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Dual sensory impairment (DSI) is prevalent in the older population, but due to
exposure to military-related risk factors, it is a particular problem for veterans,
older and younger. This rapid review aimed to critically review and summarise
the prevalence of DSI in military veteran populations, as well as any associative
factors and outcomes that were assessed. This was done in accordance with the
Preferred Reporting ltems for Systematic Reviews (PRISMA) statement. Several
databases (Scopus, Web of Science, AMED, CINAHL Plus, Ultimate, and
MEDLINE via EBSCOHost) were searched and five studies were selected for final
review. All studies provided a prevalence rate for DSI in a veteran sample. One
study also looked at functional independence as an outcome. Three of the
studies considered blast injuries and traumatic brain injury (TBI) by using samples
from TBI patient populations. Overall, results of this review suggest that age and
presence of TBI and/or exposure to blast may increase prevalence of DSI in
veterans. Prevalence rates ranged from 5.0-34.6% but there are caveats. There is
a lack of universal or standardised definition for DSI, making it difficult to
determine true prevalence. Future research should also include veterans who
may not be receiving support from Veterans Affairs, consider factors such as TBI
aetiology and severity based on clinical measures, and utilise a more
standardised definition for DSI based on clinical measures.
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1 Introduction

Concurrent hearing loss and vision loss is referred to as dual sensory impairment
(DSI) or dual sensory loss (DSL). In some cases, DSI is also used interchangeably with
“multi-sensory impairment” (MSI) although this label lacks a clear universal definition
and at times it refers to DSI in addition to other impairments or disabilities (1).
Henceforth, in this review we will use the term “dual sensory impairment”. According
to SENSE, more than 400,000 individuals in the United Kingdom (UK) experience both
these sensory losses and this number is expected to increase to 600,000 by 2030, as a
result of an ageing population (2). Individuals with DSI are referred to as deafblind and
in 1995, the Department of Health noted that one is regarded deafblind “if their
combined sight and hearing impairment cause difficulties with communication, access
to information and mobility.” This definition includes those with sight and hearing loss
that is progressive and partial.

Abbreviations

DSI, dual sensory impairment; MSI, multi-sensory impairment; VI, visual impairment; HI, hearing
impairment; TBI, traumatic brain injury; VA, veterans Affairs; PTA, pure tone average; HFPTA, high
frequency pure tone average.
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The type of DSI is based on the onset of the DSI. DSI may be
congenital, acquired, or age-related (3). Congenital DSI refers to
people who were born with vision impairment (V.I) and hearing
impairment (HI) or developed it in the early years before
language development. Acquired DSI describes individuals who
developed both sensory impairments after language development.
Syndromes such as CHARGE syndrome and USHER syndrome
may lead to congenital and acquired DSI respectively (3). In this
review, all types of DSI were considered. Due to the nature of the
population included in this review i.e. the medical requirements
for eligibility to join the military, it is not as likely that there will
be participants with congenital DSI in comparison to acquired DSI.

There is a significant impact on an individual’s life when they
develop sight loss or hearing loss. It is therefore worth
determining the proportion of the population that are already
living with DSI, and the proportion of individuals who are at risk
of acquiring DSI as it presents unique challenges, in comparison
to those living with single sensory loss. In the general population,
the number of older-aged people is increasing (4) and the age
profile of the veteran population is changing accordingly.
According to Ministry of Defence projections for the UK veteran
population, although a drop in veterans age 75 and over is
predicted (from 49% in 2016 to 37% in 2028), the percentage of
veterans that are 90 years and over is expected to double from 6%
in 2016 to 12% in 2028 (5). As sight loss and hearing loss can
occur in military personnel during deployment, or training, there
is value to examining DSI in the military veteran population. The
effects of DSI may interact with the effects of other conditions
that occur in military populations, such as traumatic brain injury
(TBI). Furthermore, V.I. and H.I. are known outcomes of TBI and
exposure to explosives, putting veterans, and military personnel at
particular risk of developing DSI unrelated to ageing. With
outcomes such as depression (6, 7), dementia (8) and increased
risk of mortality (9) being associated with DSI, determining
prevalence, and assessing rehabilitation needs that holistically
consider such outcomes, especially in a group with additional
occupation-related risk factors is important.

Prevalence rates of vision and hearing impairments on their
own are difficult to ascertain, and the prevalence of DSI is often
underestimated according to a 2018 report by the World
Federation of the Deafblind (10). Furthermore, much of the DSI
literature is focused on DSI prevalence in the aging population,
and in relation to congenital DSI rather than acquired DSI (11).
Documentation of DSI in medical records is also lacking (12).
lead
overestimation of DSI. In the military and veteran population,
often it is the rates of either V.I. or H.I. or both separately that

Furthermore, self-reporting issues can to under or

are recorded even if there are cases of DSI.

