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ABSTRACT

Objective To assess the epidemiological association of
smoking status and tinnitus with a systematic review and
meta-analysis and to estimate the population attributable
risk in Germany.

Data sources A systematic literature search in PubMed
and ISI-Web of Science Core Collection resulted in 1026
articles that were indexed until 15 September 2015.
Additionally, proceedings of the international tinnitus
seminars and reference lists of relevant articles were
screened.

Study selection Two reviewers searched independently
for epidemiological studies. Tinnitus as a manifestation of
tumours, vascular malformations, specific syndromes or as
a consequence of surgical and medical treatment was not
considered. Moreover, studies conducted among patients
of ear, nose and throat clinics were excluded.

Data extraction If only raw data were provided, effect
sizes were calculated. Further unpublished data were
received by corresponding authors.

Data synthesis Data of 20 studies were pooled. Current
smoking (OR 1.21, 95%Cl 1.09 to 1.35), former smoking
(OR 1.13,95%Cl 1.01 to 1.26) and ever smoking (OR 1.20,
95%Cl 1.11 to 1.30) were significantly associated with
tinnitus. Moreover, sensitivity analyses for severe tinnitus
(OR 1.32,95%Cl 1.10 to 1.58) and for studies of superior
quality (OR 1.15, 95% CI 1.03 to 1.29) showed increased
risks. According to this, the population attributable risk
estimate in Germany is 3.5%.

Conclusion There is sufficient evidence that smoking is
associated with tinnitus. As the review mainly consists of
cross-sectional studies, the observed correlation does not
give evidence of a causal relationship. Due to the impact of
various confounders, further research is needed to provide
more evidence on the strength of association and causal
relationships.

INTRODUCTION

Tinnitus is defined as the perception of
a sound in absence of an acoustic sound
source.' Up to 68.5% of the population
perceive tinnitus as a temporary condition
at least once during lifetime,” notably occur-
ring after extensive noise exposure or during
stressful life episodes. However, depending

Strengths and limitations of this study

» Results of 20 studies among different ethnicities and
age patterns have been pooled.

» All eight subgroup analyses showed a significant
effect of smoking on tinnitus, except for two.

» Multiple sources of bias may have influenced the
results to some degree.

» Substantial heterogeneity such as different
definitions of tinnitus makes comparisons of studies
difficult.

» Recently published studies could alter the results
of the meta-analysis. However, in a rough update
of the search on 1 September 2016, no articles
were detected that provided additional data to the
analysis.

on loudness, persistence and individual
coping skills it can reach a pathologic and
extremely distressing extent. In some cases,
tinnitus entails hearing problems because of
an impaired acoustic discrimination. Severe
tinnitus affects the quality of life by causing
sleeping problems, depression, social with-
drawal, work incapacity and cognitive impair-
ment.”” The prevalence of severe tinnitus
varies from 1.5% to 6.9% depending on the
definition applied.6 ”So far, no agreed upon
definition has been established to differ-
entiate between a trivial and a pathologic
form of tinnitus. In recent decades, various
pathophysiological  theories have been
proposed to explain tinnitus formation in
different sections of the auditory pathway
or central regions.® ¥ However, no model
has been generally approved, most probably
reflecting multiple or multifactorial aetiolo-
gies of tinnitus. One widely held hypothesis
of tinnitus formation is the dysfunction of
outer and inner hair cells. Beside noise expo-
sure, hypoxia and ischaemia are discussed as
major triggering factors in the dysfunction
of these cells."” Smoking-mediated vascular
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dysfunction and arteriosclerosis could be crucial factors
in the existence of ischaemic or hypoxic conditions.
Research showed that nicotine and other constituents of
cigarette smoke promote vasoconstriction, aggregation
of platelets, increased blood viscosity and haemostasis
by interfering with the synthesis of prostacycline, throm-
boxane and fibrinogen."™"* Moreover, local hypoxia may
be exacerbated by higher levels of carboxyhaemoglobin
in smokers compared with non-smokers.'® Besides,
ototoxic agents such as hydrogen cyanide, lead, styrene
and toluene can be found among the constituents of
cigarette smoke.'®!” The formation of a hearing impres-
sion is submitted to a complex neuronal network of rein-
forcing and inhibiting influences, whose homeostasis is
highly susceptible to minor changes. Nicotine influences
the transmission of acoustic information'® by interfering
with neurotransmitter release in different sections of
the central nervous system.'” ** Most notably, synaptic
plasticity, which is recently discussed in the context of
tinnitus genesis, is altered by nicotine. The effects of
nicotine are highly diverse and depend on sections of
the central nervous system, concentration and duration
of administration.'” * For the above-outlined mecha-
nisms, smoking is suspected as a biologically plausible
risk factor in the formation of tinnitus.” *' Stouffer and
Tyler asked tinnitus patients about their subjective theo-
ries of tinnitus aetiology. Most of them attributed tinnitus
to noise, hearing loss or other diseases, but none of them
suspected tinnitus as result of smoking.** According
to the various pathophysiological theories, an abun-
dant number of therapies have been proposed to treat
tinnitus in causal approaches. Yet, none of these thera-
pies is endorsed in the current guidelines,” ** which is
either due to unfavourable side-effect profiles or the lack
of evidence-based efficacy. Merely symptomatic therapies
such as cognitive behavioural therapy or sound therapy
for the improvement of coping with tinnitus are recom-
mended.*” ** The unsatisfactory range of evidence-based
therapeutic options supports the need for the prevention
of tinnitus and research on its risk factors. To investigate

