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ABSTRACT

Introduction People with tinnitus are likely to have other
co-occurring disorders that should be considered when
diagnosing and understanding tinnitus as a health problem.
The association between tinnitus and cardiovascular health
in the general population is, however, unclear. This study
aimed to examine whether tinnitus is associated with the
prevalence of hypertension, myocardial infarction or stroke,
in the general adult population.

Methods We used data from the seventh survey of the
Tromsg Study, a comprehensive population-based health
study carried out in 2015-2016. All inhabitants aged >40
years in the municipality of Tromsg, Norway, (n=32591)
were invited, of which 21 083 individuals (65%), aged 40—
99, participated. Poisson regression was used to analyse
the relationships between tinnitus and cardiovascular
disease, while adjusting for relevant covariates. We used
three separate tinnitus variables as exposures in analyses:
(1) ‘“tinnitus status’, measured with the question ‘During
the last 12 months, have you experienced ringing in your
ears lasting more than five min?’; (2) ‘tinnitus symptom
intensity’, generated as a function of tinnitus frequentness
and tinnitus bother; and (3) ‘tinnitus bother’, analysed

only among participants with tinnitus. Hypertension
(measured blood pressure and/or self-reported use of
antihypertensives), and self-reported myocardial infarction
and stroke were the outcomes of analyses.

Results Analyses of the complete sample (n=17 288,
51.2% women), in fully adjusted models, revealed non-
significant and very weak associations between tinnitus
status and all three cardiovascular outcomes (prevalence
ratios (PRs): 1.04—1.11), while for tinnitus symptom
intensity, we found significant positive associations
between low-intensity tinnitus and hypertension (PR: 1.08,
95% Cl: (1.01 to 1.16) and myocardial infarction (PR: 1.39,
95% Cl: 1.07 to 1.81). Among participants with tinnitus
(n=3570), there were no associations between tinnitus
bother and cardiovascular outcomes.

Conclusions Results from the present study indicate
that there is a weak association between tinnitus and
cardiovascular disease and that tinnitus should be taken
seriously even at low intensities.

INTRODUCTION
Tinnitus—the perception of sound without
acoustic stimulation'—is a common health

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Tinnitus is a commonly occurring condition that is
often accompanied by comorbidities. The associa-
tion between tinnitus and cardiovascular disease
has been examined in previous studies, but results
are inconclusive, and population-based studies ex-
amining the relationship between tinnitus and car-
diovascular diseases are lacking.

WHAT THIS STUDY ADDS

= In a general adult population sample, we found
weak positive associations between tinnitus and the
prevalence of cardiovascular disease (hypertension,
myocardial infarction and stroke). Associations were
strongest for tinnitus with low symptom intensity.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our results indicate that individuals with tinnitus
who seek healthcare should be examined for cardio-
vascular comorbidity.

problem, with an international prevalence
ranging between 5% and 43% in the general
population.” Tinnitus can be accompanied by
several comorbidities. Links have been drawn
between tinnitus and sleep disorders,”* cogni-
tive impairment,” ® mental disorders such as
depression and anxiety,” as well as chronic
pain.® Various studies also link tinnitus to
cardiovascular disease’ '* and its risk factors,
for example, high body mass index (BMI),
hypertension, hypercholesterolaemia and
smoking.”™"

There are several possible mechanisms for
the association between tinnitus and cardio-
vascular disease. It has been suggested that
circulatoryfactors, through impaired cochlear
blood flow or ischaemia, may contribute to the
development of tinnitus."® Further, tinnitus is
associated with both stress and sleep distur-
bances,?’ 4 which, if chronic, are among
the common risk factors for both cardiovas-
cular disease and other non-communicable
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diseases.'”™” Both chronic stress and sleep disturbance
can affect, for example, blood pressure and lipid profile,
which might promote the development of cardiovascular
risk factors such as hypertension and obesity."® '

Tinnitus can be compared with noise from external
sources, which is defined as unwanted sound, and under-
stood as a stressor.”’ Similarities of problems have been
observed with tinnitus as what is found with exposure to
external noise, such as psychological distress and sleep
disturbance,”! ** but there is a large variation in noise
annoyance at a given exposure for both types of sound.
Studies have shown associations between environmental
noise exposure and increased risk of cardiovascular
disease, with the main mechanisms suggested to be stress
and sleep disturbances.”> One may argue that the asso-
ciation between noise as a stressor and cardiovascular
disease should exist irrespective of the source of noise,
so that tinnitus, regarded as internal noise, could be
expected to have the same physiological significance as
an external sound source. For tinnitus, stress may also
act in the reverse direction, triggering and worsening
tinnitus symptoms'* and creating a vicious circle of stress,
resulting in persistently high stress levels. Given the
possible mechanisms, it can thus be assumed that tinnitus
may be both a consequence of, and possibly also a risk
factor for, stress-related disease.

The risk of hypertension and cardiovascular disease
differs with sex and age. In general, men are more at risk
of hypertension and cardiovascular disease than women
of similar ages.**** Likewise, there are age and sex differ-
ences in both tinnitus prevalence and annoyance.” *°
Tinnitus prevalence is typically found to increase with
age, sometimes peaking in prevalence at around 70 years
before declining, and prevalence is most often reported
to be higher in men than women.” It is therefore likely
that the association between tinnitus and cardiovascular
disease may vary across different groups of age and sex.

