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Abstract

Objective. Treatment for tinnitus focuses on supportive therapies. Long waiting times in the
National Health Service encourage telemedicine options as an alternative. This study aimed to
review the literature on telemedicine in the management of tinnitus and analyse its impact on
the burden of tinnitus, long-term, anxiety, depression, insomnia and quality of life.
Method. PubMed, Embase, Cochrane Library, Google Scholar, Scopus and Web of Science
were searched. English randomised, controlled trials with adult participants suffering from
tinnitus were included. A random effects model looking at standardised mean differences
between intervention and control groups was utilised.

Results. Eleven randomised, controlled trials were included. Nine studies looked at internet-
based cognitive behavioural therapy. A z-value of 9.87 (p < 0.00001; I* = 21 per cent) showed
telemedicine approaches may be better at reducing tinnitus burden compared with passive
controls.

Conclusion. Telemedicine options have multiple benefits, but more research will be needed to
conclusively say they are better than alternatives.

Introduction

Tinnitus is a complex and poorly understood heterogeneous disorder causing a ‘phantom’
sound in the ear without an external stimulus.' It is extremely common, with approxi-
mately 7 million people in the UK suffering from it and roughly 10-15 per cent of people
experiencing severe impacts on their quality of life.” This can be a consequence of tinnitus
affecting hearing, sleep and thought processing.’

Current National Institute for Health and Care Excellence guidance on the manage-
ment of tinnitus is limited to amplification devices for those who are experiencing hearing
loss along with their tinnitus and tinnitus-related cognitive behavioural therapy for those
with tinnitus-associated distress.”*

In recent years, there has been growing interest in internet- and smartphone-based
technologies in healthcare.” This was emphasised in the coronavirus disease 2019 pan-
demic, where there was a focus on limiting the number of face-to-face interactions
with patients to limit the spread of the virus.® In addition, in the majority of countries,
the ability to provide necessary audiology services is problematic because of shortages,
and internet- and smartphone-based applications may offer a solution.” However, more
studies are needed to ascertain the true benefit of telemedicine techniques in treating
tinnitus.

The literature is limited to systematic reviews on one type of therapy and in-person
treatments, and there is limited inclusion of studies because of when the studies were per-
formed. A meta-analysis has not been performed before on the existing literature sur-
rounding all telemedicine options in tinnitus treatment focusing on higher-quality
studies, such as randomised, controlled trials.

Aims

The aim of this study is to review the literature on comparing telemedicine therapy
options to conventional in-person options in the management of primary subjective tin-
nitus and to statistically analyse the impact each has on the burden of tinnitus experienced
by individuals. Secondary outcomes looked at the impact telemedicine has on common
co-morbidities, such as anxiety, depression, insomnia and quality of life. Another aim
was to identify the benefits and challenges of different therapeutic modalities in targeting
tinnitus long term.

Materials and methods

The study was registered with Prospero and conducted according to Preferred Reporting
Items for Systematic Review and Meta-Analyses (‘PRISMA’) guidelines (Fig. 1). A lit-
erature search of abstracts as recent as February 2022 in PubMed, Embase, Cochrane
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Figure 1. A Preferred Reporting Items for Systematic Review and Meta-Analyses (‘PRISMA’) flow chart showing the key steps in the study. RCT = randomised, con-

trolled trial; CBT = cognitive behavioural therapy

Library, Google Scholar, Scopus and Web of Science was con-
ducted. Other sources included reference scanning of linked
studies. The following search terms were used and adapted
for each database: tinnitus AND (smartphone OR mobile
OR telephone OR cellular phone OR mobile apps OR mobile
applications OR automated OR telemedicine OR internet).
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Inclusion criteria were randomised, controlled trials in
English involving human participants with a diagnosis of
chronic primary subjective tinnitus using any telemedicine
approach (mobile, internet, telephone, book) to manage their
tinnitus. All types of controls were allowed in the initial litera-
ture review which included face-to-face controls, waiting list
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controls and hybrid delayed-intervention controls. Only stud-
ies that measured tinnitus burden by a questionnaire that
allowed for quantitative scores before and after each treatment
arm were included. The Cochrane Collaboration tool for asses-
sing risk of bias was used by two reviewers (AH and Monica
H).® Where there were discrepancies, a third reviewer (Maria
H) was involved to reach a conclusion by consensus and
discussion.

