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ABSTRACT

Introduction:

Tinnitus is prevalent among Service members and Veterans and is often comorbid with mental health disorders.
Associations between the severity of individuals’ tinnitus and mental health symptoms are not well described.

Materials and Methods:

We conducted a population-based survey of a stratified random sample of 1,800 Veterans diagnosed with tinnitus. We
used the Tinnitus Functional Index to measure tinnitus severity and the Primary Care-Posttraumatic Stress Disorder
(PTSD) screen and the Hospital Anxiety and Depression Scale to assess PTSD, depression, and anxiety. Descriptive
statistics and bivariable and multivariable regression models were used to estimate associations between Veterans’ tin-
nitus severity and mental health symptoms. Inverse probability weights were used to account for sample stratification
and survey non-response. Multivariable odds ratios (ORs) and 95% confidence intervals (CIs) controlled for Veterans’
demographics, military history, and health diagnoses.

Results:

A total of 891 Veterans completed surveys (adjusted response rate = 53%). Large proportions rated their tinnitus as
severe (29.4%; 95% CI: 27.2-31.6) or very severe (18.7%; 95% CI: 16.8-20.5). In multivariable regression models, and
compared with Veterans with none/mild tinnitus, the likelihood of screening positive for PTSD was increased for those
who reported moderate (OR =4.0; 95% CI: 1.6-10.3), severe (OR =7.5; 95% CI: 3.1-18.5), or very severe (OR =17.5;
95% CI: 4.4-70.0) tinnitus. Similarly, Veterans’ likelihood of positive depression screens were elevated for those with
moderate (OR =2.6; 95% CI: 1.1-5.9), severe (OR =3.0; 95% CI: 1.4-6.5), or very severe (OR =15.5; 95% CI: 4.3-
55.5) tinnitus, as was the likelihood of positive anxiety screens for those with severe (OR =2.6; 95% CI: 1.1-6.3) or
very severe (OR = 13.4; 95% CI: 4.0-44.3) tinnitus.

Conclusions:
Mental health symptoms are strongly associated with Veterans’ tinnitus severity. A better understanding of the interplay
between these conditions may help improve the provision of interdisciplinary (Audiology and Mental Health) care for

Service members and Veterans.
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INTRODUCTION

Tinnitus, the sensation of ringing or other sounds in the
ear or head in the absence of acoustic stimuli, is the most
prevalent disability among U.S. Veterans.> In 2018, nearly
160,000 Veterans began receiving Department of Veterans
Affairs (VA) disability compensation for tinnitus, bringing
the total number of Veterans that are service-connected for
tinnitus to approximately 2.0 million.”> Many Veterans seek
help for their tinnitus from healthcare providers.>~> Among
the 7.1 million who used VA healthcare between 2011 and
2016, more than 13% were diagnosed with tinnitus.’ Tinni-
tus is similarly prevalent among active duty Service members,
with large numbers also seeking help from military healthcare
providers.®~3 It has been estimated that those with past mili-
tary service are about twice as likely to experience tinnitus
than their non-military civilian counterparts.”'°

Published by Oxford University Press on behalf of the Association of Mil-
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Many individuals who experience tinnitus are not
adversely affected by it; however, a substantial proportion
reports it to be bothersome and intrusive. Tinnitus can cause
concentration difficulties, inability to sleep, agitation, and
emotional distress.* It is often associated with mental health
disorders, a phenomenon that may be physiological as well as
psychological in etiology.'! Indeed, Veterans diagnosed with
tinnitus by VA healthcare providers are twice as likely than
those without tinnitus to be diagnosed with mental health or
behavioral disorders, including posttraumatic stress disorder
(PTSD), depression, anxiety, and substance use disorders.’
It is notable that cognitive behavioral therapy is recognized
as an evidence-based treatment for both tinnitus and men-
tal health disorders.'? This suggests a role for collaborative
Audiology and Mental Health services that can address the
co-occurrence of these conditions, a recommendation that has
been previously described.!?

Although research has identified robust assoc-
iations between tinnitus and mental health diagnoses, the
co-occurrence of active symptoms and the role of tinnitus
severity on mental health disorders are not as well established.
A better understanding of the interplay between tinnitus sever-
ity and mental health symptoms could inform the provision of
interdisciplinary care for Service members or Veterans who
are identified with one or more of these disorders. The objec-
tive of this study was to examine associations between self-
reported tinnitus severity and symptoms of PTSD, depression,
and anxiety among Veterans who use VA healthcare and have
sought care for tinnitus.