2 Methods

A rapid systematic review was conducted, two reviewers (ZR
and SH) contributed to the title and abstract, quality appraisal
and full text-reviews.
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2.1 Literature search

The Preferred Reporting Items for Systematic Reviews
(PRISMA) (13) was used to conduct this rapid review (Figure 1).
A systematic search of literature was performed in different
academic databases: Scopus, Web of Science, and AMED,
CINAHL Plus and Ultimate, and MEDLINE via EBSCOHost.
The following search string was used and adjusted for, per
database search requirements:

(dual sensory loss OR dual sensory impairment OR vision and
hearing loss OR vision and hearing impairment OR multi-
sensory  impairment OR impairment  OR
deafblind*) AND (veteran* OR ex-military OR ex-forces OR
army OR marine* OR soldier* OR air force OR navy OR
national guard OR deployment OR combat OR active

I?'llllliSCVlS()l‘}/

component OR armed forces)

The search was refined to English language and restricted to
articles or reviews only. Duplicate articles were removed.

A search for grey literature was also conducted. The websites of
several charities supporting veterans with disabilities were searched
for reviews and reports presenting statistics of veterans with DSI.

2.2 Inclusion criteria

Studies were included if they: (i) included veterans aged 18
years and older; (ii) presented prevalence statistics of combined
vision and hearing impairment, (iii) were written in English.
Full-text articles that were peer-reviewed were considered (see
Supplementary for reasons for exclusion). Review-type articles
were scanned for any relevant citations of studies that presented
prevalence statistics.

The titles and abstracts of the articles obtained from the
literature search results (n=109) were screened. At this stage,
studies that did not refer to vision and hearing loss/impairment,
military and/or veterans were excluded. The remaining articles
(n=12) were independently reviewed by both reviewers to
determine suitability. Articles for which full-article access was
not available were excluded. After reviewing the full-text articles,
those that were not relevant to DSI, did not contain prevalence
statistics for DSI, and were not the correct type of article were
excluded. Articles which contained prevalence estimates of DSI
in veteran populations were included (n =5).

2.3 Data extraction and critical appraisal

Quality appraisal and risk of bias assessment of the studies was
carried out by SH and ZR using the appraisal tool for Cross-
Sectional Studies (AXIS tool). The studies were appraised based
on aim, methods, results, discussion, ethics and funding.
Elements of the studies including study design, quality of
reporting and potential for bias were gauged to assess the quality
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FIGURE 1

Flow chart diagram based on PRISMA.

of the study. The tool consisted of 20 questions, each having three
possible responses (“yes”, “no” and “don’t know”), with the score
increasing by 1 for each “yes”. Each study was given a score
between 0 and 20. The studies were graded as “Good” (>15),
“Fair” (10-15) or “Poor” (<10). The following fields were
extracted: authors, year of publication, setting/country, study
design/type, sample size, participant characteristics (age and sex),

and prevalence data.

3 Results

Figure 1 shows the flowchart for the studies included and
excluded. Excluded articles (12, 14-19) and the reasons for
exclusion can be found in the Supplementary. Table 1 outlines
the key details about the five studies.

3.1 Critical appraisal

The AXIS tool was used to assess the quality and risk of bias.
The quality of studies ranged from Fair to Good. Four studies
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(22-24) received a score of 10-15 (Fair) and one (23) received a
score >15 (Good). In the Good study, some of the following
strengths were identified: objective measurement of exposure and
outcome, appropriate statistical analyses, and identification of
important confounding factors. The weaknesses noted in
these studies however were small sample sizes, bias introduced
by subjective measurements, and the lack of universal definition

for DSI.

3.2 Description of studies

3.2.1 Topic and aim

All five studies’ primary aim was to determine estimates of
prevalence rates for V.I., HI. and DSI in veteran populations.
Three of the studies (21, 22, 24) investigated DSI specifically
in veteran populations that had received TBI evaluations.
One (22) the effects of TBI-related
impairments on functional independence. All studies identified

considered sensory

for reviewing in the present article are (descriptive) cross-
sectional studies.
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TABLE 1 Study characteristics (participant recruitment, study sample size, country); population characteristics (age range/mean age, sex, grouping);
prevalence data and measurement methods for DSl in the selected studies.

Source Study characteristics Sample population Prevalence (%) Measurement of DSI Methodology:
characteristics strengths and
weaknesses

Lucas and | « Used data that was collected | « Age: 18-75 + years. o All percentages have a | « Self-reporting questionnaire. | Strengths:

Zelaya via the 2016 National Health | « Male veterans and non- 95% confidence Questions asked to evaluate + Used national

(20) interview Survey. veterans. interval. vision and hearing were: sample in the United