Abstracts were screened by two separate authors, and in
cases of discrepancy, a third author was involved. Baseline
characteristics, including country location of study, age, tin-
nitus duration and gender split were extracted. Study arms,
type of randomised, controlled trial, attrition rates, and
mean and standardised deviation of tinnitus burden scores
before and after a period of time for both the intervention
and control groups were also extracted. Where multiple
types of questionnaires were used, there was an aim to keep
extracted scores as consistent as possible by ensuring similar
questionnaires or scales. Long-term primary outcomes were
extracted, and studies with data reporting of equal to or
more than six months’ follow up were included. Secondary
outcomes, such as anxiety, depression, insomnia and quality
of life scores, were extracted from studies and compared
where studies or questionnaire types were as similar as pos-
sible. Data were analysed using Cochrane Review Manager
(version 5.1.0). A random effects model was used to look at
standardised mean differences between intervention and con-
trol groups. Cochrane’s formula (below) based on Table 1 was
used for imputing standard deviations where this was not
reported using correlation co-efficients calculated from a
study (Henry et al®) that was very rigorous in its reporting of
data. This was made plausible by ensuring as much as possible
that the data extracted used the same measurement scale, had a
similar time interval between baseline and post-intervention
and a similar population. A z-statistic was used to measure
the statistical significance of the summary effect size.”'

2 2
SD E baseline T SD%,ﬁnal —SD E,change
Corrg =
2 X SDE,baseline X SDE,final
2
SDZC,baseline + SDZC,final - SDC,change
Corr¢c =
2 X SDC,baseline X SDC,ﬁnal
SDE,change =

V/SD% b & SD it — (2 % Corrs x SDipaseine X SDina)

SDC,change =

\/SDZC,baseline + SDZC,ﬁnal - (2 x Corrc x SDC,baseline X SDC,final)

Table 1. Details of numbers collected for Cochrane’s standard deviation
formula

Parameter Baseline Final Change

Experimental intervention ME paseline, ME final, ME change,
(Sample size Ng) SDE,buse/ine SDE,ﬁnaI SDE,change
Control group MC,base[ine, MC,ﬁna[, MC,change,
(Sample size NC) SDC,base[ine SDc,ﬁnal SDC,change
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Heterogeneity (X?) was calculated in relation to effect sizes
using Cochran’s Q statistic (significance level of 0.05) and I*
index. Funnel plots were used to investigate publication bias
by visual inspection. For secondary outcomes, Cochrane’s
imputation method was possible for anxiety and depression.
However, because of substandard reporting in Henry et al.
2019, insomnia and quality of life secondary outcomes were
not analysed similarly, but rather within-group effect sizes
were compared between studies that had similar outcomes."!
When excluding high risk of bias studies, a score was calcu-
lated based on the Cochrane Collaboration’s tool assigning 1
point for each low risk, 0 points for each unclear risk and
—1 for every high risk. Studies with a score equal to or less
than 2 points were regarded as having high bias and were
excluded in one stage of the meta-analysis. Where there was
high heterogeneity, a subgroup analysis was performed to
see if potential outlying studies could be excluded from the
meta-analysis.

Results and Discussion

This systematic review and meta-analysis is the first, to our
knowledge, that evaluates all randomised, controlled trials
comparing telemedicine approaches to conventional measures
in reducing tinnitus burden in isolation as opposed to group-
ing them with vestibular and hearing disorders. Many previous
studies have never truly performed a comparison with controls
but rather have looked at between time-point differences in the
intervention groups.

Eleven studies met the inclusion criteria, and 10 studies
were available for quantitative analysis consisting of 1194
adult participants. These highlighted three main methods of
telemedicine intervention: internet-based cognitive behav-
ioural therapy (n=29), telephone-based therapy (n=1) and
self-help books (n=1). Unfortunately, no randomised, con-
trolled trials that looked at smartphones met the inclusion cri-
teria, although some were excluded because they were
unpublished. This is disappointing because the scope for
smartphones in medicine is well documented and could be a
very effective on-the-go option for treating tinnitus.

The data presented by the 11 studies was very heteroge-
neous (chi’=100.95; I°=88 per cent; p<0.00001), which
was also evident because of the varying number of partici-
pants, types of interventions and the controls, and the way
of reporting the primary outcome. The test for overall effect
(Z=2.38; p=0.02) favoured telemedicine techniques in redu-
cing tinnitus burden in adults suffering with chronic tinnitus
(Fig. 2; Table 2).

