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ABSTRACT

Background
Hypertension is a common condition experienced by close to one-quarter of the adult population in Canada. There is evidence that this condition or the
medications used to treat it may lead to hearing health problems (defined in this study as having hearing loss, tinnitus or both conditions).

Data and methods

Data from the Canadian Health Measures Survey from 2012 to 2015 were used to estimate the prevalence of hypertension and hearing health problems for
individuals aged 19 to 79 years (n=6,198). Data from cycles 3 (n=3,072) and 4 (n=3,126) were combined. The relationship of hypertension to hearing health
problems was assessed with multivariate logistic regression.

Results

An estimated 40% of the adult population were free of hearing health problems, while the remaining 60% had either hearing loss (23%), tinnitus (22%) or both
conditions (14%); 22% of the adult population had hypertension. Hearing health problems were significantly more prevalent among adults with hypertension
(79%) than among those without hypertension (54%). Hypertension was associated with greater odds of hearing health problems in both males (adjusted odds
ratio [AOR]=1.7) and females (AOR=1.6), even after accounting for age, sociodemographic, health-related and noise exposure variables.

Interpretation
This study adds to the body of evidence that identifies hypertension as a potentially modifiable risk factor for hearing loss and tinnitus. Males and females with
hypertension had a higher risk of experiencing hearing health problems, demonstrating the importance of screening those with hypertension for hearing health.
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hearing loss, tinnitus, audiometry, hearing health, high blood pressure, chronic condition, cross-sectional study, prevalence, Canadian Health Measures Survey.
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What is already known on this subject?

e Hearing loss and tinnitus are common and potentially disabling conditions that impact many aspects of life such as stress, mental

health and interpersonal relationships.

e Hypertension, which is also common, and the medications used to treat the condition have been implicated in the development
of hearing loss and tinnitus, although results are not consistent.

e The co-occurrence of hearing loss and tinnitus presents a challenge when examining the association of hypertension with one

or the other outcome.

What does this study add?

e Thisis the first study to examine associations between hypertension and combined hearing health problems (hearing loss and/or

tinnitus).

e Hearing health problems were significantly more prevalent among adults with hypertension (79%) than among those without

hypertension (54%).

e Males and females with hypertension had a significantly higher risk of experiencing hearing health problems, even after
accounting for age, sociodemographic, health-related and noise exposure variables.

e The results demonstrate the importance of screening those with hypertension for hearing health and support the integration of

audiology and chronic disease management.

earing loss is one of the leading causes of disability

globally.! By 2050, an estimated 2.5 billion people will

be living with some degree of hearing loss, which can
impact many aspects of life, such as social isolation, cognition,
employment, mental health and interpersonal relationships.?
This increase is driven by factors such as increasing longevity;
aging populations; occupational and recreational noise
exposure; chronic conditions; environmental factors; and
ototoxic substances, including some medications."? Tinnitus—
the perception of noise that is not generated by an external
source’>—is a potentially debilitating symptom that is closely
associated with otological conditions, including hearing loss.*3
In Canada, an estimated 60% of adults have hearing health
problems—defined as hearing loss (24%), tinnitus (22%) or
both conditions (15%).°

Hypertension (high blood pressure) or the medications used to
treat the condition have been implicated in the development of
hearing loss’® and tinnitus,*!° although results are not
consistent.” Hypertension is increasingly common in Canada,'!
with recent estimates reporting that almost one-quarter of the
adult population aged 20 to 79 years are hypertensive.'?
Hypertension is more prevalent at older ages. However,
younger adults—those aged 20 to 39 years—are less likely than
older individuals to be aware of and receiving treatment for their
high blood pressure; consequently, it is less likely to be
controlled in this younger population. '?

Chronic stress-related health conditions such as hypertension
are often listed as important risk factors for high-frequency
sensorineural hearing loss and primary tinnitus. However, the
mechanism underlying the relationship between hypertension
and hearing health problems remains unclear.'*!> Researchers

have proposed that hypertension may increase the risk of inner
ear tissue damage and decrease the endocochlear potential (EP)
because of reduced blood supply to the stria vascularis (Figure
1).'® Cochlear microcirculation is derived from the common
cochlear branch of the labyrinthine artery with no collateral or
alternate bloodstream.!” The basal end of the cochlea might be
particularly sensitive to reduced vascular flow because of its
distance from the common cochlear artery. Consequently,
sensory cells responsible for high-frequency sound encoding
are also commonly affected by hypothesized hypertension-
related changes.'®!” Normal blood supply to the cochlea is also
critical for sustaining EP transmission, ion transport and
recycling, and endolymphatic fluid balance, as sensory hair
cells are incredibly vulnerable to ischemia and free radicals.
Moreover, the combination of hypertension-related changes in
inner ear homeostasis and oxidative stress may enhance the
negative effects of aging and other risk factors, resulting in
accelerated sensory and strial cell loss.!® Finally, the ototoxic
properties of blood pressure medications, such as diuretics,
furosemide, calcium channel blockers and angiotensin-
converting enzyme(ACE) inhibitors, have also been proposed
as a potential explanation for the association between
hypertension and hearing health problems.'>? However,
current evidence regarding the link between hypertension
medications and hearing loss and tinnitus is lacking.

The purpose of this current study is to quantify associations
between hypertension and hearing health problems—defined as
having hearing loss, tinnitus or both conditions for adults aged
19 to 79 years. Data from cycles 3 (2012 to 2013) and 4 (2014
to 2015) of the Canadian Health Measures Survey (CHMS) are
used. Because of differences between males and females in
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Figure 1
Arterial supply of the vestibulocochlear nerve
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Source: Hendrix P, Griessenauer CJ, Foreman P, et al. Blood supply of the cranial nerves. In History, Embryology, Anatomy,
Imaging, and Diagnostics. Vol. 1. Elsevier Ltd, 2015: 427-38. Available at: https://doi.org/10.1016/B978-0-12-410390-

0.00031-7 (used with permission).

hypertension, hearing loss and tinnitus,%!%2!22

stratified by sex.

the analysis was

Methods

Data source

The CHMS is an ongoing cross-sectional survey that samples
households from five regions across Canada (Atlantic
provinces, Quebec, Ontario, the Prairies and British Columbia).
Participants provided demographic, socioeconomic, health and
lifestyle information through an in-person, computer-assisted
household interview, followed by direct physical measurements
collected at a mobile examination centre (MEC). The CHMS
excludes full-time members of the Canadian Armed Forces;
residents of the three territories, First Nations reserves and other
Indigenous settlements in the provinces; residents of institutions
such as nursing homes; and residents of certain remote regions.
All together, these exclusions represent approximately 4% of
the target population. Proxy interviews were accepted in cases
of physical or intellectual impairment.