« N=33208. e 5.0% (3.4-6.9) DSI in “Without the use of hearing States.
o Country: United States. veterans. aids or other listening devices, | « Large sample size.
e 2.5% (2.2-2.9) in non- is your hearing excellent, Weaknesses:
veterans.18-44 years: good, a little trouble hearing, | « Focused on self-
0.6% (0.4-0.9) moderate trouble, a lot of reporting,
o in non-veterans.45-64 trouble, or are you deaf?”, “Do susceptible to bias.
years: 5.1% (3.4-7.3) you have any trouble seeing, |« Relied on subjective
o in veterans and 3.2% even when wearing glasses or categorization of
(2.6-3.8) in non- contact lenses?”, and “Are you answer options.
veterans.65-74 years: blind or unable to see at all?”.
6.8% (5.0-8.9) « Categories for degree of
« in veterans and 5.1% hearing were obtained by
(3.9-6.7) in non- combining “excellent” and
veterans. “good” into on category, “a
o 75 years and over: little trouble” and “moderate
10.6% (8.3-13.2) in trouble” into another category,
veterans and 9.7% and “a lot of trouble” and
(6.8-13.3) in non- “deaf” into another.
veterans. « Participants who responded to
the question about blindness
were excluded as blindness
could not be differentiated
from other degrees of visual
troubles, and only 142
respondents selected yes for
this question, so could not be
analysed separately.
« DSI refers to combined V.I.
and H.IL of any degree or loss.

Lewetal. | « Used data from TBI o Age: 18-65 years (M =31.3, e 35.9% DSI in 10,431 «  Self-reporting of V.I. and H.I. | Strengths:

(21) evaluations carried out by SD =8.6). patients with TBI and using five-point Likert-type o Used national
Veterans Health e 93.9% male. blast exposure. scale of rating “vision sample in the United
Administration between o Subjects split into two groups: | « 30.3% DSI in 2,090 problems, blurring, trouble States.

October 2007 and June 2009. 12,521 patients with patients with TBI but seeing, hearing difficulty” on a | « Large sample size.
o N=21,627. deployment- related TBI and no blast exposure. scale ranging from 0 (none) to | Weaknesses:
o Country: United States. 9,106 participants without e 24.6% DSI in 6,478 4 (very severe). Data was « Focused on self-
TBL patients with blast either treated as a quantitative reporting,
exposure but no TBL scale or as a dichotomous susceptible to bias.
e 22.7% DSI in 2,628 categorical variable where
participants with no those selecting “none” and
TBI and no blast “mild” were combined into
exposure. one category.

Lewetal. | « Used patient medical records | « DSI noted in 20 patients « DSI noted in 20 « Hearing component: Hughson | Strengths:

(22) of patients with TBI admitted (32.3%). patients (32.3%). Westlake procedure used to o Used detailed
to Department of Veterans measure pure tone thresholds. medical records.
Affairs Polytrauma Integrity of tympanic o Detailed hearing and
Rehabilitation Centers (PRC) membrane and middle ear, as vison examinations.
between December 2004 and well as air and bone Weaknesses:

March 2008. conduction also measured. « Small sample size.
« N=62. « Vision component: Feinbloom | « No definitions of
« Country: United States. chart was used to measure DSL
visual acuity and the ICD-9
was used to define V.I.
o No definition of DSI provided
by authors.

Smith « Used medical records of 1,472 | « Patients divided into 4 age « Significant increase in | » Hearing component: Strengths:

et al. (23) patients seeking treatment at groups:<65 years (n =505, DSI prevalence with Measured using both HFPTA | « Used detailed
both optometry and range = 44-64), 65-74 years increasing age. 0% and traditional PTA, resulting medical records.
audiology outpatient clinics at (n=363), 75-84 years prevalence in <65 age

(Continued)
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TABLE 1 Continued

Sample population
characteristics

Source

Study characteristics

VA medical centre between
June 2004 and May 2005.

o N=400. .
« Country: United States
(Mountain Home,

Tennessee).

(n=485), and >85 years

(n =199, range = 85-95 years).
100 patients were randomly
selected from each age group.

Prevalence (%)

group and 26%
prevalence in >85 age
group.

<65 years: 0% (PTA
and HFPTA)

65-74 years: 1% (PTA)
and 4% (HFPTA)
75-84 years: 9% (PTA)
and 13% (HFPTA).
>85 years: 22% (PTA)
and 26% (HFPTA).
Overall DSI prevalence
7.4% (HFPTA) and
5.0% (PTA).

10.3389/fresc.2024.1281491

Measurement of DSI

in different prevalence figures

for each.

Vision component: Snellen
chart for distance visual
acuity.

DSI definition: visual acuity of
worse than 20/40 in the better
eye and an unaided moderate
hearing impairment or worse
in the better ear (>40 dB).

Methodology:
strengths and
weaknesses

« Random patient
selection.

Weaknesses:

« Small sample size.

e Restricted to a
specific geographical
location in the
United States.

Pogoda
et al. (24)

Used patient medical records
veterans completing Veterans
Affairs comprehensive TBI
evaluation (CTBIE) between
October 2007 and June 2009.
e N=13,746.

«  Country: United States.

Age: 18-64 years (male
patients had M =31.4, SD =
8.7 years).

Sample split into two groups
for comparison: 9,998 patients
with mTBI history and 3,748
patients with no history of TBI

Overall MSI rate of
13.9%.

MSI rate in patients
with deployment-
related mTBI (both
blast and non-blast)
was 17.4%.

