA was >25 dB HL in the
better hearing ear.

Statistical analysis

Age, smoking status, alcohol consumption, BMI, household
income, and educational level were selected a priori as
potential confounding factors. Smoking was classified into
three categories (never, former, and current), alcohol con-
sumption into three categories (never, former, and current),
household income into three categories (<3, 3‒5, and ≥5
million yen per year), educational level into three categories
(low [junior high school], medium [high school], and high
[junior college, vocational technical school, or university]),
and the total number of three risk factors (hypertension,
dyslipidemia, and diabetes mellitus) into three categories (0,
1, and ≥2). Age and BMI were adjusted for as continuous
variables. Estimations of crude and adjusted prevalence
ratios (PRs) and their 95% confidence intervals (CIs) of HI
in relation to hypertension, dyslipidemia, and diabetes
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mellitus were made by means of Poisson regression with
robust variance [15]. All computations were performed
using the SAS software package version 9.4 (SAS Institute,
Inc., Cary, NC, USA).

Results

The prevalence of HI was 31.5% in 371 men and 20.8% in
639 women. Compared with women, men were more likely
to be former smokers and current drinkers and have a high
BMI and high prevalence values of hypertension and dia-
betes mellitus (Table 1). There were no differences between
sexes with regard to age, household income, educational
level, or the prevalence of dyslipidemia.

Table 2 gives crude and adjusted PRs and 95% CIs for HI
in relation to hypertension, dyslipidemia, and diabetes mel-
litus. Among 1010 men and women, hypertension, dyslipi-
demia, and diabetes mellitus were significantly positively
related to the prevalence of HI. After adjustment for age,
sex, smoking status, alcohol consumption, BMI, household
income, and educational level, the positive relationships
between hypertension, dyslipidemia, and diabetes mellitus
and the prevalence of HI did not reach a significant level.
In men, after adjustment for age, smoking status, alcohol
consumption, BMI, household income, and educational
level, hypertension was independently positively associated
with the prevalence of HI: the adjusted PR was 1.52 (95%
CI: 1.07‒2.16). No evident relationships were observed
between dyslipidemia or diabetes mellitus and the pre-
valence of HI. In women, hypertension, dyslipidemia, and
diabetes mellitus were significantly associated with a higher
prevalence of HI in crude analysis; however, these asso-
ciations completely disappeared after adjusting for con-
founding factors. There was no multiplicative interaction
between hypertension and sex with respect to the prevalence
of HI (P for interaction= 0.22).

In 1010 men and women, the positive association
between having at least two cardiovascular risk factors and
the prevalence of HI fell just short of the significance level
in the multivariate model compared with having none of the
three cardiovascular risk factors under study; however, the
positive exposure–response relationship was statistically
significant (P for trend= 0.045): the adjusted PR for
having at least two cardiovascular risk factors was 1.35
(95% CI: 0.99‒1.85) (Table 3). In men, those with at least
two cardiovascular risk factors had a significantly increased
prevalence of HI in the multivariate model, showing a clear
positive exposure–response relationship (P for trend=
0.02): the adjusted PR for having at least two cardiovascular
risk factors was 1.82 (95% CI: 1.11‒2.99). In women,
neither a significant positive linear trend nor a significant
positive association with having at least two cardiovascular

risk factors was found in the multivariate model. No mul-
tiplicative interaction was observed between having at least
two cardiovascular risk factors and sex regarding HI (P for
interaction= 0.18).

Discussion

In the present study, hypertension was independently
associated with a higher prevalence of HI in men only,
while we failed to find significant positive relationships
between dyslipidemia or diabetes mellitus and HI regardless
of sex. To our knowledge, this study is the first to report that
having at least two cardiovascular risk factors among
hypertension, dyslipidemia, and diabetes mellitus was
independently positively related to the prevalence of HI in
men only and that significant positive exposure–response

Table 1 Distribution of selected characteristics in 371 men and
639 women

Variable n (%) or mean ± SD P valuea

Total
(n= 1010)

Men
(n= 371)

Women
(n= 639)

Age, years, mean
± SD

60.8 ± 9.3 61.4 ± 9.5 60.5 ± 9.2 0.09

Smoking status <0.0001

Never 696 (68.9) 113 (30.5) 583 (91.2)

Former 240 (23.8) 201 (54.2) 39 (6.1)

Current 74 (7.3) 57 (15.4) 17 (2.7)