Several studies have examined the associations between
cardiovascular risk factors and cardiovascular disease and
tinnitus, but study design and quality of studies vary, and
findings are inconclusive. Some studies have reported
positive associations with tinnitus for eg, hypertension,
obesity, ischaemic heart disease and stroke, while others
found no, or sometimes negative, associations for the
same conditions.?” Population-based studies investigating
associations between cardiovascular diseases and tinnitus
are lacking,?” but based on the scarce existing evidence,
more studies are warranted.”

Establishing the relationship between tinnitus and
cardiovascular disease is important, for several reasons.
Comorbid disease in general could influence the effec-
tiveness and result of tinnitus treatment. Additionally,
determining the existence of such an association might
help further hypotheses generation and testing of mech-
anisms and causal pathways.

This study aims to explore the association between
tinnitus and cardiovascular disease in a general adult
population sample. We investigate if tinnitus is associated

with the prevalence of hypertension, myocardial infarc-
tion or stroke—three common cardiovascular health
outcomes that have been associated with environmental
noise.” We also examine whether a possible association
depends on the tinnitus symptom intensity (as a function
of frequentness and bother) or the degree of bother.
Lastly, we examine if associations between tinnitus
symptom intensity and cardiovascular disease differ for
separate groups of age and sex.

MATERIALS AND METHODS

Study sample

We used data from Tromsg7, the seventh survey of the
Tromsg Study, which was carried out in 2015-2016. The
Tromsg Study is a population-based study that originated
in 1974 with a focus on cardiovascular disease, and has
later grown into a wide-ranging health study including
research areas such as diabetes, lung disease, cognitive
function and pain.” In Tromsg7, extended questions on
tinnitus were included.

Invitations to partake in Tromsg7 were sent out to
all inhabitants aged 40 and above, in the municipality
of Tromsg (n=32591). Participation was 65%, totalling
21083 people between the ages of 40 and 99. Data collec-
tion included clinical examinations, biological sampling
and questionnaires. More detailed information on data
collection can be found on the website of the Tromsg
Study, which also includes links to questionnaires.”' Previ-
ously published work by Jacobsen and colleagues also
describes the Tromsg Study in more detail.”

Of the total sample, 82% (n=17288) had no missing
values for relevant variables and were used in analyses,
while the quantity of missing for individual variables
ranged from 0-5.7%.

Main variables

Tinnitus

Participants were asked about tinnitus: ‘During the last
12 months, have you experienced ringing in your ears
lasting more than fivemin?’ (no / yes). Having experi-
enced tinnitus for more than 5min is the definition most
frequently used in population studies,” and tinnitus for
more than 5min within the past year has been suggested
as a standardised survey definition.”® Participants who
responded ‘yes’ were further asked how frequently they
experienced tinnitus: ‘How frequently do you have
ringing in your ears?’ ((1) less frequently than every week
/ (2) each week, but not every day / (3) each day, but not
all the time / (4) most of the time), as well as how both-
ersome they found it: ‘Please indicate how bothered you
are by the ringing in your ears?’ (numeric rating scale
ranging from 0 (not bothered) to 10 (worst imaginable
bother)).

Three separate tinnitus variables were used as exposure
variables in the analyses. For the main analyses, we first
used the original tinnitus question (tinnitus more than
5min within the past 12 months) as exposure, a variable
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referred to as ‘tinnitus status’. Second, we created an
index of tinnitus symptom intensity in the following
manner: The tinnitus bother variable was categorised
into four levels of bother, in accordance with previous
research®; (1) not bothered (values 0-2), (2) a little
bothered (values 3-5), (3) bothered (values 6-7), and
(4) highly bothered (values 8-10). We then summed the
four-category bother variable and the tinnitus frequent-
ness variable (values 1-4), creating a tinnitus symptom
intensity scale from 2 to 8. This scale was further divided
into three categories by merging values 2-3, 4-6 and
7-8, creating the tinnitus symptom intensity categories
‘low intensity’, ‘medium intensity’ and ‘high intensity’,
respectively. Participants without tinnitus were included
in the category ‘no tinnitus’.

The third tinnitus variable was the original tinnitus
bother variable ranging from 0 to 10. When this variable
was set as the exposure, the original tinnitus frequent-
ness variable was included as a covariate in some of the
analyses.

Cardiovascular disease

Blood pressure was measured three times, and the mean
of the second and third measurements was used in the
analyses. We defined hypertension as systolic blood pres-
sure >140 mm Hg, and/or diastolic blood pressure >90
mm Hg, and/or current use of antihypertensive medica-
tion, according to standard criteria.”* Antihypertensive
medication use was surveyed with the question ‘Do you
use, or have you used blood pressure lowering drugs?’
(currently/previously, not now/never used). History of
myocardial infarction and stroke was recorded by partic-
ipants answering the question ‘Do you have, or have you
had a heart attack?’ (no/yes, previously) and ‘Do you
have, or have you had a cerebral stroke/brain haemor-
rhage?’ (no/yes, previously).

