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Abstract

Objectives: Prevention of hearing impairment (HI) is important because recovery of
hearing is typically difficult. Epidemiological studies have examined the risk factors for
HI. However, the association between hypertension and HI were not consistent. The
current study aimed to clarify the association between hypertension and HI.

Design: Cross-sectional study.

Setting: Japanese workers in an information and communication technologies
company.

Participants: There were 24,823 employees of the same company. Of these, we
recruited 13,475 participants who underwent hearing testing by audiometry in annual
health checkups and did not have missing data regarding body measurement, blood test
results, and drinking/smoking status (mean age: 49.4 years; males: 86.4%).

Primary outcomes: Hearing tests were performed at two frequencies (1 kHz, 4 kHz).
We defined the inability of participants to respond to 30 dB at 1 kHz and/or 40 dB at 4
kHz as overall moderate HI. Likewise, we defined moderate HI at 1 kHz (4 kHz) as an
abnormal finding at 1 kHz (4 kHz). We defined hypertension as >140 mmHg systolic
blood pressure and/or >90 mmHg diastolic blood pressure and/or taking medication for
hypertension. We examined the association between hypertension and HI after adjusting
for age, sex, body mass index, smoking/drinking status, diabetes mellitus,
hyperlipidemia and proteinuria.

Results: Moderate HI was noted in 980 participants (7.3%). Of these, 441 participants
(3.3%) exhibited moderate HI at 1 kHz, and 787 participants (5.8%) exhibited moderate
HI at 4 kHz. Subjects with hypertension showed higher prevalence of any hearing

impairment. The prevalence of overall moderate HI, moderate HI at 1 kHz and
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moderate HI at 4 kHz among subjects with hypertension was 8.7%, 4.3% and 6.8%,

oNOYTULT D WN =

while those among subjects without hypertension was 6.9%, 3.0% and 5.6% (P < 0.01,
10 P <0.01 and P=0.01, respectively).
Conclusions: Hypertension was associated with moderate HI in Japanese workers.

15 (300/300 words)
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Strength and limitations of this study

® The association between hypertension and hearing impairment was examined in

several epidemiological studies; however, the results were not consisted.

® This study was based on annual health check-ups which were conducted according

to Japanese law; therefore, study participants comprised both healthy and unhealthy

people.

® Our research was unable to use precise information on hearing tests compared with

tests conducted in hospitals because this study is based on health check-ups that are

mandated by law.
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Introduction

Hearing impairment (HI) is a common condition among older people. The Global
Burden of Disease Study estimated that HI is one of eight chronic diseases and injuries
affecting more than 10% of the world’s population[1]. According to the World Health
Organization (WHO) fact sheet published in February 2017, almost one-third of people
aged 65 years or older have HI.

Prevention of HI is important in public health not only because HI makes
communication difficult, but also because it is associated with death, depression and
dementia[2-6]. A recent review reported that HI in midlife (45-65 years old) is
associated with the risk of dementia in future[7].

Recovery from HI is typically difficult, and several epidemiological studies
have been conducted in an attempt to identify the risk factors for HI. Many risk factors
for HI have been identified, including aging, exposure to loud noise, and medication. Of
these, many studies have examined the associations between cardiovascular risk factors
and HI. A meta-analysis of 13 cross-sectional studies revealed that, compared with
participants without a diabetic condition, a higher prevalence of HI was observed in
diabetic patients[8]. For serum lipids, compared with male participants who had a lower
high-density lipoprotein (HDL) cholesterol concentration, hearing levels at high
frequencies were significantly better among male participants with a higher HDL
cholesterol concentration[9]. With regard to hypertension, several epidemiological
studies examined the association between hypertension and HI. However, the results of
these studies were inconsistent[10-14]. Cross-sectional studies in Korea reported a
positive association between hypertension and HI[10]. Same association was observed

in Indian workers in the iron and steel industries[11]. A case-control study in Brazil also
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reported a positive association between hypertension and hearing loss[12]. A
preliminary study in Mexico reported that hypertensive participants exhibited HI in
relation to 8 kHz pure tone sound, compared with participants without hypertension[13].
However, a cross-sectional study of Hispanic/Latino participants in the United States
found no such association[ 14].

Therefore, we aimed to examine the association between hypertension and HI
in Japan, which has a substantially higher prevalence of hypertension compared with
Western countries. If hypertension is positively associated with HI, early intervention
for hypertension may be beneficial for preventing HI. We hypothesized that
hypertension would be positively associated with HI. To test this hypothesis, we

conducted an association study among Japanese workers.
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Methods
Participants
Participants were 18-to-81-year-old employees of Fujitsu Limited, an information and
communication technologies company. We recruited a total of 24,823 participants
(20,732 men and 4,091 women) who underwent annual health check-ups between 2010
and 2016. In participants who had undergone annual health check-ups twice or more,
we analyzed the latest data. We excluded 9,857 participants who did not undergo
hearing tests using audiometry from the analysis. In addition, we excluded 1,425
participants who had missing data regarding body measurement, blood test results, and
information about drinking/smoking status, and 66 participants who worked in noisy
environments or were advised by a medical doctor to undergo a thorough examination.
Consequently, we included data from 13,475 participants (11,636 males and 1,839
females) in the final analyses. (Figure 1)

We used anonymized data with the permission of Fujitsu Limited. The study was

approved by the Ethics Committee of Dokkyo Medical University (Univ-28018).

Risk factor survey

The annual health check-up was conducted as required by the Industrial Safety and
Health Act under Japanese law. The check-up consisted of body height and weight
measurement with light clothing, ascertaining medical history, drinking/smoking status,
a hearing test, a vision test, blood pressure measurement, blood tests, and the dipstick
urine tests. Participants had their blood pressure levels measured by automated
sphygmomanometers on the right arm. If the blood pressure level was high, the

measurement was repeated. The hearing test was performed using audiometry. In
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accordance with Japanese law, two categories of hearing tests were applied at 1 kHz and
4 kHz for each ear. Inability to respond to 30 dB at 1 kHz and/or 40 dB at 4 kHz was
defined as the threshold for “abnormal”. In addition, 11,133 of 13,475 participants
tested their hearing thresholds every 5 dB between —10 dB and 90 dB in 1 kHz and 4
kHz. We calculated the average hearing threshold as an average of 1 kHz and 4 kHz in
both ears. For HbAlc, the National Glycohemoglobin Standardization Program (NGSP)

value was used.

Definition of variables

We defined hypertension as >140 mmHg systolic blood pressure and/or >90 mmHg
diastolic blood pressure and/or taking medication for hypertension. For HI, we defined a
participant as having overall moderate HI (overall moderate HI), if there was an
abnormal finding in any one category. Likewise, we defined moderate HI at 1 kHz (4
kHz) as an abnormal finding at 1 kHz (4 kHz). Also, we defined average mild HI as an
average hearing threshold >20 dB and <40 dB, and defined average moderate to severe
HI as an average hearing threshold more than 40 dB. For other variables, we defined
diabetes mellitus as >6.5% HbA1c and/or taking medication for diabetes mellitus, high
serum cholesterol level as >220 mg/dl and/or taking medication for
hypercholesterolemia, and proteinuria as dipstick proteinuria 1+ or more in a urine test.
Body mass index (BMI) values were calculated as follows: weight in kilograms divided

by height in meters squared.

Statistical analysis

We calculated the characteristics of participants according to presence of hypertension.
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The characteristics included variables as age, sex, BMI, systolic and diastolic blood
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pressure, blood test, dipstick proteinuria, current smoking, current drinking, and

10 medication for hypertension, hypercholesterolemia, and diabetes mellitus. Blood test
included HbA1c level and serum lipid level. We calculated age and sex-adjusted

15 prevalence of overall moderate HI and moderate HI at 1 kHz and 4 kHz according to the
17 presence of hypertension (model 1). We also calculated their multivariable-adjusted
prevalence. We used confounding variables for adjustment that included age, sex, BMI
22 (kg/m?), current drinker (yes or no), and current smoker (yes or no) in model 2. For

24 model 3, we used confounding variables in model 2 and diabetes mellitus (yes or no),
and hypercholesterolemia (yes or no). We also examined the association between

29 hypertension and average mild or moderate to severe HI. We tested for sex interaction
31 in each analysis and found no significant interactions.

33 We used SAS version 9.4 software (SAS Institute, Cary, NC) for all analyses.

P-values <0.05 were regarded as statistically significant.