Subgroup analysis of telemedicine techniques with face-to-
face controls showed less heterogeneous data (I> = 67 per cent;
p=0.01) and overall effect (Z=0.80; p = 0.42) suggesting that
face-to-face cognitive behavioural therapy may be better at
reducing tinnitus burden post-intervention than telemedicine
techniques (Fig. 3). Visual inspection of funnel plots (Figs 4
and 5) indicated variances were all about the same, and the
distribution was roughly symmetrical suggesting no obvious
publication bias, although this would ideally be performed
with more studies than used in the sub-group analysis. This
may be in keeping with face-to-face interventions being
more involved and resulting in participants being actively
engaged, whereas it is hard to ensure they are getting the
most out of their telemedicine approaches. When conducting
a subgroup analysis removing high risk of bias studies,
telemedicine may have a benefit over any type of control in
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Experimental Control Std. mean difference Std. mean difference Risk of bias
Study or Subgroup Mean SD Total Mean SD Total Weight IV, fixed, 95% C1 W, fixed, 95% CI ABCDEF
Andersson 2002 -131 211 24 -28 151 48  56%  -0.59(-1.08,-0.09) [TT XX T
Beukes 2022 -246 181 41 -658 129 66 79%  -1.19[-1.61-0.786 220728@
Beukes and Andersson 2018 -2743 205 44 -2079 151 44 7.9%  -0.35[-0.77,007] ELTY EET
Henry 2019 -17 187 86 -06 119 99 147%  -106f-1.37-075 ——— ++ 0009
Hesser 2012 Internet ACT versus weekly discussion -208 133 33 =11 995 32 54% -0.82 [-1.33,-0.31] o700
Hesser 2012 Intemet CBT versus weekly discussion -226 171 30 -1 995 32 53%  -0.73[1.25-021) 07200
Jasper 2014 -1367 187 38 -1663 134 40 71% 0.18 [-0.26, 0.63) e 220700
Kaldo 2007 417 218 31 -01 148 36  58%  -0.62F1.11-013) @®7?2700
Kaldo 2008 -84 153 25 -114 112 24 44% 0.22 [-0.34, 0.78) —T 20008
Myenhuis 2013 bibliotherapy versus group CBT 128 182 51 -161 947 47 8.9% 0.22 018, 0.61] S (11 EEd |
Nyenhuis 2013 internet versus group CBT -182 125 52 -161 947 47 90% -0.19 [-0.58,0.21] 1 @®7? 7
Nyenhuis 2013 online information versus group CBT -71 156 58 -161 947 47 89% 0.68 (0.28,1.07) —— 290700
Weise 2016 -2083 152 58 -578 968 61 92% -118[-157,-078) ——— 290068
Total (95% CI) 571 623 100.0%  -0.45[-0.57,-0.33] E3
Heterogeneity: chi*=100.95, df= 12 (p <0.00001), F= 88% _11 -0:5

Test for overall effect Z= 7.47 (p <0.00001)

05 1
Favours [telemedicineg] Favours [control]

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (affrition bias)

(F) Selective reporting (reporting bias)

Figure 2. Forest plot showing the effect sizes of studies comparing telemedicine-based interventions of any type to a control (face-to-face, waiting list, weekly
discussion) where tinnitus burden is the primary outcome investigated. SD = standard deviation; IV = inverse variance; Cl = confidence interval; Std. = standardised;

ACT = acceptance and commitment therapy; CBT = cognitive behavioural therapy

reducing tinnitus burden (z = 1.09; p = 0.27), although this was
not statistically significant and the studies were of moderate
statistical heterogeneity (Fig. 6). In addition, when performing
a sub-analysis that removed studies looking at active controls,
such as face-to-face interventions, the data showed (Fig. 7) an
I” value of 21 per cent with a chi-square of 7.64 (p = 0.27) sug-
gesting low statistical heterogeneity. The test for the overall
effect showed a z-value of 9.87 (p <0.00001), favouring tele-
medicine approaches in reducing tinnitus burden when com-
pared with controls. This is in agreement with Hoare et al.,
who also reported significant benefit to tinnitus symptoms
when using internet-based cognitive behavioural therapy.*
Similarly, Beukes et al. were able to demonstrate an increased
effect size for internet-based interventions in managing tin-
nitus burden when compared with the effect size for control
groups.'!

