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INTRODUCTION

Although tinnitus is thought to be an uncommon symptom in 
the pediatric population, its incidence is known to be not low 
[1]. The reported prevalence of tinnitus in childhood varies from 
7% to 34% among individuals with no hearing loss and can 

reach 66% among those with moderate to severe hearing loss 
[2,3]. Several large cohort studies have recently revealed that 
7% to 17% of adolescents aged 12 to 19 report tinnitus [4,5], 
which is similar to the prevalence of tinnitus in adults [6,7]. 
However, tinnitus in children tends to be neglected because 
people in this age group rarely mention the symptom spontane-
ously to their parents, and they report tinnitus infrequently 
when visiting ear clinics [8].

Several risk factors have been associated with pediatric tinni-
tus. Hearing loss and noise exposure are known to be risk fac-
tors for tinnitus in the youth population [9]. Female sex, low so-
cioeconomic status of the family, and history of ear infection 
have also been associated with tinnitus in adolescents [10-12]. 
To date, there has been a lack of studies evaluating the correla-
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Objectives. Smoking is associated with hearing loss, while the correlation between tinnitus and smoking is not fully eluci-
dated. This study aimed to evaluate risk factors of tinnitus in adolescents in terms of smoking, and we identified a 
rectifiable parameter that can be serially monitored.

Methods. A cross-sectional study was conducted using data from the Korea National Health and Nutrition Examination 
Survey, with 2,782 participants aged 12 to 18 years, from 2008 through 2011. Participants with history of ear dis-
ease, hearing loss, and inadequate responses to questionnaires were excluded. We investigated the prevalence of tin-
nitus and tinnitus-related annoyance by questionnaire and sought potential risk factors in blood and urine tests and 
smoking history. 

Results. The prevalence of tinnitus in the 12- to 18-year-old population was 17.5%, with 3.3% reporting tinnitus-related 
annoyance. On univariate analysis, the prevalence of tinnitus increased with age (P<0.001) and was higher among 
girls (P=0.012). Blood tests and urinalysis showed significant correlation between tinnitus and red blood cell count,  
alkaline phosphatase levels, and urine cotinine (P=0.002, P<0.001, P=0.018, respectively). In multivariate analysis, 
the urine cotinine level was the only parameter associated with tinnitus (odds ratio, 1.000; 95% confidence interval, 
0.999 to 1.000; P=0.038). Smoking was also significantly correlated with tinnitus (P=0.043), and amount of smok-
ing with tinnitus-related annoyance (P=0.045). However, current smoking and past smoking were not correlated 
with tinnitus. 

Conclusion. Urine cotinine may be a rectifiable marker for management of tinnitus in adolescents. This suggests that smok-
ing cessation should be incorporated in the management of tinnitus in adolescents.
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tion of serologic/urinary parameters and nutrition status with 
tinnitus, although some studies have reported an association be-
tween smoking and tinnitus [13]. Considering that medical 
treatments are burdensome, and because there is a lack of evi-
dence-based information regarding titration and duration of 
medical treatment for pediatric tinnitus, evaluation of rectifiable 
factors such as nutrition status and social habits would be far 
more useful. Although routine examination of blood and urine 
for contributing factors is frequently performed, significant 
markers are not frequently observed in pediatric populations.

Smoking among adolescents and young adults has decreased 
rapidly and unprecedentedly. However, there are still a consider-
able number of cigarette smokers in this population [14,15]. 
Moreover, there is a possible association between direct or indi-
rect smoking, various diseases, and malnutrition in adolescents 
[16]. A comprehensive search for an association between tinni-
tus and smoking status may be important in pediatric tinnitus. 
In this study, we aimed to evaluate risk factors for tinnitus in ad-
olescents in terms of smoking status, and we identified a novel 
marker for serial follow-up and monitoring.

MATERIALS AND METHODS

Data collection 
This study analyzed data from the fourth and fifth Korea Na-
tional Health and Nutrition Examination Survey (KNHANES) 
from 2008 to 2011. The KNHANES is an ongoing nationwide 
survey of noninstitutionalized individuals in South Korea with a 
sophisticated level of standardization and quality control. The 
data were collected and managed by the Centers for Disease 
Control and Prevention of Korea. Each year, a panel selected 
192 enumeration districts and 20 households in each district for 
proper sampling to reflect the entire Korean population. The 
sampling was weighted by statisticians by adjusting the post-
stratification, nonresponse rate and extreme values. These data 
represent the civilian, noninstitutionalized South Korean popu-
lation using stratified, multistage clustered sampling based on 
national census data from the National Statistical Office. 