40 Patient and Public involvement

This study did not involve patient and public.
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Results

Among 13,475 participants in the current study, 980 (7.3%) exhibited overall moderate
HI. A total of 441 participants (3.3%) exhibited moderate HI at 1 kHz, and 787
participants (5.8%) exhibited moderate HI at 4 kHz. A total of 248 participants (1.8%)
exhibited HI at both 1 kHz and 4 kHz. Among 11,133 participants in which average
hearing threshold was calculated, 1,734 participants (15.6%) exhibited average mild HI
and 145 participants (1.3%) exhibited average moderate to severe HI.

Table 1 shows the characteristics of participants according to the presence of
hypertension. Compared with participants who did not have hypertension, participants
with hypertension were older, with higher BMI values, higher blood pressure levels, and
higher HbAlc levels. In addition, hypertensive participants were more likely to be male,
more likely to take medication for diabetes mellitus and hypercholesterolemia, and less
likely to have proteinuria.

Table 2 shows the prevalence of moderate HI according to the presence of
hypertension. Compared with participants who did not have hypertension, participants
with hypertension showed a higher prevalence of overall moderate HI and its subtypes.
The prevalence of overall moderate HI among hypertensive participants was 8.7%,
while that among participants who did not have hypertension was 6.9% (P-values for
difference < 0.01). The prevalence rates of moderate HI at 1 kHz and 4 kHz among
hypertensive participants were 4.3% and 6.8%, respectively, while those among
participants who did not have hypertension were 3.0% and 5.6% (P-values for
differences were <0.01 and 0.01).

Table 3 shows the associations between hypertension and average mild HI and

average moderate to severe HI among participants for whom average hearing threshold
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was calculated. After adjustment for confounding variables including diabetes mellitus
and hypercholesterolemia, the prevalence rates of average mild HI and average
moderate to severe HI were 17.1% and 1.5% among participants with hypertension,
while the prevalence rates were 15.1% and 1.2% among participants without
hypertension (P-values for difference were 0.02 and 0.44).

We also examined the association between hypertension and HI according to the
number of ears with overall moderate HI. Participants with hypertension showed
significantly higher prevalence of bilateral overall moderate HI, but not unilateral
overall moderate HI, compared with participants without hypertension. The prevalence
rates of bilateral overall moderate HI were 3.2% for hypertensive participants and 2.2%
for non-hypertensive participants (P-value for the difference was <0.01), while those for
unilateral overall moderate HI were 5.5% and 4.7%, respectively (P-value for difference

=0.09).
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Discussion

The current study revealed that participants with hypertension showed significantly
higher prevalence of HI in all ranges, at both 1 kHz and 4 kHz, compared with
participants without hypertension. In addition, participants with hypertension exhibited
a higher prevalence of average mild HI compared with participants without
hypertension. However, no association was found between hypertension and average
moderate to severe HI.

A previous cross-sectional study in Korea revealed that hypertension was
positively associated with the prevalence of HI[10]. Compared with participants without
hypertension, odds ratios (ORs) and 95% confidence intervals (95% Cls) of participants
with hypertension were 1.24 (1.10-1.42) for low/mid frequency mild HI, defined as an
unaided pure tone hearing level for the superior ear of 26 to 40 dB in 0.5, 1.0 and 2.0
kHz conditions, and 1.29 (1.16—1.45) for high frequency mild HI, defined in the same
way in 3.0, 4.0 and 6.0 kHz conditions. In addition, a previous study in Korea reported
that ORs and 95% CIs of participants with hypertension were 1.19 (1.02—1.39) for
low/mid frequency moderate-to-profound HI defined as an unaided pure tone hearing
level for the superior ear of 41 dB or more in 0.5, 1.0 and 2.0 kHz conditions, and 1.20
(1.07-1.35) for high frequency moderate-to-profound HI, defined in the same way in
3.0, 4.0 and 6.0 kHz conditions. In the present study, the results revealed that
participants with hypertension had a higher prevalence of HI for both 1 kHz and 4 kHz
stimuli. We found a positive association between hypertension and the prevalence of
mild HI. However, the association between hypertension and the prevalence of
moderate to severe HI was not significant. A cross-sectional study of Hispanic/Latino

participants in the United States reported that the association between hypertension and
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total HI was not significant, but the association between hypertension and bilateral HI
was significant[14]. In the present study, participants with hypertension showed
significantly higher prevalence of bilateral HI, but not unilateral HI.

The mechanism underlying the association between hypertension and HI is
uncertain, but our findings and those of previous studies imply that micro-vessel
damage may lead to HI. Hypertension is one of the major risk factors of atherosclerosis
and stroke[15, 16]. The inner ear depends on the supply of oxygen and nutrition in the
labyrinthine artery. This artery is a thin branch of the anterior inferior cerebellar artery.
Therefore, micro-vessel atherosclerosis caused by hypertension may be associated with
a reduction in the level of oxygen and the nutrition supply for the inner ear. In addition,
hypertension may be associated with brain damage. In the present study, the effect of
hypertension on HI was clear for bilateral HI. We assumed that hypertension may
damage not only the inner ear but also the primary auditory cortex.

The present study had several limitations that should be considered. First, the
cross-sectional design of the present study did not allow us to establish a causal
relationship. Second, we were unable to evaluate the association between hypertension
and hearing thresholds other than 1 kHz and 4 kHz, because this study was based on
annual health check-ups, whose items were prescribed by Japanese law. Third, we were
unable to evaluate the precise history of noise exposure because the data were
anonymous and did not contain a precise history of noise exposure before 2010.
Therefore, the present study design did not enable us to comprehensively evaluate the
effects of noise exposure. In addition, we could not adjusted work-related factors
because of anonymity. Finally, because the current study was based on the results of

annual health check-ups in a single company, the generalizability of our findings is
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unclear.
In conclusion, hypertension was positively associated with the prevalence of
HI in Japanese workers. The association was evident for mild HI and bilateral HI.

Further studies are necessary to confirm this finding.
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Table 1 Characteristics of subjects according to hypertension status
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Subjects without Subjects with P for
hypertension hypertension difference

N 10437 3038
Age (years)! 48.7 + 5.6 51.6 + 5.1 <0.01
Men (%) 84.2 93.7 <0.01
Body mass index (kg/m?)>? 232 + 0.0 25.7 + 0.1 <0.01
Systolic blood pressure (mmHg)>3 1158 =+ 0.1 132.0 + 0.2 <0.01
Diastolic blood pressure (mmHg)?>3 722 o+ 0.1 85.5 + 0.2 <0.01
Medication for hypertension (%) - 63.4 -
HbAlc (%)*3 56 =+ 0.0 5.8 + 0.0 <0.01
Medication for diabetes mellitus (%)? 3.0 10.4 <0.01
Total Cholesterol (mg/dl)*? 207.0 =+ 0.3 205.4 + 0.6 0.03
Triglyceride (mg/dl)*3 1159 =+ 1.1 146.7 + 2.1 <0.01
Medication for dislipidemia (%)? 7.3 18.8 <0.01
Proteinuria (%)? 3.6 2.7 0.02
Current drinker (%)? 74.9 78.3 <0.01
Current smoker (%)? 22.0 20.3 0.06
Total hearing impairment (%) 6.2 10.9 <0.01
Hearing impairment in 1 kHz (%) 2.7 5.2 <0.01
Hearing impairment in 4 kHz (%) 5.0 8.7 <0.01

I means + standard deviation
2 age, sex-adjusted

3 means + standard error
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Table 2 Relationships between hypertension and hearing impairment

Subjects without hypertension Subjects with hypertension ) P for
difference
Total hearing impairment
N 10437 3038
Cases 650 330
Prevalence (%)
Model 1 (age, sex-adjusted) 6.8% 9.0% <0.01
Model 2 (multivariable-adjusted') 6.9% 8.7% <0.01
Model 3 (multivariable-adjusted?) 6.9% 8.7% <0.01
Hearing impairment in 1 kHz
N 10437 3038
Cases 284 157
Prevalence (%)
Model 1 (age, sex-adjusted) 2.9% 4.5% <0.01
Model 2 (multivariable-adjusted') 3.0% 4.3% <0.01
Model 3 (multivariable-adjusted?) 3.0% 4.3% <0.01
Hearing impairment in 4 kHz
N 10437 3038
Cases 524 263
Prevalence (%)
Model 1 (age, sex-adjusted) 5.5% 7.1% <0.01
Model 2 (multivariable-adjusted') 5.5% 6.9% 0.01
Model 3 (multivariable-adjusted?) 5.6% 6.8% 0.01

'adjusted for age, sex, body mass index, current drinking (yes or no) and current smoking (yes or no)

2 adjusted for factors in model 2 and diabetes mellitus (yes or no), hyperlipidemia (yes or no) and proteinuria (yes or no)
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Table 3 Relationships between hypertension and hearing impairment according to average