When looking at the long-term impact (Fig. 8) on tinnitus
burden, the data are very statistically heterogeneous (I* =91
per cent; chi®=64.1; p<0.00001). The test of overall effect
showed a z-value of 0.13 (p = 0.90), suggesting no overall bene-
fit of using telemedicine interventions compared with all con-
trols. Follow up becomes very crucial with such a symptom
that is uncurable because clinicians hope that interventions
can suppress the burden over a longer time period. It is appar-
ent from the forest plot that Henry et al. was the only study
that had a statistically significant reduced tinnitus burden in
the follow-up data. However, this study was one of the few
that reported six-month data with a longer intervention per-
iod, whereas several others had only one-year data available,
which could imply that the closer the data is collected to the
end of the intervention period, the more likely the participants
are going to experience a positive reduction in their tinnitus
burden and that over a longer period this may not be sustain-
able. The literature is very clear in that participants were lim-
ited to using the interventions throughout the period of time
allocated to help with standardisation. However, in reality
the benefit of telemedicine interventions is that they can be
accessed in the absence of an audiologist; thus, if participants
were able to continuously access their internet-based cognitive
behavioural therapy modules for example, they may have
experienced a reduction in their tinnitus burden at the long-
term follow up.
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In a previous review of randomised, controlled trials on
tinnitus interventions, Dobie was unable to show significant
benefit of interventions over what he described as typically
large placebo effects. Although this study was in 1999 and
several rigorous randomised, controlled trials have since
come out, he suggested that studies in the literature were
too dissimilar to allow for an accurate meta-analysis.** The
main differences between prior trials was that outcome mea-
sures and sample sizes were vastly different, but a recent
consensus has been achieved among the tinnitus research
community with validated measures to limit variability.”
In this review, the most widely used tinnitus questionnaire
was the tinnitus handicap inventory, appearing in 6 out of
11 studies. All 11 studies used a power calculation when esti-
mating the required sample size to demonstrate a statistically
significant effect, thus making the quality of the available evi-
dence better.

Depression and anxiety have been shown to have a strong
association with tinnitus: the severity of tinnitus is related to
the likelihood of developing these co-morbidities.”® Figure 9
shows anxiety data to be statistically moderately heterogeneous
(=46 per cent; chi? = 5.75; p=0.12). The test for overall
effect was (z=1.46; p=0.14), suggesting a slight benefit of
telemedicine options over all control groups in terms of redu-
cing anxiety. Figure 10 shows data for depression to again be
statistically moderately heterogeneous (I>=46 per cent;
chi® =5.60; p=0.13). The test for overall effect gave z=1.47
(p=0.14), suggesting slight benefit of telemedicine options
over all control groups in terms of reducing depression. The
reason why this may not be completely evident is that anxiety
and depression questionnaires do not totally correlate with tin-
nitus burden questionnaires. Hesser et al.>’ reported that cog-
nitive behavioural therapy improved combined anxiety and
depression, but Hoare et al. found that two of seven studies
improved depression whereas one of three improved anxiety.”’
Although reducing tinnitus in these participants may indir-
ectly contribute to reduction in anxiety and depression scores,
it is likely that these diagnoses will require prolonged periods
of tinnitus treatment and other focused talking therapies.
There is also a theme among several studies that floor effects
explained the changes in depression and anxiety outcomes
in these randomised, controlled trials because of a low baseline
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Table 2. Eleven included studies and their baseline characteristics

Relevant
primary &
secondary Post-intervention
Age (mean (SD); Duration of tinnitus Intervention outcomes attrition rate (2
Reference Country years) (mean (SD); years) Design group(s) Control group Gender split (n) included significant figures)
Weise Germany Intervention group = Intervention group = Two-arm Internet-delivered Discussion Intervention group: THI; HADS 4.0% immediately
etal, 47.81 (12.26). 7.28 (6.81). efficacy RCT. CBT forum online male =25, anxiety; HADS post-intervention.
20162 Control group = Control group = 10-week (n=62) (n=62) female =37. depression; ISI 4.0% at 6 months.
47.51 (14.07) 7.29 (9.28) intervention Control group: 6.5% at 1 year
period. male =25,
6-month and female =37
1-year
follow up
Beukes & United Intervention group = Intervention group = Two-arm Internet-delivered Weekly Intervention group: TFI; 7.5% immediately
Baguley Kingdom 56.8 (12.2). 11.1 (11.5). efficacy RCT. CBT monitoring + male =43, GAD-7; PHQ-9; post-intervention.
etal, Control group = Control group = 8-week (n=73) delayed female =30. ISI; SWLS 22% at 2 months
2018% 54.4 (13.5) 12.4 (12.2). intervention intervention Control group: follow up
period. (n=173) male =40,
2-month female =33
follow up
Beukes United Intervention group = Intervention group = Two-arm Internet-delivered Face-to-face Intervention group: TFI; GAD-7; 4.3% immediately
etal, Kingdom 50.65 (12.19). 5.23 (9.01). efficacy RCT CBT (n=46) CBT (n=46) male=29, PHQ-9; ISI; post-intervention
2018 Control group = Control group = 8-week female=17. SWLS 20% at 2 months
55.26 (11.62) 7.85 (9.62) intervention Control group: follow up
period. male =26,
2-month female =20
follow up
Kaldo Sweden Intervention group = Intervention group = Two-arm Internet-delivered Face-to-face Intervention group: THI; HADS 3.9% immediately
etal., 47.4 (12.9). 9.9 (13.5). efficacy RCT. CBT (n=26) CBT (n=25) male =15, anxiety; HADS post intervention.
2008% Control group = Control group = T-week female =11. depression; ISI 14% at 1 year
45 (12.8) 5.6 (6.1) intervention Control group: follow up
period. male =14,
1-year female =11
follow up.
Andersson Sweden Intervention group = Intervention group = Two arm Internet-delivered Waiting list Intervention group: TRQ; HADS 44% immediately
etal, 48.5 (12.3). 6.2 (5.6). efficacy RCT. CBT (n=53) control (n= male=29, anxiety; HADS post-intervention.
2002'° Control group = Control group = 6-week 64) female = 24. depression; VAS 18% at 1-year follow
47.2 (15) 6.4 (6.8) intervention Control group: sleep quality up (but a lot of
period. male =33, participants failed to
1-year female =31 respond at certain
follow up points along the trial
Jasper Germany Intervention group = Intervention group = Three-arm Internet-delivered Face-to-face Intervention group: THI; HADS 5.5% immediately
etal, 51.3 (9.8). 9.2 (7.9). efficacy RCT. CBT (n=41) CBT (n=43) male =25, anxiety; HADS post-intervention
2014 Control (face-to-face) Control group = 10-week Online female 16. depression; ISI 10% at 1-year
group =50.2 (13.1) 8.4 (6.9) intervention monitored Control group: follow up
period. weekly male 24,
6-month discussion female =19
follow up forum (n=44)