Data from cycles 3 (2012 to 2013) and 4 (2014 to 2015) were
combined for this analysis. At each cycle, data were collected
from January (year 1) through December (year 2) at 16
randomly selected sites and two MECs distributed across the
five regions. The combined cycle 3 and 4 response rate for the
household and MEC components was 52.7%. The surveys were

weighted to account for the sample design and non-response.
The weights were divided by two so that the estimates were
representative of the Canadian population from 2012 to 2015.
Details regarding the sampling design, data collection,
calculation of response rates and weighting process that permit
the calculation of population estimates from the sample are
available in the CHMS user guides?»** and the Instructions for
Combining Multiple Cycles of Canadian Health Measures
Survey (CHMS) Data.?* Further information on the sampling
frame and data collection are available at www.statcan.gc.ca.

Study sample

This study was based on respondents aged 19 to 79 years
(n=6,571) and was restricted to 6,198 respondents (3,096 males
and 3,102 females) who had valid audiometric results in both
ears. The weighted study sample combines data from cycles 3
(n=3,072) and 4 (n=3,126) and represents a population of
24.6 million Canadians.

Definitions

A hearing health problem was defined as having hearing loss,
tinnitus or both conditions. Hearing loss was established using
audiometric evaluation and was defined as a unilateral or
bilateral threshold above 25 dB in the worst ear, based on four-
frequency pure-tone average (PTA) across 0.5, 1, 2 and 4 kHz;

Statistics Canada, Catalogue no. 82-003-X

Health Reports, Vol. 32, no. 10, October 2021



Research Article

Hypertension associated with hearing health problems among Canadian adults aged 19 to 79 years

Table 1
Percentage distribution of hypertension and hearing health problems by sex, household population aged 19 to 79, Canadian provinces, 2012
to 2015
Both sexes Males Females
95% 95% 95%
confidence confidence confidence
Number interval Number interval Number interval
Characteristics '000 % from to '000 %  from to '000 % from to
Total 24,624 100.0 12,274 100.0 12,351 100.0
Hypertension
Yes 5,498 22.4 20.2 24.6 2,839 23.1 20.9 25.5 2,660 21.6 18.6 24.8
No 19,100 77.6 75.4 79.8 9,434 76.9 74.5 79.1 9,666 78.4 75.2 81.4
Hearing health
Hearing health problems 14,369 59.7 57.6 61.9 7,838 66.2 62.0 70.1 6,531 53.5 * 56.6 56.8
Hearingloss and tinnitus 3,475 14.4 12.7 16.4 1,989 16.8 14.3 19.6 1,486 12.2 * 10.1 14.6
Hearingloss only 5,617 233 21.6 25.2 3,251 27.5 239 31.3 2,365 19.4 * 17.2 21.8
Tinnitus only 5,277 21.9 20.0 24.0 2,597 21.9 18.5 25.8 2,680 21.9 19.6 24.4
No hearing health problems 9,688 40.3 38.1 42.4 4,002 33.8 29.9 38.0 5,685 46.5 * 49.7 49.5
Any hearing loss 9,238 37.5 36.1 39.0 5,328 43.4 40.5 46.4 3,910 31.7 * 28.4 35.1
Low frequency 3,834 15.6 14.1 17.1 2,144 17.5 15.3 19.9 1,690 13.7 * 11.9 15.7
Four frequency 4,757 19.3 17.7 21.0 2,963 24.1 21.3 27.2 1,794 14.5 * 12.8 16.5
High frequency 8,843 35.9 34.4 37.4 5,057 41.2 38.4 44.1 3,786 30.7 * 27.6 339
No hearing loss 15,386 62.5 61.0 63.9 6,946 56.6 53.6 59.5 8,441 68.3 * 64.9 71.6
Tinnitus (past year) 8,752 36.4 33.4 39.5 4,587 38.7 33.7 44.1 4,166 34.1 31.9 36.4
Bothersome 1,543 6.4 5.4 7.5 686 5.8 4.1 8.1 857 7.0 5.6 8.7
Not bothersome 7,207 30.0 27.2 329 3,901 329 28.8 37.4 3,306 27.1 * 24.6 29.7
No tinnitus (past year) 15,304 63.6 60.5 66.6 7,254 61.3 55.9 66.3 8,051 65.9 63.6 68.1

...notapplicable
*significantly different from estimate for males (p <0.05)

Source: 2012 to 2013 and 2014 to 2015 Canadian Health Measures Surveys, combined.

high-frequency PTA across 3, 4, 6 and 8 kHz; and low-
frequency PTA across 0.5, 1 and 2 kHz. Those with a PTA
above the 25 dB threshold over high, low or four frequencies
were classified as having any hearing loss. The hearing loss
threshold for adults aged 19 or older was based on the American
Speech-Language-Hearing Association guidelines.?® Tinnitus
was described as “the presence of hissing, buzzing, ringing,
rushing or roaring sounds in your ears when there is no other
sound around you.” The focus was on respondents who had
experienced tinnitus within the past year; they were asked
whether it bothered them, affecting their sleep, concentration or
mood, for example. Those who responded ‘“yes” were
considered to have bothersome tinnitus.

Six systolic blood pressure (SBP) and diastolic blood pressure
(DBP) readings were taken at the MEC using the BpTRU™
BPM-300 device (BpTRU Medical Devices Ltd., Coquitlam,
British Columbia).?” The last five measurements were averaged
for the SBP and DBP levels. Hypertension was defined as SBP
> 140 mm Hg or DBP > 90mm Hg?®® or the use of
antihypertensive medication in the past month. Medications
were recorded at the household interview, verified at the MEC
and classified according to Health Canada’s Anatomical
Therapeutic Chemical (ATC) classification codes (Appendix
Table A).

Age groups are 19 to 39, 40 to 59 and 60 to 79 years. Age was
entered into the multivariate analyses in single years as a
continuous variable.

Household education indicates the highest level of education
acquired by any member of the household and was classified as

less than postsecondary or a higher level of educational
attainment.

Respondents were asked about long-term health conditions
(lasting or expected to last at least six months) that have been
diagnosed by a health professional. The following five chronic
conditions that have been associated with hypertension, hearing
loss or tinnitus or that may be treated with ototoxic medications
were selected for this study: diabetes (excluding gestational
diabetes) or drugs used for diabetes in the last month (ATC
classification code A10), kidney dysfunction or disease,
cardiovascular disease (heart disease, history of a heart attack,
or suffers from the effects of a stroke), current or history of
cancer, and arthritis. Respondents were grouped into those who
had one or more of the chronic conditions and those who had
none of the conditions.