Subjects without hypertension Subjects with hypertension ) P for
difference
Average mild hearing impairment (average hearing threshold >20dB and <=40dB)
N 8602 2531
Cases 1186 548
Prevalence (%)
Model 1 (age, sex-adjusted) 14.8% 18.2% <0.01
Model 2 (multivariable-adjusted') 15.1% 17.3% 0.01
Model 3 (multivariable-adjusted?) 15.1% 17.1% 0.02
Average moderate to severe hearing impairment (average hearing threshold more than 40dB)
N 8602 2531
Cases 95 50
Prevalence (%)
Model 1 (age, sex-adjusted) 1.2% 1.6% 0.11
Model 2 (multivariable-adjusted') 1.2% 1.5% 0.27
Model 3 (multivariable-adjusted?) 1.3% 1.5% 0.44

!'adjusted for age, sex, body mass index, current drinking (yes or no) and current smoking (yes or no)

2 adjusted for factors in model 2 and diabetes mellitus (yes or no), hyperlipidemia (yes or no) and proteinuria (yes or no)
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Participants at survey in 2010-2016

(n=24

, 823)

9, 857 subjects were excluded because they did
not perceive hearing test between 2010-2016

Subjects perceive hearin
(n=14

, 966)

g test between 2010-2016

1,425 subjects were excluded because they had
missing data regarding body measurement,
blood test results, and information about
drinking/smoking status

66 subjects were excluded because they worked
in noisy environments or were advised by a
medical doctor to undergo a thorough
examination

Analysis subjects (n=13,475)
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STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cross-sectional studies

Page 22 of 23

. . |
Section/Topic ;em Recommendation Reported on page #
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1
(b) Provide in the abstract an informative and balanced summary of what was done and what was found 2-3
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 5
Objectives 3 State specific objectives, including any prespecified hypotheses 5-6
Methods
Study design Present key elements of study design early in the paper
Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 7-9
collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants 7
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 7-8
applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 7-9
measurement comparability of assessment methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 14-15
Study size 10 | Explain how the study size was arrived at 7
Quantitative variables 11 | Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 8
why
Statistical methods 12 | (a) Describe all statistical methods, including those used to control for confounding 8-9
(b) Describe any methods used to examine subgroups and interactions 9
(c) Explain how missing data were addressed 7(we excluded
subjects with
missing data)
(d) If applicable, describe analytical methods taking account of sampling strategy N/A
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1

2 (e) Describe any sensitivity analyses N/A

3

4 Results

[ Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 7

6 confirmed eligible, included in the study, completing follow-up, and analysed

% (b) Give reasons for non-participation at each stage 7

2 (c) Consider use of a flow diagram figure 1
10 Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 10, table 1
1 confounders

1; (b) Indicate number of participants with missing data for each variable of interest N/A

14 Outcome data 15* | Report numbers of outcome events or summary measures 10

15 Main results 16 | (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence table 2 and 3
16 interval). Make clear which confounders were adjusted for and why they were included

1; (b) Report category boundaries when continuous variables were categorized N/A

19 (c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period N/A

20 Other analyses 17 | Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses table 3
;; Discussion

23 Key results 18 | Summarise key results with reference to study objectives 11

24 Limitations 19 | Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and 13-14
;2 magnitude of any potential bias

27 Interpretation 20 | Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 12-14
28 similar studies, and other relevant evidence

;g Generalisability 21 Discuss the generalisability (external validity) of the study results 13-14

31 Other information

32 Funding 22 | Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 15

gi which the present article is based

35

36 *Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.
37

gg Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE
40 checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
41 http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.

42

22 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

45




BMJ Open

BM) Open

Association between hypertension and hearing impairment
in health check-ups among Japanese workers: a cross-

sectional study

Journal:

BMJ Open

Manuscript ID

bmjopen-2018-028392.R1

Article Type:

Research

Date Submitted by the
Author:

12-Feb-2019

Complete List of Authors:

Umesawa, Mitsumasa; Dokkyo Medical University, Public Health
Sairenchi, Toshimi ; Dokkyo Medical University School of Medicine,
Department of Public Health;

Haruyama, Yasuo; Dokkyo Medical University, Department of Public
Health

Nagao, Masanori; Dokkyo Medical University, Public Health

Kobashi, Gen; Dokkyo Medical University School of Medicine, Dept. of
Public Health

<b>Primary Subject
Heading</b>:

Epidemiology

Secondary Subject Heading:

Public health

Keywords:

Epidemiology < TROPICAL MEDICINE, cross-sectional study,
Hypertension < CARDIOLOGY, hearing impairment

SCHOLA

RONE™
Manuscripts

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml




Page 1 of 26 BMJ Open

Association between hypertension and hearing impairment in health check-ups

oNOYTULT D WN =

among Japanese workers: a cross-sectional study

Mitsumasa Umesawa, MD, PhD!, Toshimi Sairenchi, PhD!, Yasuo Haruyama, MD,
15 PhD!, Masanori Nagao, PhD!, Gen Kobashi, MD, PhD!

19 ' Department of Public Health, Dokkyo Medical University

Corresponding author

29 Mitsumasa Umesawa

31 Department of Public Health, Dokkyo Medical University, Mibu 321-0293, Japan
33 Tel.: +81-282-87-2133

Fax: +81-282-86-2935

38 Email: umesawa@dokkyomed.ac.jp

42 Word count: 2699 words

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


mailto:umesawa@dokkyomed.ac.jp

oNOYTULT D WN =

BMJ Open Page 2 of 26

Abstract

Objectives: Prevention of hearing impairment (HI) is important because recovery of
hearing is typically difficult. Epidemiological studies have examined the risk factors for
HI. However, the association between hypertension and HI remains unclear. We aimed
to clarify the association between hypertension and HI.

Design: Cross-sectional study.

Setting: Japanese workers in an information and communication technologies
company.

Participants: Of 24,823 employees of the same company, we recruited 13,475
participants who underwent hearing testing by audiometry in annual health checkups
and did not have missing data regarding body measurement, blood test results, and
drinking/smoking status (mean age: 49.4 years; males: 86.4%).

Primary outcomes: Hearing tests were performed at two frequencies (1 kHz, 4 kHz).
We defined the inability of participants to respond to 30 dB at 1 kHz and/or 40 dB at 4
kHz as overall moderate HI. We also defined moderate HI at 1 kHz or 4 kHz as an
abnormal finding at 1 kHz or 4 kHz. We defined hypertension as >140 mmHg systolic
blood pressure and/or >90 mmHg diastolic blood pressure and/or taking medication for
hypertension. We examined the association between hypertension and HI after adjusting
for age, sex, body mass index, smoking/drinking status, diabetes mellitus,
hyperlipidemia and proteinuria.

Results: Moderate HI was identified in 980 participants (7.3%). Of these, 441
participants (3.3%) exhibited moderate HI at 1 kHz, and 787 participants (5.8%)
exhibited moderate HI at 4 kHz. Subjects with hypertension showed a higher prevalence

of any hearing impairment. The prevalence of overall moderate HI, moderate HI at 1
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kHz and moderate HI at 4 kHz among subjects with hypertension was 8.7%, 4.3% and

oNOYTULT D WN =

6.8%, while those among subjects without hypertension was 6.9%, 3.0% and 5.6% (P <
10 0.01, P<0.01 and P = 0.01, respectively).
Conclusions: Hypertension was associated with moderate HI in Japanese workers.

15 (299/300 words)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open Page 4 of 26

Strength and limitations of this study

® The association between hypertension and hearing impairment has been examined

in several previous epidemiological studies, with inconsistent results.

® This study was based on annual health check-ups which were conducted according

to Japanese law; therefore, study participants comprised both healthy and unhealthy

individuals.

® Our research was unable to use precise information on hearing tests compared with

tests conducted in hospitals because this study is based on health check-ups that are

mandated by law.
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Introduction

Hearing impairment (HI) is a common condition among older people. The Global
Burden of Disease Study estimated that HI is one of eight chronic diseases and injuries
affecting more than 10% of the world’s population[1]. According to the World Health
Organization (WHO) fact sheet published in March 2018, almost one-third of people
aged 65 years or older have HI[2].

Prevention of HI is an important public health issue not only because HI makes
communication difficult, but also because it is associated with death, depression and
dementia[3-7]. A recent review reported that HI in midlife (45-65 years old) is
associated with the risk of dementia in future[8].