9811
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Nyenhuis Germany Intervention group 1 Intervention group 1 Four-arm Internet-delivered Face-to-face Intervention group 1 Tinnitus 32% immediately
et al., (internet-delivered (internet-delivered efficacy RCT. CBT (n=79) CBT (n=T71) (internet-delivered questionnaire post-intervention.
2013 CBT) =47.8 (12.5). CBT) =2.83 (0.17). 12 weeks for Bibliotherapy CBT): male=42, PHQ-D 39% at 12 months’
Intervention group 2 Intervention group 2 intervention (n=77). female =37. follow up
(bibliotherapy) = (bibliotherapy) = period but Online Intervention group 2
45.8 (12.1). 0.28 (0.16). 4 weeks for information (bibliotherapy):
Intervention group 3 Intervention group 3 control group. (n=177) male =43,
(online information) = (online information) = 12-month female 34.
50.4 (13.2). 0.27 (0.15). follow up Intervention group 3
Control group = Control group = (online information):
50.1 (13.2) 0.27 (0.16) male = 44,
female =33.
Control group:
male =38,
female =33
Henry United Intervention group = Not mentioned Two-arm Telephone: Waiting-list Intervention group: TFI; HADS 9.8% at 3 months
etal, States 60.1 (10.2). efficacy RCT. progressive control male =287, anxiety; HADS (7 weeks)
2019"° Control group = 5-week active tinnitus (n=104) female 14. depression; ESS post-intervention.
57.9 (10.7) intervention management Waiting-list control: 14% at 6 months’
period. (n=101) male =88, follow up
3 & 6 month female =16
follow-up
period
Hesser Sweden Intervention group 1 Intervention group 1 Three-arm Internet-based Monitored Intervention group 1 THI; HADS 4.0% immediately
etal, (internet-based CBT) (internet-based CBT) efficacy RCT. CBT (n=32). online weekly (internet-based CBT): anxiety; HADS post intervention.
2012%° =48.8 (13.4). =0.74 (0.46). 8-week Internet-based internet male=18, depression; 6.0% at 1-year
Intervention group 2 Intervention group 2 intervention ACT (n=35) discussion female =14. ISI; QolLl follow up
(internet-based ACT) (internet-based ACT) period. forum (n=32) Intervention group 2
=50.1 (16.4). =0.81 (0.79). 1-year (internet-based ACT):
Control group = Control group = follow up male =20,
48.4 (14.2) 0.75 (0.77). female = 15.
Control group:
male=18,
female =14
Kaldo Sweden Intervention group = Intervention group = Two-arm Self-help book + Waiting list Intervention group: THI; HADS 6.9% immediately
et al., 459 (13). 8.6 (8.4). efficacy RCT. weekly therapist control male=17, anxiety; HADS post-intervention.
20074 Control group = Control group = 6-week contact (n=34) (n=38) female=17. depression; 17% at 1-year
48.5 (15.7) 12.4 (11.7) intervention Control group: ISI follow up
period. male =20,
1-year female =18
follow up

(Continued)
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score, although this could be because more distressed indivi-
duals are less likely to opt in to a clinical trial. The counter
should also be considered in that perhaps depression and anx-
iety having a high co-morbid prevalence with tinnitus is less
common than suggested in the literature.”®

Insomnia is another co-morbidity that has a strong relation-
ship with tinnitus as severity of tinnitus can predispose people
to sleep disturbances.”” Figure 11 showed low statistical hetero-
geneity (I” = 0 per cent; chi’ = 4.45; p = 0.73). The test for overall
effect showed a z-value of 7.79 (p <0.00001), suggesting tele-
medicine options may be effective in reducing insomnia burden.
Beukes et al. also found insomnia to be statistically significantly
reduced by internet-based interventions."'