the hypothesis of smoking as a risk factor, we conducted
a systematic review and meta-analysis of epidemiolog-
ical studies. This review is oriented towards the recom-
mendations of Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) Statement,?
Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) Statement®® and Cochrane Handbook for
Systematic Reviews of Interventions.?’

METHODS

Search strategy and selection process

The databases searched were PubMed and ISI-Web
of Science Core Collection. All articles indexed until
15 September 2015 with a language restriction to English,
French and German were taken into account. Boolean
Operators were used for assembling search strings by
combining Medical Subject Headings (MeSH) terms and
text words (tw) with explosion terms in PubMed and topic
field tags (TS) in ISI-Web of Science, respectively. The
precise search strategy in PubMed is shown in figure 1.
The search strategy used in ISI-Web of Science is available
from the corresponding author on request.

Two reviewers (AV and HZ) independently screened
titles and abstracts for eligibility. In case of discordance,
the question of inclusion was resolved by a discussion with
a third reviewer (HB). Further studies were retrieved as
references in relevant articles. In addition, proceedings
of the international tinnitus seminars were screened
for relevant articles.”®*™ On 1 September 2016, a crude
update of the search was performed. To the best of our
knowledge, there were no articles published before this
date which provided additional data to the analysis.

Criteria for inclusion and exclusion

All studies corresponding to an epidemiological study
design that provided effect sizes or other data for the asso-
ciation of smoking as exposure and tinnitus as outcome
were included. There was no restriction to study popula-
tion by age or ethnic background. Some articles did not

#2 Search ("tinnitus"[MeSH Terms]) AND #1
Search smok*[Text Word]

Search cigar*[Text Word]

Search tobac*[Text Word]

Search risk factor*[Text Word]

Search associat* factor[Text Word]
Search correlat* factor*[Text Word]

EEHTEHEESD

#10  Search (tinnitus[Text Word]) AND #9
#11  Search (#10) OR #2

# Search (((("smoking"[MeSH Terms]) OR "risk factors"[MeSH Terms]) OR "tobacco"[MeSH Terms])
OR "tobacco products"[MeSH Terms]) OR "tobacco use disorder"[MeSH Terms]

Search (((((#8) OR #7) OR #6) OR #5) OR #4) OR #3

Figure 1

Search strategy applied in the database PubMed. In PubMed Boolean Operators (‘OR’ and ‘AND’) were used for

assembling the search string by combining Medical Subject Headings (MeSH) terms and text words (tw) with explosion terms

(marked by ).
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provide effect sizes, but raw data that allowed to calculate
these. In these cases, Review Manager V.5.2 software was
used to calculate the ORs.

Studies dealing with objective tinnitus, for example due
to cerebrovascular malformations, or with tinnitus as a
direct consequence of tumours, surgical or medical treat-
ment, particular syndromes such as Meniére’s disease or
Conan syndrome, etc were also left out. Equally, studies
conducted among patients of ear, nose and throat (ENT)
clinics were excluded.

The diagnose spectre of ENT clinics covers to a great
extent diseases which are triggered by active or passive
smoking. Some of these are for instance sinusitis,” *
oropharyngeal cancer,” * otitis media® *® and hearing
impairment.”” Thus, we suspect the smoking prevalence
of this reference group to be higher than the smoking
prevalence of the common population that does not
suffer from tinnitus. As this would have underestimated
the association of smoking and tinnitus, we excluded
studies which were conducted in ENT clinics.

Assessment of study quality, risk of bias and comparability

In accordance to MOOSE Statement, sensitivity anal-
yses were performed for current smoking instead of
giving weight to studies depending on the result of a
certain quality score.”® These quality scores are consid-
ered controversial, which is on one hand due to the lack
of validity and on the other hand due to the fact that
methodological assets or flaws can hardly be quantified
by a certain value.?” * In order to rate and select studies
for a sensitivity analysis of superior quality, we specially
designed a tool for this review. In a synopsis of several
established quality assessment tools,”™** single items that
deemed suitable and essential to this topic were retrieved.
The selected items concerned susceptibility to bias, the
quality of reporting as well as comparability with other
studies.

Data extraction and statistical analysis

The characteristics and effect sizes of included studies
were extracted and presented in a spreadsheet. If only
tabulated data were provided, the corresponding odds
ratios (OR) were calculated if possible. Corresponding
authors were contacted to ask for precise effect sizes if
the results were described as ‘not significant’ without
providing further evidence.