The validity of self-reported measures of myocardial
infarction and stroke has been examined elsewhere.” For
myocardial infarction, the sensitivity was high (90.1%)
and the positive predictive value was moderate (78.9%).
For stroke, they were both moderate (sensitivity 81.1%
and positive predictive value 64.3%).%

Covariates

In order to minimise bias in analyses, we used directed
acyclic graphs (DAGs) as an aid in the selection of covari-
ates. When using DAGs, the causal relationships between
variables of interest are systematically considered,* based
on existing literature. We used the software DAGitty”’ for
the construction of the DAGs, and DAGitty then provided
information on the minimal sufficient adjustment set, as
well as which covariates could be added in the analyses
without giving bias to the results. We constructed one
DAG for each combination of exposure and outcome
variables, and we made similar adjustment sets for each of
the analyses (see online supplemental figure 1 for more
information on DAGs). We adjusted for the following
variables in all analyses: age, sex, education level, marital

status, alcohol consumption, smoking, waist-height ratio,
diabetes, dyslipidaemia, mental health symptoms and
hearing loss.

Demographic variables

Education level was reported on a four-point scale: (1)
Primary/partly secondary education: up to 10 years of
schooling, (2) upper secondary education: a minimum
of 3 years, (3) tertiary education, short: college/univer-
sity less than 4 years and (4) tertiary education, long:
college/university 4 years or more. We merged categories
(3) and (4) before analyses. Marital status was reported
by answering the question ‘Do you live with a spouse/
partner?’ (no/ yes).

Alcohol and smoking

Alcohol drinking habits were measured with the ques-
tion ‘How often do you usually drink alcohol?’ (never /
monthly or less frequently / 2—4 times a month / 2-3
times a week / 4 or more times a week). This is the first
question in the Alcohol Use Disorders Identification
Test, which is a validated battery of questions used to
screen for harmful alcohol consumption.”® We merged
some categories before analysis, generating the catego-
ries never / up to 4 times a month / 2 or more times a
week. Participants were asked about their smoking status:
‘Do you/did you smoke daily?’ (yes, now / yes, previously
/ never).

Waist—height ratio

We selected waist-height ratio as the anthropometric
measure used in analyses. Height was measured with
light clothing and no shoes using a Jenix DS-102 height
and weight scale (DongSahn Jenix, Seoul, Korea). Waist
circumference was measured with a Seca measurement
tape at the level of the umbilicus. We used a cut-point of
0.59 for abdominal obesity,” which is strongly linked to
the development of cardiovascular disease.*

Diabetes

The diabetes status of participants was surveyed with the
question ‘Do you have, or have you had diabetes?” (no
/ yes, now / yes, previously). The categories for current
and previous diabetes were merged for analyses, due to
few cases in the previous diabetes category.

Dyslipidaemia

Non-fasting blood samples were taken in an antecubital
vein with standard methods with the participant sitting,
and analysed for serum low-density lipoprotein (LDL)
cholesterol with enzymatic colorimetric methods with
commercial kits on a Cobas 8000 c702 (Roche Diagnos-
tics, Mannheim, Germany) at the Department of Labo-
ratory Medicine at the University Hospital of Northern
Norway (ISO certification NS-EN ISO 15189:2012).
Participants with LDL cholesterol levels higher than
5.0mmol/L, or those reporting to currently use lipid-
lowering drugs, were considered to have dyslipidaemia,
in accordance with standard criteria.*'
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Hearing loss
Hearing loss was measured through the question ‘Do you
have a hearing loss (one/both ears)?’ (no/yes).

Mental health

Mental health symptoms were measured by the 10-item
version of the Hopkins Symptom Checklist (SCL-10),
which is a shortened version of the original question-
naire with 90 items. The reliability of SCL-10 is high
(Cronbach’s alpha 0.88).** SCL-10 includes questions
on sudden fear, anxiousness, faintness/dizziness, tense-
ness, self-blame, sleep difficulties, depression, feeling
of uselessness, feeling that everything is a struggle and
feeling hopeless about the future, within the past week.
Responses range from 1 (no problem) to 4 (very much).
For participants with two missing values or less on SCL-
10, we replaced missing with the sample mean value for
each item, while participants with three or more missing
values were removed from the sample, in accordance with
previous research.*”” The SCL-10 score for each partici-
pant was calculated as the mean value over all the items.

Statistical analyses

We used Poisson regression models with robust variance
to estimate prevalence ratios (PR) with tinnitus as expo-
sure and hypertension, myocardial infarction and stroke
as outcome variables, adjusting for the aforementioned
covariates.

First, we used the tinnitus status variable, then the
symptom intensity variable including information on
tinnitus frequentness and bother, and analysed their
associations with hypertension, myocardial infarction
and stroke in the full sample (n=17288). We tested inter-
actions between tinnitus symptom intensity and age/sex
and further analysed the association between tinnitus
symptom intensity and cardiovascular outcomes for
women <65 years, women =65 years, men <65 years and
men =65 years separately. Next, to be able to examine
if tinnitus frequentness or bother was most important in
the potential association between tinnitus and cardio-
vascular disease, we performed analyses of the asso-
ciation between the original tinnitus bother variable
(ranging from 0 to 10) and cardiovascular outcomes,
both with and without tinnitus frequentness included in
the adjustment set. These analyses were performed only
among the participants with tinnitus (n=3570). Analyses
were performed using Stata V.18.0 (StataCorp, College
Station, Texas, USA), and p values<0.05 were considered
statistically significant.