Survey and examination
Among a total of 37,753 participants (9,744 in 2008, 10,533 in 
2009, 8,958 in 2010, and 8,518 in 2011), there were 3,443 ado-
lescents, aged 12 to 18 years, enrolled in this study (Fig. 1). Fur-
ther validation of significant parameters in adolescents was per-
formed in 19,384 adult participants aged >19 years. Written in-
formed consent was obtained from all participants prior to the 
survey. All tympanic membranes (right and left) were examined 
for signs of prior ear disease by trained otologists and were cat-
egorized into three groups: normal, abnormal, and could not ex-
amine. Pure-tone audiometry for thresholds was measured at 
500, 1,000, 2,000, 3,000, 4,000, and 6,000 Hz in both ears in a 
soundproof booth with an automatic audiometer. Hearing loss 
was defined as more than an average of 40 dB hearing loss on 
pure-tone audiometry at 500, 1,000, 2,000, and 3,000 Hz. 

The presence of tinnitus was defined according to the re-
sponse (yes/no/cannot remember) to the question, “Have you 
heard any ringing, buzzing, roaring, or hissing sounds without 
an external acoustic source in the past year?” Participants were 
then asked about the severity of the tinnitus, i.e., “Do these 
sounds bother you?” The response options to the second ques-
tion were “No,” “A little annoying,” and “Very annoying and 
disrupting sleep.” 

Age, sex, body mass index (BMI), and smoking history were 
categorized as personal risk factors in this study. Current and 
past smoking history was surveyed, and daily amount smoked 
was surveyed for smokers. Smoking habits of parents were also 
surveyed. Blood was examined for red blood cell count, hemo-
globin levels, hematocrit, white blood cell count, serum blood 
urea nitrogen, creatinine, glucose, aspartate aminotransferase 
(glutamic oxaloacetic transaminase), alanine aminotransferase 

   This cross-sectional study involved 2,782 participants from the 
Korea National Health and Nutrition Examination Survey 
data.

   Urine cotinine was an independent factor associated with tin-
nitus.

   Amount of smoking was also significantly associated with tin-
nitus-related annoyance.

   However, the history of current/past smoking was not corre-
lated with tinnitus.
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Fig. 1. Study population. a)Not mutually exclusive.

37,753 Total of participants
(9,744 in 2008, 10,533 in 2009, 8,958 in 2010, and 8,518 in 2011)

3,443 Participants with age 12–18 yr

2,782 Participants

2,296 Participants without tinnitus 486 Participants with tinnitus
∙ 409 Not annoying
∙ 74 Tolerable
∙ 3 Very annoying disturbing sleep

5,933 Participants excluded (age <12 yr)
28,377 Participants excluded (age >18 yr)

Exclusion criteriaa)

∙ 75 History of ear disease
∙ 73 Hearing loss
∙ 649 Inadequate response to questionnaire
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(glutamate pyruvate transaminase), triglyceride, total cholester-
ol, high-density lipoprotein, alkaline phosphatase (ALP), lead 
(Pb), mercury (Hg), and cadmium (Cd) levels and urine was ex-
amined for pH and specific gravity and for protein, glucose, ke-
tone, blood, bilinogen, cotinine, and creatinine levels.

Statistical analysis
A sample weight for each participant, as reported by the 
KNHANES for every individual based on the complex probabil-
ity of being selected, was applied in all statistical analyses. After 
applying the weighted values recommended by KNHANES, the 
adjusted odds ratios (AOR) were estimated. Associations be-
tween various parameters and tinnitus were analyzed using 
multiple logistic regression analysis. To evaluate the collinearity, 
multiple linear regression analysis was performed and variance 
inflation factors are assessed. In subgroup analysis, the differ-
ence in risk factors between individuals with and without tinni-
tus was analyzed by Student t-test. AOR and 95% confidence 
intervals (CI) were calculated, and P-values <0.05 were consid-
ered to indicate significance. The statistical analyses were per-
formed with IBM SPSS ver. 20.0 (IBM Corp., Armonk, NY, 
USA).