Recovery from HI is typically difficult, and several epidemiological studies
have been conducted in an attempt to identify the risk factors for HI. Many risk factors
for HI have been identified, including aging, exposure to loud noise, and medication. Of
these, many previous studies have examined the associations between cardiovascular
risk factors and HI. A meta-analysis of 13 cross-sectional studies revealed that,
compared with persons without a diabetic condition, a higher prevalence of HI was
observed in persons with diabetes mellitus[9]. For serum lipids, compared with male
participants who had a lower high-density lipoprotein (HDL) cholesterol concentration,
hearing levels at high frequencies were significantly better among male participants
with a higher HDL cholesterol concentration[ 10]. A recent study in Australia reported
that current smoking, obesity, high serum triglycerides and brachial-ankle pulse wave
velocity were positively associated with hearing loss in addition to diabetic condition
and serum HDL cholesterol levels[11]. Regarding hypertension, several

epidemiological studies examined the association between hypertension and HI.
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However, the results of these studies were inconsistent[11-16]. Cross-sectional studies
reported a positive association between hypertension and HI in Korea and in Indian
workers in the iron and steel industries[12, 13]. The same association was observed in a
case-control study in Brazil, which also reported a positive association between
hypertension and hearing loss[14]. A preliminary study in Mexico reported that
hypertensive participants exhibited HI in relation to an 8 kHz pure tone sound,
compared with participants without hypertension[15]. The Australian study mentioned
above also reported that systolic and diastolic blood pressure level were positively
associated with hearing thresholds of the best ear, especially for low frequency
sounds[11]. However, a cross-sectional study of Hispanic/Latino participants in the
United States found no such association[16].

Therefore, we aimed to examine the association between hypertension and HI
in Japan. The prevalence of high blood pressure in Japan is equal to or higher than that
in the UK and the United States[17]. If hypertension is positively associated with HI,
early intervention for hypertension may be beneficial for preventing HI. We
hypothesized that hypertension would be positively associated with HI. To test this

hypothesis, we conducted an association study among Japanese workers.
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Methods

Participants

Participants were 18-to-81-year-old employees of Fujitsu Limited, an information and
communication technologies company. We recruited a total of 24,823 participants
(20,732 men and 4,091 women) who underwent annual health check-ups between 2010
and 2016. For participants who had undergone annual health check-ups twice or more,
we analyzed the most recent data. We excluded 9,857 participants who did not undergo
hearing tests using audiometry from the analysis. In addition, we excluded 1,425
participants who had missing data regarding body measurement, blood test results, and
information about drinking/smoking status. We also excluded 66 participants who
worked in noisy environments or who were advised by a medical doctor to undergo a
thorough examination, because they were presumed to be likely to exhibit a higher
prevalence of HI. Consequently, we included data from 13,475 participants (11,636
males and 1,839 females) in the final analyses. (Figure 1)

We used anonymized data with the permission of Fujitsu Limited.

Risk factor survey

The annual health check-up was conducted as required by the Industrial Safety and
Health Act under Japanese law. The check-up consisted of body height and weight
measurement with light clothing, ascertaining medical history including hypertension,
diabetes mellitus, serum lipid abnormality, high serum uric acid and liver dysfunction,
drinking/smoking status, a hearing test, a vision test, blood pressure measurement,
blood test including serum lipids, hepatic enzymes, serum glucose, hemoglobin Alc,

uric acid and blood count, and the dipstick urine test. Family history of illness such as
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cancer, stroke, coronary heart disease, hypertension and diabetes mellitus was
ascertained. Participants had their blood pressure levels measured by automated
sphygmomanometers on the arm. If the blood pressure level was high, the measurement
was repeated. The hearing test was performed using audiometry. In accordance with
Japanese law, two categories of hearing tests were applied at 1 kHz and 4 kHz for each
ear. Inability to respond to 30 dB at 1 kHz and/or 40 dB at 4 kHz was defined as the
threshold for “abnormal”. In addition, 11,709 of 13,475 participants tested their hearing
thresholds every 5 dB between —10 dB and 90 dB in 1 kHz and 4 kHz. We calculated
the mean hearing threshold as a mean of 1 kHz and 4 kHz in both ears. For HbAlc, the

National Glycohemoglobin Standardization Program (NGSP) value was used.

Definition of variables

We defined hypertension as >140 mmHg systolic blood pressure and/or >90 mmHg
diastolic blood pressure and/or taking medication for hypertension. For HI, we defined a
participant as having overall moderate HI (overall moderate HI), if there was an abnormal
finding in any one category. Likewise, we defined moderate HI at 1 kHz (4 kHz) as an
abnormal finding at 1 kHz (4 kHz). Also, we defined mean mild HI as a mean hearing
threshold of >25 dB and <40 dB, and defined mean moderate to severe HI as a mean
hearing threshold more than 40 dB[18]. For other variables, we defined diabetes mellitus
as >6.5% HbA ¢ and/or taking medication for diabetes mellitus, high serum cholesterol
level as >220 mg/dl and/or taking medication for hypercholesterolemia, and proteinuria
as dipstick proteinuria 1+ or more in a urine test. Body mass index (BMI) values were

calculated as follows: weight in kilograms divided by height in meters squared.
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Statistical analysis
We calculated the characteristics of participants according to the presence of
hypertension. The characteristics included variables as age, sex, BMI, systolic and
diastolic blood pressure, blood test, dipstick proteinuria, current smoking, current
drinking, and medication for hypertension, hypercholesterolemia, and diabetes mellitus.
Blood test included HbA ¢ level and serum lipid level. We calculated age and sex-
adjusted prevalence of overall moderate HI and moderate HI at 1 kHz and 4 kHz
according to the presence of hypertension (model 1). In addition, we calculated the
multivariable-adjusted prevalence of HI. We used confounding variables for adjustment,
including age, sex, BMI (kg/m?), current drinker (yes or no), current smoker (yes or no),
diabetes mellitus (yes or no), hypercholesterolemia (yes or no) and proteinuria (yes or
no) (model 2). We also examined the association between hypertension and mean mild
or moderate to severe HI. We tested for sex interaction in each analysis and found no
significant interactions.

We used SAS version 9.4 software (SAS Institute, Cary, NC) for all analyses.

P-values <0.05 were regarded as statistically significant.

Patient and public involvement
The study protocol of the present study was approved by the Ethics Committee of
Dokkyo Medical University (Univ-28018). This committee involved community views.

Patients were not involved in the design or planning of the study.
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Results

Among 13,475 participants in the current study, 980 (7.3%) exhibited overall moderate
HI. A total of 441 participants (3.3%) exhibited moderate HI at 1 kHz, and 787
participants (5.8%) exhibited moderate HI at 4 kHz. A total of 248 participants (1.8%)
exhibited HI at both 1 kHz and 4 kHz. Among 11,709 participants in which the mean
hearing threshold was calculated, 862 participants (7.4%) exhibited mean mild HI and
153 participants (1.3%) exhibited mean moderate to severe HI.

Table 1 shows the characteristics of participants according to the presence of
hypertension. Compared with participants who did not have hypertension, participants
with hypertension were older, with higher BMI values, higher blood pressure levels, and
higher HbAlc levels. In addition, hypertensive participants were more likely to be male,
more likely to take medication for diabetes mellitus and hypercholesterolemia, and less
likely to have proteinuria.

Table 2 shows the prevalence of moderate HI according to the presence of
hypertension. Compared with participants who did not have hypertension, participants
with hypertension showed a higher prevalence of overall moderate HI and its subtypes.
The prevalence of overall moderate HI among hypertensive participants was 8.7%,
while that among participants who did not have hypertension was 6.9% (P-values for
difference < 0.01). The prevalence rates of moderate HI at 1 kHz and 4 kHz among
hypertensive participants were 4.3% and 6.8%, respectively, while those among
participants who did not have hypertension were 3.0% and 5.6% (P-values for
differences were <0.01 and 0.01).

Table 3 shows the associations between hypertension and severity of HI, as mean

mild HI and mean moderate to severe HI, among participants for whom the mean
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hearing threshold was calculated. After adjustment for confounding variables, the
prevalence rates of mean mild HI and mean moderate to severe HI were 8.7% and 1.5%
among participants with hypertension, while the prevalence rates were 6.9% and 1.3%
among participants without hypertension (P-values for difference were <0.01 and 0.50).
In addition, we examined the association between severity of hypertension and severity
of HI. However, there was no significant association between them.

We also examined the association between hypertension and HI according to the
number of ears with overall moderate HI. Participants with hypertension showed
significantly higher prevalence of bilateral overall moderate HI, but not unilateral
overall moderate HI, compared with participants without hypertension. The prevalence
rates of bilateral overall moderate HI were 3.2% for hypertensive participants and 2.2%
for non-hypertensive participants (P-value for the difference was <0.01), while those for
unilateral overall moderate HI were 5.5% and 4.7%, respectively (P-value for difference

=0.09).
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Discussion

The current study revealed that participants with hypertension exhibited significantly
higher prevalence of HI in all ranges, at both 1 kHz and 4 kHz, compared with
participants without hypertension. In addition, participants with hypertension exhibited
a higher prevalence of mean mild HI compared with participants without hypertension.
However, no association was found between hypertension and mean moderate to severe
HI.