Self-reporting of V.I. and H.I.
via the use of the
Neurobehavioral Symptom
Inventory (NSI-22, a 22-item
patient self-report checklist).
Participants were asked to rate
the degree of trouble in the
last 30 days for “hearing
difficulty”, “vision problems,
blurring, trouble seeing”, and
“feeling dizzy”, “loss of
balance” and “poor

Strengths:

o Used detailed
medical records.

« Large national
sample

Weaknesses:

« Focused on self-
reporting,
susceptible to bias.

« Relied on subjective
categorization of
answer options.

coordination, clumsy” in
reference to vestibular issues.
These were rated on 5-point
Likert scales ranging from 0
(none) to 4 (very severe).

o Symptoms that were reported
at least a 2 were categorised as
moderate impairment.

o MSI refers to combined
reporting of V.I, H.I. and
vestibular symptoms, with a
score of 2 or greater for all
three symptoms.

3.2.2 Participants

Participants in three studies (21, 22, 24) all had TBI
evaluations, whereas the other two studies looked at general
veteran populations. However, all but one study (20) involved
data obtained from veterans who were seeking healthcare from
the Department of Veterans Affairs (VA). Lucas & Zelaya used
data obtained via a health survey administered on a national
level ie., not limited to veterans that are under the care of VA
healthcare. Most of the studies used a relatively large sample size
ranging from 13,746 to 36,919, but two (22, 23) used much
smaller samples. Smith et al. looked at 400 participants, with
group sizes of only 100 participants per group. This is due to
stratifying their population according to age, with one of the age-
groups acting as a limiting factor. Lew et al. (2009) however
looked at only 62 patients, and no justification for this was
provided. All studies included participants that were 18 years and
older, except for Smith where the youngest participants were 44
years, but the eldest were 95 years old. Two studies had similar
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average ages as well as similar age ranges for participants [18-65,
M=31.3, SD=8.6 and 18-64, 31.4, SD =8.7 for Lew et al. (2011)
and Pogoda respectively].

3.2.3 Research design

A descriptive cross-sectional design was used for all articles.
This design is ideal as they are prevalence studies, and the
databases used generally allow for substantial sample sizes. All
studies used patient data from databases, except Lucas & Zelaya
who used survey data.

3.3 Methods

3.3.1 Measuring and defining visual impairment

In Smith et al’s study, distance visual acuity was evaluated
using a Snellen chart, whereas a Feinbloom chart at 10 meters
was used to assess distance visual acuity in Lew et al. (2009)’s
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study (visual acuity was based on best corrected refraction of the
better eye and dependent on existing corrections). Near acuities
were also obtained by Lew et al. (2009), and these were measured
using text, single words, triple digits, or single digits. Where
visual field results were available, Smith et al. relied on the
Humphrey Automated Visual Field Analyzer or the manual
Goldmann perimeter to review visual field results contributing to
V.I. Lew et al. (2009) do not refer to visual field, and only
mention the use of visual acuity as a measure of visual function.
The remaining three studies measured V.I. using self-reporting
criteria such as the validated NSI-22 inventory (24), or referring
to reports of “vision problems, blurring, trouble seeing” over a
period of the past 30 days (21), or answering questions such as
“Do you have trouble seeing, even when wearing glasses or
contact lenses?” (20).

The International Classification of Diseases—9th revision
(ICD-9) was used to define V.I. by Lew et al. (2009) as it was
reflective of the eligibility criteria of the VA for accessing vision
rehabilitation. Visual acuity of 20/20 to 20/63 was defined as
normal and near normal vision. Visual acuities between <20/63
and 20/1,000 were categorised into a single group consisting of
those with moderate, severe and profound V.I. based on ICD-9
definitions. Finally, a visual acuity of <20/1,000 (or bilateral
enucleation) indicated blindness. These latter two groups would
be eligible to access VA vision rehabilitation services. Smith et al.
defined V.I. as “best corrected visual acuity of worse than 20/40
in the better eye” and included the US definition of legal
blindness (best corrected visual acuity of <20/200 in the better
eye or visual field of less than 20°). Similar to Lew et al. (2009)
they also categorised patients into three categories based on
visual acuities, i.e., normal and near-normal (>20/40), vision
impairment (20/50 to 20/100) and legal blindness (<20/200).
Both definitions classify V.I. based on the better eye. No such
categorisation was available for the other three articles as no
standardised definition was used for these.

3.3.2 Measuring and defining hearing impairment

The audiometric tests referred to by Lew et al. (2009) and
Smith et al. were carried out using Grason-Stadler GS1 Model 61
audiometers in a double-walled, sound-treated booth. They both
used the modified Hughson Westlake procedure to measure pure
tone thresholds. They differed in their other measurements
however. Smith et al. assessed word recognition using the
Northwestern University Auditory Test No. 6, Lew et al. (2009)
do not mention assessment of this. Lew et al. (2009) did however
discuss measurement of peripheral hearing function via air- and
bone-conduction thresholds assessment, and measurement of the
integrity of the tympanic membrane and middle ear using the
QT1 Quik Tymp Tympanometer.