Patient and public involvement

Projectideas were presented to the Norwegian Association
for the Hard of Hearing (HLF), which supported them
when planning the application for funding. Further, the
project plans were presented and discussed with a group
of stakeholders (representatives from HLF and tinnitus
competence/rehabilitation centre HLF Briskeby, and
two patient representatives with tinnitus) at the project

kickoff meeting. The research question regarding the
significance of tinnitus symptom intensity and bother was
informed by input from the tinnitus patients in the stake-
holder group. Since the present study is a general popu-
lation study using data that were already collected in the
Tromsg Study, patients or the public were not involved
in the design of this study. Results will be disseminated
to the participants, relevant patient communities and the
general public through information at the websites of
HLF and the Tromsg Study.

RESULTS

According to our definition, 38.4% of participants had
hypertension, while 3.1% had a previous myocardial
infarction, and 2.2% had a previous stroke. Table 1
shows the prevalence of all three cardiovascular health
outcomes and covariates across different levels of tinnitus
symptom intensity (see online supplemental tables 1 and
2 for prevalence according to tinnitus status and tinnitus
bother, respectively). Prevalence of both hypertension,
and myocardial infarction and stroke was lower in the
group without tinnitus than among participants with
tinnitus of various degrees of symptom intensity. More
men than women reported tinnitus of all intensities,
and the proportion of men increased further for higher
intensities of tinnitus. The categories with no tinnitus
and low-intensity tinnitus had a larger proportion of
individuals in the youngest age group compared with
higher tinnitus intensities. Correspondingly, there was a
larger proportion of older participants in categories with
higher tinnitus symptom intensity, compared with no or
low-intensity tinnitus. More participants with the highest
tinnitus symptom intensity possessed the lowest level of
education and fewer possessed the highest level of educa-
tion, compared with the other groups. There was a clear
increase in the prevalence of hearing loss in participants
with tinnitus compared with those without, and preva-
lence increased steadily with increasing tinnitus symptom
intensity value. The group of participants with the highest
tinnitus symptom intensity also had the highest degree of
mental health problems.

Results from Poisson regression analyses of associations
between tinnitus and cardiovascular outcomes are shown
in tables 2—4, including PR with 95% CIs. In most cases,
PRs were smaller in full models than in crude models.
Very weak associations were found between tinnitus
status and hypertension (PR=1.04, 95% CI: 1.00 to 1.08)
and stroke (PR=1.08, 95% CI: 0.85 to 1.36) (table 2). For
myocardial infarction, there was a weak positive associa-
tion with tinnitus (PR=1.11, 95% CI: 0.94 to 1.31) that was
significant only in the crude model (PR=1.24, 95% CI:
1.04 to 1.47).

For tinnitus symptom intensity (table 3), the strongest
association for all cardiovascular outcomes was found
with low intensity, although only some of the associations
were statistically significant. For hypertension, there was
a significant weak association with low-intensity tinnitus
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Table 1

Prevalence of cardiovascular health outcomes and covariates across different levels of tinnitus symptom intensity

Tinnitus symptom intensity*

No tinnitus Low intensity Medium intensity High intensity Total
n (%) n (%) n (%) n (%) n (%)
Hypertension
No 8622 (62.9) 670 (60.5) 1124 (55.3) 239 (55.5) 10 655 (61.6)
Yes 5096 (37.2) 437 (39.5) 908 (44.7) 192 (44.6) 6633 (38.4)
Myocardial infarction
No 13 344 (97.3) 1061 (95.8) 1941 (95.5) 407 (94.4) 16 753 (96.9)
Yes, previously 374 (2.7) 46 (4.2) 91 (4.5) 24 (5.6) 535 (3.1)
Stroke
No 13 445 (98.0) 1078 (97.4) 1978 (97.3) 415 (96.3) 16 916 (97.9)
Yes, previously 273 (2.0) 29 (2.6) 54 (2.7) 16 (3.7) 372 (2.2)
Sex
Women 7441 (54.2) 501 (45.3) 733 (36.1) 169 (39.2) 8844 (51.2)
Men 6277 (45.8) 606 (54.7) 1299 (63.9) 262 (60.8) 8444 (48.8)
Age (years)
40-54 6885 (50.2) 575 (51.9) 763 (37.6) 155 (36.0) 8378 (48.5)
55-64 3631 (26.5) 311 (28.1) 599 (29.5) 135 (31.3) 4676 (27.1)
65-74 2411 (17.6) 185 (16.7) 516 (25.4) 105 (24.4) 3217 (18.6)
>75 791 (5.8) 36 (3.3) 154 (7.6) 36 (8.4) 1017 (5.9)
Education level
Primary/partly secondary 2849 (20.8) 189 (17.1) 461 (22.7) 128 (29.7) 3627 (21.0)
Upper secondary 3752 (27.4) 332 (30.0) 579 (28.5) 131 (30.4) 4794 (27.7)
Tertiary 7117 (51.9) 586 (52.9) 992 (48.8) 172 (39.9) 8867 (51.3)
Living with spouse
No 2991 (21.8) 251 (22.7) 485 (23.9) 97 (22.5) 3824 (22.1)
Yes 10 727 (78.2) 856 (77.3) 1547 (76.1) 334 (77.5) 13 464 (77.9)
Daily smoking
Never 5966 (43.5) 452 (40.8) 828 (40.8) 152 (35.3) 7398 (42.8)
Yes, previously 5917 (43.1) 497 (44.9) 959 (47.2) 205 (47.6) 7578 (43.8)
Yes, now 1835 (13.4) 158 (14.3) 245 (12.1) 74 (17.2) 2312 (13.4)
Alcohol
Never 943 (6.9) 57 (5.2) 163 (8.0) 40 (9.3) 1203 (7.0)
Up to 4 times a month 8514 (62.1) 714 (64.5) 1204 (59.3) 259 (60.1) 10 691 (61.8)
2 or more times a week 4261 (31.1) 336 (30.4) 665 (32.7) 132 (30.6) 5394 (31.2)
Diabetes
No 13 098 (95.5) 1052 (95.0) 1921 (94.5) 401 (93.0) 16 472 (95.3)
Yes, now or previously 620 (4.5) 55 (5.0) 111 (5.5) 30 (7.0) 816 (4.7)
Dyslipidaemiat
No 11 000 (80.2) 873 (78.9) 1551 (76.3) 307 (71.2) 13 731 (79.4)
Yes 2718 (19.8) 234 (21.1) 481 (23.7) 124 (28.8) 3557 (20.6)
Hearing loss
No 10 603 (77.3) 665 (60.1) 755 (37.2) 93 (21.6) 12 116 (70.1)
Yes 3115 (22.7) 442 (39.9) 1277 (62.8) 338 (78.4) 5172 (29.9)
mean (SD) mean (SD) mean (SD) mean (SD) mean (SD)
Waist-height ratio 0.554 (0.073) 0.561 (0.073) 0.561 (0.069) 0.567 (0.072) 0.556 (0.073)
Continued
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Table 1 Continued