RESULTS

Study population
Among 3,443 enrollees, individuals meeting the following crite-
ria were excluded: (1) history of ear disease, as reported by the 
respondents or observed by examination of the tympanic mem-
branes (n=75); (2) detection of unilateral or bilateral hearing 
loss by the hearing test (n=73); and (3) inadequate response to 
questionnaire regarding tinnitus, tinnitus-related annoyance, and 
smoking history (n=649) (Fig. 1). Finally, a total of 2,782 indi-
viduals with a mean age of 14.8 years (range, 12 to 18 years) 
and a male to female ratio of 1.13:1 were included. The preva-
lence of tinnitus in the total cohort was 17.5% (n=486). Among 
the participants with tinnitus, 84.2% (n=409) reported no an-
noyance from tinnitus, 15.2% (n=74) reported tolerable annoy-
ance, and 0.6% (n=3) reported severe annoyance. All 77 indi-
viduals who reported any degree of annoyance were combined 
into a single category, tinnitus-related annoyance, for further 
analysis. There was a significant (P<0.001) increase in the prev-
alence of tinnitus with age, and the prevalence of smoking also 
increased significantly (P<0.001) with age (Fig. 2). The preva-
lence of tinnitus-related annoyance did not differ significantly 
among age groups (P=0.404).

Risk factors for tinnitus 
On univariate analysis, age, sex, and BMI were significantly as-
sociated with tinnitus (P<0.001, P=0.012, and P=0.045, re-
spectively) (Table 1), with a greater prevalence among girls and 

among individuals with higher BMI. Current smoking was also 
significantly correlated with tinnitus (P=0.043), but there was 
no difference in the amount smoked between individuals with 
and without tinnitus (P=0.677). Regarding laboratory values, 
the red blood cell count, serum ALP level, and urine cotinine 
level were significantly associated with tinnitus (P=0.002, 
P<0.001, and P=0.018, respectively) on univariate analysis. 
ALP levels were lower and urine cotinine levels were higher 
among individuals with tinnitus compared to those without tin-
nitus. However, the urine cotinine level was the only parameter 
associated with tinnitus on multivariate analysis (OR, 1.000; 
95% CI, 0.999 to 1.000; P=0.038) (Table 1). When the overall 
cohort was categorized according to smoking history and sex, 
the urine cotinine level was consistently higher in individuals 
with tinnitus in all subgroups (Fig. 3A, B), reaching statistical 
significance with smoking and male sex (P=0.036 and P=0.021, 
respectively). There was no blood or urine parameter showing 
significant correlation with tinnitus among nonsmokers and 
girls. Urine cotinine was also significantly correlated with tinni-
tus in the total population of adult participants (P=0.008), while 
subgroup analyses according to smoking history and sex did not 
reach statistical significance (Supplementary Fig. 1).

Factors associated with tinnitus-related annoyance
The amount smoked was the only factor that was significantly 
correlated with tinnitus-related annoyance (Fig. 3C). Table 2 
shows the correlation analysis between tinnitus-related annoy-
ance and the parameters that were significantly correlated with 
tinnitus (age, sex, BMI, smoking history, serum ALP level, and 
urine cotinine level), none of which reached statistical signifi-
cance (P=0.437, P=0.240, P=0.502, P=0.962, P=0.132, and 
P=0.141, respectively) for tinnitus-related annoyance. In adult 
participants, tinnitus-related annoyance was not correlated with 
urine cotinine (P=0.472), but was significantly associated with 
the amount smoked (P=0.020) (Supplementary Fig. 2).

Smoking
Tinnitus

Fig. 2. Prevalence of smoking and tinnitus in each age group. The 
prevalence of tinnitus increased with age (P<0.001), as did the pro-
portion of smokers (P<0.001), albeit with some fluctuation.
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DISCUSSION

This study demonstrated that considerable proportion of adoles-
cents, 17.5%, experienced tinnitus. In the total cohort, 3% re-
ported tinnitus-related annoyance, while 15.8% of those specifi-
cally reporting tinnitus also reported tinnitus-related annoyance. 
Increased age, female sex, and smoking were risk factors for tin-
nitus on univariate analysis. The amount smoked did not corre-
late with the prevalence of tinnitus, but there was a significant 
association between amount smoked and tinnitus-related an-
noyance. Urine cotinine level was the only parameter associated 
with tinnitus in multivariate analysis. In the subgroup analysis, 
urine cotinine was significantly correlated with tinnitus in smok-
ers and in boys.