Data extraction and calculation of effect sizes were
performed by one reviewer twice with an interval of
several months to avoid a recall. Moreover, the extracted
and calculated data were double-checked by another
coauthor (HB). To objectify the probability of publica-
tion bias, funnel plots were checked for a symmetrical
distribution. The analyses and calculations were done
with Review Manager V.5.3. The calculation of the stan-
dard error (SE) from the 95% confidence interval (CI)
was done with excel. To account for the heterogeneity of
the studies, the summary measures were estimated with
a random-effects model. Effect sizes were entered in the

analysis programme in the format of log OR and SE. The
measures to describe the heterogeneity are Chi? (X2)
representing the observed variation, and the degrees of
freedom (df) indicating the expected variation or hetero-
geneity.”” 12 indicates the proportion of the observed
heterogeneity which is due to true heterogeneity.”’” In
contrast to I? as a relative indicator, T? represents the
absolute amount of heterogeneity.*

Some studies provided effectsizes separately by gender,**
years since smoking cessation® ** or other features.” " **
If two or more effect sizes of one study were entered into
the Review Manager V.5.2 software, they would have been
computed as separate studies. As the expected variation
correlates with the number of studies (df), this would
have overrated the expected variation. Therefore, the
effect sizes of these studies were pooled to one summary
estimate in a fixed-effect model. One study showed ORs
for never smoking with current smoking as a reference
group.” In this case, the effect sizes were inversed. In
another Case,7 the ratio of two effect sizes had to be calcu-
lated to isolate the association between smoking and
tinnitus, which was done orienting towards a method
by Altman and Bland.”® One single article provided esti-
mates as HR*® and another as prevalence ratios (PR).7
These effect sizes were treated equally to ORs, which is
methodologically not accurate. However, as the disease
prevalence was low and the estimates close to a value of 1,
these values were considered as comparable to ORs.

Given that incapacitating and frequent tinnitus might
be a completely different pathophysiological entity than
transient non-bothersome tinnitus, not differentiating
between these could attenuate the real effect of smoking.
Therefore, a second sensitivity analysis was performed
for studies examining severe tinnitus. Severe tinnitus was
defined either as ‘very’ or ‘extremely annoying’, 'bother-
some’, occurring often up to continuously or as tinnitus
considered as ‘a big problem’.

RESULTS

After removal of duplicates, literature research yielded
1026 articles. Some duplicate articles differed in minor
features such as publication date, journal, etc and were
treated as two articles in order to facilitate the finding of
the full text. Additional 172 articles were retrieved in the
reference list of relevant articles later on and are already
included in the following numbers. After excluding 608
articles based on the title, and other 389 articles based on
abstract, 201 full-text articles were searched for relevant
data. All in all, 35 articles investigating the association
between smoking status and tinnitus were detected. Of
those, five articles were double publications” ™ and three
articles were excluded as they were conducted among
patients of ENT clinics.”*” One study was excluded
because the selection of study participants was appar-
ently biased.” Another observational study by Martinez
et al’ showed strong evidence of bias as the available data
on smoking status differed widely between subjects with
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Articles found in
references

n=172

rd

Articles identified after
removal of duplicates

Full-text articles
assessed for eligibility

Open Access 8

n=1026 Articles excluded after
> * > assessment of title
n=608
Abstracts assessed for
eligibility
n =590 Articles excluded after
assessment of abstract
v —
n=389

n=201 Articles excluded after
assessment of full text
v —*
n=166
Qualitative analysis
n=35
Excluded articles
¢ » n=13

Articles used for
quantitative analysis

n = 22*

v

N

Comparison ex-smoker
Vs never-smoker

n=9

Comparison smoker vs
non-smoker

n=18

Comparison ever-smoker
vs never -smoker

n=6

X

Sensitivity analysis with
studies of superior quality
and comparability

n=10

S

Sensitivity analysis of
severe tinnitus

n=7

Figure 2 Flow diagram of study selection. The flow chart shows the number of articles that were screened and excluded in
different steps of the selection progress. “Due to double publications the 22 articles cover 20 different studies.

and without tinnitus. In another study by Paschoal et al,”!

the selection of the study group and the assessment of
tinnitus is inadequately described. All these studies were
therefore not considered further. As four articles did
not provide effect sizes for non-significant results, we
contacted the authors. As a result, two of these articles
could be included. After having excluded 13 articles for
the above-mentioned reasons, 22 remained eligible for
quantitative analyses. Among these, one article presented

results of two studies,21 while the following studies were
published twice.