METHODS

Overview

This was a population-based survey of Veterans who used
VA healthcare and were diagnosed with tinnitus. Veterans
were asked to complete a mailed or internet survey that asked
them to report the impact of tinnitus on their daily function-
ing and symptoms of mental health disorders. A $20 incentive
was paid to those who completed the survey. The conduct
of this study was approved by the VA Portland Health Care
System Institutional Review Board (IRB) and Research and
Development Committees.

Sampling Frame

The sampling strategy for this study is presented in Fig. 1.
Using data from the VA Corporate Data Warehouse, which
contains healthcare records of all Veterans receiving VA ser-
vices, we identified over 7.9 million unique Veterans who used
VA health services nationally for the 5-year period between
October 1, 2011 and September 30, 2016. From this popula-
tion, we selected a random sample of 715,400. Veterans were
excluded if they were deceased, enrolled in hospice or pallia-
tive care, or had not received VA outpatient care during the
study period (e.g., had only received inpatient care). Of those
remaining, 13.4% had been diagnosed with tinnitus (identified
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using International Classification of Diseases [ICD] diagnosis
codes) one or more times as either an inpatient or outpatient,
and 3.8% had been diagnosed one or more times as an inpa-
tient or two or more times as an outpatient.’ Using the group
that met this more stringent definition of tinnitus diagnosis,
we identified Veterans who had non-missing ages, were <90
years of age, had complete addresses, and were not institution-
alized. We then restricted our sample to those who had used
the VA between October 1, 2015 and September 30, 2016 in
order to ensure the most up-to-date mailing addresses. This
left a final sampling frame of 19,867 Veterans.

From this sampling frame, we randomly sampled 1,800
Veterans, stratified by comorbid traumatic brain injury (TBI)
diagnosis status (yes/no) and categories of age (18-34;
35-49; 50-89 years) to increase precision and ensure sufficient
responses for analyses relative to these variables (n =300
were sampled from each of the six strata). Age and TBI
diagnosis (based on ICD codes, as used previously, and ascer-
tained for the entire 5-year period from October 1, 2011 to
September 30, 2016) were collected from Veterans’ health-
care records in the Corporate Data Warehouse.'* TBI was used
as a stratification variable because of its prevalence among
recent Service members and Veterans, its role in Veterans’
receipt of VA healthcare, and its strong association with both
tinnitus and mental health disorders; thus, oversampling Vet-
erans with TBI diagnoses helped ensure sufficient numbers of
participants with TBI for analyses.> 13- Sampled Veterans
were invited by mail to participate in the survey.

Procedures

To the extent allowed by the IRB, we used Dillman’s Tai-
lored Design Method to recruit Veterans into the study and
to maximize survey response rates.!” First, using addresses
obtained from VA data, sampled Veterans received via U.S.
Postal Service an introductory letter explaining the study’s
purpose, a scannable paper survey booklet, instructions that
included elements of informed consent, and a return enve-
lope. The letters included language describing an alterna-
tive option to complete the survey online, which was hosted
on our university affiliate’s server using Research Elec-
tronic Data Capture (REDCap) tools. Survey questions con-
sisted of true/false, multiple choice, Likert-type scales, and
open-ended response items. The paper survey booklet and
online survey contained the same questions, with the excep-
tion of open-ended response items, which were excluded
from the online survey because of IRB internet security
requirements.

Measures

Veterans’ demographic and military history characteristics
were identified using VA administrative data and survey
items. Demographic characteristics included age at the time
the sample was drawn (categorized as 18-34, 35-49, and
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2011 and September 30, 2016.

Veterans with at least one inpatient or
outpatient visit to the VA between October 1,

n=7,936,202
Fandom sample
n=T15,400
Veterans diagnosed with tinmitus, with Excluded Veterans
one or more VA inpatient or outpatient residing outside of the 50
visits between October 1, 2015 and U.S. states, with
September 30, 2016; non-missing age; p | Incomplete or missing
<00 years of age; not in hospice or addresses, or with non-
palliative care; not deceased. residential addresses (e.g.
n=20,205 comrectional facilities).
l n=338
Final Sampling Frame
n=19.867
TEI diagnosis No TBI diagnosis
Age 18-34 years Age 18-34 years
n=30 n=300
Age 35-49 years Apge 35-49 years
n=300 n=300
Age 50-89 years Age 50-89 years
=300 n=300

FIGURE 1. Development of final sampling frame and selection of stratified random sample of n = 1,800 Veterans diagnosed with tinnitus by Department of

Veterans Affairs (VA) healthcare providers. TBI, traumatic brain injury.