A previous cross-sectional study in Korea revealed that hypertension was
positively associated with the prevalence of HI[12]. Compared with participants without
hypertension, odds ratios (ORs) and 95% confidence intervals (95% Cls) of participants
with hypertension were 1.24 (1.10-1.42) for low/mid frequency mild HI, defined as an
unaided pure tone hearing level for the superior ear of 26 to 40 dB in 0.5, 1.0 and 2.0
kHz conditions, and 1.29 (1.16—1.45) for high frequency mild HI, defined in the same
way in the 3.0, 4.0 and 6.0 kHz conditions. In addition, a previous study in Korea
reported that ORs and 95% Cls of participants with hypertension were 1.19 (1.02—1.39)
for low/mid frequency moderate-to-profound HI defined as an unaided pure tone
hearing level for the superior ear of 41 dB or more in 0.5, 1.0 and 2.0 kHz conditions,
and 1.20 (1.07-1.35) for high frequency moderate-to-profound HI, defined in the same
way in 3.0, 4.0 and 6.0 kHz conditions. In the present study, the results revealed that
participants with hypertension had a higher prevalence of HI for both 1 kHz and 4 kHz
stimuli. We found a positive association between hypertension and the prevalence of
mild HI. However, the association between hypertension and the prevalence of
moderate to severe HI was not significant. We speculate that the smaller number of

cases of moderate to severe HI, based on the lower proportion of older subjects, was
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likely to have caused the difference between the present study and the previous study in
Korea. A cross-sectional study of Hispanic/Latino participants in the United States
reported that the association between hypertension and total HI was not significant,
whereas the association between hypertension and bilateral HI was significant[16]. In
the present study, participants with hypertension showed significantly higher prevalence
of bilateral HI, but not unilateral HI.

Consideration of the difference between low frequency and high frequency HI
in the current findings may be valuable. The present study and the previous study in
Korea indicated that subjects with hypertension had higher prevalence of both lower and
higher frequency HI, compared with subjects without hypertension[12]. However, the
study in Mexico reported an association between hypertension and higher hearing
thresholds in 8 kHz, but not for lower frequencies[15]. The study in Australia reported
an association between hypertension and the best ear low-frequency average, but not the
high-frequency average[11]. Although the number of previous studies is limited, it is
possible that a clear relationship between hypertension and HI exists in Asian
populations.

The recent cross-sectional study in Australia revealed that Framingham risk
scores were positively associated with both best ear low-frequency average and high-
frequency average values[11]. We also examined the association between Framingham
risk score and prevalence of HI, and found that prevalence of total HI, HI in 1 kHz, HI
in 4 kHz, mean mild HI and mean moderate to severe HI was significantly higher in the
high-scoring group (5 or more points) compared with the low-scoring group (—15 to 1
point) (data not shown).

The mechanism underlying the association between hypertension and HI is
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uncertain, but our findings and those of previous studies imply that micro-vessel
damage may lead to HI. Hypertension is one of the major risk factors of peripheral
arterial disease[ 19-22]. The inner ear depends on the supply of oxygen and nutrition in
the labyrinthine artery. This artery is a thin branch of the anterior inferior cerebellar
artery. Therefore, micro-vessel atherosclerosis caused by hypertension may be
associated with a reduction in the level of oxygen and the nutrition supply for the inner
ear. In a previous study using an animal model, organ blood flow was found to be lower
in spontaneously hypertensive rats compared with normotensive rats [23]. In addition,
hypertension may be associated with brain damage. In the present study, the effect of
hypertension on HI was clear for bilateral HI. We assumed that hypertension may
damage not only the inner ear but also the primary auditory cortex.

The present study had several limitations that should be considered. First, the
cross-sectional design of the present study did not allow us to establish a causal
relationship. Second, we were unable to evaluate the association between hypertension
and hearing thresholds other than 1 kHz and 4 kHz, because this study was based on
annual health check-ups, whose items were prescribed by Japanese law. In addition, we
were unable to conduct a survey with unified measurement protocols, including the type
of audiometer and automated sphygmomanometer, because the surveys were conducted
in multiple centers over several years and the accuracy management of survey is left to
each health check-up agency in Japan. Moreover, we were unable to evaluate the impact
of family history of HI, because it was not included in the survey. Third, we were
unable to evaluate the precise history of noise exposure because the data were
anonymous and did not contain a precise history of noise exposure before 2010.

Therefore, the present study design did not enable us to comprehensively evaluate the
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effects of noise exposure. In addition, we were unable to adjust for work-related factors
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because of anonymity. Finally, because the current study was based on the results of
10 annual health check-ups in a single company which mainly consisted of male staff, the
generalizability of the current findings is unclear.

15 In conclusion, the current findings revealed that hypertension was positively
17 associated with the prevalence of HI in Japanese workers. The association was evident

for mild HI and bilateral HI. Further studies will be necessary to confirm this finding.
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Figure Legends
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Figure 1. Study subjects.
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1

2 Table 1 Characteristics of subjects according to hypertension status

2 Subjects without Subjects with P for
5 hypertension hypertension difference
3 N 10437 3038

8 Age (years)! 487 + 5.6 51.6 + 5.1 <0.01
?o Men (%) 84.2 93.7 <0.01
11 Body mass index (kg/m?)*3 232+ 0.0 25.7 + 0.1 <0.01
g Systolic blood pressure (mmHg)>? 115.8 =+ 0.1 132.0 + 0.2 <0.01
14 Diastolic blood pressure (mmHg)>? 722 + 0.1 85.5 + 0.2 <0.01
15 Medication for hypertension (%) - 63.4 -
1? HbAlc (%)*3 56 £ 0.0 5.8 + 0.0 <0.01
18 Medication for diabetes mellitus (%)? 3.0 10.4 <0.01
;g Total Cholesterol (mg/dl)>? 207.0 =+ 0.3 205.4 + 0.6 0.03
21 Triglyceride (mg/dl)*3 1159 =+ 1.1 146.7 + 2.1 <0.01
;; Medication for dislipidemia (%)? 7.3 18.8 <0.01
24 Proteinuria (%)> 3.6 2.7 0.02
;2 Current drinker (%)? 74.9 78.3 <0.01
27 Current smoker (%)? 22.0 20.3 0.06
;g Total hearing impairment (%) 6.2 10.9 <0.01
30 Hearing impairment in 1 kHz (%) 2.7 5.2 <0.01
:; Hearing impairment in 4 kHz (%) 5.0 8.7 <0.01
33 I means =+ standard deviation

:g 2 age, sex-adjusted

36 3 means = standard error

37

38

39

40

41

42
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Table 2 Relationships between hypertension and hearing impairment

Subjects without hypertension Subjects with hypertension ) P for
difference
Total hearing impairment
N 10437 3038
Cases 650 330
Prevalence (%)
Model 1 (age, sex-adjusted) 6.8% 9.0% <0.01
Model 2 (multivariable-adjusted') 6.9% 8.7% <0.01
Hearing impairment in 1 kHz
N 10437 3038
Cases 284 157
Prevalence (%)
Model 1 (age, sex-adjusted) 2.9% 4.5% <0.01
Model 2 (multivariable-adjusted') 3.0% 4.3% <0.01
Hearing impairment in 4 kHz
N 10437 3038
Cases 524 263
Prevalence (%)
Model 1 (age, sex-adjusted) 5.5% 7.1% <0.01
Model 2 (multivariable-adjusted') 5.6% 6.8% 0.01

adjusted for age, sex, body mass index, current drinking (yes or no) , current smoking (yes or no), diabetes mellitus (yes or no),

hyperlipidemia (yes or no) and proteinuria (yes or no)
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Table 3 Relationships between hypertension and hearing impairment according to mean values

P for

Subjects without hypertension Subjects with hypertension )
difference

Mean mild hearing impairment (mean hearing threshold >20dB and <=40dB)
N 8602 2531
9 Cases 1186 548
11 Prevalence (%)
12 Model 1 (age, sex-adjusted) 14.8% 18.2% <0.01
Model 2 (multivariable-adjusted') 15.1% 17.1% 0.02

oNOYTULT D WN =

Mean moderate to severe hearing impairment (mean hearing threshold more than 40dB)

18 N 8602 2531

19 Cases 95 50

Prevalence (%)

22 Model 1 (age, sex-adjusted) 1.2% 1.6% 0.11
23 Model 2 (multivariable-adjusted') 1.3% 1.5% 0.44

25 'adjusted for age, sex, body mass index, current drinking (yes or no) , current smoking (yes or no), diabetes mellitus (yes or

26 no), hyperlipidemia (yes or no) and proteinuria (yes or no)
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Participants at survey in 2010-2016
(n=24,823)

Page 24 of 26

9,857 subjects were excluded because they did not
perceive hearing test between 2010-2016

Subjects perceive hearing test between 2010-2016 (n=14,966)

1,425 subjects were excluded because they had missing
data regarding body measurement, blood test results,
and information about drinking/smoking status

66 subjects were excluded because they worked in
noisy environments or were advised by a medical
doctor to undergo a thorough examination

Analysis subjects (n=13,475)
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STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cross-sectional studies

: . Item .