Quality of life becomes an important measure to consider
as tinnitus is also associated with a poorer quality of life.”
Figure 12 was generated using inter-time point intervention
group data because Cochrane’s imputation method was not
possible. The data had low statistical heterogeneity (I*=0
per cent; chi®=2.60; p=0.46). The test for overall effect
showed a z-value of 1.95 (p=0.05), suggesting telemedicine
options have no clear benefit on quality of life. This was also
replicated in a study by Beukes et al,'" which was hypothe-
sised to be because of the lack of appropriate measurement
scales for quality of life specifically relating to tinnitus, thus
making valid measurements difficult to make.

Of the 11 studies identified, 8 were considered as having
higher risk of bias. One of the main reasons was the inability
to blind participants to the intervention as this can be difficult
with these types of studies. In addition, there are obvious eth-
ical limitations to delivering cognitive behavioural therapy in a
way that is ‘placebo’ or ‘wrong’ in order to more accurately
assess telemedicine approaches. Another recurring theme
was that not blinding investigators created a source of bias
that could be easily avoided. Although a common issue with
randomised, controlled trials like these is the high attrition
rates, this can be avoided by ensuring techniques carry out
intention-to-treat analyses with multiple imputation methods
to replace missing data as well as not selectively reporting cer-
tain data.

The reporting of outcomes was not universal among studies
because many reported both clinical as well as statistically sig-
nificant changes. Where the latter was only reported, this may
have no real meaning in the clinic setting, which is ultimately
the main aim of evidence-based clinical research. Rief et al.>
reported significant improvements compared with waiting-list
controls using the Tinnitus Questionnaire and achieving a
5-point reduction, and Dohrmann et al.’' were able to show
that a 5-point difference between two repeated measures is
actually within the expected variability of this measurement
of tinnitus burden.

The use of Cochrane’s imputation method for pooled esti-
mates of standard deviations is a limitation despite efforts try-
ing to make sure the extracted data were as similar as possible.
Previous meta-analyses have opted for looking solely at inter-
vention groups and comparing outcome scores between differ-
ent time points as was performed in this study for insomnia
and quality of life as secondary outcomes. Although this can
offer some insight into how telemedicine can impact these
outcome scores, it is not as rigorous as comparing this with
a control or more conventional method of treating tinnitus.
Ideally, the imputation method should be cross-referenced
with multiple co-efficient values generated from well-reported
randomised, controlled trials followed by sensitivity analyses if
co-efficients are hugely varying to ensure that the results
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Telemedicine Face to face Std. mean difference Std. mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% Ci IV, random, 95% CI
Beukes and Andersson 2018 2713 205 44 -2079 151 44 17.0% -0.35[-0.77,0.07] -
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Nyenhuis 2013 online information versus group CBT 71 156 58 -161 947 47 17.7% 0.68 [0.28, 1.07] S —
Total (95% CI) 268 249 100.0% 0.12[-0.18, 0.43]

Heterogeneity: Tau®= 0.10; chi®=15.05, df=5 (P=0.01); F=67%
Testfor overall effect: Z=0.80 (P=0.42)
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Figure 3. Forest plot showing the effect sizes of studies comparing telemedicine-based interventions of face-to-face controls where tinnitus burden is the primary
outcome investigated. SD = standard deviation; IV = inverse variance; Cl = confidence interval; Std. = standardised; CBT = cognitive behavioural therapy
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achieved could be somewhat replicated. Because there was only
one study that was well reported,'® this was not possible. The
total number of studies included in some of the quantitative
analyses was somewhat limited because the more studies that
are involved, the more confident you can be in drawing con-
clusions about telemedicine interventions. Some studies had
different lengths of treatment period for each study arm,

such as Nyenhuis et al,'® where the intervention group had
12 weeks whereas one control arm had 4 weeks; this leads to
a disproportionate amount of exposure to a certain interven-
tion and could skew the results in favour of the intervention.
A few of the included studies documented participants drop-
ping out half-way through the intervention period but still fill-
ing out the post-assessment questionnaire, which is in itself a
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Experimental Control Std. mean difference Std. mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Andersson 2002 =131 211 24 -28 151 48 31.0% -0.59 [-1.09,-0.09] D ——
Beukes and Andersson 2018 -27.13 205 44 -2079 151 44 351% -0.35([-0.77,0.07) —_—
Jasper 2014 -13.67 187 38 -16.63 134 40 339% 0.18[-0.26, 0.63) N e E—
Total (95% Cl) 106 132 100.0% -0.24 [-0.68, 0.19] 'q
Heterogeneity: Tau®= 0.10; chi*= 5.56, df= 2 (P= 0.06); F= 64% _%1 _055 ) 0?5 1!