Self-perceived stress was classified as low, medium or high
based on responses to the following question: thinking about the
amount of stress in your life, would you say that most days are
not at all or not very stressful (low), a bit stressful (medium), or
quite a bit or extremely stressful (high)?

Based on body mass index (BMI=measured weight [kg] /
measured height [metres] squared), respondents with a BMI >
30.00 kg/m* were classified as having obesity.?” Continuous
BMI values were entered into multivariate models.

Those exposed to smoke included current smokers (daily or
occasional) and non-smokers (former smokers or never
smoked) who were exposed to second-hand smoke (defined as
living in a home where smoking was allowed or being exposed
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Figure 2

Distribution of hearing health problems, household population aged 19 to 79, Canadian provinces,

2012 to 2015

Those with hearinghealth
problems

Tinnitus,
pastyear
36.7%

Entire population
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14.4%
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Source: 2012 to 2013 and 2014 to 2015 Canadian Health Measures Survey, combined.

to second-hand smoke in private vehicles, places of work,
someone else’s home or public indoor places). Non-smokers
who were not exposed to second-hand smoke comprised the
comparison group.

History of work-related noise exposure was captured using the
following two questions: “At any time in your life, have you
worked in a noisy environment?” and, if so, “How long did you
work in a noisy environment?” A noisy work environment was
defined as one that was so loud that respondents and their co-
workers had to speak in raised voices to be understood by or
communicate with someone standing an arm’s length away.
Respondents’ history of work-related noise exposure was
classified as never, less than 10 years, or 10 years or more.

Loud noise at work, at school or during leisure time was based
on exposure in the last 12 months. Sources of loud noise include
power tools, heavy construction or farming equipment, gasoline
engines such as chainsaws and leaf blowers, motorcycles and
snowmobiles, concerts, sporting and other entertainment
events, firearms, and the use of audio devices with headphones
or earbuds. A count of the number of different sources of
exposure was included as a continuous variable in the
multivariate analysis.

Analytical techniques

Weighted frequencies were used to describe the study
population, specifically the prevalence of hypertension, hearing
health variables and selected covariates that are potential
confounding variables in the relationship between hypertension

and hearing health problems. Weighted cross-tabulations were
calculated to estimate the prevalence of hearing health problems
by hypertension status and the selected covariates described in
the “Definitions” section. Separate logistic regression models
for males and females were used to examine the odds of having
hearing health problems by hypertension status in models that
controlled for age, which is a potentially important confounding
variable (Model 1), followed by fully adjusted models that
controlled for age, sociodemographic, health-related and noise
exposure variables (Model 2). The selection of covariates was
informed by earlier studies and was based on potential
relationships with hypertension and hearing health problems.
Variance inflation factors (< 2.9) and tolerance estimates (> 0.2)
for the models demonstrated that multicollinearity was not a
problem.

To account for the complex survey design, 95% confidence
intervals (Cls), standard errors and coefficients of variation
were estimated using the bootstrap technique with 22 degrees
of freedom.3%3!

Results

The population distribution of hypertension and hearing health
problems is presented in Table 1. An estimated 22% of adults
aged 19 to 79 years had hypertension, which is the primary
exposure variable in this study. There was no difference in the
prevalence of hypertension between males and females.

Statistics Canada, Catalogue no. 82-003-X
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Table 2
Percentage distribution of selected covariates by sex, household population aged 19 to 79, Canadian provinces, 2012 to 2015
Both sexes Males Females
95% 95% 95%
confidence confidence confidence
Number interval Number interval Number interval
Characteristics '000 % from to '000 % from to '000 % from to
Total 24,624 100.0 12,274 100.0 12,351 100.0
Sociodemographic
Age group (years)
19to 39 9,453 38.4 37.7 39.1 4,778 38.9 38.1 39.8 4,675 37.9 36.9 38.8
40to 59 9,500 38.6 38.1 39.1 4,722 38.5 37.7 39.2 4,778 38.7 38.0 394
60to 79 5,671 23.0 22.6 235 2,773 22.6 22.2 230 2,897 235 * 22.8 241
Household education
Postsecondary or higher 18,411 78.3 74.9 81.3 8,801 75.6 714 794 9,609 80.8 * 76.5 845
Less than postsecondary 5,110 21.7 18.7 25.1 2,834 24.4 20.6 28.6 2,276 19.2 * 15.5 23.5
Chronic conditions
Diabetes
Yes 1,534 6.2 5.4 7.2 852 6.9 59 8.2 682 5.5 4.4 6.9
No 23,076 93.8 92.8 94.6 11,416 93.1 91.8 94.1 11,660 94.5 93.1 95.6
Kidney disease
Yes 346 14 ¢ 1.0 2.0 191 16° 1.0 24 155 13°F 0.7 22
No 24,270 98.6 98.0 99.0 12,079 98.4 97.6 99.0 12,191 98.7 97.8 99.3
Cardiovascular disease
Yes 1,325 5.4 4.6 6.3 907 7.4 6.1 9.0 418 3.4 * 26 4.4
No 23,245 94.6 93.7 95.4 11,352 92.6 91.0 93.9 11,893 96.6 * 956 974
Cancer
Yes 1,847 7.5 6.2 9.0 838 6.8 5.4 8.5 1,008 8.2 6.4 10.4
No 22,774 92.5 91.0 93.8 11,432 93.2 91.5 946 11,342 91.8 89.6 93.6
Arthritis
Yes 4,088 16.6 14.6 18.9 1,773 14.4 115 179 2,315 18.8 * 16.9 20.8
No 20,506 83.4 81.1 85.4 10,498 85.6 82.1 88.5 10,008 81.2 * 79.2 83.1
One or more of these chronic conditions
Yes 6,847 27.8 25.2 30.6 3,395 27.7 242 315 3,452 28.0 253 309
No 17,746 72.2 69.4 74.8 8,866 72.3 68.5 75.8 8,879 72.0 69.1 74.7
Obesity
Yes, body mass index (BMI) (kg/m?) 230.00 6,788 27.9 248 31.1 3,445 28.2 243 324 3,343 27.5 23.8 315
No, BMI (kg/m?) <30.00* 17,580 72.1 68.9  75.2 8,775 71.8 67.6 75.7 8,805 72.5 68.5 76.2
Stress
High 6,385 26.0 23.4 28.8 3,104 25.4 21.4 299 3,281 26.6 22.7 309
Medium 10,220 41.6 39.4 43.8 4,995 40.9 37.6 44.2 5,225 42.3 38.4 46.3
Low 7,968 32.4 29.9 35.0 4,127 33.8 304 37.2 3,842 31.1 27.6 349
Exposure to smoke
Yes 7,705 31.6 29.3 33.9 4,383 36.1 33.2 39.0 3,322 27.1 * 240 305
No 16,714 68.4 66.1 70.7 7,774 63.9 61.0 66.8 8,940 729 * 69.5 76.0
Exposure to noise
Time worked in a noisy environment
Never 14,013 57.1 53.7 60.4 4,824 395 34.7 445 9,189 74.5 * 70.5 78.1
Less than 10 years 6,949 28.3 26.3 30.3 4,517 37.0 34.1 399 2,432 19.7 * 16.4 236
10 years or more 3,594 14.6 12.7 16.8 2,880 23.6 19.9 27.7 714 5.8 * 4.7 7.1
Exposure to sources of loud noise
at work, at school or during leisure time
No exposure 4,184 17.1 15.4 18.9 1,338 11.0 89 134 2,846 23.1 * 20.9 25.6
One source 5,050 20.6 18.4 22.9 1,941 15.9 129 195 3,109 253 * 22.1 28.7
Two sources 4,525 18.5 16.6 20.5 2,009 16.4 145 18.6 2,516 20.5 * 17.5 238
Three or more sources 10,758 43.9 40.3 47.6 6,932 56.7 51.7 61.6 3,825 31.1 * 28.0 344