50-89 years), sex (male versus female), marital status (mar-
ried versus not married), race (white versus all other races),
education (high school or less, vocational/Associate’s degree,
and college degree or more), annual household income
(<$50,000 versus >$50,000), region of residence (West, Mid-
west, South, and Northeast), length of military service
(<5 years versus >5 years), military branch (Army, Air
Force, Navy, Marine Corps), military status (separated versus
guard/reserves/active duty), and VA service connection status,

an indicator of disability related to Veterans’ military service
(not service connected, service connected < 50%, and service
connected > 50%).'8

Tinnitus severity was measured using the Tinnitus Func-
tional Index, a validated instrument that was developed
to measure the effects of tinnitus on daily functioning.'’
Responses were categorized as none or mild, moderate,
severe, and very severe using recommended cut points of
0-31, 32-53, 54-72, and 73-100, respectively.20 Diagnoses
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of pain, PTSD, depression, and anxiety were identified using
diagnosis codes identified in Veterans’ health records from
the VA Corporate Data Warehouse. We used ICD—ninth
revision—Clinical Modification (ICD-9-CM) codes to iden-
tify diagnoses through September 30, 2015 and ICD-10-CM
codes to identify those assigned between October 1, 2015 and
September 30, 2016; equivalent diagnoses between the two
systems were identified using a mapping table published by
the Centers for Medicare & Medicaid Services. We coded Vet-
erans as having a diagnosis if the relevant ICD codes were
assigned during two or more outpatient visits or one or more
inpatient stay for the 5-year period between October 1, 2011
and September 30, 2016.

Veterans’ current mental health symptoms, assessed at the
time of the survey, included PTSD, depression, and anxiety.
PTSD was evaluated using the Primary Care-PTSD Screen, a
validated, four-item measure used by the VA to screen Veter-
ans for PTSD in primary care and other medical settings.?! We
defined a positive PTSD screen as answering ‘yes’ to at least
three out of the four screening questions.?! Depression and
anxiety were assessed using the Hospital Anxiety and Depres-
sion Scale, a brief, validated self-assessment to screen for
anxiety and depression symptoms in non-psychiatric hospi-
tal settings.?> Depression was defined as a total score of eight
or higher on the seven depression screening questions. Sim-
ilarly, anxiety was defined as a total score of eight or higher
on the seven anxiety screening questions.

Data Analysis

Using descriptive analyses, we examined frequencies of all
demographics, military history variables, clinical character-
istics, and survey responses for the participants. We then
estimated population proportions and their 95% confidence
intervals (CIs) for each variable. Inverse probability weights
were used to account for our stratified sampling design as well
as survey non-response.23 Data were cross-tabulated to exam-
ine associations between the independent (tinnitus severity
levels) and dependent (positive screens for PTSD, depression,
and anxiety) variables of interest. Bivariable logistic regres-
sion models were used to compute odds ratios (ORs) and 95%
CIs, estimating the strength of the associations between vari-
ables. Multivariable logistic regression modeling was used to
estimate associations while controlling for potentially con-
founding variables; we employed a model specification strat-
egy based on causal modeling and directed acyclic graphing
techniques.24 Covariates for each model included age, sex,
race (used as an indicator of experience with discrimination
or structural racism), education level, marital status, region
of residence, military branch, military status, time in mili-
tary, service-connection status, and past diagnoses (October
1, 2011 through September 30, 2016) of TBI, pain, PTSD,
depression, and anxiety. Analyses were performed using
SAS/STAT software Version 9.4.
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RESULTS

Of the 1,800 mailed surveys, 110 (6.1%) were returned as
undeliverable, and 10 (0.5%) were returned with an indication
that the Veteran was now deceased. A total of 891 Veterans
returned completed surveys (adjusted response rate = 53% of
those not undeliverable), including 692 by U.S. mail and 199
online using REDCap. Response rates were nearly the same
for Veterans diagnosed with TBI (n = 446) and those without
TBI diagnoses (n =445).

Population Characteristics

Population characteristics (i.e., based on weighted data rep-
resenting the entire sampling frame) are presented in Table 1.
Most of the population was male (95.6%; 95% CI: 94.7-96.6),
white (73.9%; 95% CI: 71.8-76.0), had a vocational or Asso-
ciate’s degree (51.7%; 95% CI: 49.3-54.1), and had spent
<5 years in the military (59.3%; 95% CI: 57.0-61.7). Many
(46.6%; 95% CI: 44.2-49.0) had a VA service-connected dis-
ability rating > 50%. Large proportions had been diagnosed
by their VA healthcare providers with pain (75.4%; 95% CI:
73.3-77.6), PTSD (29.5%; 95% CI: 27.4-31.5), depression
(32.3%; 95% CI: 30.1-34.6), and anxiety (16.8%; 95% CI:
15.1-18.5) during the 5-year period between October 1, 2011
and September 30, 2016. Only 5.6% (95% CI: 5.6-5.7) had
been diagnosed with TBI.