Section/Topic 4 Recommendation Reported on page #

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1
(b) Provide in the abstract an informative and balanced summary of what was done and what was found 2-3

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 5

Objectives 3 State specific objectives, including any prespecified hypotheses 5-6

Methods

Study design Present key elements of study design early in the paper

Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 7-9
collection

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants 7

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 7-8
applicable

Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 7-9

measurement comparability of assessment methods if there is more than one group

Bias 9 Describe any efforts to address potential sources of bias 14-15

Study size 10 | Explain how the study size was arrived at 7

Quantitative variables 11 | Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 8-9
why

Statistical methods 12 | (a) Describe all statistical methods, including those used to control for confounding 8-9
(b) Describe any methods used to examine subgroups and interactions 9

(c) Explain how missing data were addressed

7(we excluded
subjects with
missing data)

(d) If applicable, describe analytical methods taking account of sampling strategy

N/A
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(e) Describe any sensitivity analyses N/A
Results
Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 7
confirmed eligible, included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 7
(c) Consider use of a flow diagram figure 1
Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 10, table 1
confounders
(b) Indicate number of participants with missing data for each variable of interest N/A
Outcome data 15* | Report numbers of outcome events or summary measures 10
Main results 16 | (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence table 2 and 3
interval). Make clear which confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized N/A
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period N/A
Other analyses 17 | Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses table 3
Discussion
Key results 18 | Summarise key results with reference to study objectives 11
Limitations 19 | Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and 14-15
magnitude of any potential bias
Interpretation 20 | Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 12-14
similar studies, and other relevant evidence
Generalisability 21 | Discuss the generalisability (external validity) of the study results 14
Other information
Funding 22 | Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 16

which the present article is based

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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Abstract

Objectives: Prevention of hearing impairment (HI) is important because recovery of
hearing is typically difficult. Epidemiological studies have examined the risk factors for
HI. However, the association between hypertension and HI remains unclear. We aimed
to clarify the association between hypertension and HI.

Design: Cross-sectional study.

Setting: Japanese workers in an information and communication technologies
company.

Participants: Of 24,823 employees of the same company, we recruited 13,475
participants who underwent hearing testing by audiometry in annual health checkups
and did not have missing data regarding body measurement, blood test results, and
drinking/smoking status (mean age: 49.4 years; males: 86.4%).

Primary outcomes: Hearing tests were performed at two frequencies (1 kHz, 4 kHz).
We defined the inability of participants to respond to 30 dB at 1 kHz and/or 40 dB at 4
kHz as overall moderate HI. We also defined moderate HI at 1 kHz or 4 kHz as an
abnormal finding at 1 kHz or 4 kHz. We defined hypertension as >140 mmHg systolic
blood pressure and/or >90 mmHg diastolic blood pressure and/or taking medication for
hypertension. We examined the association between hypertension and HI after adjusting
for age, sex, body mass index, smoking/drinking status, diabetes mellitus,
hyperlipidemia and proteinuria.

Results: Moderate HI was identified in 980 participants (7.3%). Of these, 441
participants (3.3%) exhibited moderate HI at 1 kHz, and 787 participants (5.8%)
exhibited moderate HI at 4 kHz. Subjects with hypertension showed a higher prevalence

of any hearing impairment. The prevalence of overall moderate HI, moderate HI at 1
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kHz and moderate HI at 4 kHz among subjects with hypertension was 8.7%, 4.3% and

oNOYTULT D WN =

6.8%, while those among subjects without hypertension was 6.9%, 3.0% and 5.6% (P <
10 0.01, P<0.01 and P = 0.01, respectively).
Conclusions: Hypertension was associated with moderate HI in Japanese workers.

15 (299/300 words)
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Strength and limitations of this study

® This study was based on annual health check-ups which were conducted according

to Japanese law; therefore, study participants comprised both healthy and unhealthy

individuals.

® Our research was unable to use precise information on hearing tests compared with

tests conducted in hospitals because this study is based on health check-ups that are

mandated by law.

® We were unable to adjust family history of hearing impairment because it was not

included in ascertained family history of illness.
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Introduction

Hearing impairment (HI) is a common condition among older people. The Global
Burden of Disease Study estimated that HI is one of eight chronic diseases and injuries
affecting more than 10% of the world’s population[1]. According to the World Health
Organization (WHO) fact sheet published in March 2018, almost one-third of people
aged 65 years or older have HI[2].

Prevention of HI is an important public health issue not only because HI makes
communication difficult, but also because it is associated with death, depression and
dementia[3-7]. A recent review reported that HI in midlife (45-65 years old) is
associated with the risk of dementia in future[8].

Recovery from HI is typically difficult, and several epidemiological studies
have been conducted in an attempt to identify the risk factors for HI. Many risk factors
for HI have been identified, including aging, exposure to loud noise, and medication. Of
these, many previous studies have examined the associations between cardiovascular
risk factors and HI. A meta-analysis of 13 cross-sectional studies revealed that,
compared with persons without a diabetic condition, a higher prevalence of HI was
observed in persons with diabetes mellitus[9]. For serum lipids, compared with male
participants who had a lower high-density lipoprotein (HDL) cholesterol concentration,
hearing levels at high frequencies were significantly better among male participants
with a higher HDL cholesterol concentration[10]. In relation to proteinuria, we
previously examined a relationship between degree of dipstick proteinuria and
prevalence of HI in another Japanese worker group and found that subjects with severe
dipstick proteinuria had higher prevalence of HI compared with subject without

proteinuria[11]. A recent study in Australia reported that current smoking, obesity, high
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serum triglycerides and brachial-ankle pulse wave velocity were positively associated
with hearing loss in addition to diabetic condition and serum HDL cholesterol
levels[12]. Regarding hypertension, several epidemiological studies examined the
association between hypertension and HI. However, the results of these studies were
inconsistent[ 12-17]. Cross-sectional studies reported a positive association between
hypertension and HI in Korea and in Indian workers in the iron and steel industries[13,
14]. The same association was observed in a case-control study in Brazil, which also
reported a positive association between hypertension and hearing loss[15]. A
preliminary study in Mexico reported that hypertensive participants exhibited HI in
relation to an 8 kHz pure tone sound, compared with participants without
hypertension[16]. The Australian study mentioned above also reported that systolic and
diastolic blood pressure level were positively associated with hearing thresholds of the
best ear, especially for low frequency sounds[12]. However, a cross-sectional study of
Hispanic/Latino participants in the United States found no such association[17].
Therefore, we aimed to examine the association between hypertension and HI
in Japan. The prevalence of high blood pressure in Japan is equal to or higher than that
in the UK and the United States[18]. If hypertension is positively associated with HI,
early intervention for hypertension may be beneficial for preventing HI. We
hypothesized that hypertension would be positively associated with HI. To test this

hypothesis, we conducted an association study among Japanese workers.
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Methods

Participants

Participants were 18-to-81-year-old employees of Fujitsu Limited, an information and
communication technologies company. We recruited a total of 24,823 participants
(20,732 men and 4,091 women) who underwent annual health check-ups between 2010
and 2016. For participants who had undergone annual health check-ups twice or more,
we analyzed the most recent data. We excluded 9,857 participants who did not undergo
hearing tests using audiometry from the analysis. In addition, we excluded 1,425
participants who had missing data regarding body measurement, blood test results, and
information about drinking/smoking status. We also excluded 66 participants who
worked in noisy environments or who were advised by a medical doctor to undergo a
thorough examination, because they were presumed to be likely to exhibit a higher
prevalence of HI. In Japan’s guideline, 85 dB is a value to be recognized as noisy work
environment. Consequently, we included data from 13,475 participants (11,636 males
and 1,839 females) in the final analyses. (Figure 1)

We used anonymized data with the permission of Fujitsu Limited.