Tinnitus symptom intensity*

No tinnitus Low intensity Medium intensity High intensity = Total

n (%) n (%) n (%) n (%) n (%)
Mental health score (SCL-10) 1.269 (0.360) 1.365 (0.406) 1.333 (0.410) 1.469 (0.484) 1.288 (0.375)
Total n (row %) 13718 (79.4) 1107 (6.4) 2032 (11.8) 431 (2.5) 17 288 (100.0)

The Tromseg Study 2015-2016.

*Generated as a function of tinnitus frequentness (scale 1-4; (1) less frequently than every week / (2) each week, but not every day / (3) each
day, but not all the time / (4) most of the time) plus tinnitus bother (scale 1-4; (1) not bothered / (2) a little bothered / (3) bothered / (4) highly
bothered), further divided into four categories of tinnitus symptom intensity, ranging from ‘no tinnitus’ to ‘high intensity’.

TParticipants with serum LDL cholesterol >5.0mmol/L or current use of lipid lowering drugs were considered to have dyslipidaemia.

LDL, low-density lipoprotein; SCL-10, 10-item version of the Hopkins Symptom Checklist.

in the crude model—the prevalence of hypertension
was 9% higher than with no tinnitus. For the full model,
the prevalence was slightly lower (8% increase; PR=1.08,
95% CI: 1.01 to 1.16). Additionally, there was a signif-
icant association between tinnitus symptom intensity
and myocardial infarction—the prevalence of previous
myocardial infarction was 39% higher when having low-
intensity tinnitus (PR=1.39, 95% CI: 1.07 to 1.81) than
having no tinnitus.

No interactions between tinnitus symptom intensity
and age or sex were significant for any of the cardio-
vascular outcomes (see online supplemental table 3).
Still, we chose to perform stratified analyses for separate
groups of age and sex (figure 1), since it is acknowl-
edged that the prevalence of both tinnitus and cardiovas-
cular disease differs across age and sex.” **** Also here,
the strongest associations were generally found for the
group with low-intensity tinnitus. Among women below
65 years, there was a significant association between low
tinnitus symptom intensity and stroke, with prevalence of
stroke approximately 2.5 times higher with low tinnitus
symptom intensity compared with no tinnitus (PR=2.42,
95% CI: 1.31 to 4.45). For men aged 65 and older, there
were only significant associations between low-intensity
tinnitus and both hypertension and myocardial infarc-
tion, where prevalences of the cardiovascular outcomes
were marginally higher in both cases, compared with

no tinnitus (PR=1.20, 95% CI: 1.09 to 1.31 and PR=1.59,
95% CI: 1.11 to 2.27, respectively).

Among participants with tinnitus, we analysed the
associations between tinnitus bother and cardiovascular
health outcomes. These prevalence ratios were close to
1 and none of the associations were significant (table 4).
The inclusion of tinnitus frequentness in the adjustment
set did not have a notable influence on the prevalence
ratios.

DISCUSSION

In this population-based study, we found weak and mostly
non-significant associations between tinnitus and the
prevalence of hypertension, myocardial infarction and
stroke. For crude models, there was a significant associ-
ation between tinnitus status and myocardial infarction,
as well as significant associations between low-intensity
tinnitus and hypertension and myocardial infarction.
After covariate adjustment, associations were attenu-
ated, and only the associations between low-intensity
tinnitus and the prevalence of hypertension and myocar-
dial infarction remained significant. Stratified analyses
revealed a significantly higher prevalence of stroke for
women <65 years, and a marginally, but significantly
higher prevalence of both hypertension and myocardial
infarction for men 265 years, among participants with

Table 2 Prevalence ratio with 95% CI for the association between tinnitus status and hypertension, myocardial infarction and

stroke

Tinnitus variable Cardiovascular variable

Crudet

Full§

Tinnitus statust Hypertension
Myocardial infarction

Stroke

1.03 (0.99 to 1.07)
1.24 (1.04 to 1.47)*
1.15 (0.92 to 1.45)

The Tromse Study 2015-2016. Analysed in the full sample (n=17288).