Palmer et al’ assessed the risk in terms of current, former
or never-smokers and in another article in terms of ever
or never smoking.”” Both articles could be used across
the different comparisons. Data of the Blue Mountains
Hearing Study were once analysed in terms of general
tinnitus,” whereas another article focused on severe
tinnitus.” In the sensitivity analysis for severe tinnitus, the

4
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio; SE Weight IV, Random, 95% Cl IV, Random, 95% CI
Cross-sectional studies
Brunnberg et al., 2008 0.8421 0.2009 5.6% 2.32[1.57,3.44] -
Canlon et al., 2012 -0.2461 0.4073  2.1% 0.78[0.35, 1.74] -1
Davis et al., 1991 0.5405 0.1217 8.6% 1.72[1.35, 2.18] -
Fujii et al., 2011 0.0862 0.0929  9.8% 1.09[0.91, 1.31] T
Gallus et al., 2015 -0.4462 0.3217 3.0% 0.64 [0.34, 1.20] - |
Kim et al., 2015 0.1655 0.0647 11.0% 1.18[1.04, 1.34] ™
Lindgren et al., 2009 0.157 0.6477 0.9% 1.17 [0.33, 4.16] - 1
Marmut et al., 2014 0.678 0.9459  0.4% 1.97[0.31, 12.58] I
McCormack et al., 2014 0 0.0306 12.0% 1.00 [0.94, 1.06]
Michikawa et al., 2010 -0.04433 02112  5.3% 0.96 [0.63, 1.45] -
Nondahl et al., 2002 0.1809 0.1597 7.0% 1.20[0.88, 1.64] T
Nondahl et al., 2011 0.4055 0.1492  7.4% 1.50[1.12, 2.01] -
Palmer et al., 2004 0.2852 0.1199 8.7% 1.33[1.05, 1.68] —
Shargorodsky et al., 2010 0.2927 0.0816 10.3% 1.34[1.14,1.57] -
Sindhusake et al., 2003 -0.0202 0.1437 7.7% 0.98 [0.74, 1.30] I
Total (95% Cl) 100.0% 1.22[1.08, 1.39] ¢

Heterogeneity: Tau? = 0.03; Chi* = 56.04, df = 14 (P < 0.00001); I* = 75%

Test for overall effect: Z = 3.11 (P = 0.002)

Cohort studies

Kirk et al., 2011 (1) 0.2311 0.1424 38.5%
Kirk et al., 2011 (2) -0.0305 0.1472 36.5%
Nondahl et al., 2010 0.2926 0.1849 24.9%
Total (95% Cl) 100.0%

Heterogeneity: Tau? = 0.01; Chi*=2.42, df =2 (P = 0.30); P =17%

Test for overall effect: Z = 1.52 (P = 0.13)

All study designs
Total (95% Cl) 100.0%

Heterogeneity: Tau? = 0.03; Chi? = 58.75, df = 17 (P < 0.00001); I =71%

Test for overall effect: Z = 3.43 (P = 0.0006)

L
005 02 5 20
no tinnitus  tinnitus

1.26 [0.95, 1.67]
0.97 [0.73, 1.29]
1.34[0.93, 1.93]

1.16 [0.96, 1.41]

005 02 1 5 20
no tinnitus  tinnitus

1.21 [1.09, 1.35] ¢

L
005 02 1 5 20
no tinnitus  tinnitus

Figure 3 Meta-analysis of tinnitus in current smokers. Studies were combined using a random effects generic inverse variance
model. The first two blocks show forest plots of cross-sectional and cohort studies separately. The effect size of each study

is illustrated on a logarithmic scale by a red square, whose surface is proportional to the weight of the study. ORs>1show a
positive association of smoking on tinnitus. The horizontal bars represent the 95% Cl. Summary estimates are represented by

a black diamond. The third diamond illustrates the summary estimate of the comparison with all study designs. The ‘P’ value
refers to the test of heterogeneity. This means that a statistical significant P value indicates heterogeneity, whereas a non-

significant value does not rule out heterogeneity.

effect sizes for severe tinnitus were included. In all other
analyses, the associations for general tinnitus were used.
From the Epidemiology of Hearing Study, there was one
article about the cross-sectional analysis at the beginning
of the study period® and another one about the 10-year
incidence.® In the final analysis, both assessments were
included as separate studies.

As these double publications provided important data
for subgroup analyses, the articles were not discarded.
Due to this, the 22 articles represent 20 studies. An over-
view of the selection process is described in figure 2.
Online supplementary table shows relevant data of the
included articles, such as year of publication, country,
study design, sample size, tinnitus and smoking defini-
tions. The results of the assessment of quality, risk of bias
and comparability are provided in table 1.

The tool to rate quality, risk of bias and comparability
comprises 10 items that are described below:

Definition of tinnitus provided
This item was fulfilled if any crude definition of tinnitus
was provided.

Phrasing of tinnitus assessment provided
This item was considered fulfilled if the exact phrasing
of tinnitus assessment of the questionnaires or interviews

was cited. If the definition was given indirectly the item
was rated as not fulfilled. This was the case in three
studies.”' ® % One article did not give any evidence of the
phrasing.67

Comparable classification of smoking status

The classification of smoking in terms of current,
former and never-smokers or ever-smokers and never-
smokers was provided in the most of the studies and
thus considered as comparable. If smoking status was
assessed as a dichotomous variable, it was not clear
whether former smokers were assigned to the smoking
or non-smoking group or excluded from the anal-
ysis. Thus, in these cases, the item was judged as not
fulfilled. Some studies provided effect sizes stratified
by the years ‘since smoking cessation’ or the years, in
that participants ‘smoked daily’. These effect sizes were
pooled to one summary estimate for former smokers
and ever-smokers, respectively. In that way, such smoking
classifications were declared as comparable, too.