Risk factor survey

The annual health check-up was conducted as required by the Industrial Safety and
Health Act under Japanese law. The check-up consisted of body height and weight
measurement with light clothing, ascertaining medical history including hypertension,
diabetes mellitus, serum lipid abnormality, high serum uric acid and liver dysfunction,
drinking/smoking status, a hearing test, a vision test, blood pressure measurement,

blood test including serum lipids, hepatic enzymes, serum glucose, hemoglobin Alc,
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uric acid and blood count, and the dipstick urine test. Family history of illness such as
cancer, stroke, coronary heart disease, hypertension and diabetes mellitus was
ascertained. Participants had their blood pressure levels measured by automated
sphygmomanometers on the arm. If the blood pressure level was high, the measurement
was repeated. The hearing test was performed using audiometry. In accordance with
Japanese law, two categories of hearing tests were applied at 1 kHz and 4 kHz for each
ear. Inability to respond to 30 dB at 1 kHz and/or 40 dB at 4 kHz was defined as the
threshold for “abnormal”. In addition, 11,709 of 13,475 participants tested their hearing
thresholds every 5 dB between —10 dB and 90 dB in 1 kHz and 4 kHz. We calculated
the mean hearing threshold as a mean of 1 kHz and 4 kHz in both ears. For HbAlc, the

National Glycohemoglobin Standardization Program (NGSP) value was used.

Definition of variables

We defined hypertension as >140 mmHg systolic blood pressure and/or >90 mmHg
diastolic blood pressure and/or taking medication for hypertension. For HI, we defined a
participant as having overall moderate HI (overall moderate HI), if there was an
abnormal finding in any one category. Likewise, we defined moderate HI at 1 kHz (4
kHz) as an abnormal finding at 1 kHz (4 kHz). Also, we defined mean mild HI as a
mean hearing threshold of >25 dB and <40 dB, and defined mean moderate to severe HI
as a mean hearing threshold more than 40 dB[19]. For other variables, we defined
diabetes mellitus as >6.5% HbA1c and/or taking medication for diabetes mellitus, high
serum cholesterol level as >220 mg/dl and/or taking medication for
hypercholesterolemia, and proteinuria as dipstick proteinuria 1+ or more in a urine test.

Body mass index (BMI) values were calculated as follows: weight in kilograms divided
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by height in meters squared.

Statistical analysis
We calculated the characteristics of participants according to the presence of
hypertension. The characteristics included variables as age, sex, BMI, systolic and
diastolic blood pressure, blood test, dipstick proteinuria, current smoking, current
drinking, and medication for hypertension, hypercholesterolemia, and diabetes mellitus.
Blood test included HbA lc¢ level and serum lipid level. We calculated age and
sex-adjusted prevalence of overall moderate HI and moderate HI at 1 kHz and 4 kHz
according to the presence of hypertension (model 1). In addition, we calculated the
multivariable-adjusted prevalence of HI. We used confounding variables for adjustment,
including age, sex, BMI (kg/m?), current drinker (yes or no), current smoker (yes or no),
diabetes mellitus (yes or no), hypercholesterolemia (yes or no) and proteinuria (yes or
no) (model 2). We also examined the association between hypertension and mean mild
or moderate to severe HI. We tested for sex interaction in each analysis and found no
significant interactions.

We used SAS version 9.4 software (SAS Institute, Cary, NC) for all analyses.

P-values <0.05 were regarded as statistically significant.

Ethics

The study protocol of the present study was approved by the Ethics Committee of

Dokkyo Medical University (Univ-28018).

Patient and public involvement
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The Ethics Committee of Dokkyo Medical University involved community views.

Patients were not involved in the design or planning of the study.
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Results

Among 13,475 participants in the current study, 980 (7.3%) exhibited overall moderate
HI. A total of 441 participants (3.3%) exhibited moderate HI at 1 kHz, and 787
participants (5.8%) exhibited moderate HI at 4 kHz. A total of 248 participants (1.8%)
exhibited HI at both 1 kHz and 4 kHz. Among 11,709 participants in which the mean
hearing threshold was calculated, 862 participants (7.4%) exhibited mean mild HI and
153 participants (1.3%) exhibited mean moderate to severe HI.

Table 1 shows the characteristics of participants according to the presence of
hypertension. Compared with participants who did not have hypertension, participants
with hypertension were older, with higher BMI values, higher blood pressure levels, and
higher HbAlc levels. In addition, hypertensive participants were more likely to be male,
more likely to take medication for diabetes mellitus and hypercholesterolemia, and less
likely to have proteinuria.

Table 2 shows the prevalence of moderate HI according to the presence of
hypertension. Compared with participants who did not have hypertension, participants
with hypertension showed a higher prevalence of overall moderate HI and its subtypes.
The prevalence of overall moderate HI among hypertensive participants was 8.7%,
while that among participants who did not have hypertension was 6.9% (P-values for
difference < 0.01). The prevalence rates of moderate HI at 1 kHz and 4 kHz among
hypertensive participants were 4.3% and 6.8%, respectively, while those among
participants who did not have hypertension were 3.0% and 5.6% (P-values for
differences were <0.01 and 0.01).

Table 3 shows the associations between hypertension and severity of HI, as mean

mild HI and mean moderate to severe HI, among participants for whom the mean
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hearing threshold was calculated. After adjustment for confounding variables, the
prevalence rates of mean mild HI and mean moderate to severe HI were 8.7% and 1.5%
among participants with hypertension, while the prevalence rates were 6.9% and 1.3%
among participants without hypertension (P-values for difference were <0.01 and 0.50).
In addition, we examined the association between severity of hypertension and severity
of HI. However, there was no significant association between them.

We also examined the association between hypertension and HI according to the
number of ears with overall moderate HI. Participants with hypertension showed
significantly higher prevalence of bilateral overall moderate HI, but not unilateral
overall moderate HI, compared with participants without hypertension. The prevalence
rates of bilateral overall moderate HI were 3.2% for hypertensive participants and 2.2%
for non-hypertensive participants (P-value for the difference was <0.01), while those for
unilateral overall moderate HI were 5.5% and 4.7%, respectively (P-value for difference

=0.09).
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Discussion

The current study revealed that participants with hypertension exhibited significantly
higher prevalence of HI in all ranges, at both 1 kHz and 4 kHz, compared with
participants without hypertension. In addition, participants with hypertension exhibited
a higher prevalence of mean mild HI compared with participants without hypertension.
However, no association was found between hypertension and mean moderate to severe
HI.

A previous cross-sectional study in Korea revealed that hypertension was
positively associated with the prevalence of HI[13]. Compared with participants without
hypertension, odds ratios (ORs) and 95% confidence intervals (95% Cls) of participants
with hypertension were 1.24 (1.10-1.42) for low/mid frequency mild HI, defined as an
unaided pure tone hearing level for the superior ear of 26 to 40 dB in 0.5, 1.0 and 2.0
kHz conditions, and 1.29 (1.16—1.45) for high frequency mild HI, defined in the same
way in the 3.0, 4.0 and 6.0 kHz conditions. In addition, a previous study in Korea
reported that ORs and 95% Cls of participants with hypertension were 1.19 (1.02—1.39)
for low/mid frequency moderate-to-profound HI defined as an unaided pure tone
hearing level for the superior ear of 41 dB or more in 0.5, 1.0 and 2.0 kHz conditions,
and 1.20 (1.07-1.35) for high frequency moderate-to-profound HI, defined in the same
way in 3.0, 4.0 and 6.0 kHz conditions. In the present study, the results revealed that
participants with hypertension had a higher prevalence of HI for both 1 kHz and 4 kHz
stimuli. We found a positive association between hypertension and the prevalence of
mild HI. However, the association between hypertension and the prevalence of
moderate to severe HI was not significant. We speculate that the smaller number of

cases of moderate to severe HI, based on the lower proportion of older subjects, was
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likely to have caused the difference between the present study and the previous study in
Korea. A cross-sectional study of Hispanic/Latino participants in the United States
reported that the association between hypertension and total HI was not significant,
whereas the association between hypertension and bilateral HI was significant[17]. In
the present study, participants with hypertension showed significantly higher prevalence
of bilateral HI, but not unilateral HI.

Consideration of the difference between low frequency and high frequency HI
in the current findings may be valuable. The present study and the previous study in
Korea indicated that subjects with hypertension had higher prevalence of both lower and
higher frequency HI, compared with subjects without hypertension[13]. However, the
study in Mexico reported an association between hypertension and higher hearing
thresholds in 8 kHz, but not for lower frequencies[16]. The study in Australia reported
an association between hypertension and the best ear low-frequency average, but not the
high-frequency average[12]. Although the number of previous studies is limited, it is
possible that a clear relationship between hypertension and HI exists in Asian
populations.

The recent cross-sectional study in Australia revealed that Framingham risk
scores were positively associated with both best ear low-frequency average and
high-frequency average values[12]. We also examined the association between
Framingham risk score and prevalence of HI, and found that prevalence of total HI, HI
in 1 kHz, HI in 4 kHz, mean mild HI and mean moderate to severe HI was significantly
higher in the high-scoring group (5 or more points) compared with the low-scoring
group (—15 to 1 point) (data not shown).