Fuse with caution

*significantly different from estimate for males (p <0.05)

Notes: Sources of loud noise are power tools, heavy equipment, handheld gasoline engines, motorcycles or snowmobiles, sporting or entertainment events, amplified
or other loud music, munitions, and use of headphones or earbuds to listen to audio devices.
Source: 2012 to 2013 and 2014 to 2015 Canadian Health Measures Surveys, combined.

The outcome in this study is hearing health problems.
Approximately 60% of the adult population were classified as
having a hearing health problem—that is, they had either
hearing loss (23%), tinnitus (22%) or both conditions (14%)
(Table 1; Figure 2). The remaining 40% of adults did not have
either condition. The distribution of hearing loss over different

frequencies and tinnitus (bothersome or not) is provided in
Table 1.

A number of conditions or circumstances related to both
hypertension and hearing health (Table 2) were taken into
account in the multivariate analysis (tables 4 and 5). These
potential confounding variables include other chronic
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conditions, obesity, stress, and exposure to smoke and noise. An  conditions, 28% had obesity, 26% reported high stress, and 32%
estimated 28% of adults had at least one of the selected chronic ~ were exposed to smoke either as a smoker or from second-hand

Table 3
Prevalence of hearing health problems by hypertension status and selected characteristics, by sex,
household population aged 19 to 79, Canadian provinces, 2012 to 2015

Males Females
95% confidence 95% confidence
interval interval
Characteristics percent from to percent from to
Total 66.4 62.3 70.3 53.7 50.5 56.8
Hypertension
Yes 84.5 * 79.7 88.4 73.4 * 67.8 78.4
No* 60.8 55.6 65.8 48.1 446 517
Sociodemographic
Age group (years)
19 to 39* 49.9 44.3 55.5 413 36.7 46.1
40to 59 67.0 * 59.9 73.4 50.2 * 43.8 56.7
60to 79 92.7 * 90.1 94.6 79.2 * 74.9 83.0
Household education
Postsecondary or higher? 63.0 58.0 67.7 50.3 46.8 53.7
Less than postsecondary 75.3 * 68.6 81.0 67.5 * 61.5 73.0
Other chronic conditions
Diabetes
Yes 87.5 * 79.8 92.6 70.9 * 57.5 814
No* 64.8 60.3 69.1 52.7 49.2  56.1
Kidney disease
Yes 79.3 60.6 90.6 709 * 38.4  90.5
No* 66.2 62.0 70.2 53.4 50.1 56.8
Cardiovascular disease
Yes 87.3 * 82.2 91.1 75.8 * 66.8  83.0
No* 64.7 60.3  68.8 52.8 49.6 559
Cancer
Yes 88.9 * 81.0 93.7 74.8 * 63.5 835
No* 64.7 60.4 68.8 51.8 48.4 55.1
Arthritis
Yes 84.6 * 76.5 90.3 70.2 * 64.6 753
No* 63.3 58.8 67.5 49.7 45.7  53.7
One or more of these chronic conditions
Yes 84.7 * 80.2 88.3 68.9 * 63.6 73.7
No* 59.2 54.2 64.1 47.7 433 522
Obesity
Yes, body mass index (BMI) (kg/m?) 230.00 70.0 63.8 75.6 54.5 473 614
No, BMI (kg/m?)<30.00* 65.2 60.2 69.8 53.0 49.1 56.8
Stress
High 68.1 61.1 74.3 50.0 422 578
Medium 60.6 * 53.3 67.5 52.9 49.5 563
Low? 72.9 66.8 78.2 57.9 52.0 635
Exposure to smoke
Yes 64.5 58.7 69.9 57.5 51.5 633
No* 67.7 63.0 72.1 52.0 48.6 553
Exposure to noise
Time worked in a noisy environment
Never* 63.1 58.2 67.7 52.4 48.5 563
Less than 10 years 62.4 55.2 69.0 52.3 44.5 60.0
10 years or more 78.5 * 74.2 82.3 74.8 * 64.1 833
Exposure to sources of loud noise
at work, at school or during leisure time
No exposure‘t 73.6 62.9 82.1 59.4 51.5 66.8
One source 69.1 62.7 74.8 49.6 * 44.3 55.0
Two sources 63.5 * 57.1 69.5 56.9 47.1 66.3
Three or more sources 65.1 57.4 72.1 50.6 42.6 58.6

Fuse with caution

*reference group
*significantly different from reference category or preceding age group (p <0.05)

Notes: Sources of loud noise are power tools, heavy equipment, handheld gasoline engines, motorcycles or
snowmobiles, munitions, sporting or entertainment events, amplified or other loud music, and use of headphones
or earbuds to listen to audio devices.

Source: 2012 to 2013 and 2014 to 2015 Canadian Health Measures Surveys, combined.
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smoke. Overall, 15% of adults had worked in noisy
environments for 10 years or more, and 44% of the adult
population had been exposed to three or more sources of loud
noise in the past year at work, at school or during leisure time.
Males were more likely than females to have been exposed to
smoke and noise.