Details of smoking classification provided

Details of smoking classification were, for instance, the
amount or regularity of consumption that defined a
certain smoking status. Other examples were the time of
abstinence, which was used to distinguish current from

6
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Study or Subgroup

Odds Ratio
log[Odds Ratio SE Weight IV, Random, 95% CI

Odds Ratio
IV, Random, 95% CI

Studies assessing severe tinnitus

Brunnberg et al., 2008 0.8421 0.2009 12.9%
Gallus et al., 2015 -0.0618 0.6036  2.1%
Lindgren et al., 2009 1.0716 1.0838 0.7%
McCormack et al., 2014 0.1484 0.0656 30.0%
Palmer et al., 2004 0.2852 0.1199 21.9%
Shargorodsky et al., 2010 0.1906 0.1172 22.3%
Sindhusake et al., 2004 0.1222 0.2423 10.0%

Total (95% Cl) 100.0%

Heterogeneity: Tau? = 0.02; Chi2 = 12.14, df = 6 (P = 0.06); 1= 51%

Test for overall effect: Z = 3.05 (P = 0.002)

Studies of higher quality and comparability

Fuijii et al., 2011 0.0862 0.0929 12.5%
Gallus et al., 2015 -0.4462 0.3217 2.7%
Kim et al., 2015 0.1655 0.0647 15.1%
McCormack et al., 2014 0 0.0306 17.8%

Michikawa et al., 2010
Nondahl et al., 2010
Nondahl et al., 2011
Palmer et al., 2004
Shargorodsky et al., 2010
Sindhusake et al., 2003

-0.0443 02112 52%
0.2926 0.1849  6.3%
0.4055 0.1492  8.2%
0.2852 0.1199 10.2%
0.2927 0.0816 13.5%
-0.0202 0.1437  8.5%

Total (95% Cl) 100.0%

Heterogeneity: Tau? = 0.02; Chi = 27.84, df = 9 (P = 0.001); I = 68%

Test for overall effect: Z = 2.47 (P = 0.01)

2.92[0.35, 24.43]

1.32[1.10, 1.58]

2.32[1.57, 3.44]
0.94[0.29, 3.07]

1.16 [1.02, 1.32]
1.33[1.05, 1.68]
1.21[0.96, 1.52]
1.13[0.70, 1.82] —

& i7"

005 02 5 20
no tinnitus  severe tinnitus

i

1.09[0.91, 1.31]
0.64[0.34, 1.20]
1.18 [1.04, 1.34]
1.00 [0.94, 1.06]
0.96 [0.63, 1.45] —
1.34[0.93, 1.93]
1.50 [1.12, 2.01]
1.33[1.05, 1.68]
1.34[1.14, 1.57]
0.98[0.74, 1.30] —

MR

1.15[1.03, 1.29]

0.05 02 5 20
no tinnitus  tinnitus

Figure 4 Sensitivity analyses of current smoking and tinnitus. Studies were combined using a random effects generic inverse
variance model. The first block shows the forest plot of a sensitivity analysis pooling studies on severe tinnitus. The second
block summarises studies of higher quality and comparability. The effect size of each study is illustrated on a logarithmic scale
by a red square, whose surface is proportional to the weight of the study. ORs >1show a positive association of smoking on
tinnitus. The horizontal bars represent the 95% Cl. Summary estimates are represented by a black diamond. The ‘P’ value refers
to the test of heterogeneity. This means that a statistical significant P value indicates heterogeneity, whereas a non-significant

value does not rule out heterogeneity.

former smokers. This criterion was equally regarded as
fulfilled if the phrasing of smoking assessment was cited.

Adequate response rate
An adequate response rate was set as 240%.

Adjusted for age

This item was considered fulfilled if the results were
controlled for age. Studies conducted among the same
age group were treated as age-adjusted.68 69

Adjusted for other variables

Factors considered in the adjustments of effect sizes varied
widely. The criterion was considered fulfilled if there was
an adjustment for at least one other factor than age.

No tinnitus as reference

In some studies, the reference group comprised subjects
with moderate or rare tinnitus. In this case, the item was
judged as not fulfilled.

Never-smokers as reference

The item was considered fulfilled if the reference cate-
gory consisted exclusively of never-smokers. One study
provided estimates for never smoking with current
smoking as reference. In this case, we inverted the OR
and assessed the item as fulfilled.

Precise data provided
Precise results were defined as ratios with 95% CI, or data
to calculate these. In contrast to those, one study provided
a ratio without CI.