*p<0.05.

T‘During the last 12 months, have you experienced ringing in your ears lasting more than 5min?’ (no/yes).

FAdjusted for age and sex.

1.04 (1.00 to 1.08)
1.11 (0.94 to 1.31)
1.08 (0.85 to 1.36)

§Adjusted for age, sex, education level, marital status, alcohol consumption, smoking, waist-height ratio, diabetes, dyslipidaemia, mental

health symptoms (SCL-10) and hearing loss.
SCL-10, 10-item version of the Hopkins Symptom Checklist.
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Table 3 Prevalence ratio with 95% Cl for the association between tinnitus symptom intensity and hypertension, myocardial

infarction and stroke

Tinnitus variable

Cardiovascular variable Tinnitus symptom intensity Crudet

Full§

No tinnitus
Low intensity

Tinnitus symptom  Hypertension
intensityt

Medium intensity

High intensity
Myocardial infarction No tinnitus

Low intensity

Medium intensity

High intensity
Stroke No tinnitus

Low intensity

Medium intensity

High intensity

1.00
1.09 (1.02 to 1.17)*
1.01 (0.96 to 1.06)
1.00 (0.90 to 1.10)
1.00

1.54 (1.15 to 2.05)**
1.10 (0.88 to 1.36)
1.38 (0.94 to0 2.01)
1.00

1.38 (0.94 to 2.01)
1.01 (0.76 to 1.35)
1.40 (0.86 to 2.29)

1.00
1.08 (1.01 to 1.16)*
1.03 (0.98 to 1.09)

0.98 (0.88 to 1.08)

1.00

1.39 (1.07 to 1.81)*
1.01 (0.82 to 1.24)

1.06 (0.74 to 1.54)

1.00

1.29 (0.89 to 1.86)

0.97 (0.72 to 1.30)

1.15 (0.71 to 1.89)

The Tromse Study 2015-2016. Analysed in the full sample (n=17,288). The group without tinnitus served as the reference group for the

tinnitus variable.
*p<0.05.
**p<0.01.

TGenerated as a function of tinnitus frequentness (1-4) plus tinnitus bother (1-4), further divided into four categories of tinnitus symptom

intensity, ranging from ‘no tinnitus’ to ‘high intensity’.
FAdjusted for age and sex.

§Adjusted for age, sex, education level, marital status, alcohol consumption, smoking, waist-height ratio, diabetes, dyslipidaemia, mental

health symptoms (SCL-10) and hearing loss.
SCL-10, 10-item version of the Hopkins Symptom Checklist.

low-intensity tinnitus compared with no tinnitus in fully
adjusted models.

We found no associations between tinnitus bother
and the prevalence of cardiovascular conditions among
participants with tinnitus, neither with nor without
tinnitus frequentness included as a covariate in the
model. Taken together, our results indicate a slight differ-
ence in the prevalence of some cardiovascular condi-
tions, depending on tinnitus symptom intensity, when
comparing with participants without tinnitus in the full
sample, but there was no difference in the prevalence

of cardiovascular disease according to tinnitus bother or
tinnitus frequentness in participants with tinnitus.

Most previous studies on the association between
cardiovascular disease and tinnitus have assumed
cardiovascular disease to be a risk factor for tinnitus in
their analyses.”"® * We have found only one previous
population-based study discussing possible opposite
mechanisms and examining tinnitus as a risk factor for
cardiovascular disease. Huang et al found a significantly
increased risk of ischaemic stroke in young and middle-
aged individuals with tinnitus (OR=1.66, 95% CI: 1.34 to

Table 4 Prevalence ratio with 95% CI for the association between tinnitus bother and hypertension, myocardial infarction

and stroke

Tinnitus variable Cardiovascular variable Crude*

Fullt Full incl. tinnitus frequentnesst

‘ybuAdoo

Tinnitus bother§ 0.99 (0.97 to 1.00)
1.02 (0.96 to 1.08)

0.99 (0.90 to 1.08)

1.02 (0.96 to 1.08)
0.99 (0.90 to 1.08)
0.99 (0.97 to 1.01)

Hypertension
Myocardial infarction
Stroke

1.00 (0.98 to 1.01)
1.05 (0.99 to 1.11)
1.03 (0.95 to 1.12)

The Tromse Study 2015-2016. Analysed among participants with tinnitus (n=3570).

*Adjusted for age and sex.

TAdjusted for age, sex, education level, marital status, alcohol consumption, smoking, waist-height ratio, diabetes, dyslipidaemia, mental
health symptoms (SCL-10) and hearing loss.

FAdjusted for age, sex, education level, marital status, alcohol consumption, smoking, waist-height ratio, diabetes, dyslipidaemia, mental
health symptoms (SCL-10), hearing loss and tinnitus frequentness.