Males and females with hypertension were more likely than
individuals without hypertension to have hearing health
problems (Table 3). Overall, 79% (95% CI: 75.3% to 82.5%) of
adults with hypertension had hearing health problems,
compared with 54% (95% CI: 51.8% to 56.8%) of individuals
without hypertension (data not shown in table). Of the
potentially confounding variables, older age, lower levels of
household education, selected chronic conditions and history of
work in noisy environments for 10 years or more were
associated with a higher likelihood of hearing health problems
for males and females. No or few associations were evident
between hearing health and obesity; smoke exposure; stress; or
the number of sources of loud noise at work, at school or during
leisure time in the past year.

Table 4

Preliminary models (Model 1) examined associations between
hypertension and hearing health problems, controlling only for
age (Table 4). Hypertension was significantly associated with
hearing health problems, over and above the effects of age, for
both males and females. The associations persisted in the fully
adjusted models (Model 2), where both males with hypertension
(adjusted odds ratio [AOR]=1.7) and females with hypertension
(AOR=1.6) had higher odds of having hearing health problems
than their counterparts without hypertension. Several covariates
were also independently associated with hearing health
problems. Increasing age, number of exposures to loud noises
and a lower level of household education were significantly
associated with higher odds of hearing health problems for both
males and females. Additionally, having any of the five chronic
conditions was associated with increased odds of hearing health
problems for males.

A sensitivity analysis was conducted to investigate whether
hearing loss or tinnitus was driving the associations between
hypertension and hearing health problems (Table 5). Separate
models were examined for the following three mutually

Adjusted odds ratios relating hypertension and selected characteristics to hearing health problems? by sex, household population aged 19

to 79, Canadian provinces, 2012 to 2015

Males Females
Model 1 Model 2 Model 1 Model 2
95% 95% 95% 95%
confidence confidence confidence confidence
Odds interval Odds interval Odds interval Odds interval

Characteristic ratio from to ratio from  to ratio from  to ratio from to
Hypertension

Yes 1.6 * 1.1 2.2 1.7 * 1.1 2.4 1.7 * 1.2 25 1.6 * 1.1 23

No™ 1.0 1.0 1.0 1.0
Age (years) 1.05 *  1.04 1.06 1.05 *  1.04 1.07 1.03 *  1.02 1.04 1.04 *  1.03 1.05
Household education

Postsecondary or higher™ 1.0 1.0

Less than postsecondary 19 * 1.2 29 1.9 * 14 26
Chronic conditions*

Any 1.7 * 1.1 26 1.3 09 18

None'"" 1.0 1.0
Self-perceived stress

High 1.0 0.6 1.5 0.9 0.6 1.4

Medium 0.6 04 10 1.0 0.7 14

Low" 1.0 1.0
Body mass index 0.91 0.76 1.09 0.93 0.81 1.07
Exposure to smoke

Yes 1.0 0.7 14 1.2 09 15

No'' 1.0 1.0
Exposure to noise
Time worked in a noisy environment

Never™ 1.0 1.0

Less than 10 years 1.1 0.7 1.7 1.0 0.7 1.6

10 years or more 0.9 0.6 15 1.8 1.0 33
Number of exposures to sources of loud

noise at work, at school or during leisure time 1.14 * 1.00 1.30 1.18 * 1.05 1.33

...notapplicable

*significantly different from reference category (p <0.05)
"reference category

Diabetes, kidney disease, cardiovascular disease, cancer, arthritis

?Hearingloss or tinnitus (past year)

Notes: Sources of loud noise are power tools, heavy equipment, handheld gasoline engines, motorcycles or snowmobiles, sporting or entertainment events,
amplified or other loud music, and use of headphones or earbuds to listen to audio devices.
Source: 2012 to 2013 and 2014 to 2015 Canadian Health Measures Surveys, combined.
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Table 5

Adjusted odds ratios relating hypertension to selected hearing health outcomes, by sex, household population aged 19 to 79,

Canadian provinces, 2012 to 2015

Males Females
95% 95%
confidence confidence
Observations Observations  Odds interval Observations Observations  Odds interval
Hearing health outcome inmodel with condition ratio from to inmodel with condition ratio from to
Hearingloss only 1,786 803 1.3 0.8 2.2 1,883 598 1.7 * 1.0 27
Tinnitus only 1,536 553 1.8 0.7 4.3 1,875 590 1.2 0.6 23
Both hearingloss and tinnitus 1,495 512 1.2 0.7 1.9 1,664 379 1.4 09 22
Hearingloss or tinnitus 2,874 1,891 1.7 * 1.1 2.4 2,869 1,584 1.6 * 1.1 2.3

*statistically significant difference from the no hypertension group (p <0.05)

Notes: Models control for age, education, body mass index, chronic conditions, stress, smoke exposure, time worked in a noisy environment and
number of sources of noise. There were 983 observations with no hearingloss and no tinnitus. The sum of observations for hearingloss only,
tinnitus only, and both hearingloss and tinnitus does not sum to the number of observations for hearing loss or tinnitus because of missingvalues.

For example, ifa respondent is missing data on tinnitus, they can be included in the hearingloss or tinnitus model ifthey have hearingloss, but not

in the tinnitus only or both hearingloss and tinnitus models.

Source: 2012 to 2013 and 2014 to 2015 Canadian Health Measures Surveys, combined.

exclusive populations: those with (a) hearing loss only, (b)
tinnitus only, or (c) both conditions. In each model, the affected
group was compared with those who had optimal hearing, i.e.,
the population without any hearing loss or tinnitus.
Hypertension was significantly associated with hearing loss for
females (AOR=1.7). The AORs for hypertension were positive
in all other sensitivity analysis models, although they did not
reach statistical significance. This suggests that the significant
associations found in this study could be the result of the
increased statistical power of a combined measure of hearing
health problems.

Discussion

This study examined associations between hypertension and
hearing health problems among Canadian adults. The co-
occurrence of hearing loss and tinnitus presents a challenge
when examining the association of hypertension with one or the
other outcome. An alternative approach, which was used in this
study, defines the outcome more broadly as “hearing health
problems”—that is, the presence of hearing loss or tinnitus or
both conditions, distinct from “optimal hearing health,” where
neither condition is present. To the authors’ knowledge, this is
the first study to examine associations between hypertension
and combined hearing health problems—an approach that
combines outcomes that share some causal pathways and
provides greater statistical power in the models.