To select studies for a sensitivity analysis of superior
quality and comparability, the following items were set as
obligatory:

1. Definition of tinnitus provided;
2. Comparable classification of smoking status;
3. Never-smokers as a ‘reference’.

The first analysis of current smoking (figure 3)
showed an increased risk of tinnitus with an OR of 1.22
(95% CI 1.08 to 1.39) for cross-sectional studies and an
OR of 1.16 (95% CI 0.96 to 1.41) for cohort studies,
respectively. In an inclusion of all study designs, an OR
of 1.21 (95% CI 1.09 to 1.35) was observed. The 12 of
71%, which reflects the proportion of true heteroge-
neity to observed heterogeneity is substantial, whereas
T? as an estimate of the variance of true effect sizes is
0.03.

In the sensitivity analyses, significantly increased
risks were indicated for severe tinnitus (OR 1.32, 95%
CI 1.10 to 1.58) and for studies of superior quality
and comparability (OR 1.15, 95%CI 1.03 to 1.29)
(figure 4).

The results for former smoking are presented in figure 5.
In a first analysis of cross-sectional studies, the pooled OR
was 1.09 (95% CI 0.98 to 1.20). Adding one cohort study
to the analysis yielded a significantly increased risk with
an OR of 1.13 (95% CI 1.01 to 1.26). The I2 demonstrated
substantial heterogeneity (61%). However, T? as an indi-
cator of total heterogeneity was rather small compared
with the other analyses (T2=0.02).
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Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight IV, Rand 95% CI 1V, Random, 95% CI
Cross-sectional studies
Fujii et al., 2011 -0.0619 0.0789 17.0% 0.94 [0.81, 1.10] -
Gallus et al., 2015 0.4054 0.2273  4.4% 1.50 [0.96, 2.34] b
Kim et al., 2015 0.2231 0.0834 16.2% 1.25[1.06, 1.47] -
Michikawa et al., 2010 0.1314 02385  4.0% 1.14[0.71, 1.82] T
Nondahl et al., 2011 0.095 0.1148 11.8% 1.10[0.88, 1.38] T
Palmer et al., 2004 0.131 0.1199 11.2% 1.14[0.90, 1.44] T
Shargorodsky et al., 2010 0.131 0.0604 20.3% 1.14[1.01, 1.28] =
Sindhusake et al., 2003 -0.1165 0.0906 15.1% 0.89[0.75, 1.06] -
Total (95% CI) 100.0% 1.09 [0.98, 1.20] 10
Heterogeneity: Tau? = 0.01; Chiz = 13.89, df = 7 (P = 0.05); I? = 50% 0#2 0=5 p 2 5
Test for overall effect: Z=1.61 (P =0.11) ) n6 tinnitus  tinnitus
Cohort studies
Nondahl et al., 2010 03507 0.0998 100.0% 1.42[1.17,1.73] S B
Total (95% Cl) 100.0% 1.42[1.17,1.73] S 4
Heterogeneity: Not applicable 052 055 é é
Test for overall effect: Z = 3.51 (P = 0.0004) ) 1o tinnitus  tinnitus
All study designs
Total (95% CI) 100.0% 1.13[1.01, 1.26] L
Heterogeneity: Tau? = 0.02; Chiz = 20.51, df = 8 (P = 0.009); I> = 61% O=2 055 2 5
Test for overall effect: Z = 2.15 (P = 0.03) : n<; tinnitus  tinnitus

Figure 5 Meta-analysis of tinnitus in former smokers. Studies were combined using a random effects generic inverse variance
model. The first two blocks show forest plots of cross-sectional and cohort studies separately. The effect size of each study

is illustrated on a logarithmic scale by a red square, whose surface is proportional to the weight of the study. ORs>1show a
positive association of smoking on tinnitus. The horizontal bars represent the 95% Cl. Summary estimates are represented by

a black diamond. The third diamond illustrates the summary estimate of the comparison with all study designs. The ‘P’ value
refers to the test of heterogeneity. This means that a statistical significant P value indicates heterogeneity, whereas a non-
significant value does not rule out heterogeneity.

Ever smoking (figure 6) correlated significantly with

tinnitus in cross-sectional studies (OR 1.17, 95% CI 1.05
to 1.830) and cohort studies (OR 1.35, 95%CI 1.11 to
1.64). In the analysis of all study designs, the OR observed
was 1.20 (95% CI 1.11 to 1.30). In this subgroup, hetero-
geneity was negligible (T?=0.00, I>=20%).

The funnel plots of current smoking, former
smoking and ever smoking illustrated a symmetrical
distribution, thus providing no evidence of publica-
tion bias. The associated figures are not shown but
are available from the corresponding author upon
request.