Lew et al. (2009) labelled different levels of H.I. severity based
on the lowest hearing threshold (measured in dB) in the poorer ear
at any frequency (frequency thresholds used were 250, 500, 1,000,
2,000, 4,000 and 8,000 Hz). The severities were mild hearing loss
(HL) (26-40 dB), moderate HL (41-60 dB), severe HL (61-
90 dB) and profound HL (>90 dB). In contrast, Smith et al.
based their definition of H.I. on the better ear to remain
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consistent with the definition for V.I. H.I. was defined using the
unaided pure tone average (PTA) of thresholds at 500, 1,000, and
2,000 Hz (frequencies represented in speech). The severities were
defined as normal (<25 dB), mild (25-40 dB), moderate (41—
55 dB), moderate-severe (56-70 dB), severe (71-90 dB) and
profound (>90 dB). The authors however investigated another
PTA at higher frequencies (high-frequency PTA or HFPTA) i.,
the thresholds this time included 1,000, 2,000, and 4,000 Hz
(frequencies associated with speech in background noise).
HFPTA was assessed as an alternative metric because PTA is
considered to be a less valid indicator for H.I. ie., a significant
proportion of participants that relied on hearing aids were being
classified as being in the normal hearing range when using PTA.

Similar to the V.I. assessments, the remaining three studies
relied again on self-reporting in order to determine presence of H.I.

3.3.3 Defining DSI

A working definition of DSI was established by Smith et al. for
the study, defined as visual acuity of worse than 20/40 in the better
eye and an unaided moderate hearing impairment or worse
(>40 dB hearing level PTA) in the better ear. Lew et al. (2009)
did not discuss a working definition of DSI for their paper and it
is assumed they included those who had both V.. and H.I.
according to their criteria for each to have DSI. There was no
clarification of which severities of V.I. and H.I. would lead to an
individual being classified as having DSI. Furthermore, in the
remaining three studies, participants were identified as having
DSI if they reported to have both V.I. and H.I. according to the
respective self-reporting criteria.

3.4 Prevalence of DSI

Prevalence of DSI in Lew et al. (2009)’s population of veterans
with blast-related TBI was found to be 32.3% (n = 20). The authors
made no comparisons to veterans with no TBI. The prevalence of
DSI amongst those with deployment-related TBI (both blast
exposed and non-blast exposed) in Lew et al. (2011) sample was
found to be 35% (22.7% for those with no TBI and no blast
exposure, 30.3% for those with TBI but no blast exposure, and
35.4% for those with TBI and blast exposure). Smith et al. found
a significant increase in DSI prevalence with increasing age.
There was a 0% prevalence in those aged under 65 and a 26%
prevalence in those aged over 85 using high frequency pure tone
average (HFPTA). Overall DSI prevalence was 7.4% using
HFPTA or 5% using traditional PTA when measuring H.I. All
individuals aged over 65 in the study who had vision impairment
or legal blindness were also noted to have a moderate or worse
hearing impairment based on HFPTA. Therefore, in this age
group, the prevalence of V.I. and DSI was the same. Male
veterans in Lucas and Zelaya’s study had a DSI prevalence rate
of 5.0%. The prevalence rate provided by Pogoda is for MSI. It
was 13.9% for the general sample, and 17.4% in the mild
traumatic brain injury (mTBI) subgroup (participants having
deployment-related mTBI and both non-blast and blast injuries).
This estimate however cannot be used interchangeably with DSI
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prevalence rates since this set of sensory impairments includes
cases of participants vestibular impairment in addition to V.1
and H.I. Despite the fact that MSI is perhaps a more
comprehensive term, these rates are not comparable to the DSI
rates found in the other studies since they are measuring
different things.

3.5 Predictors of DSI

Lew et al. (2011) carried out separate multiple linear
regressions to investigate the following predictor variables for
sensory impairments: age, gender, impairment of the other
sensory modality, blast exposure, TBI and two- and three-way
interactions among TBI status, blast exposure and gender. The
key finding was that V.I. and H.I. were significantly correlated [r
(21,625) = .33, p<.0001], meaning that having H.I. was a
predictor for having V.I,, and vice versa. The suggested possible
reasoning for this was that the source for both impairments may
be the same or that both systems may be impaired by the same
cause. Lucas and Zelaya compared prevalence of DSI according
to age and veteran status and found that male veterans were
more likely to have DSI than non-veterans (5.0% vs. 2.5%), but
similar prevalence of DSI were found in veterans and non-
veterans when stratifying by age. Pogoda carried out logistic
regression regression via three models to evaluate the predictive
effect of certain factors. They concluded that significant
predictors of reporting MSI were older age (those 40 years and
older were nearly thrice as likely to report MSI than 18-24 year
olds), being female (45% more likely than males to report MSI
after accounting for all other factors), lower military rank, injury
aetiology, history, PTSD, and
depression. The most robust significant predictor was found to

deployment-related mTBI

be mTBI history when considered alongside PTSD and depression.