Based on nationally representative data from the CHMS, an
estimated 22% of the adult population had hypertension and
60% experienced hearing health problems. Preliminary models
demonstrated that there was an association between
hypertension and hearing health problems over and above the
impact of age. In fully adjusted models, males and females with
hypertension had a 60% to 70% higher risk than the non-
hypertensive population of experiencing hearing health
problems, even after age and other threats to hearing health were
taken into account. In addition to the potential damage that
hypertension has on hearing health, the drugs used to control
hypertension may be ototoxic.>!%2%32 As with earlier studies,

measured high blood pressure and the current use of anti-
hypertensive medications were used to define those with
hypertension in this study.'>?!> Consequently, associations of
hypertension with hearing health problems may reflect the
condition itself or the medications used to treat hypertension.
An added complication is that individuals with uncontrolled
hypertension are exposed to both high blood pressure and anti-
hypertensive medication. Among Canadians aged 20 to 79 years
with hypertension, the condition was not controlled for
approximately one-third of individuals,'? and there is evidence
that the percentage with uncontrolled hypertension is higher at
older ages, especially among females.** Nevertheless, research
on the impact of anti-hypertensive drugs on hearing health is
inconclusive. For example, a prospective study that examined
the relationship between hypertension and hearing loss among
females found an association between hypertension and hearing
loss, but no difference between those who were using anti-
hypertensive medication and those who were not.!”

Comorbid conditions may have an adverse impact on hearing
health’** and may also be associated with hypertension.
Medications used to treat comorbid conditions may also pose a
threat to hearing health. The list of ototoxic medications is
extensive, ranging from those available over the counter to
powerful prescription medications.***! Some examples are
acetylsalicylic acid (ASA), which may be used to prevent
cardiovascular events; the cancer drug cisplatin; and
aminoglycosides, which are a group of systemic antibacterials
used to treat severe infections.>*4*4

Researchers have addressed the complexity of relationships
between hypertension, hearing health and medications in
various ways. For example, in their study “Hypertension,
diuretic use, and risk of hearing loss,” Lin et al.'® excluded
participants with a history of non-melanoma skin cancer to
eliminate possible confounding by ototoxic medications used in
chemotherapy. In a study of diabetes and hearing impairment,
Bainbridge et al.* controlled for selected ototoxic medication
use in the past 30 days. They found no association between
medication use and hearing loss, although they acknowledge
that the absence of information about use prior to the past 30
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days is a limitation. By controlling for current or past cancer,
diabetes, cardiovascular disease, kidney disease, and arthritis
diagnoses, the current study indirectly took the history of many
potentially ototoxic medications into account.

The multivariate analysis revealed that the number of sources
of loud noise was significantly associated with hearing health
problems, over and above the effects of hypertension and other
factors. In addition to comorbid conditions and associated
medications, noise may act in tandem with hypertension to
accelerate hearing health problems.*’ In a study of occupational
noise and hypertension, Wang et al.*® concluded that workers
with hypertension experienced greater hearing loss than non-
hypertensive workers with the same noise exposure. Multiple
pathways may be involved, such as noise exposure contributing
directly to hearing loss and indirectly by contributing to high
blood pressure.*” Sources of loud noise may involve tools and
machinery that not only are loud, but also vibrate. There is
evidence that vibration increases the likelihood of noise-
induced hearing loss, especially among those with circulatory
problems.*?

Both hearing loss and hypertension are conditions that can go
undetected. A previous study found that among 8.2 million
middle-aged or older Canadians with measured high-frequency
hearing loss, a high proportion (77%) did not perceive any loss
of hearing.??> Screening individuals with hypertension for
hearing loss may help with early detection and management of
the condition. Likewise, screening those with hearing loss or
tinnitus for hypertension may help identify and treat those who
were unaware of their high blood pressure. This may be
especially important for younger adults, who are more likely to
be unaware that they have hypertension, to be receiving
treatment or to have their hypertension under control.'?

Strengths and limitations

A strength of this study is the large sample representative of the
Canadian population. The CHMS includes objectively
measured data for hearing acuity. Blood pressure was measured
objectively using an automated device with high quality control.
Furthermore, detailed hypertension medication information was
recorded from respondents’ containers, thereby reducing recall
bias. In addition to self-reported data on tinnitus, the CHMS
includes data on potential confounding variables, such as other
chronic conditions, noise exposure, and exposure to smoke
either directly as a smoker or via second-hand smoke.

It is not possible to establish temporal order between
hypertension, hearing loss and tinnitus, or the duration or age of
onset of these conditions from the cross-sectional CHMS data.
A blood pressure reading at one point in time fails to identify
people with fluctuating blood pressure, which may be a risk
factor for hearing loss.’® Past use of potentially ototoxic
medications is not known, although comorbid conditions may
be proxy measures for medication use. Canadians older than 79
years and individuals residing in institutions such as long-term
care facilities are not included in the CHMS, excluding a sector
of the population that is more likely to have hearing loss, have
chronic conditions and require medications. The response rate
for the combined CHMS cycles is 52.7%. The survey weights
take non-response into account to reduce bias so that the study
sample is representative of the population.

Conclusion

Hearing loss and tinnitus can be disabling, and, therefore, the
identification of potential modifiable risk factors is an important
public health issue. Results from this study support the
integration  of  audiology @ and  chronic  disecase
management.”3%3152 A better understanding of the relationship
between hypertension and hearing health problems has
important clinical implications for hearing loss prevention, such
as early referral of patients with hypertension to audiologists for
assessment and intervention (e.g., hearing aids or tinnitus
retraining therapy). Conversely, audiologists could provide
point-of-entry care by referring individuals who present with
hearing health problems to have their blood pressure and other
conditions assessed.>"3? Future research could investigate how
the early detection and management of hypertension and
hearing health problems have the potential to prevent further
morbidity and improve quality of life.
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Anatomical Therapeutic Chemical (ATC) classification codes for medications used to define hypertension

Appendix Table A

C—cardiovascular system co2
co3
co7
co8
Cc09

Antihypertensives
Excluding
C02KX01 bosetan

Diuretics

Excluding

CO3BA0O8 metolazone
CO3CAO01 furosemide

Beta blocking agents
Excluding

CO7AAQ7 sotalol
C07AA12 nadolol
CO7AGO2 carvedilol

Calcium channel blockers

Agents acting on the renin-angiotensin system

Source: http://www.whocc.no/atc_ddd_index/.

Statistics Canada, Catalogue no. 82-003-X 24

Health Reports, Vol. 32, no. 10, October 2021



Research Article

Hypertension associated with hearing health problems among Canadian adults aged 19 to 79 years

References

1. World Health Organization. Addressing the Rising Prevalence of Hearing 16. Reed NS, Huddle MG, Betz J, et al. Association of midlife hypertension
Loss. Geneva: World Health Organization, 2018. with late-life hearing loss. Ofolaryngology—Head and Neck Surgery 2019;

2. World Health Organization. World Report on Hearing. Geneva: World 161(6): 996-1003. Available at: doi: 10.1177/0194599819868145.