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Rand 95% CI
Cross-sectional studies
Hoffman & Reed, 2004 0.1989 0.0271 56.6% 1.22[1.16, 1.29] |
Mahboubi et al., 2013 0.191 02511  4.2% 1.21[0.74, 1.98] —
Nondahl et al., 2011 0.2151 0.116 15.9% 1.24[0.99, 1.56] .
Palmer et al., 2002 0 0.0889 23.2% 1.00 [0.84, 1.19] ——
Total (95% CI) 100.0% 1.17 [1.05, 1.30] L 2
Heterogeneity: Tau? = 0.00; Chi? = 4.66, df = 3 (P = 0.20); I* = 36% 0=2 0=5 2 5
Test for overall effect: Z = 2.92 (P = 0.004) ) né tinnitus  tinnitus
Cohort studies
Lasisi et al., 2010 0.2413 0.1595 37.7% 1.27[0.93, 1.74] T
Nondahl et al., 2010 0.3365 0.1242 62.3% 1.40 [1.10, 1.79] ——
Total (95% Cl) 100.0% 1.35[1.11, 1.64] L 2
Heterogeneity: Tau? = 0.00; Chi? = 0.22, df = 1 (P = 0.64); I2= 0% 012 015 2 5
Test for overall effect: Z = 3.07 (P = 0.002) : no tinnitus  tinnitus
All study designs
Total (95% Cl) 100.0% 1.20 [1.11, 1.30] *
Heterogeneity: Tau? = 0.00; Chi? = 6.22, df = 5 (P = 0.29); I = 20% 0?2 055 é é
Test for overall effect: Z = 4.56 (P < 0.00001) i no’ tinnitus  tinnitus

Figure 6 Meta-analysis of tinnitus in ever-smokers. Studies were combined using a random effects generic inverse variance
model. The first two blocks show forest plots of cross-sectional and cohort studies separately. The effect size of each study
is illustrated on a logarithmic scale by a red square, whose surface is proportional to the weight of the study. ORs>1show a
positive association of smoking on tinnitus. The horizontal bars represent the 95% Cl. Summary estimates are represented by
a black diamond. The third diamond illustrates the summary estimate of the comparison with all study designs. The ‘P’ value
refers to the test of heterogeneity. This means that a statistical significant P value indicates heterogeneity, whereas a non-
significant value does not rule out heterogeneity.
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The population attributable risk (PAR) indicates the
proportion of a disease which can be attributed to a
certain risk factor.” For its calculation, the smoking prev-
alence of 24.5%, assessed by the German Federal Statis-
tical Office in 2013”" and the OR of the sensitivity analysis
for superior quality and comparability (OR 1.15) was
used. This resulted in a PAR of 3.5%, which means that
3.5% of tinnitus cases are due to smoking if smoking is a
causal factor of tinnitus. The PAR for severe tinnitus (OR

1.32) is 7.3%.

DISCUSSION

In the final comparisons, which included all study designs
as well as in the sensitivity analyses, smoking could be
identified as a significant, although not very strong risk
factor for the manifestation of tinnitus.

Considering smoking as a causal factor of tinnitus, it
could be expected that the risk of current smokers is
somewhat higher than the one of former smokers. We
find a slight difference (OR 1.21 vs 1.13) in that direction.
The risk of ever-smokers (OR 1.20) is almost identical to
the risk of current smokers (OR 1.21).

A large variation in effect estimates between the
included studies can either be explained by random
error or by true heterogeneity of effects. In the analysis
of current smoking, a substantial heterogeneity with an
I? of 71% and a T? of 0.03 was observed. Thus, sensitivity
analyses were performed to investigate this heterogeneity.
The heterogeneity of the sensitivity analysis of severe
tinnitus was slightly less pronounced (I2=51%, T?=0.02).
In the sensitivity analysis of superior quality and compa-
rability, the relative heterogeneity was still substantial
(I>=68%), but referring to a small amount of absolute
heterogeneity (T%=0.02). There are various factors that
explain the observed heterogeneity. The definitions
of tinnitus varied widely in severity and in terms of the
period observed.** ™ For instance, some studies assessed
the life-time prevalence of tinnitus, whereas others
assessed the prevalence of the preceding month. Simi-
larly, distinct definitions of smoking behaviour were used.
Among the study populations, there were large differ-
ences concerning age pattern, ethnicity, noise exposure,
etc. Some of the studies controlled for risk factors such
as noise exposure, age and hearing impairment, whereas
other studies presented crude effect sizes.

Possible confounding variables

Smokers are known to differ from non-smokers in a range
of health behaviours which promote the development of
tinnitus. Literature shows that smokers are more likely to
be exposed to occupational” or leisure noise,” to reject
the use of hearing protections devices” and to exhibit
behaviours predisposing to an increased cardiovascular
morbidity.76 In addition, an association of tinnitus with
anxiety and depressive disorders can be observed.”” " The
causal relationship is not clear, as tinnitus is possible as
consequence, comorbidity or origin of depression.”® In

turn, people suffering from depression or anxiety disor-
ders seem to be more likely to be smokers,”” * which
could partly enhance the observed association. Other
interfering variables are psychological stress or weak stress
coping skills, which predispose to both tinnitus® * and
smoking behaviour.*” Stress can also be a consequence
of tinnitus and the urge to smoke regularly. In that way,
it is even possible that stress due to tinnitus enhances
smoking behaviour.

There is strong evidence that hearing impairment is
associated with both smoking and tinnitus.* ***” Thus,
Chung et al** suggested that the association of smoking
and tinnitus might be indirect through the association
with hearing impairment. However, studies adjusting for
hearing impairment still showed positive correlations of
smoking and tinnitus.*® ® * All of the above mentioned
correlating variables are complexly intertwined, reflecting
multicausal relationships. It is crucial to point out that
studies adjusting for noise exposure,”* stress’ or cardio-
vascular factors®® nevertheless indicated a positive correla-
tion between smoking status and tinnitus.