The role of smoking in hearing loss remains controversial al-
though there is agreement regarding the adverse effects of 

smoking on the middle ear [17,18]. Fransen et al. [19] and 
Cruickshanks et al. [20] have reported an association between 
hearing and smoking, but no such association was found in the 
Framingham cohort. Nonetheless, smoking is consistently iden-
tified as a risk factor for tinnitus in both adults and children 
[21,22], and several large cohort studies have recently con-
firmed that direct and indirect smoking is a significant risk factor 
in pediatric tinnitus [4,5,9]. Our finding of a significant correla-
tion between current smoking and tinnitus corroborates these 
results. Hearing loss is not the only pathophysiologic entity in 
tinnitus [23-25], and it is possible that smoking affects the devel-
opment of tinnitus by a different mechanism than hearing loss.

Although the exact pathophysiology of tinnitus is beyond the 
scope of this study, we propose that there is a possibility that 
smoking and tinnitus are directly related. Smoking can influence 
all of the vital structures of the auditory tract. Cochlear blood 

Table 1. Univariate and multivariate binary logistic regression analysis of risk factors for tinnitus

Variable 
Univariate analysis Multivariate analysis

Tinnitus (+) Tinnitus (–) OR 95% CI P-value OR 95%CI P-value VIF

Age (yr) 15.1±1.9 14.7±2.0 0.893 0.850–0.938 <0.001 0.958 0.860–1.066 0.428 2.222
Sex (male:female) 1:1.09 1:0.84 1.286 1.057–1.565 0.012 1.309 0.864–1.983 0.203 2.212
Body mass index (kg/m2) 21.15±3.66 20.80±3.55 0.973 0.947–0.999 0.045 0.968 0.930–1.007 0.103 1.095
Current smoking history  49 (10.1) 183 (8.0) 1.286 1.014–1.809 0.043 1.275 0.663–2.450 0.467 1.197
Parental smoking history 133 (27.4)  583 (25.4) 0.598 0.071–2.030 0.636 - - - -
Blood test
   Red blood cell (×106/µL)  4.79±0.41 4.85±0.40 1.503 1.160–1.947 0.002 1.193 0.758–1.878 0.445 1.698
   Hemoglobin (g/dL) 13.95±1.32 13.06±1.28 1.072 0.990–1.160 0.087 - - - -
   Hematocrit (%) 41.60±3.42 41.88±3.31 1.026 0.995–1.058 0.106 - - - -
   White blood cell (×109/L)  6.15±1.43  6.15±1.42 0.997 0.928–1.071 0.934 - - - -
   Blood urea nitrogen (mg/dL) 11.77±2.66 11.73±2.88 0.995 0.960–1.031 0.771 - - - -
   Creatinine (mg/dL)  0.74±0.14  0.73±0.14 0.812 0.400–1.647 0.564 - - - -
   Glucose (mg/dL) 88.28±6.31 88.95±8.35 1.014 0.998–1.030 0.088 - - - -
   Glutamic oxaloacetic transaminase (IU/L) 17.89±6.02 18.41±7.83 1.013 0.994–1.031 0.176 - - - -
   Glutamate pyruvate transaminase  (IU/L)  14.89±14.37  14.48±13.27 0.998 0.991–1.005 0.557 - - - -
   Triglyceride (mg/dL)  83.67±42.55 85.05±50.94 1.001 0.998–1.003 0.592 - - - -
Total cholesterol (mg/dL) 156.01±26.77 156.07±27.40 1.000 0.996–1.004 0.966 - - - -
   High-density lipoprotein (mg/dL) 49.20±9.04 49.47±9.47 1.003 0.992–1.014 0.579 - - - -
   Alkaline phosphatase (IU/L)  460.45±293.33 529.94±321.63 1.001 1.000–1.001 <0.001 1.000 0.999–1.001 0.779 2.713
   Pb (µg/dL)  1.35±0.53 0.35±0.48 1.015 0.674–1.529 0.942 - - - -
   Hg (ng/mL)  2.46±1.24 2.26±1.22 0.887 0.762–1.033 0.122 - - - -
   Cd (ng/mL)  0.41±0.31 0.41±0.25 0.816 0.393–1.691 0.584 - - - -
Urine test
   pH  5.62±0.70 5.60±0.71 0.950 0.819–1.103 0.501 - - - -
   Specific gravity  1.02±0.01 1.02±0.01 0.304 0.000–1.611 0.893 - - - -
   Protein (mg/dL)  0.15±0.41 0.15±0.41 1.042 0.799–1.359 0.762 - - - -
   Ketone (mg/dL)  0.24±0.58 0.23±0.53 0.957 0.788–1.162 0.659 - - - -
   Bilirubin (mg/dL)  0.40±0.80 0.38±0.78 0.972 0.850–1.111 0.673 - - - -
   Blood  0.40±0.87 0.40±0.84 1.006 0.886–1.142 0.928 - - - -
   Bilinogen (mg/dL)  0.06±0.25 0.05±0.23 0.853 0.559–1.302 0.462 - - - -
   Cotinine (ng/mL)  128.76±388.70  77.56±276.89 1.000 0.999–1.000 0.018 0.999 0.999–1.000 0.038 1.185
   Creatinine (mg) 205.35±92.24 201.51±89.75 1.000 0.998–1.000 0.575 - - - -