Tinnitus Severity

Large proportions of survey respondents reported severe or
very severe tinnitus, corresponding to weighted population
proportions of 26.5% (24.3-28.7) with none or mild tinni-
tus, 25.4% (23.3-27.5) with moderate tinnitus, 29.4% (27.2-
31.6) with severe tinnitus, and 18.7% (16.8-20.5) with very
severe tinnitus. Tinnitus severity varied by Veterans’ demo-
graphic and military history characteristics and VA diagnoses.
Compared with the youngest group of Veterans, a higher
proportion of those 35 to 49 years of age reported severe
(34.5%; 95% CI: 31.2-37.8) or very severe tinnitus (23.1%;
95% CI: 20.3-26.0). Similarly, a higher proportion of Vet-
erans who reported a race other than white had very severe
tinnitus compared with white Veterans (30.8%; 95% CI: 26.5-
35.1 and 14.4%; 95% CI: 12.5-16.3, respectively). Compared
with Veterans with higher education, larger proportions of
Veterans with a high school degree or less reported severe
(33.0%; 95% CI: 27.9-38.0) or very severe tinnitus (23.1%;
95% CI: 18.6-27.6).

Larger proportions of Veterans who served in the Army
or Marine Corps had very severe tinnitus (21.9%; 95% CI:
19.2-24.5 and 28.6%; 95% CI: 22.4-34.8, respectively). How-
ever, Veterans who served in the Air Force had the highest
proportion who reported severe tinnitus (44.4%; 95% CI:
37.9-50.9). A substantially higher proportion of Veterans ser-
vice connected at > 50% reported very severe tinnitus (30.9%;
95% CI: 27.7-34.1) compared with Veterans with <50% or
no service connection (9.9%; 95% CI: 7.3-12.5 and 6.2%;
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TABLE I. Sociodemographic, Military, and Clinical Characteristics of Veterans Diagnosed With Tinnitus, by Tinnitus Severity; N =891