3.5.1 TBI severity

As TBI is a known cause of DSI (14), three of the five studies
considered if not the severity, but at least the presence of TBI in
their populations. Lew et al. (2009) categorised TBI severity as
mild, moderate or severe using the Glasgow Coma Scale—a
widely accepted diagnostic scale for assessing TBI severity,
duration of posttraumatic amnesia (PTA), and duration of
posttraumatic loss of consciousness (LOC). In cases where all
three diagnostic criteria were not recorded, the most severe
categorisation of the three criteria was used to inform the
severity. Lew et al. (2011) TBI deployment-related classification
was based more on self-reporting of exposure to blast and
clinical judgement of TBI, and severity was not accounted for.
Pogoda further restricted those with deployment-related TBI to
those who met the criteria for mild TBI (mTBI) based on
Affairs
guidelines that are in concordance with American Congress of

Veterans Department of Defense clinical practice
Rehabilitation Medicine criteria. There was also no categorisation
according to severity in this study. All three studies identified

TBI as a predictor for DSI or MSIL
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3.5.2 TBI and DSI

H.I. and dysfunction following TBI is common whether the
injury is blast- or non-blast related, mild or severe (25, 26). This
can occur due to fracturing of the temporal bones or injury to
the auditory nerve, and the hearing loss is usually sensorineural
(26-28). Vision impairment following a TBI is also a common
outcome and may occur via damage to the ocular structure or
cortical components of the visual pathway (29). The two types of
sensory impairment therefore can overlap and co-occur in
civilians and veterans who have sustained a blast- and non-blast
related TBI. Indeed, three of the five studies included TBI
context for their study samples. Lew et al. (2009) was the most
comprehensive in that they attempted to categorise the severity
level of TBI according to three well-known diagnostic criteria.
They observed equal proportions of patients with DSI in the
mild and severe TBI groups (36% per group) but only 17% of
those with a moderate TBI had DSI. However, there were just
over twice as many patients with mild and severe TBIs in
comparison to moderate TBIL.

In Lew’s 2011 paper, authors calculated prevalence data in
relation to presence or absence of self-reported blast exposure,
and presence or absence of TBI. This was helpful in further
elucidating how likely DSI is to occur as a function of two
known risk factors. Their data revealed the highest prevalence of
DSI for those with TBI and blast exposure, and the lowest for
those with no TBI and no blast exposure. The prevalence was
always the greatest when TBI was present. Pogoda similarly
considered injury aetiology (blast, non-blast or both) along with
TBI. Their results also showed a higher rate of MSI in those that
had a history of mild TBI and a history of both blast and non-
blast exposure. Whilst Lew et al. (2011) saw a greater prevalence
of DSI in TBI-diagnosed patients with blast exposure in
comparison to no blast exposure, Pogoda did not find any
evidence for MSI being more likely for one aetiology over the
other. Furthermore, a key finding of Lew et al. (2011) was that
the greatest variance was found for H.I. rather than V.I. when
taking into account blast exposure. Furthermore, it is important
to reiterate that DSI as defined by Lew et al. is different to MSI
as defined by Pogoda.

Further research would benefit from exploring the impact of
both TBI severity and aetiology. Additionally, considering the
likelihood of veterans with TBI having both visual and auditory
impairments, there should be a systematic screening and periodic
evaluations of vision and hearing following exposure to
incidences that may have caused a TBI such as a blast, physical
assault, motor vehicle accident etc. Lew et al. (2009) found a
22.7% DSI prevalence rate in those without TBI and no blast
exposure, and this points to the possibility of other military-
related causes (e.g., protective equipment, environment, training)
of H.I. and VI that also need to be taken into account.

3.5.3 Age and DSI

Dual sensory loss can present at any age but its prevalence has
been found to increase significantly from the youngest to the
oldest age groups in civilian populations (30-32). This trend
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would undoubtedly be reflected in the veteran population,
however, there may be differences in the age of onset of DSI
and causes of DSI. In Smith et al’s study their veteran
population was stratified according to the following age groups:
<65 years (44-64), 65-74, 75-84, and 85+years (85-95).
Authors calculated a prevalence rate of 22%-26% in the >85-
years group, 9%-13% for 75 to 84 years, 1%-4% for 65 to 74
years, and 0% in the <65-years strata. Lew et al. report that the
ages of their 62 patients ranged from 19 to 47 years, and the
mean age was 27.3 years (SD=7.0 years). Lew et al’s study
seems to indicate loss of vision and hearing being prevalent in
the younger demographic of veterans whereas the other study
points to DSI being prominently prevalent in older veterans.
However, the age range was smaller for Lew et al. (2009)’s
study in comparison to the Lew et al. (2011), Smith and Pogoda
where the average age range was about 50 years. The mean age
was also relatively young at 27.3 years (SD=7.0 years). Lucas
and Zelaya did not provide an age range or a mean age, but
categorised into four groups: 18-44, 45-64, 65-74 and 75 +.
Comparisons based on age between these cannot be explicitly
made because of the lack of standardised categorisation of age,
as well as the way in which risk factors such as TBI were
accounted for in only some studies. Future research should
utilise a larger age range (18 to >80 years) that would allow for
comparison between various military cohorts in different
countries. The identification and assessment of all confounding
factors is also vital as these can impact comparability and
extrapolation to wider populations.