The mechanism underlying the association between hypertension and HI is
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uncertain, but our findings and those of previous studies imply that micro-vessel
damage may lead to HI. Hypertension is one of the major risk factors of peripheral
arterial disease[20-23]. The inner ear depends on the supply of oxygen and nutrition in
the labyrinthine artery. This artery is a thin branch of the anterior inferior cerebellar
artery. Therefore, micro-vessel atherosclerosis caused by hypertension may be
associated with a reduction in the level of oxygen and the nutrition supply for the inner
ear. In a previous study using an animal model, organ blood flow was found to be lower
in spontaneously hypertensive rats compared with normotensive rats [24]. In addition,
hypertension may be associated with brain damage. In the present study, the effect of
hypertension on HI was clear for bilateral HI. We assumed that hypertension may
damage not only the inner ear but also the primary auditory cortex.

The present study had several limitations that should be considered. First, the
cross-sectional design of the present study did not allow us to establish a causal
relationship. Second, we were unable to evaluate the association between hypertension
and hearing thresholds other than 1 kHz and 4 kHz, because this study was based on
annual health check-ups, whose items were prescribed by Japanese law. In addition, we
were unable to conduct a survey with unified measurement protocols, including the type
of audiometer and automated sphygmomanometer, because the surveys were conducted
in multiple centers over several years and the accuracy management of survey is left to
each health check-up agency in Japan. Moreover, we were unable to evaluate the impact
of family history of HI, because it was not included in the survey. Third, we were
unable to evaluate the precise history of noise exposure because the data were
anonymous and did not contain a precise history of noise exposure before 2010.

Therefore, the present study design did not enable us to comprehensively evaluate the
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effects of noise exposure. In addition, we were unable to adjust for work-related factors
because of anonymity. Finally, because the current study was based on the results of
annual health check-ups in a single company which mainly consisted of male staff, the
generalizability of the current findings is unclear.

The present study showed that hypertensive subjects had higher prevalence of
HI. Even in clinical practice, by recognizing the association stated above, it may be
beneficial to detect subjects with HI at the early stage.

In conclusion, the current findings revealed that hypertension was positively
associated with the prevalence of HI in Japanese workers. The association was evident

for mild HI and bilateral HI. Further studies will be necessary to confirm this finding.
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Figure Legends

Figure 1. Study subjects.
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Table 1 Characteristics of subjects according to hypertension status
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Subjects without Subjects with P for
hypertension hypertension difference

N 10,437 3,038
Age (years)! 48.7 + 5.6 51.6 + 5.1 <0.01
Men (%) 84.2 93.7 <0.01
Body mass index (kg/m?)>? 232 + 0.0 25.7 + 0.1 <0.01
Systolic blood pressure (mmHg)>3 1158 =+ 0.1 132.0 + 0.2 <0.01
Diastolic blood pressure (mmHg)?>3 722 o+ 0.1 85.5 + 0.2 <0.01
Medication for hypertension (%) - 63.4 -
HbAlc (%)*3 56 =+ 0.0 5.8 + 0.0 <0.01
Medication for diabetes mellitus (%)? 3.0 10.4 <0.01
Total Cholesterol (mg/dl)*? 207.0 =+ 0.3 205.4 + 0.6 0.03
Triglyceride (mg/dl)*3 1159 =+ 1.1 146.7 + 2.1 <0.01
Medication for dislipidemia (%)? 7.3 18.8 <0.01
Proteinuria (%)? 3.6 2.7 0.02
Current drinker (%)? 74.9 78.3 <0.01
Current smoker (%)? 22.0 20.3 0.06
Total hearing impairment (%) 6.2 10.9 <0.01
Hearing impairment in 1 kHz (%) 2.7 5.2 <0.01
Hearing impairment in 4 kHz (%) 5.0 8.7 <0.01

I means + standard deviation
2 age, sex-adjusted

3 means + standard error
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1

2 Table 2 Relationships between hypertension and hearing impairment

y - | - | P for
Subjects without hypertension Subjects with hypertension )

5 difference

g Total hearing impairment

8 N 10,437 3,038

9 Cases 650 330

1(1) Prevalence (%)

12 Model 1 (age, sex-adjusted) 6.8% 9.0% <0.01

12 Model 2 (multivariable-adjusted') 6.9% 8.7% <0.01

15

1? Hearing impairment in 1 kHz

18 N 10,437 3,038

19 Cases 284 157

;? Prevalence (%)

22 Model 1 (age, sex-adjusted) 2.9% 4.5% <0.01

;j Model 2 (multivariable-adjusted’) 3.0% 4.3% <0.01

25

26 Hearing impairment in 4 kHz

2 N 10,437 3,038

29 Cases 524 263

;? Prevalence (%)

32 Model 1 (age, sex-adjusted) 5.5% 7.1% <0.01

33 Model 2 (multivariable-adjusted') 5.6% 6.8% 0.01

;g !'adjusted for age, sex, body mass index, current drinking (yes or no) , current smoking (yes or no), diabetes mellitus (yes or no),

36 hyperlipidemia (yes or no) and proteinuria (yes or no)

8

39

40

41

42
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Table 3 Relationships between hypertension and hearing impairment according to mean values

Page 24 of 27

Subjects without hypertension Subjects with hypertension ) P for
difference
Mean mild hearing impairment (mean hearing threshold >20dB and <=40dB)
N 8,602 2,531
Cases 1186 548
Prevalence (%)
Model 1 (age, sex-adjusted) 14.8% 18.2% <0.01
Model 2 (multivariable-adjusted') 15.1% 17.1% 0.02
Mean moderate to severe hearing impairment (mean hearing threshold more than 40dB)
N 8,602 2,531
Cases 95 50
Prevalence (%)
Model 1 (age, sex-adjusted) 1.2% 1.6% 0.11
Model 2 (multivariable-adjusted') 1.3% 1.5% 0.44

I'adjusted for age, sex, body mass index, current drinking (yes or no) , current smoking (yes or no), diabetes mellitus (yes or

no), hyperlipidemia (yes or no) and proteinuria (yes or no)
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Participants at survey in 2010-2016
(n=24,823)

oNOYTULT D WN =

9,857 subjects were excluded because they did not
2 perceive hearing test between 2010-2016

13 Subjects perceive hearing test between 2010-2016 (n=14,966)

17 1,425 subjects were excluded because they had missing
data regarding body measurement, blood test results,
and information about drinking/smoking status

25 66 subjects were excluded because they worked in
noisy environments or were advised by a medical
28 doctor to undergo a thorough examination

32 Analysis subjects (n=13,475)
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STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cross-sectional studies

Page 26 of 27

. . |
Section/Topic ;em Recommendation Reported on page #
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1
(b) Provide in the abstract an informative and balanced summary of what was done and what was found 2-3
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 5
Objectives 3 State specific objectives, including any prespecified hypotheses 5-6
Methods
Study design Present key elements of study design early in the paper
Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 7-9
collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants 7
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 7-8
applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 7-9
measurement comparability of assessment methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 14-15
Study size 10 | Explain how the study size was arrived at 7
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 8-9
why
Statistical methods 12 | (a) Describe all statistical methods, including those used to control for confounding 8-9
(b) Describe any methods used to examine subgroups and interactions 9
(c) Explain how missing data were addressed 7(we excluded
subjects with
missing data)
(d) If applicable, describe analytical methods taking account of sampling strategy N/A
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1

2 (e) Describe any sensitivity analyses N/A

3

4 Results

[ Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, 7

6 confirmed eligible, included in the study, completing follow-up, and analysed

% (b) Give reasons for non-participation at each stage 7

2 (c) Consider use of a flow diagram figure 1
10 Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 10, table 1
1 confounders

1; (b) Indicate number of participants with missing data for each variable of interest N/A

14 Outcome data 15* | Report numbers of outcome events or summary measures 10

15 Main results 16 | (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence table 2 and 3
16 interval). Make clear which confounders were adjusted for and why they were included

1; (b) Report category boundaries when continuous variables were categorized N/A

19 (c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period N/A

20 Other analyses 17 | Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses table 3
;; Discussion

23 Key results 18 | Summarise key results with reference to study objectives 11

24 Limitations 19 | Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and 14-15
;2 magnitude of any potential bias

27 Interpretation 20 | Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 12-14
28 similar studies, and other relevant evidence

;g Generalisability 21 Discuss the generalisability (external validity) of the study results 14

31 Other information

32 Funding 22 | Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 16

gi which the present article is based

35

36 *Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.
37

gg Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE
40 checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
41 http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.

42
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