Alcohol
consumption

<0.0001

Never 411 (40.7) 56 (15.1) 355 (55.6)

Former 64 (6.3) 28 (7.6) 36 (5.6)

Current 535 (53.0) 287 (77.4) 248 (38.8)

Body mass index,
kg/m2, mean ± SD

23.2 ± 3.3 24.1 ± 3.3 22.7 ± 3.2 <0.0001

Household
income, yen/year

0.32

<3 million 309 (30.6) 105 (28.3) 204 (31.9)

3 to <5 million 371 (36.7) 135 (36.4) 236 (36.9)

≥5 million 330 (32.7) 131 (35.3) 199 (31.1)

Educationb 0.60

Low 103 (10.2) 42 (11.3) 61 (9.6)

Middle 511 (50.6) 182 (49.1) 329 (51.5)

High 396 (39.2) 147 (39.6) 249 (39.0)

Hypertension 449 (44.5) 210 (56.6) 239 (37.4) <0.0001

Dyslipidemia 559 (55.4) 192 (51.8) 367 (57.4) 0.08

Diabetes mellitus 68 (6.7) 33 (8.9) 35 (5.5) 0.04

aχ2 test or Wilcoxon rank sum test
bLow: junior high school, Medium: high school, High: junior college,
vocational technical school, or university
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relationships between the total number of cardiovascular
risk factors and HI were found not only in 1010 men and
women but also in 371 men.

The Nurses’ Health Study I found that a history of
hypertension was independently associated with a modestly
increased risk of self-reported hearing loss [5]. Hypertension
was cross-sectionally associated with moderate HI, which
was based on the inability to respond to 30 dB at 1 kHz and/
or 40 dB at 4 kHz in 13,475 Japanese workers [3]. A US
cross-sectional study using data from the National Health and
Nutrition Examination Survey 1999–2004 showed an
increased prevalence of HI, defined as a PTA of 25 dB or
higher at 0.5, 1, 2, and 4 kHz, in either ear among people
with hypertension [7]. These findings are in partial agreement
with our results. Our results are also in partial agreement with
previous findings showing a positive relationship between

systolic or diastolic blood pressure and HI [9, 16, 17]. The
Health Professionals Follow-up Study found no association
between a history of hypertension and the risk of self-
reported professionally diagnosed HI [6]. No relationship
was observed between hypertension and HI, defined as a
PTA of the thresholds at 0.5, 1, 2, and 4 kHz of >25 dB HL
in the worse ear, in a cross-sectional study of 7434 Korean
individuals aged 40 years and older [4] or in a cross-sectional
study of 699 middle-aged Japanese men [8]. In a cross-
sectional study of 2052 older US adults, hypertension was
not related to HI (PTA of 0.5, 1, and 2 kHz of >25 dB HL) or
high-frequency HI (PTA of 2, 4, and 8 kHz of >40 dB HL) in
the worse ear [9]. These findings are in contrast to our results.
In terms of our results regarding dyslipidemia, partial
agreement was found with the results of the previously cited
Japanese cross-sectional study showing no relationship
between hypercholesterolemia and HI based on a PTA of the
thresholds at 0.5, 1, 2, and 4 kHz of >25 dB HL in the worse
ear [8]. The aforementioned Health Professionals Follow-up
Study showed that hypercholesterolemia was associated with
a significantly increased risk of self-reported professionally
diagnosed HI, while no relationship was found between
diabetes mellitus and the outcome [6]. These findings are
inconsistent with our results regarding dyslipidemia but are
in partial agreement with our results regarding diabetes
mellitus. A cohort study of 202,975 Japanese showed that
HbA1c ≥ 8.0% was not associated with low-frequency HI at a
hearing threshold >30 dB at 1 kHz or high-frequency HI at a
hearing threshold >40 dB at 4 kHz in the better ear compared

Table 2 Prevalence ratios (PRs) and 95% confidence intervals (CIs)
for hearing impairment in relation to hypertension, dyslipidemia, and
diabetes mellitus

Variables Prevalence (%) Crude PR
(95% CI)

Adjusted PR
(95% CI)