None/Mild (n=171) Moderate Severe Very severe
(26.5%;,24.3-28.7) (n=223) (n=253) (n=244)
(25.4%; 23.3-27.5) (29.4%;, 27.2-31.6) (18.7%; 16.8-20.5)
Characteristic n Weighted proportion Weighted proportion Weighted proportion Weighted proportion
% (95% CI) % (95% CI) % (95% CI) % (95% CI)
Demographic and Military Service Characteristics
Age
18-34 75 33.5(28.2-38.9) 35.2 (30.0-40.5) 26.7 (21.7-31.6) 4.6 (3.1-6.0)
35-49 225 20.0 (17.1-22.8) 22.4(19.5-25.2) 34.5(31.2-37.8) 23.1(20.3-26.0)
50-89 591 26.8 (24.4-29.2) 25.4(23.1-27.7) 29.1 (26.6-31.5) 18.7 (16.7-20.8)
Sex
Male 836 27.4(25.1-29.7) 24.7 (22.5-26.8) 29.0 (26.7-31.3) 18.9 (16.9-20.8)
Female 55 6.1 (3.7-8.4) 41.5 (30.6-52.3) 37.6 (26.7-48.4) 14.9 (10.5-19.3
Marital Status
Married 612 23.7 (21.2-26.2) 27.2 (24.7-29.8) 30.5 (27.9-33.2) 18.6 (16.4-20.7)
Not married 279 34.0 (29.4-38.7) 20.6 (16.9-24.2) 26.4 (22.4-30.4) 19.0 (15.3-22.6)
Race
White 595 30.1 (27.4-32.9) 25.4(22.9-27.9) 30.0 (27.4-32.6) 14.4 (12.5-16.3)
All other races 296 16.2 (12.9-19.6) 25.3(21.4-29.3) 27.6 (23.6-31.7) 30.8 (26.5-35.1)
Education
High school or less 151 20.1 (15.7-24.6) 23.8 (19.2-28.4) 33.0(27.9-38.0) 23.1 (18.6-27.6)
Voca- 478 25.1(22.1-28.1) 27.7 (24.7-30.7) 29.6 (26.6-32.7) 17.6 (15.1-20.1)
tional/Associates
College or more 262 34.6 (30.0-39.2) 22.3(18.5-26.1) 25.9(21.8-30.1) 17.2 (13.9-20.5)
Annual Household
Income
<$50,000 496 25.3(22.2-28.3) 21.5(18.8-24.2) 33.3(30.2-36.5) 19.9 (17.4-22.5)
>$50,000 395 28.0 (24.8-31.3) 30.2 (26.9-33.5) 24.6 (21.5-27.7) 17.2 (14.5-19.9)
Region of Residence
West 225 30.7 (26.1-35.2) 23.8 (19.8-27.9) 34.0 (29.5-38.6) 11.4 (8.7-14.2)
Midwest 199 30.8 (26.3-35.3) 24.2 (20.1-28.3) 30.4 (26.0-34.8) 14.6 (11.4-17.9)
South 370 17.4 (14.4-20.4) 30.0 (26.4-33.5) 27.0 (23.5-30.5) 25.7 (22.3-29.0)
Northeast 97 39.3 (31.8-46.9) 16.4 (11.1-21.7) 27.5(20.9-34.1) 16.8 (11.3-22.2)
Time Served in
Military
<5 years 379 30.1 (27.0-33.2) 22.8 (20.0-25.5) 27.4 (24.5-30.3) 19.8 (17.2-22.4)
> 5 years 512 21.3 (18.4-24.3) 29.3 (26.0-32.6) 32.3(28.9-35.7) 17.1 (14.5-19.6)
Military Branch
Air Force 97 24.2 (18.5-29.9) 21.7 (16.5-26.9) 44.4 (37.9-50.9) 9.7 (5.8-13.6)
Army 531 23.8 (20.9-26.6) 25.8 (23.0-28.6) 28.5(25.7-31.4) 21.9 (19.2-24.5)
Navy 137 41.6 (35.5-47.6) 31.4 (25.6-37.1) 19.0 (14.4-23.6) 8.1(5.5-10.7)
Marine Corps 126 23.4(17.7-29.2) 20.4 (14.7-26.1) 27.5(21.4-33.6) 28.6 (22.4-34.8)
Military Status
Separated 858 26.6 (24.4-28.9) 24.9 (22.7-27.0) 29.6 (27.4-31.9) 18.9 (17.0-20.8)
Active or 33 19.9 (12.4-27.5) 58.0 (45.4-70.7) 14.3 (5.0-23.7) 7.7 (4.3-11.0)
Guard/Reserves
Service Connection
None 136 29.3 (24.6-34.0) 24.9 (20.5-29.3) 39.6 (34.7-44.6) 6.2 (4.0-8.4)
<50% 195 42.0 (37.2-46.7) 27.0 (22.8-31.2) 21.2 (17.4-24.9) 9.9 (7.3-12.5)
>50% 560 15.9 (13.4-18.4) 24.8 (21.8-27.7) 28.5(25.4-31.6) 30.9 (27.7-34.1)

Previous VA Diagnoses (in the 5-year period between October 1, 2011 and September 30, 2016)

TBI Diagnosis
Yes 446
No 445
Pain Diagnosis
Yes 767
No 124
PTSD Diagnosis
Yes 473
No 418

14.5 (13.0-16.1)
27.2 (24.9-29.6)

23.5(12.1-25.9)
35.9 (30.8-40.9)

16.5 (13.4-19.5)
30.7 (27.9-33.5)

24.5(22.7-26.4)
25.5(23.2-27.7)

23.5(21.2-25.9)
31.2(26.6-35.9)

19.5 (16.4-22.6)
27.9 (25.2-30.6)

26.9 (25.0-28.7)
29.5(27.2-31.9)

29.0 (26.5-31.5)
30.5(25.8-35.2)

27.8 (24.2-31.4)
30.0 (27.3-32.8)

34.1 (32.1-36.0)
17.8 (15.8-19.7)

24.0 (21.7-26.3)
2.4 (1.3-3.5)

36.2 (32.2-40.2)
11.4 (9.5-13.2)
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TABLE I. (Continued)

None/Mild (n=171) Moderate Severe Very severe
(26.5%;,24.3-28.7) (n=1223) (n=1253) (n=1244)
(25.4%; 23.3-27.5) (29.4%; 27.2-31.6) (18.7%; 16.8-20.5)
Characteristic n Weighted proportion Weighted proportion Weighted proportion Weighted proportion
% (95% CI) % (95% CI) % (95% CI) % (95% CI)
Depression
Diagnosis
Yes 433 18.2 (15.0-21.4) 19.5 (16.4-22.7) 32.1(28.2-35.9) 30.2 (26.4-34.0)
No 458 30.5 (27.6-33.3) 28.2 (25.5-30.9) 28.1(25.4-30.8) 13.2(11.2-15.2)
Anxiety Diagnosis
Yes 233 14.0 (10.4-17.7) 18.2 (14.1-22.3) 39.2 (33.7-44.6) 28.6 (23.8-33.4)
No 658 29.0 (26.5-31.6) 26.9 (24.5-29.3) 27.4 (25.0-29.8) 16.7 (14.7-18.7)