Test for overall effect: Z=1.09 (p=0.27)

Favours [experimental] Favours [control)

Figure 6. Forest plot showing the effect sizes of studies comparing telemedicine-based interventions of any type to a control (face-to-face, waiting list, weekly
discussion) where tinnitus burden is the primary outcome investigated removing higher risk of bias studies. SD = standard deviation; IV = inverse variance; Cl = con-

fidence interval; Std. = standardised

Telemedicine Control Std. mean difference Std. mean difference
Study or subgroup Mean  SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Andersson 2002 -131 211 24 -28 151 48 11.4% -0.59(-1.09,-0.09]
Beukes 2022 -246 181 41 -658 129 66 149% -1.19[-1.61-0.76]
Henry 2019 =17 187 86 -06 119 99 234% -1.06 [-1.37-0.75] —
Hesser 2012 Internet ACT versus weekly discussion -208 133 33 11 9485 32 111% -0.82[-1.33-0.31] e
Hesser 2012 Internet CBT versus weekly discussion -21.26 171 30 -11 945 32 108% -0.73[-1.25,-0.21) ——
Kaldo 2007 -7 219 31 -01 148 36 11.7% -062[-1.11,-0.13]
Weise 2016 -20.83 152 58 -578 9.68 61 168% -1.18[-1.57,-0.79] -
Total (95% CI) 303 374 100.0% -

Heterogeneity: Tau®= 0.01; chi®=7.64, df= 6 (P=0.27),F=21%

Test for overall effect Z= 987 (P < 0.00001)

-0.93 [-1.12,-0.75]
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Figure 7. Forest plot showing the effect sizes of studies comparing telemedicine-based interventions of any type to a passive control (waiting list, weekly discus-
sion) where tinnitus burden is the primary outcome investigated removing studies that account for high statistical heterogeneity. SD = standard deviation; IV =
inverse variance; Cl = confidence interval; Std. = standardised; ACT = acceptance and commitment therapy; CBT = cognitive behavioural therapy

Experimental Control Std. mean difference Std. mean difference
Study or subgroup Mean SD Total Mean SD Total Weight  IV,random, 95% CI IV, random, 95% CI
Andersson 2002 -156 197 46 -11.4 146 50 14.4% -0.24 [-0.64,0.16) =
Henry 2019 -209 184 82 -1.3 141 94 149% -1.20 -1.52,-0.88] ———
Jasper 2014 -558 5.31 34 -6.78 286 37 13.9% 0.28[-0.19,0.75] =]
Kaldo 2007 -9.2 242 34 -115 146 36 13.9% 0.11 [-0.35, 0.58] —
Nyenhuis 2013 Bibliotherapy versus group CBT -18.4 162 45 -185 9.03 47 14.3% 0.01 [-0.40, 0.42] —
Myenhuis 2013 Internet versus group CBT -164 137 44 -185 903 47 14.3% 018 [-0.23, 0.59) —_——
Myenhuis 2013 Online information versus group CBT -93 164 49 -185 803 47 143% 0.69[0.27,1.10]
Total (95% CI) 334 358 100.0% -0.03 [-0.54, 0.47) —?—-

Heterogeneity: Tau®= 0.42; chi*= 64.41, df= 6 (p < 0.00001); F=91%

Testfor overall effect: Z=0.13 (¢ = 0.90)
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Figure 8. Forest plot showing the effect sizes of studies comparing telemedicine-based interventions of any type to a control (face-to-face, waiting list, weekly
discussion) where tinnitus burden is the primary outcome investigated and where long-term follow up data (equal to or greater than 6 months) were used.
SD = standard deviation; IV = inverse variance; Cl = confidence interval; Std. = standardised; CBT = cognitive behavioural therapy

Experimental Control Std. mean difference Std. mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV,random, 95% CI IV, random, 95% CI
Andersson 2002 -1.8 3.1 46 -14 277 50 25.7% -0.14 [-0.54, 0.26] —
Henry 2019 -1.92 34 81 -027 28 93 329% -0.53 [-0.83,-0.23) il
Jasper 2014 -1.92 291 34 =206 212 37 21.8% 0.05[-0.41,052) N o
Kaldo 2007 -1.1 328 30 -09 274 30 19.7% -0.07 [-0.57,0.44] . —
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Heterogeneity: Tau®= 0.04; chi*=5.75,df=3 (p=0.12), F= 48% 12 _:1 3 1 2:

Testfor overall effect Z=1.46 (P=0.14)
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Figure 9. Forest plot showing the effect sizes of studies comparing telemedicine-based interventions of any type to a control (face-to-face, waiting list, weekly
discussion) where anxiety is the secondary outcome investigated for studies that have control comparisons at 6-12 month follow ups. SD =standard deviation;
IV =inverse variance; Cl = confidence interval; Std. = standardised

Experimental Control Std. mean difference Std. mean difference

Study or subgroup  Mean  SD Total Mean SD Total Weight  IV,random, 95% CI IV, random, 95% CI
Andersson 2002 -16 2.73 46 -09 219 50 25.6% -0.28 [-0.68,0.12] —_—

Henry 2019 -1.52 33 81 016 35 93 33.2% -0.49[-0.79,-0.19) ——

Jasper 2014 -1.92 291 34 -206 212 37 M1.7% 0.05([-0.41,0.52] —_—
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Heterogeneity: Tau®= 0.04; chi®*= 5.60, df= 3 (p= 0.13); F= 46% 5_2 ﬁ 3 1=
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Figure 10. Forest plot showing the effect sizes of studies comparing telemedicine-based interventions of any type to a control (face-to-face, waiting list, weekly
discussion) where depression is the secondary outcome investigated for studies that have control comparisons at 6-12 month follow ups. SD = standard deviation;
IV =inverse variance; Cl = confidence interval; Std. = standardised
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Post intervention Baseline Std. mean difference Std. mean difference
Study or subgroup Mean  SD_Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Beukes 2022 797 543 41 1018 599 79 17.5% -0.38 [-0.76, 0.00)
Beukes and Andersson 2018 6.71 6.2 44 11.43 636 46 13.8% -0.74 F1.17,-0.32]
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Testfor overall effect Z=7.79 (P < 0.00001)
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Figure 11. Forest plot showing the effect sizes of studies comparing within telemedicine-based intervention group changes over time where insomnia is the sec-
ondary outcome investigated. SD = standard deviation; IV = inverse variance; Cl = confidence interval; Std. = standardised; ACT = acceptance and commitment ther-

apy; CBT =cognitive behavioural therapy

Postintervention Baseline Std. mean difference Std. mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Beukes 2022 738 1M 41 744 243 79 33.3% -0,03 [-0.40, 0.35] —%
Beukes and Andersson 2018 201 496 44 187 573 46 27.5% 0.26 [-0.16, 0.67] . —
Hesser 2012 Internet ACT 212 147 33 15 159 35 205% 0.40[-0.08, 0.88) -
Hesser 2012 Internet CBT 253 155 30 1.87 1.83 32 187% 0.38(-0.12,0.89) e
Total (95% CIj 148 192 100.0% 0.22 [- 0,00, 0.43] —alfEie—
Heterogeneity: Tau®= 0.00; chi®= 260, df= 3 (p = 0.46); F= 0% i1 _05.5 0.55 15

Test for overall effect: Z=1.95 (¢ = 0.05)

Favours post intervention Favours baseline

Figure 12. Forest plot showing the effect sizes of studies comparing within telemedicine-based intervention group changes over time where quality of life is the
secondary outcome investigated. SD =standard deviation; IV =inverse variance; Cl = confidence interval; Std. = standardised; ACT = acceptance and commitment

therapy; CBT = cognitive behavioural therapy

source of error as they may not have achieved enough exposure
to warrant a positive effect from the treatment.

It is important to note that some studies, such as Beukes
et al,'* did not use cognitive baseline as a patient characteristic
to which they stratified each arm of the randomised, controlled
trial. There is a chance that cognitive flexibility is a predictor of
outcome, and if one arm of the trial has participants who are
more educated, for example, their ability to engage with the
interventions may be more skewed, especially when consider-
ing the average age of some of the participants and the main
interventions being internet-delivered. The fact that the major-
ity of the literature is skewed towards internet-based cognitive
behavioural therapy makes generalisations to other telemedi-
cine options difficult.

Conclusion

Conceptually, telemedicine techniques have multiple benefits,
but more research will be needed to conclusively say that it
is better than face-to-face interventions in the long term.
High dropout as well as non-compliance rates continue to
be the major challenge of telemedicine-based randomised,
controlled trials. Future randomised, controlled trials should
investigate smartphone-based treatments because they can
offer patient-tailored methods that may be more readily
accessible throughout the day. Unfortunately, there is an
ongoing need to improve the quality of the research conducted
on tinnitus despite previous efforts at introducing standardised
protocols.

Competing interest. None declared.
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