Health Organization, 2021. 17. Shi X. Physiopathology of the cochlear microcirculation. Hearing

3. Han BI, Lee HW, Kim TY, et al. Tinnitus: Characteristics, causes. Research 2011; 282(1-2): 10-24. Available a

’ ] ’ ’ o ’ ? https://doi.org/10.1016/j.heares.2011.08.006.
mechanisms, and treatments. Journal of Clinical Neurology 2009; 5(1): 11-
9. Available at: doi: 10.3988/jcn.2009.5.1.11. 18. Fujimoto C, Yamasoba T. Oxidative stresses and mitochondrial

4. Shargorodsky J, Curhan GC, Farwell WR. Prevalence and characteristics dysfunction in age-related hearing loss. Oxidative Medicine and Cellular

' e ’ ’ s o Longevity 2014: 582849. Available at: doi: 10.1155/2014/582849.
of tinnitus among US adults. The American Journal of Medicine 2010;
123(8): 711-8. Available at: 19. Lin BM, Curhan SG, Wang M, et al. Hypertension, diuretic use, and risk
https://doi.org/10.1016/j.amjmed.2010.02.015. of hearing loss. The American Journal of Medicine 2016; 129(4): 416-22.
L Auvailable at: https://doi.org/10.1016/j.amjmed.2015.11.014.

5. Baguley DM, McFerran D, Hall D. Tinnitus. 7he Lancet 2013; 382(9904):

1600-7. 20. Figueiredo RR, Azevedo AA, Penido Nde O. Positive association between

6. Ramage-Morin PL, Banks R, Pincault D, Atrach M. Tinnitus in Canada tinnitus and arterial hypertension. Frontiers in Neurology 2016; 7: 171.

? i " ' Available at: doi: 10.3389/fheur.2016.00171.
Health Reports 2019; 30 (3): 3-11. Available at: doi: 10.25318/82-003-
x201900300001-eng. 21. Leung AA, Bushnik T, Hennessy D, et al. Risk factors for hypertension in
. . . Canada. Health Reports 2019; 30(2): 3-13.

7.  Agarwal S, Mishra A, Jagade M, et al. Effects of hypertension on hearing.

Indian Journal of Otolaryngology and Head & Neck Surgery 2013; 22. Ramage-Morin PL, Banks R, Pineault D, Atrach M. Unperceived hearing
65(Suppl. 3): S614-8. loss among Canadians aged 40 to 79. Health Reports 2019; 30(8): 11-20.

8. de Moraes Marchiori LL, de Almeida Rego Filho E, Matsuo T. Available at: doi: 10.25318/82-003-x201900800002-eng.

Hypertension as a factor associated with hearing loss. Brazilian Journal of ~ 23. Statistics Canada. Canadian Health Measures Survey (CHMS) Data User
Otorhinolaryngology  2006;  72(4):  533-40. Available at: doi: Guide: Cycle 3. Ottawa: Statistics Canada, 2015. Available by request at
10.1016/s1808-8694(15)31001-6. http://www23.statcan.gc.ca/imdb-bmdi/document/5071_D4 T9 V2-
9. Figueiredo RR, de Azevedo AA, Penido Nde O. Tinnitus and arterial eng.htm or from Statistics Canada’s Statistical Information Service (toll-
' . i . 7 C ] free 1-800-263-1136; 514-283-8300; infostats@statcan.gc.ca).
hypertension: a systematic review. European Archives of Oto-Rhino-
Laryngology 2015; 272(11): 3089-94. Available at: doi: 10.1007/s00405- 24. Statistics Canada. Canadian Health Measures Survey (CHMS) Data User
014-3277-y. Guide: Cycle 4. Ottawa: Statistics Canada, 2017. Available by request at
10. Yang P, Ma W, Zheng Y, et al. A systematic review and meta-analysis on http://www23.statcan..gc'.ca/imdb-bmdi/d(.)m'lment/5071_p4_19_y2-
the assc;ciation l’)etween h;penension and tinnitus. International Journal of engtm or from Statistics Canada’s Statistical Information Service (toll-
) . L free 1-800-263-1136; 514-283-8300; infostats@statcan.gc.ca).
Hypertension 2015: 583493. Available at: doi: 10.1155/2015/583493.

11, Padwal RS, Bienek A, McAlister FA, et al. Epidemiology of hypertension 25.  Statistics Canada. Instructions for Combining Multiple Cycles of Canadian
T ’ ’ o ) . Health Measures Survey (CHMS) Data. Ottawa: Statistics Canada, 2017.

in Canada: an update. The Canadian Journal of Cardiology 2016; 32(5): . ) .
687-94. Available at: doi: 10.1016/j.cjca.2015.07.734. Available by  request - at  hitp:/www23 staican.ge.ca/imbd-
bmdi/document/5071 D4 T9 V2-enghtm or from Statistics Canada’s

12.  DeGuire J, Clarke J, Rouleau K, et al. Blood pressure and hypertension. Statistical Information Service (toll-free 1-800-263-1136; 514-283-8300;
Health Reports 2019; 30(2): 14-21. infostats@statcan.gc.ca).

13.  McEwen BS. Stress, adaptation, and disease: allostasis and allostatic load. ~ 26. Clark JG. Uses and abuses of hearing loss classification. ASHA: A Journal
Annals of the New York Academy of Sciences 1998; 840: 33-44. Available of the American Speech-Language Hearing Association 1981; 23(7): 493-
at: doi: 10.1111/j.1749-6632.1998.tb09546 x. 500.

14. Yaribeygi H, Panahi Y, Sahraei H, et al. The impact of stress on body 27. Bryan S, St-Pierre Larose M, Campbell N, et al. Resting blood pressure and
function: a review. EXCLI Journal 2017; 16: 1057-72. Available at: doi: heart rate measurement in the Canadian Health Measures Survey, Cycle 1.
10.17179/excli2017-480. Health Reports 2010; 21(1): 71-8. Available at:

. . https://www150.statcan.gc.ca/nl/en/pub/82-003-x/2010001/article/11119-

15.  Pérez-Valenzuela C, Terreros G, Dagnino-Subiabre A. Effects of stress on

. . eng.pdf?st=QsKYhN{M.
the auditory system: an approach to study a common origin for mood
disorders and dementia. Reviews in the Neurosciences 2019; 30(3): 317-
24. Available at: doi: 10.1515/revneuro-2018-0018.
Statistics Canada, Catalogue no. 82-003-X 25 Health Reports, Vol. 32, no. 10, October 2021



Research Article

Hypertension associated with hearing health problems among Canadian adults aged 19 to 79 years

28. Rabi DM, McBrien KA, Sapir-Pichhadze, R et al. Hypertension Canada’s ~ 42. Lie A, Skogstad M, Johannessen HA, et al. Occupational noise exposure
2020 Comprehensive Guidelines for the Prevention, Diagnosis, Risk and hearing: a systematic review. International Archives of Occupational
Assessment, and Treatment of Hypertension in Adults and Children. and Environmental Health 2016; 89(3): 351-72. Available at: doi:
Canadian Journal of Cardiology 2020; 36: 596-624. Available at: 10.1007/s00420-015-1083-5.
hitps://do.org/10.1016/j.cjca 2020.02.086. 43. Zhao B, Wu Q, Wang L, et al. Pros and cons of aspirin for the primary

29.  World Health Organization. Obesity: Preventing and Managing the Global prevention of cardiovascular events: a secondary study of trial sequential
Epidemic (WHO Technical Report Series, no. 894). Geneva: World Health analysis. Frontiers in Pharmacology 2021; 11: 592116. Available at: doi:
Organization, 2000. 10.3389/fphar.2020.592116.