TABLE Il. Positive Posttraumatic Stress Disorder, Depression, and Anxiety Screening Results Among Veterans Diagnosed With Tinnitus,
by Self-reported Tinnitus Severity

n Weighted proportion % (95% CI) Bivariable OR (95% CI) Multivariable OR (95% CI)*
Tinnitus Severity Positive Screen for PTSD (n = 587; 39.5% [37.3-41.8])
None/Mild 71 15.0 (12.1-17.9) Reference Reference
Moderate 132 30.4 (26.3-34.6) 2.5(1.2-5.1) 4.0 (1.6-10.3)
Severe 178 46.6 (42.1-51.0) 4.9 (2.5-9.8) 7.5 (3.1-18.5)
Very Severe 206 75.8 (70.8-80.7) 17.9 (7.0-45.6) 17.5 (4.4-70.0)
Positive Screen for Depression (n = 629; 58.8% [56.4-61.2])
None/Mild 76 34.0 (29.3-38.7) Reference Reference
Moderate 136 55.1(50.3-59.9) 2.4 (1.2-4.9) 2.6 (1.1-5.9)
Severe 188 62.5 (58.2-66.9) 3.2 (1.6-6.5) 3.0 (1.4-6.5)
Very Severe 229 93.2 (90.4-96.0) 27.1 (8.4-87.5) 15.5 (4.3-55.5)
Positive Screen for Anxiety (n = 659; 52.5% [50.1-55.0])
None/Mild 82 29.8 (25.5-34.2) Reference Reference
Moderate 151 45.0 (40.3-49.7) 1.9 (1.0-3.7) 2.0 (0.8-5.0)
Severe 200 57.3 (52.9-61.8) 3.2 (1.7-6.0) 2.6 (1.1-6.3)
Very Severe 226 87.5 (83.7-91.3) 16.6 (5.9-46.8) 13.4 (4.0-44.3)

Multivariable models included age, sex, race, education level, marital status, region of residence, military branch, military status, time in military, service-
connection status, and previous diagnoses (between October 1, 2011 and September 30, 2016) of traumatic brain injury, pain, PTSD, depression, and anxiety.

PTSD, posttraumatic stress disorder.

95% CI: 4.0-8.4, respectively). Similarly, higher proportions
of Veterans that had previous (5-year) diagnoses of TBI,
pain, PTSD, depression, or anxiety from their VA healthcare
providers reported very severe tinnitus than those without
these respective diagnoses.

Mental Health Symptoms

There were 587 Veterans who screened positive for PTSD,
629 who screened positive for depression, and 659 who
screened positive for anxiety, corresponding to population
proportions of 39.5% (37.3-41.8), 58.8% (56.4-61.2) and
52.5% (50.1-55.0), respectively (Table II). The proportions of
Veterans that screened positive for PTSD increased substan-
tially as Veterans’ tinnitus severity increased from none/mild
(15.0%; 95% CI: 12.1-17.9) to moderate (30.4%; 95% CI:
26.3-34.6), severe (46.6%; 95% CI: 42.1-51.0), and very
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severe (75.8%; 95% CI: 70.8-80.7). This pattern was also
observed for those screening positive for depression (34.0%;
95% CI: 29.3-38.7 10 93.2%; 95% CI: 90.4-96.0) and for anxi-
ety (29.8%; 95% CI: 25.5-34.2 to 87.5%; 95% CI: 83.7-91.3).

Associations Between Tinnitus Severity and Mental
Health Symptoms

The results of logistic regression modeling suggested strong
associations between increasing tinnitus severity and posi-
tive screens for PTSD, depression, and anxiety (Table II).
Results were similar in both bivariable regression mod-
els and multivariable models controlling for Veterans’
demographics, military history characteristics, and 5-year
diagnoses from VA healthcare providers. In multivariable
models, compared with Veterans with none/mild tinnitus,
the likelihood of screening positive for PTSD was increased
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for those who reported moderate (OR=4.0; 95% CI:
1.6-10.3), severe (OR =7.5;95% CI: 3.1-18.5), or very severe
(OR =17.5; 95% CI: 4.4-70.0) tinnitus. Similarly, Veterans’
likelihood of positive depression screens tended to increase
as their tinnitus severity increased from none/mild to mod-
erate, severe, and very severe (OR=2.6; 95% CI: 1.1-5.9;
OR=3.0; 95% CI: 1.4-6.5; and OR=15.5; 95% CI:
4.3-55.5, respectively), as did their likelihood of positive anxi-
ety screens for severe and very severe tinnitus (OR = 2.6; 95%
CI: 1.1-6.3 and OR = 13.4; 95% CI: 4.0-44.3, respectively).