§‘Please indicate how bothered you are by the ringing in your ears?’ (numeric rating scale ranging from 0 (not bothered) to 10 (worst
imaginable bother)).

SCL-10, 10-item version of the Hopkins Symptom Checklist.
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Figure 1 Stratified analyses of associations between tinnitus symptom intensity and hypertension, myocardial infarction and

stroke. The Tromsg Study 2015-2016. Analysed in the full sample (n=17288) using Poisson regression. Analyses were stratified
by age (<65 years/>65 years) and sex, generating the groups, women <65 years (n=6775), women >65 years (n=2069), men<
65 years (n=6279) and men >65 years (n=2165). ‘No tinnitus’ served as the reference group (PR=1), marked by dotted lines. We
adjusted for age, education level, marital status, alcohol consumption, smoking, waist-height ratio, diabetes, dyslipidaemia,
mental health symptoms (SCL-10) and hearing loss in the regression models. SCL-10, 10-item version of the Hopkins

Symptom Checklist.

2.04) compared with a control group.”® In addition to
being based on individuals who had previously received
diagnoses of tinnitus and ischaemic stroke, this study was
limited to individuals aged 20-45. Hence, our results
cannot be directly compared with this study. The present
study thus includes individuals with a broader age span
and potentially previously undiagnosed tinnitus. Studies
that examined the association in the opposite direction,
with cardiovascular disease as a risk factor for tinnitus,
presented inconclusive results—some studies found that
hypertension, ischaemic heart disease and stroke were
significant risk factors for tinnitus, while others did not.”’

Whether tinnitus was analysed as an outcome or risk
factor, the previous studies identifying significant associa-
tions with cardiovascular conditions have in common that
associations were mostly weak.” '* 1* 7728 Like our study,
several of the previous studies were crosssectional.'” '***
Although there are possible mechanisms for tinnitus both
being a risk factor and a consequence of cardiovascular
disease, the choice of independent and dependent vari-
ables both in previous and our cross-sectional study must
be taken as hypotheses that need to be further tested.
Our study supports previous studies indicating weak asso-
ciations between tinnitus and cardiovascular disease, but
longitudinal studies are needed to examine the prevailing
mechanisms and pathways.

We have found only one study that examined tinnitus
bother in relation to cardiovascular disease.” This
population-based study found a higher frequency
of cardiovascular disease in those with bothersome
compared with non-bothersome tinnitus, in a sample
of individuals with self-reported tinnitus. Bothersome
tinnitus was also positively associated with cardiovascular
disease among women.® In the present study, we found
no associations between tinnitus bother and the preva-
lence of cardiovascular conditions among participants
with tinnitus.

In our study, the relatively strongest associations were
generally found between low tinnitus symptom intensity
and cardiovascular conditions, and this was also the only
category of tinnitus symptom intensity that presented
significant results. It is not clear why only low-intensity
tinnitus should be related to cardiovascular health
outcomes. It could be thatindividuals reporting the lowest
level of tinnitus symptom intensity are inherently more
attentive to disease, more sensitive and thus more prone
to stress. This explanation is in line with findings from a
Norwegian study on the association between tinnitus and
mental health, where worse mental health was reported
among individuals with low tinnitus symptom inten-
sity compared with those with high symptom intensity
(frequentness and duration), for some groups of age and
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sex.” It should be noted, however, that participants in the
category with low-intensity tinnitus in the present study
reported to be not bothered or only a little bothered by
their tinnitus. Alternatively, the association may be due
to cardiovascular disease causing tinnitus through its
effect on blood circulation. Pulsatile tinnitus, which is a
rhythmic type of tinnitus synchronous with the heartbeat,
often originates from vascular causes.** It may be that
vascular changes related to cardiovascular disease could
bring about pulsatile tinnitus occurring sporadically, for
instance, in relation to physical exertion. If so, an associ-
ation between only low-intensity (and thus infrequent)
tinnitus and cardiovascular disease makes sense. Since we
had no information on tinnitus type, we were not able
to examine this any further. Importantly, since Cls were
overlapping for all categories of tinnitus symptom inten-
sity in the present study, we cannot say for certain that
there were differences between categories, and the asso-
ciations between low tinnitus symptom intensity and the
prevalence of cardiovascular diseases need to be repli-
cated in future studies.

The slightly higher prevalence of both hypertension
and myocardial infarction among men >65 years with
low-intensity tinnitus, compared with the same group
without tinnitus, was as expected, since both tinnitus and
cardiovascular disease are more common in men and
their prevalences increase with age. The reason for the
higher prevalence of stroke in women <65 years with low-
intensity tinnitus compared with no tinnitus is, however,
uncertain, although it is partially in line with results from
Huang et al, who found significant associations between
tinnitus and ischaemic stroke specifically for young indi-
viduals (<40 years).28

In parallel to the study of tinnitus and cardiovascular
disease, results from environmental noise research also
describe associations with cardiovascular disease and its
risk factors.” Cardiovascular risk factors such as hyper-
tension, obesity and altered blood lipid profile are likely
to be influenced by external noise through mechanisms
of stress and sleep disturbance.'® 1 Thus, the effects of
environmental noise on the cardiovascular system are
parallel to what has been reported in relation to tinnitus,
including high BMI, hypertension and hypercholestero-
laemia.'’ "' Additionally, stress and sleep disturbance
are symptoms that have also been linked to tinnitus.* It
might thus be that stress and sleep disturbance are factors
involved in the observed association between tinnitus
and cardiovascular disease. Another option is that stress
or other factors are common underlying causes of both
phenomena.”®** More research is warranted to explain
the causality of this relationship.