Values are presented as mean±standard deviation or number (%).
OR, odds ratio; CI, confidence interval; VIF, variance inflation factor.
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supply may be decreased with smoking because of smoking-re-
lated increases in blood viscosity and reduced available oxygen 
[26]. Negley et al. [27] and Torre et al. [28] evaluated young 
adult smokers with normal hearing and found that otoacoustic 
emissions were significantly reduced in smokers. Nicotine and 
smoke-related toxins may also influence the auditory cortex by 
reducing metabolic and transcription activities [29]. In addition, 
there is a considerable amount of evidence pointing to smoking 
as a risk factor in adult tinnitus [6,13,21], and this was support-
ed by our results. Considering that adolescents, who are in a 
growing period, may be more susceptible to impacts from smok-

ing, impairment of the normal central auditory transduction sys-
tem by smoking could be more severe in adolescents than in 
adults [30].

In our study, we divided total cohort into subgroups for fol-
lowing reasons. With regard to the subgroups of smokers and 
nonsmokers, we aimed to show the level of cotinine which is 
much higher and can be the reference for separating smoker 
from nonsmokers by cotinine level without history taking. In 
terms of the subgroups according to the sex, we aimed show 
that cotinine level can be more powerful marker in boys. As dis-
cussed later, etiology of tinnitus in girls can be more complicated 

Table 2. Risk factors for tinnitus-related annoyance 

Variable Tinnitus-related annoyance (+) Tinnitus-related annoyance (–) OR 95% CI P-value

Age (yr) 15.3±2.1 15.1±1.9 1.051 0.927–1.193 0.437
Sex (male:female) 1:1.41 1:1.05 0.744 0.454–1.219 0.240
Body mass index (kg/m2) 20.9±3.5 21.2±3.7 0.977 0.912–1.046 0.502
Current smoking history 8 (10.4) 40 (9.8) 1.021 0.436–2.392 0.962
Alkaline phosphatase (IU/L) 414.2±241.2 471.7±304.1 0.999 0.998–1.000 0.132
Cotinine (ng/mL) 211.9±606.4 107.8±327.7 1.001 1.000–1.001 0.141

Values are presented as mean±standard deviation or number (%).
OR, odds ratio; CI, confidence interval. 

Fig. 3. Variation in urine cotinine levels by smoking history (A) and sex (B), and correlation between amount smoked, tinnitus, and tinnitus-relat-
ed annoyance in smokers (C). (A, B) Participants with tinnitus showed higher urine cotinine levels than those without tinnitus in all subgroups, 
which reached statistical significance in the total cohort and in smokers and boys. (C) Although development of tinnitus was not associated 
with the amount smoked, tinnitus-related annoyance was significantly correlated with amount smoked.
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because they are more susceptible to various factors. They may 
have impact on quality of life of various adverse effects of tinni-
tus, including pain, sleep difficulties, and lack of energy, all of 
which can also influence their perception of tinnitus. 

Our novel finding is that urine cotinine levels are significantly 
correlated with tinnitus. There has been no prior study that has 
evaluated this biomarker for pediatric tinnitus. Nicotine is a spe-
cific biomarker of exposure to tobacco smoke, but it is limited in 
this task because of its short half-life (1 to 3 hours) [31]. Coti-
nine, which is the primary proximate metabolite of nicotine, is 
used more frequently as a biomarker of tobacco smoke expo-
sure because its half-life approximately 16 to 18 hours, and its 
levels remain fairly constant throughout the day [32]. Several 
studies have shown that the urine cotinine level is well correlat-
ed with current smoking status even among individuals with 
chronic disease [33,34]. In our multivariate analysis, the urine 
cotinine level was the only factor associated with tinnitus in ad-
olescents, and on subgroup analysis, it was significantly associat-
ed with tinnitus in smokers and in boys. Because we did not 
identify any specific risk factors for tinnitus in nonsmokers or 
girls, further analysis should be performed in these subgroups to 
elucidate the risk factors for tinnitus. There was also a significant 
association between the urine cotinine level and tinnitus among 
the adult participants in our study, and the lack of statistical sig-
nificance of any risk factor in our adult subgroups (smokers, 
nonsmokers, men, and women) may have been a function of 
confounding factors such as chronic disease and medication use. 
Conversely, the urine cotinine level could be a more powerful 
indicator for tinnitus in adolescents because there should be rel-
atively fewer confounding factors than would be expected in 
adults.