3.6 Outcomes of DSI

Of the five studies, only Lew et al. (2009) investigated any
outcomes of DSI in the veteran population. The authors looked
at functional independent measures (FIM) which consisted of
total, motor and cognitive scores. ANOVA and Tamhane’s T2
post hoc T-tests were used to determine the relationship
between sensory impairment types and changes in FIM. FIM
was measured at admission and discharge. Change in FIM
between admission and discharge was also measured. Generally,
at admission, there were no statistically significant differences in
FIM scores between the groups (no sensory impairment, V.I.
only, H.I. only and DSI). At discharge, the total and motor FIM
were marginally lower in those with DSI than those with no
sensory impairment (NSI) (total DSI=107.7 + 19.2, total NSI =
120.1 £ 6.0, motor DSI =79.7 + 15.4, motor NSI=89.0 £4.6, p<
0.09). DSI patients had lower scores for all subgroups within
motor FIM (self-care, mobility, locomotion, and sphincter
control). However, the group mean values were only
significantly different in the self-care subgroup [F (3, 58) =2.93,
p<0.05]. Although not statistically significant, the DSI group
did show slightly lower scores for the cognitive components at
discharge. DSI was also a significant contributor to decreased
total and motor FIM score changes after completing regression
analysis but did not have a significant effect on cognitive

change (Figure 2).
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4 Discussion
4.1 Prevalence rates of DSI

Four of the studies provided a prevalence rate for DSI in their
respective populations, whilst one reported for MSI which is
defined as having at least two forms of sensory impairment
(vestibular, visual, and auditory).

The patients in the sample for Smith, Lew et al. (2009), Lew
et al. (2011) and Pogoda’s studies were all receiving VA support.
These are evidently not general veteran populations as they’re
solely inclusive of veterans who are seeking VA healthcare. In
comparison to veterans who are not receiving VA healthcare,
these veterans may have access to evaluations and interventions
that non-VA healthcare receiving veterans do not have access to.
This could lead to an underestimation in the prevalence of DSI
or an underestimation of the effects of DSI. In comparison to
civilian studies where the cause of DSI is most likely to be age-
related, in veteran populations, especially those who are receiving
VA healthcare, causes such as trauma and head injuries may also
be a prevalent cause. A large-scale European study found an
overall prevalence rate for self-reported DSI of 7.54% (95% CI:
7.36-7.72) in adults, and 14.78% (95% CI: 14.35-15.21) in the 70
or over age group. This and many other studies of its kind
demonstrate that DSI prevalence increases with age. Similarly, in
most of the studies looked at in this review, age was considered
as a control when investigating the effects of other factors. In
veterans however, TBI is an important factor to consider as
military personnel are a known at-risk group for head injuries,
hence the VA usually screen for TBI upon admission. Lucas and
Zelaya’s was the only study that made comparisons to non-
veterans, and veteran status was confirmed only via the national
health questionnaire i.e., the veterans in this sample may or may
not have been receiving healthcare from the VA so is perhaps
more representative of the general US veteran cohort. Aside from
Lew et al. (2009)’s study sample, all the other studies used a
large sample size, although methods are not comparable since
Smith, for example, limited group sizes according to the lowest
number of participants in each age group. Lew et al. (2009)’s
prevalence rate is therefore not generalisable to a TBI veteran
population. The authors also suggest a possible underestimation
of HI. due to central auditory testing not being carried out,
which in turn could result in an underestimation of DSI.

The prevalence calculated from these studies cannot be
compared on the basis that each study considered varying risk
factors for DSI, made different group comparisons, measured
different variables, measured variables using different methods,
and sample frames were different in terms of size and the
population bases from which they were obtained.

4.2 Inconsistency in defining DSI
Many studies that assess for DSI and its outcomes often rely on

self-reporting as opposed to measuring or assessing vision and
hearing. Lew et al. (2009) did not clarify their definition of DSI
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Summary of prevalence and related factors identified in the studies reviewed.