Total (n= 1010)a

Hypertension

No 98/561 (17.5) 1.00 1.00

Yes 152/449 (33.9) 1.94 (1.55‒2.42) 1.24 (0.99‒1.55)
Dyslipidemia

No 98/451 (21.7) 1.00 1.00

Yes 152/559 (27.2) 1.25 (1.003‒1.56) 1.10 (0.89‒1.36)
Diabetes mellitus

No 224/942 (23.8) 1.00 1.00

Yes 26/68 (38.2) 1.61 (1.16‒2.22) 1.13 (0.82‒1.57)
Men (n= 371)b

Hypertension

No 31/161 (19.3) 1.00 1.00

Yes 86/210 (41.0) 2.13 (1.49‒3.04) 1.52 (1.07‒2.16)
Dyslipidemia

No 55/179 (30.7) 1.00 1.00

Yes 62/192 (32.3) 1.05 (0.78‒1.42) 1.14 (0.86‒1.51)
Diabetes mellitus

No 103/338 (30.5) 1.00 1.00

Yes 14/33 (42.4) 1.39 (0.91‒2.14) 1.00 (0.64‒1.58)
Women (n= 639)b

Hypertension

No 67/400 (16.8) 1.00 1.00

Yes 66/239 (27.6) 1.65 (1.22‒2.22) 1.06 (0.79‒1.43)
Dyslipidemia

No 43/272 (15.8) 1.00 1.00

Yes 90/367 (24.5) 1.55 (1.12‒2.15) 1.08 (0.80‒1.46)
Diabetes mellitus

No 121/604 (20.0) 1.00 1.00

Yes 12/35 (34.3) 1.71 (1.05‒2.78) 1.42 (0.90‒2.22)

aAdjustment for age, sex, smoking status, alcohol consumption, body
mass index, household income, and education
bAdjustment for age, smoking status, alcohol consumption, body mass
index, household income, and education

Table 3 Prevalence ratios (PRs) and 95% confidence intervals (CIs)
for hearing impairment based on the total number of the three
cardiovascular risk factors: hypertension, dyslipidemia, and diabetes
mellitus

Number of risk
factors

Prevalence (%) Crude PR
(95% CI)

Adjusted PR
(95% CI)

Total (n= 1010)a

0 41/268 (15.3) 1.00 1.00

1 103/442 (23.3) 1.52 (1.10‒2.12) 1.14 (0.84‒1.55)
≥2 106/300 (35.3) 2.31 (1.68‒3.18) 1.35 (0.99‒1.85)
P for trend <0.0001 0.045

Men (n= 371)b

0 14/77 (18.2) 1.00 1.00

1 52/172 (30.2) 1.66 (0.98‒2.81) 1.60 (0.99‒2.60)
≥2 51/122 (41.8) 2.30 (1.37‒3.86) 1.82 (1.11‒2.99)
P for trend 0.0004 0.02

Women (n= 639)b

0 27/191 (14.1) 1.00 1.00

1 51/270 (18.9) 1.34 (0.87‒2.05) 0.94 (0.63‒1.40)
≥2 55/178 (30.9) 2.19 (1.45‒3.30) 1.11 (0.74‒1.67)
P for trend 0.0001 0.50

aAdjustment for age, sex, smoking status, alcohol consumption, body
mass index, household income, and education
bAdjustment for age, smoking status, alcohol consumption, body mass
index, household income, and education
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with HbA1c 5.0‒5.4% [12]. Diabetes was not related to the
risk of HI, defined as a failure to hear a 30 dB HL signal at 1
kHz and a 40 dB HL signal at 4 kHz in the better ear, while
HbA1c levels were significantly positively associated with
the risk of HI in a cohort study of 338 older Japanese indi-
viduals [14]. These findings are partially consistent with our
results. The present results are in contrast to those of the
abovementioned meta-analysis consisting of six studies
conducted in Saudi Arabia, Iran, Turkey, Australia, Japan,
and the US, which demonstrated that diabetes was sig-
nificantly associated with a 1.91-fold increased risk of HI
based on a PTA greater than or equal to 25 dB at selected
frequencies in the worse ear [10]. The Nurses’ Health Studies
I and II found that type 2 diabetes was associated with
a modestly increased risk of self-reported moderate or
worse HI [11]. In a cohort study of 253,301 Korean subjects,
diabetes, but not prediabetes, was significantly positively
associated with the risk of HI, defined as a PTA of thresholds
at 0.5, 1.0, and 2.0 kHz of >25 dB in both the right and left
ears [13].