Furthermore, the smoking behaviors of caregivers can affect 
urine cotinine levels in children [35]. While there is not yet con-
sensus regarding an association between tinnitus and passive 
smoking in the pediatric population, a higher prevalence of tin-
nitus has been observed among passive smokers [4]. We did not 
identify a correlation between parental smoking history and tin-
nitus in children although the participants with tinnitus did 
show higher urine cotinine levels than those without tinnitus 
(not statistically significant). Considering that there is a discrep-
ancy between smoking history and urine cotinine level, detailed 
history taking is very important with regard to the source of ex-
posure to smoking. This study was based on the survey, and re-
calling error and intentional false response can be the reason for 
the discrepancy. Moreover, indirect exposure from care-givers, 
friends, or other places where there are a lot of smokers can be 
the reason for elevated urine cotinine which is not in accordance 
with smoking history. Additional clinical studies regarding the 
correlation between tinnitus and passive smoking, with more re-
fined measurements of indirect smoking, are needed for clarifi-
cation. Meanwhile, efforts to identify major sources of smoke 
exposure and the means of limiting passive smoking may be 

needed for nonsmokers.
Cotinine is now widely used as a biomarker for various 

smoking-associated health problems, including cardiovascular 
disease [36], and here, we postulate the importance of urine co-
tinine as a biomarker of tinnitus in adolescents. According to 
our results, we recommend that in addition to any basic audio-
logic, serologic, and radiologic examination, physicians should 
check urine cotinine levels in adolescent patients with tinnitus 
and should obtain smoking histories from both the patient and 
the patient’s parents. Urine cotinine should be included in the 
initial evaluation because cotinine can reflect the smoking status 
and can therefore reflect a potential risk factor for treating tinni-
tus. Monitoring of urine cotinine levels serve as a useful mea-
sure of smoke exposure in active and passive smokers, while in 
nonsmokers, elevated urine cotinine levels might signal uniden-
tified sources of smoke exposure that can be uncovered by a 
more comprehensive history-taking.

In the present study, there were associated factors other than 
smoking, including age, sex, alcohol consumption, and ALP. As 
shown in Fig. 1, the proportion of the smoking population in-
creased with age. In addition, ALP in younger adolescents is 
usually higher than older members of that age group [37,38]. 
Participants in this study showed a trend of significantly decreas-
ing of ALP with increasing age (Supplementary Fig. 3). Consid-
ering that smoking was the most influential factor, we thought 
age and ALP might have been confounders with their associa-
tion with smoking. 

The response to noxious stimuli may vary according to sex 
[39]. Typically, female respondents have reported greater impact 
on quality of life of various adverse effects of tinnitus, including 
pain, sleep difficulties, and lack of energy, all of which can also 
influence their perception of tinnitus [40,41]. Some authors 
have reported that tinnitus in childhood and adolescence is 
more common in girls [5,10], and our univariate analysis in the 
adolescents supported this, although the association did not per-
sist through the multivariate analysis. Further study among girls 
with tinnitus might further clarify both modifiable and non-
modifiable risk factors.

Although we analyzed a variety of potential risk factors, our 
study was limited by its cross-sectional nature, and we could not 
rule out the possibility of reverse causality. In addition, a consid-
erable amount of data in this study relied on subjective recall of 
the participants, thus creating a potential recall bias. Another 
limitation is that risk factors including comorbidities and medi-
cations that can cause or aggravate tinnitus were omitted. 

In conclusion, we found that that urine cotinine level is a sig-
nificant marker for tinnitus in adolescents. Because smoking is a 
known risk factor for tinnitus, adolescents with tinnitus should 
be questioned regarding their smoking habits and supportive 
measures toward smoking cessation, with serial monitoring of 
urine cotinine levels, should be incorporated in the treatment of 
tinnitus. For nonsmokers, elevated urine cotinine should prompt 
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a closer search for sources of passive smoke that can be elimi-
nated.
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