DISCUSSION

Using validated measures and a population-based sampling
frame, this study examined the self-reported severity of tin-
nitus among Veteran VA users that had been diagnosed with
tinnitus and estimated associations between levels of Veter-
ans’ tinnitus severity and their symptoms of PTSD, depres-
sion, and anxiety. To our knowledge, our study is unique in its
examination of tinnitus and mental health associations using
such granular measures of tinnitus severity. The results of this
work suggest that, even while controlling for a large number
of potential confounders including past diagnoses of mental
health disorders, associations between active symptoms of tin-
nitus and mental health are robust. Additionally, we found that
the more severely Veterans’ tinnitus was ranked as affecting
their daily functioning, the more likely they were to screen
positive for mental health disorders. These findings suggest a
need for greater awareness of the acute associations between
tinnitus and mental health symptoms and enhanced coordina-
tion of Audiology and Mental Health services for individuals
with tinnitus, particularly those with more severe cases.

Our study adds to a body of research that has identi-
fied associations between tinnitus and mental health diag-
noses among treatment-seeking Service members, Veterans,
and non-Veteran civilians.3->=8-10-25-28 Acrogs studies, greater
proportions of individuals that are diagnosed with tinnitus
have comorbid mental health diagnoses, including PTSD,
depression, and anxiety. For example, up to one-third of Vet-
erans seeking help for tinnitus have also been diagnosed with
PTSD, a prevalence approximately three times greater than
among those not seeking care for tinnitus.’>>> Although the
potential for shared neurophysiological pathways exists, in
which the same regions of the brain are involved in both emo-
tional reactions to tinnitus and mood regulation, it is likely
that one condition does not cause another.2’-2® However, the
experience of tinnitus may exacerbate mental health symp-
toms or, contrarily, mental health disorders may reduce the
ability for individuals to cope with tinnitus. Regardless of the
causal direction, those who experience both would potentially
benefit from therapies that address both the physiological and
psychological basis of these conditions.

A combined Audiology and Mental Health therapy for tin-
nitus, called Progressive Tinnitus Management (PTM), has
been developed in the VA and implemented in a number of
VA Audiology clinics.?’-3° PTM incorporates sound therapy
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with components of cognitive behavioral therapy (CBT); ran-
domized controlled trials show this program to reduce distress
caused by tinnitus and to improve functioning, as represented
by clinically significant reductions in TFI scores.?!+*? In addi-
tion, PTM—as well as CBT alone—has been shown to reduce
symptoms of both depression and anxiety among tinnitus suf-
ferers.'?:32 Military healthcare providers have adapted PTM
for delivery to active duty Service members. There have been
calls to improve access to this interdisciplinary program for
the large number of Veterans who seek VA healthcare for tin-
nitus.!® However, with large numbers of Veterans in need of
mental health services, it proves to be a challenge to incor-
porate mental healthcare into audiologic services for tinni-
tus.** Ongoing research is examining methods to improve the
implementation of PTM in the VA and across other settings.

PTM follows a stepped model of care, and it is impor-
tant to note that the great majority of participants do not
need more intensive services at the highest levels.*!-*? Briefly,
PTM Level 1 comprises referral guidelines for any healthcare
provider to make appropriate referrals for a patient report-
ing tinnitus. Level 2 involves a standard audiologic evalu-
ation, including a hearing exam and hearing aid evaluation
when warranted, in addition to a brief assessment of the
functional effects of tinnitus. Levels 1 and 2 can be imple-
mented in hearing healthcare settings with minimal impact
on clinical function. Because a number of patients attribute
hearing difficulties to tinnitus, many who are assessed for
hearing loss at Level 2 will not need to continue on to
PTM Level 3.3* If further services are deemed appropriate
for a patient, then Audiology and Mental Health collabo-
ratively provide Level 3 skills education using audiologic
and psychologic therapies (sound therapy and CBT, respec-
tively).?!-32 Most Veterans who progress to PTM Level 3 have
their tinnitus-specific needs met at this level. Those requir-
ing more intensive help may progress to Level 4, involving
an in-depth interdisciplinary evaluation by an audiologist and
a psychologist to determine if one-on-one assistance is war-
ranted. Level 5 involves individualized support from Audi-
ology and/or Mental Health, based on the outcome of the
Level 4 evaluation. Although developed and evaluated in the
VA setting, PTM is readily adaptable to other healthcare sys-
tems (particularly if Audiology and Mental Healthcare are
already integrated) and to non-military or non-Veteran civilian
patients.