30. Rao JNK, Wu CFJ, Yue K. Some recent work on resampling methods for ~ 44. Leis JA, Rutka JA, Gold WL. Aminoglycoside-induced ototoxicity. CMAJ
complex surveys. Survey Methodology 1992; 18: 209-17. 2015; 187(1): ES2. Available at: doi: 10.1503/cmaj.1403309.

31. Rust KF, Rao JNK. Variance estimation for complex surveys using 45. National Institute of Diabetes and Digestive and Kidney Diseases.
replication techniques. Statistical Methods in Medical Research 1996; 5(3): Aminoglycosides. In: LiverTox: Clinical and Research Information on
283-310. Drug-Induced Liver Injury. Bethesda, Maryland: National Institute of

32. Borghi C, Brandolini C, Prandin MG, et al. Prevalence of tinnitus in Diabetes and Digestive and Kidney Diseases, 2019.
patients with hypertension and the impact of different anti-hypertensive 46. Bainbridge KE, Hoffman HJ, Cowie CC. Diabetes and hearing impairment
drugs on the incidence of tinnitus: a prospective, single-blind, observational in the United States: audiometric evidence from the National Health and
study. Current Therapeutic Research, Clinical and Experimental 2005, Nutrition Examination Survey, 1999 to 2004. Annals of Internal Medicine
66(5): 420-32. Available at: doi: 10.1016/j.curtheres.2005.10.001. 2008; 149(1): 1-10. Available at: doi: 10.7326/0003-4819-149-1-

33.  Bushnik T, Hennessy DA, McAlister FA, Manuel DG. Factors associated 200807010-00231.
with hypertension control among older Canadians. Health Reports 2018, 47. KuangD, YuYY, TuC. Bilateral high-frequency hearing loss is associated
29(6): 3-10. with elevated blood pressure and increased hypertension risk in

. . . . occupational noise exposed workers. PLoS One 2019; 14(9): €0222135.

34. RolimLP, Rabelo CM, Lobo IF, et al. Interaction between diabetes mellitus . . .

X R Auvailable at: doi: 10.1371/journal.pone.0222135.
and hypertension on hearing of elderly. CoDAS 2015; 27(5): 428-32.
Auvailable at: doi: 10.1590/2317-1782/20152014101. 48. Wang B, Han L, Dai S, et al. Hearing loss characteristics of workers with

35. Rolim FP, Sarr.lelli AG, Mor.eira RR, et al. Effect.s of fliabete.s mellitus.a.nd gggi)r;zm;:rlﬁ:g);i? lt;o;)vc[:;pEll;:s)::icz()llsr;e;z:tri?;sa?e;g(l)gfﬂ ;;Z?é;;f
systemic arterial hypertensmn on elderly patients’ hearing. 57'(121[!(111 Available at: doi: 10.1155/2018/3541638.

Journal of Otorhinolaryngology 2018; 84(6): 754-63. Available at:
doi:10.1016/j.bjor.2017.08.014. 49. de Souza TC, Périss¢é AR, Moura M. Noise exposure and hypertension:
36. Tan HE. Lan NSR. Knuiman MW. et al Associations between investigation of a silent relationship. BMC Public Health 2015; 15: 328.
’ 7 . ? L ? o . Auvailable at: doi: 10.1186/s12889-015-1671-z.
cardiovascular disease and its risk factors with hearing loss: a cross-
sectional analysis. Clinical Otolaryngology 2018; 43(1): 172-81. Available 50. Bao M, Song Y, Cai J, et al. Blood pressure variability is associated with
at: doi: 10.1111/coa.12936. hearing and hearing loss: a population-based study in males. International
. . . Journal of Hypertension 2019: 9891025. Available at: doi:
37. Kim HJ, Lee HJ, An SY, et al. Analysis of the prevalence and associated
. S 10.1155/2019/9891025.
risk factors of tinnitus in adults. PLoS One 2015; 10(5): e0127578.
Auvailable at: doi: 10.1371/journal.pone.0127578. 51. Bray V. Co-managing Comorbidities in Audiological Medicine.

38. Liu W, Meng Q, Wang Y, et al. The association between reduced kidney Penn'sylvama A?ademy of  Audiology, - 2017. onallable Oat:
function and hearing loss: a cross-sectional study. BMC Nephrology 2020; hitps://www.paaudiology.org/resources/Documents/ CCAM%20BRAY?%

. . 20PAA%202017%20PDF.pdf.
21(1): 145. Available at: doi: 10.1186/s12882-020-01810-z.

39, Besser J, Stropahl M, Yiry E, Launer S. Comorbidities of hearing loss and 52. BrayV.A h.olistic approach to managing hearing loss and i'ts comorbidjties'.

the implications of multimorbidity for audiological care. Hearing Research The Hearing Journal 2018; 17(11): 14-7. Available at: - dok
) . } 10.1097/01.HJ.0000549524.7913 1 .ab.
2018; 369: 3-14. Available at: doi: 10.1016/j.heares.2018.06.008.

40. American Tinnitus Association. Prescription Medications, Drugs, Herbs
& Chemicals Associated with Tinnitus. Portland, Oregon: American
Tinnitus Association, 2013. Available at:
https://www.ata.org/sites/default/files/Drugs%20Associated%20with%20
Tinnitus%202013 Updated2017.pdf.

41. Altissimi G, Colizza A, Cianfrone G, et al. Drugs inducing hearing loss,
tinnitus, dizziness and vertigo: an updated guide. European Review for
Medical and Pharmacological Sciences 2020; 24(15): 7946-52. Available
at: doi: 10.26355/eurrev_202008 22477.

Statistics Canada, Catalogue no. 82-003-X 26 Health Reports, Vol. 32, no. 10, October 2021