Strengths and limitations

Even though the visual assessment of funnel plots did
not indicate a publication bias, there is evidence for the
existence of outcome reporting bias. This kind of bias
is present if non-significant results of examined asso-
ciations within a study are reported only partly or not
mentioned at all.*” There were two studies that could not
be included, as they described the association of smoking
and tinnitus solely as ‘not significant’ without providing
effect sizes.** ™ The lacking inclusion of these two non-sig-
nificant results enhanced the pooled effect estimate. But
as these two studies represent <1% of the total sample size
of this analysis, the effect is negligible. However, further
studies may exist which observed non-significant associa-
tions and did not report these.

The included studies were conducted among the
non-institutionalised and non-hospitalised population.
Especially severe tinnitus showed a strong association
with general morbidity and psychiatric disorders.”™ There-
fore, selection bias may have affected the results. One of
the included studies was conducted among operating
airline pilots, which are for safety reasons not allowed
to work when suffering from severe tinnitus.”” Another
survey was performed among students of a certain region,
excluding those who visited special schools for adoles-
cents with audiological or general disabilities.” Thus, it
is likely that severe tinnitus cases are under-represented
within the included studies. The results of this analysis
support the assumption that smoking is predominantly
associated with severe tinnitus. In that way, the dropout
of tinnitus cases is not equally distributed among smokers
and non-smokers, which could attenuate the observed
association when general tinnitus is assessed.

Misclassification of exposure and outcome variables
may have biased the results towards a null effect. Some
studies assessed smoking as a dichotomous variable,
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not indicating whether ex-smokers were assigned to the
smoking or non-smoking group or excluded from the
analysis.”” * Even if smoking classification was assessed
in terms of current, former or never smoking, the defi-
nitions of each category differed across studies or were
not provided at all. Furthermore, the effect of passive
smoking exposure was taken into account by one study
only.*

Concerning the quality assessment of studies, the tool
applied was neither checked for validity nor reliability.
However, none of the validated tools deemed appro-
priate, as items that seemed vital in the context of this
review were not included. Besides a focus on quality and
low risk of bias, the questions of comparability played
an essential role in the selection of a less heterogeneous
subgroup.

Another limitation of this meta-analysis is that most
of the included studies correspond to a cross-sectional
study design. Therefore, the observed association does
not allow conclusions about causality. An approach in
addressing the question of causality is the investiga-
tion of dose-response relationships. Hoffman and Reed
examined the prevalence of tinnitus depending on the
number of years participants had smoked daily, without
illustrating a clear dose-response relationship.*” Similarly,
Davis et al’’ did not observe a correlation between tinnitus
and quantity smoked. Nondahl et al*® conducted similar
analyses, yet providing some vague evidence of a dose-re-
sponse trend. Another approach to providing evidence
of a causal relationship is longitudinal research. Five
cohort studies could be included in the different compar-
isons. Regarding former and ever smoking, the pooled
risks of cohort studies are more pronounced than those
of cross-sectional studies, whereas regarding current
smoking, cohort studies indicated a somewhat smaller
risk than cross-sectional studies.

Finally, the weights of individual studies were obtained
by inverse variance, which correlates most often with
sample size. Whereas the impact of bias in randomised
controlled trials can be reduced by an increase of sample
size, this is not transferable to observational studies.” In
this way, instead of reducing the effect of bias, a meta-anal-
ysis of observational studies can even boost the impact of
bias.” Meta-analyses that pool primary data instead of
approximated effect sizes may be preferable.”’ However,
as a first investigation on this topic, this method deemed
appropriate.

CONCLUSION

The results of this meta-analysis show a statistically signifi-
cant association between smoking and tinnitus. However,
this association does not provide proof of a causal rela-
tionship. A number of interfering variables may have
masked the level of this association to some extent. In
order to draw more precise conclusions, further evidence
is needed. As pointed out by several authors, the agree-
ment on a universal definition of pathologic tinnitus is

. . . 92 93
of fundamental importance to gain new evidence.”

So far, the definition applied most often is the one of
prolonged spontaneous tinnitus which defines tinnitus
lasting longer than 5min and not occurring in sequence
to strong noise exposure.” ™ A clear categorisation of
smoking status, for example, in terms of current, former
and never-smoker is equally needed to facilitate compa-
rability across studies. Moreover, longitudinal studies and
contemplation of tinnitus in dependence of pack years
are crucial approaches to elucidate questions of causality.
Another emphasis has to be put on the importance of
adjustments for other variables such as noise exposure,
stress and stress coping skills, psychological comorbidity
and cardiovascular risk factors. People suffering from
tinnitus should be educated about the potential impact of
smoking. Especially in noise-exposed populations, educa-
tion and smoking cessation campaigns are a worthwhile
approach.
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