Previous estimates have suggested that about 20% of civil-
ian adults with tinnitus require clinical intervention in order
to experience relief from symptoms."'3> Assuming similar
proportions of Veterans are affected, then at least 342,000 Vet-
erans would benefit from access to evidence-based treatment.
It was notable in this study that, among Veterans who had
been diagnosed with tinnitus within the VA, such large pro-
portions reported TFI scores indicating severe or very severe
impacts of tinnitus on their daily functioning. Clearly, symp-
tom management and minimizing distress for individuals with
bothersome tinnitus should be a high priority among providers
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who encounter patients seeking help with tinnitus. Similar to
our findings involving a VA sample, recent research involving
a population-based civilian sample found that Veterans as
well as non-Veteran civilians with tinnitus were more likely
to report symptoms of both depression and anxiety; there
were no differences in the strength of the observed associa-
tions between Veterans and non-Veterans.'? Thus, it stands to
reason that, like the VA and Military Health System, civil-
ian healthcare systems would also best support their patients
with bothersome tinnitus by offering integrated Audiology
and Mental Health services.

Another noteworthy finding from this study was the pro-
portion of Veterans with tinnitus and comorbid TBI diagnoses
who reported very severe tinnitus (34.1%) relative to those
without comorbid TBI diagnoses (17.8%). This is not sur-
prising given the growing body of research showing that
Veterans with a history of TBI are more likely to report audi-
tory problems—namely hearing difficulties and tinnitus—
than those without TBI.>>~7-26 The etiology of auditory
dysfunction among individuals with a history of TBI is not
well understood, particularly when experienced by those with
audiometrically normal hearing.’® TBI-related auditory dis-
orders are likely to vary by factors such as the source of TBI
(e.g., blast/bomb versus blunt force), severity of TBI, phys-
ical location of injury, time since injury, and concomitant
exposures. Research is needed to better understand the inter-
play between hearing impairment, tinnitus, and mental health
disorders among individuals with TBI. In the present study,
we observed associations between tinnitus severity and men-
tal health symptoms even after controlling for TBI, suggesting
that these patterns are at least consistent in Veterans both with,
and without, TBI. Notably, a modified version of a tinnitus
management program (PTM Level 3 Audiology and Mental
Health skills training) has been developed and shown to be
efficacious for Veterans with potential limitations because of
TBI (e.g., attentional deficits).??

Limitations

Limitations of this work include the potential for lack of gen-
eralizability of trends observed among Veteran VA users to
Veterans who seek healthcare outside the VA, Service mem-
bers, or even civilians, who also commonly experience tinni-
tus.>> However, ours was a population-based survey that was
designed to be representative of Veterans who have been diag-
nosed with tinnitus in the VA and our results are similar to
recent population-based research involving civilians.'” Thus,
it is likely that results reflect, at least to some extent, the expe-
riences of other cohorts that suffer from tinnitus. Additionally,
uncertainty about data accuracy may be a limitation of this
work. For example, the ICD diagnosis codes used to identify
Veterans’ clinical characteristics may not accurately represent
Veterans’ health status, given potential miscoding, and the fact
that these codes represent treatment receipt rather than Veter-
ans’ actual disease states. Our approach of coding a Veteran
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with a diagnosis if they had one or more respective inpatient,
or two or more outpatient, ICD codes assigned at any time
during the 5-year period between October 1, 2011 and
September 30, 2016 may make this possibility less of a con-
cern. Finally, the wide CIs associated with the ORs estimat-
ing associations between tinnitus severity and mental health
symptom variables suggest instability of these weighted esti-
mates. It is possible that there is broad variance in Veterans’
mental health symptoms across tinnitus severity levels. How-
ever, the trends of increasing ORs as levels of tinnitus severity
increase suggest a dose-response type pattern, which was
consistent for all three mental health screens. Our ongoing
work will continue to examine the complex interplay between
tinnitus severity and Veterans’ mental health symptoms and
disorders.

CONCLUSION

Mental health symptoms appear to be strongly associated
with Veterans’ tinnitus severity. A better understanding of the
relationships between these conditions may help improve the
provision of interdisciplinary (Audiology and Mental Health)
care for Service members and Veterans. Continued research
in this area could help improve daily functioning and quality
of life among Service members and Veterans who experience
these disorders.
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