A review article by Kempen et a*> summarises results on
the associations between the prevalence and incidence of
cardiovascular disease and several types of traffic noise;
air traffic, road traffic and rail traffic. For hypertension,
ischaemic heart disease and stroke, results were mixed,
with some indications of modest positive associations.
Only some of these findings were statistically significant.

Regarding the association between road traffic noise and
ischaemic heart disease, however, findings were more
consistent. Even though we presented results from only
a single cross-sectional study on tinnitus, they align with
these results on traffic noise—we found a significant posi-
tive association between tinnitus symptom intensity and
prevalence of myocardial infarction in our non-stratified
analyses.

There are some limitations to this study. We used cross-
sectional data and did not have information on the onset
of tinnitus, so we do not know which of the conditions
came first. Thus, while our study contributes knowledge
about the overall associations between tinnitus and the
prevalence of cardiovascular disease in the general adult
population, mechanisms for the associations could not be
explored. Furthermore, a possible impact of tinnitus on
the development of cardiovascular disease would likely
be a long-term effect, possibly with a stronger association
between tinnitus and cardiovascular disease for indi-
viduals with prolonged tinnitus. We could not compare
prevalences according to duration of tinnitus, neither
did we have information on specific types of tinnitus (like
pulsatile tinnitus), which could possibly affect associa-
tions. All tinnitus and vascular condition data, except for
blood pressure measurements, were self-reported. Being
a general population health study covering numerous
topics, it was not possible to include a thorough clinical
assessment of tinnitus or any full-scale tinnitus inventory
(like the Tinnitus Handicap Inventory"’) in the Tromsg
Study. Instead, and rather similar to how it has been done
in other population studies,” '’ ' tinnitus was assessed
using single items measuring tinnitus status, frequent-
ness and bother. Itis a strength of the study that we used
the proposed standard measure of tinnitus prevalence in
population studies, ‘tinnitus lasting more than five min
during the past year’.? * The other items were also
selected to align with other population-based studies.®

Myocardial infarction and stroke were measured by self-
reportin this study. A study that has examined the validity
of self-reported myocardial infarction and stroke in Sami
and Norwegian populations™ found that these measures
were subject to some false-positive reporting, since small
proportions of self-reported myocardial infarctions and
strokes were actually other diseases. However, the study
concluded that the sensitivity was high for self-reported
myocardial infarction and moderate for stroke, while
the positive predictive value was moderate for both
measures.”” We could not discriminate between different
types of strokes in our data, but since the large majority
of strokes are cerebral infarctions,* it is unlikely that this
had a notable influence on the results of the study.

The present study also has several strengths. It used
data from a large population-based study, so that the
associations between tinnitus and cardiovascular condi-
tions were examined in a general adult sample. Common
to all population-based health surveys is the possibility
of healthy participant bias. The participation rate in the
present study was, however, high, which is a strength. A
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study on the prevalence of dietary patterns found some
significant differences between participants and non-
participants in Tromsg7, but differences were small,
and the authors concluded that their study population
was fairly representative of the Norwegian population
regarding sex, age and education level.* A recent study
especially examining differences between participants
and non-participants in Tromsg7 found some significant
differences between participants and non-participants
according to sex, age, marital status, income, ethnicity,
residential ownership and socioeconomic characteris-
tics of the living area.”” Although associations between
tinnitus and various sociodemographic factors are some-
what ambiguous in the literature,”” there is an established
association between socioeconomic factors and health.”
It may be assumed that the inclusion of non-participants
could have increased the prevalence of both tinnitus and
cardiovascular disease in our data slightly, but the effect
on associations would not be considered substantial. A
strength of our study is further that hypertension was
identified through blood pressure measurements, rather
than self-report. Furthermore, we examined associations
between tinnitus and specific cardiovascular diseases, as
opposed to cardiovascular disease in general. Our sample
had enough cases and statistical strength to detect clini-
cally relevant associations, and we had the opportunity
to adjust for potential confounders to reduce bias in
analyses. We used DAGs in the selection of covariates,
to minimise bias in analyses. Finally, we estimated prev-
alence ratios, which may be a better-suited measure of
associations in cross-sectional studies than the commonly
used OR.™

To the best of our knowledge, this is one of the first
population-based studies to report associations between
tinnitus and the prevalence of specific cardiovascular
diseases, and to examine whether associations with
cardiovascular disease vary by tinnitus symptom inten-
sity, frequentness and bother. Although the strength of
the associations can be described as only weak, it may be
of importance for public health since both tinnitus and
cardiovascular disease are prevalent conditions in the
general population. Our results based on self-reported
data suggest that tinnitus should be taken seriously even
if tinnitus frequentness and bother level is low. This
may be especially relevant for practitioners in primary
healthcare services who receive patients with tinnitus.
Longitudinal studies should be performed to determine
the mechanisms and causal pathways of the relationship
between tinnitus and cardiovascular disease.
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