The underlying mechanisms for the observed positive
association between hypertension and HI are not clear.
Hypertension might affect the cochlea via hypertensive
microangiopathy of the vascular stria feeding the organ of
Corti, resulting in a decrease in the cochlear oxygen partial
pressure [18]. Cumulative oxidative stress can be enhanced
by hypoxic situations resulting from the impaired home-
ostasis of cochlear blood supply and could induce damage
to macromolecules such as mitochondrial DNA in the
cochlea; the resulting accumulation of mitochondrial DNA
mutations/deletions and decline in mitochondrial function
over time could progressively induce apoptosis of the
cochlear cells [19]. In addition, the increase in natriuretic
hormone induced by hypertension may accelerate the
development of hearing loss by inhibiting the potassium
pump in the cochlear stria vascularis [18]. Hypertension
may be related to high-frequency hearing loss, while dys-
lipidemia and diabetes may affect middle and low tones
[18]. Having at least two cardiovascular risk factors among
hypertension, dyslipidemia, and diabetes mellitus may
enhance inner ear disturbance and increase the risk of HI.

The methodological strengths of the present study
include the homogeneity of the test subjects in terms of their
residential area and use of the World Health Organization
definition of HI. Several weaknesses of the present study
should be clarified. The cross-sectional nature of the present
study does not permit the assessment of causality due to the
uncertain temporality of the association.

Selection bias also has to be taken into account. The
participation rate could not be calculated because the exact
number of eligible subjects is not available; however, the
participation rate must have been low. Our subjects were
also probably not representative of the Japanese general

population. In fact, the educational levels of our subjects
were higher than those of the general population. According
to a population census conducted in 2010 in Ehime Pre-
fecture [20], the proportions of men aged 60‒69 years with
low, medium, and high educational levels and an unknown
educational level were 28.2%, 48.6%, 19.0%, and 4.2%,
respectively. The corresponding figures among men aged
60‒69 years in the present study were 10.8%, 54.5%,
34.7%, and 0.0%, respectively. The proportions of women
aged 60‒69 years in 2010 in Ehime Prefecture with low,
medium, and high educational levels and an unknown
educational level were 26.7%, 56.4%, 12.9%, and 4.0%,
respectively. The corresponding figures among women aged
60‒69 years in the present study were 10.0%, 58.2%,
31.8%, and 0.0%, respectively. The present population
therefore might have had a greater awareness of health
issues than did the general population. According to data
from the Hisayama Study, a population-based cohort study
in the town of Hisayama adjoining a metropolis on Kyushu
Island, the prevalence of hypertension (systolic blood
pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg,
or current use of antihypertensive medication), dyslipidemia
(serum total cholesterol level ≥220 mg/dL, HDL cholesterol
level <40 mg/dL, triglyceride level ≥150 mg/dL, or current
use of antihyperlipidemic medication), and diabetes (fasting
plasma glucose level ≥126 mg/dL, 2-h postloading glucose
level ≥200 mg/dL, or medical history of diabetes) was
49.4%, 46.4%, and 16.6%, respectively, in 524 males aged
40 years or older and 37.6%, 54.1%, and 6.6%, respec-
tively, in 877 females aged 40 years or older [21]. The
prevalence of hypertension, dyslipidemia, and diabetes in the
current study was 56.6%, 51.8%, and 8.9%, respectively, in
men and 37.4%, 57.4%, and 5.5%, respectively, in women.
The prevalence values of the present study were unlikely to be
distorted. In the present study, data on the observation of the
tympanic membrane or ear canal, conductive hearing loss such
as bilateral otitis media, and noise-related hearing loss were not
available. The possibility of nondifferential outcome mis-
classification would introduce a bias toward the null. In the
current study, although significant associations were detected,
the borderline significant associations with hypertension and
having at least two cardiovascular risk factors in our total
population and the insignificant relationship between diabetes
and HI among women might be ascribed to insufficient sta-
tistical power. Several confounding factors were adjusted for,
yet we could not rule out residual confounding effects.

Conclusions

The present cross-sectional study in Japan suggests that
hypertension may be associated with an increased pre-
valence of HI and that having at least two risk factors
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among hypertension, dyslipidemia, and diabetes mellitus
may be positively related to the prevalence of HI in men.
Hypertension might be a risk factor for age-related HI.
Further well-designed research on the relationship between
hypertension, dyslipidemia, and diabetes and age-related HI
is needed, especially in the form of large-scale prospective
cohort studies of Asian populations. In addition, the pos-
sibility of improving or preventing age-related HI by
treatment of such risk factors should be considered.
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