but did outline the assessment methods used by the clinics to
define V.I. and H.I severities. They also outline a need for
establishing an operational definition for H.I. and DSI. Smith
et al. highlight that there is no standardised method of defining
and measuring DSI, and even use two different methods for
measuring the H.I. component of DSI to demonstrate how
prevalence estimations can be affected by the complexity defining
DSI. According to their study, the HFPTA is a more valid
indicate for H.I. than PTA. Whilst TBI was assessed through
clinical judgement, V.I. and H.L status was based on self-reports
in Lew et al’s 2011 study. Lucas and Zelaya, and Pogoda also
relied on self-reporting of visual and hearing symptoms to
determine V.I. and H.I status. With the dependence on self-
reporting, it is possible to introduce bias by the way of social
desirability bias or lack of introspective ability. Furthermore, it is
impossible to confirm self-reported symptoms. In Pogoda et al.
the definition of DSI differed to that used by the rest of the
studies assessed for this review. Systematic reviews (32, 33) that
looked lack of
comparability between studies due to the vast differences in DSI

at DSI prevalence also emphasised the

metrics. This undoubtedly contributes to the paucity of
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prevalence data for DSI. Without a universal definition of DSI, it
is also difficult to implement any changes that could benefit
those that are affected by DSI. Therefore, it is necessary for the
scientific and clinical communities through a task group
initiative, to agree on international diagnostic standards and
specific methods for future application.

4.3 Study quality and risk of bias

Lew et al. (2011) had the lowest score (14 out of 20), followed
by Lew et al. (2009), Lucas and Zelaya, and Pogoda (15/20), and
Smith’s study was the highest with a score of 16. When
conducting the critical appraisal, one of the main critiques of the
studies by Lucas and Zelaya, Pogoda and Lew et al. (2011) was
their inclusion of self-reported outcomes for V.I. and H.I. These
were subjective measurements instead of objective measurements
that reduce the reliability of the articles and introduce self-
reporting bias. V.I. and H.I. were established by trusting the
patient’s own disclosure when asked survey-style questions.
Therefore, for future research, it would be better to avoid using
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questionnaires when assessing these parameters. One of the other
common critiques identified for most of the studies was that the
sample frame was taken from VA healthcare-receiving veterans,
meaning that results may not be extrapolated to the general
veteran population in the US. The only study to not extract
participants from this particular population was the one by Lucas
and Zelaya, as this study utilised a nationwide health survey.
However, for this study, veteran status was assessed subjectively,
and only male subjects were included.

4.4 Grey literature

Websites of several charities that support ex-service personnel,
and veterans living with disabilities (for example Forces in Mind
Trust, Help for Heroes, BLESMA, Royal British Legion) were
searched for reviews and reports presenting statistics of veterans
with DSI. However, none were found. Of the literature that did
refer to prevalence of sensory issues (34-38), they only focused on
instances of V.I. or H.I. independently, rather than the numbers of
individuals with DSI. It would be beneficial for charities and
organisations that support veterans to keep records of DSI.

4.5 Limitations and future research

Although this study is a rapid review, one of the limitations is
that only few databases were used to conduct the searches. The use
of a greater number of databases may have resulted in a greater
number of studies that fit the inclusion criteria. The searches
were also limited to English language, and this may have led to
relevant international studies in different languages, focusing on
different populations being missed.

Studies have been conducted with a number of civilian
populations (39) to determine relationships between DSI and
quality of life, however as we have identified from conducting
this review, this has not been extended to the veteran population.
There is a need for understanding these relationships in this
population considering the military-related risk factors (exposure
to physically and mentally adverse events), comorbidities (for
example post-traumatic stress disorder) and disabilities (e.g., limb
loss) that can compound the effects of DSI to significantly
impact quality of life.

Moreover, given that magnetic resonance imaging (MRI) is
widely used for assessments of TBI, and TBI is in turn a
predictor for DSI it would be valuable to include DSI measures
in TBI studies. Furthermore, acquiring ocular and inner ear MRI
images during MRI TBI investigations would be important for
future research, especially for understanding of cause, causation,
and correlation between TBI and DSI.

5 Conclusion

This review highlights a lack of reliable data on the

prevalence of DSI in veterans, perhaps unsurprising

Frontiers in Rehabilitation Sciences

10

10.3389/fresc.2024.1281491

considering a similar trend in non-veteran populations. Based
on the five studies used in this review, DSI prevalence in
veterans is estimated to be 5.0%-34.6% but with some caveats:
(1) sample sizes and characteristics were considerably different,
(2) difference in mean sample age and age ranges make it
difficult to compare, especially with age being a risk factor for
DSI (3) only some studies used TBI patient groups and
considered blast exposure, and these factors may contribute to
higher DSI prevalence rates in some studies (4) the definitions
and metrics for V.I., H.I. and therefore DSI differed, with one
study even comparing two different methods of measuring H.I.
thus resulting in two different prevalence rates (Figure 2).
There are numerous studies that report on the prevalence of
DSI in civilians in various countries and regions. However,
aside from the US to the best of our knowledge, there are no
similar studies in veteran populations elsewhere. Ageing is an
ever-present risk factor for DSI, but in the military population
it is important to note that there is a high risk of being
exposed to events that are likely to lead to sensory loss such as
training, blasts and explosions. While a few studies did explore
the predictive factors for DSI in veteran populations, there was
variability in the range of factors explored and in the
of these This further
investigation on the true prevalence of DSI in military and

measurements factors. warrants

veteran populations as well as the effects on quality of life, and
rehabilitation needs of veterans.
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