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Introduction: A relationship between tobacco smoking and hearing loss
has been reported; associations with cannabis smoking are unknown. In
this cross-sectional population-based study, we examined relationships
between hearing loss and smoking (tobacco, cannabis, or co-drug use).

Methods: We explored the relationship between hearing loss and smok-
ing among 2705 participants [mean age = 39.41 (SE: 0.36) years] in
the National Health and Nutrition Examination Survey (2011 to 12; 2015
to 16). Smoking status was obtained via questionnaire; four mutu-
ally exclusive groups were defined: nonsmokers, current regular can-
nabis smokers, current regular tobacco smokers, and co-drug users.
Hearing sensitivity (0.5 to 8 kHz) was assessed, and two puretone aver-
ages (PTAs) computed: low- (PTA,,,,) and high-frequency (PTA,, ).
We defined hearing loss as threshold >15 dB HL. Multivariable logis-
tic regression was used to examine sex-specific associations between
smoking and hearing loss in the poorer ear (selected based on PTA . )
adjusting for age, sex, race/ethnicity, hypertension, diabetes, education,
and noise exposure with sample weights applied.

Results: In the age-sex adjusted model, tobacco smokers had increased
odds of low- and high-frequency hearing loss compared with non-smokers
[odds ratio (OR) = 1.58, 95% confidence ratio (Cl): 1.05 to 2.37 and OR =
1.97, 95% Cl: 1.58 to 2.45, respectively]. Co-drug users also had greater
odds of low- and high-frequency hearing loss [OR = 2.07, 95% CI: 1.10
to 3.91 and OR = 2.24, 95% Cl: 1.27 to 3.96, respectively]. In the fully
adjusted multivariable model, compared with non-smokers, tobacco smok-
ers had greater odds of high-frequency hearing loss [multivariable adjusted
odds ratio = 1.64, 95% Cl: 1.28-2.09]. However, in the fully adjusted model,
there were no statistically significant relationships between hearing loss
(PTA, ., or PTA and cannabis smoking or co-drug use.
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Discussion: Cannabis smoking without concomitant tobacco consump-
tion is not associated with hearing loss. However, sole use of cannabis
was relatively rare and the prevalence of hearing loss in this population
was low, limiting generalizability of the results. This study suggests that
tobacco smoking may be a risk factor for hearing loss but does not sup-
port an association between hearing loss and cannabis smoking. More
definitive evidence could be derived using physiological measures of
auditory function in smokers and from longitudinal studies.
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INTRODUCTION

Hearing loss is a common chronic condition associated with
potential consequences including depression (Kiely et al. 2013),
social isolation (Shukla et al. 2020), and increased risk of cog-
nitive decline (Golub et al. 2020). By 2050, approximately 900
million individuals worldwide are projected to have hearing
loss (Davis & Hoffman 2019), posing a significant public health
burden. Risk factors related to modifiable lifestyle choices
[e.g., diet (Spankovich & Le Prell 2014) and tobacco smok-
ing (Cruickshanks et al. 1998)] have been linked to auditory
dysfunction.

Epidemiological research has associated tobacco smoking
with hearing loss in cross-sectional (Cruickshanks et al. 1998;
Fransen et al. 2008; Helzner et al. 2011; Hong et al. 2015) and
longitudinal (e.g., Hu et al. 2019) studies, a relationship further
bolstered by laboratory studies connecting cigarette smoke with
spiral ganglion degeneration in mice (Paquette et al. 2018) and
nicotine exposure with outer hair cell damage in guinea pigs
(Abdel-Hafez et al. 2014). Cruickshanks et al. (1998) reported
increased odds of hearing loss in current smokers vs. non-
smokers in a cross-sectional analysis of the Epidemiology of
Hearing Loss Study. This finding held after adjustment for age,
sex, history of cardiovascular disease, alcohol, education, and
noise exposure. Cross-sectional National Health and Nutrition
Examination Survey (NHANES) studies have associated hear-
ing loss with smoking, most notably in long-term (Agrawal et
al. 2008) and heavy smokers (Agrawal et al. 2009). The Korean
NHANES also reported a relationship between tobacco smok-
ing and hearing loss (Hong et al. 2015). Some reports support
the possibility of a dose-dependence [i.e., greater tobacco con-
sumption is associated with increased odds of hearing loss (e.g.,
Nakanishi et al. 2000; Fransen et al. 2008; Agrawal et al. 2009;
Dawes et al. 2014)]. A meta-analysis reported an overall risk
ratio for hearing loss of 1.33 [95% confidence interval (CI):
1.24 to 1.44] based on cross-sectional studies and 1.97 (95%
CI: 1.44 to 2.70) based on cohort studies (Nomura et al. 2005).

Although there is a substantial body of literature support-
ing a link between smoking and hearing loss, these findings
are equivocal. Some cross-sectional reports (Gates et al. 1993;
Lin et al. 2011), primarily those in older adults, have failed to
find a relationship between tobacco smoking and hearing loss.
Moreover, temporal data from the Baltimore Longitudinal
Study of Aging (Brant et al. 1996), Denmark’s Ebeltoft Health
Promotion Project (Karlsmose et al. 2000), Blue Mountains
Hearing Study (Gopinath et al. 2010), and Rotterdam Study
(Rigters et al. 2018) did not find evidence linking tobacco
smoking to incident hearing loss.
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The relationship between hearing loss and tobacco smok-
ing has received substantial attention. Whether or not hearing
loss is associated with smoking other drugs remains uncertain.
While tobacco use has been declining since the 1960s (National
Center for Chronic Disease Prevention and Health Promotion
2014), increased legalization and availability of recreational
and medicinal cannabis has resulted in greater cannabis use
among adults (Hasin et al. 2019). To date, there are no pop-
ulation-based studies describing the relationship between can-
nabis smoking and hearing loss although one recent report
linked cannabis smoking to tinnitus in the NHANES (2011-12)
after adjustment for hearing loss and other covariables (Qian
& Alyono 2020). Research also suggests delta-9-tetrahydro-
cannabinol and cannabidiol binding to cannabinoid receptor 1
(CB,) may exacerbate tinnitus (Zheng et al. 2015). Conversely,
cannabinoid signaling may be otoprotective against cisplatin
ototoxicity (Ghosh et al. 2018; Ghosh et al. 2021). Hearing loss
as a factor relative to cannabis use and other forms of smoking
is thereof of interest.

Scientific investigation of auditory function in cannabis
users remains in its infancy. In this study, we sought to exam-
ine relationships between smoking (tobacco and cannabis) and
hearing loss. Given the proclivity of cannabis consumers to use
tobacco (Tsai et al. 2017), relationships with co-drug use (i.e.,
use of both substances) were also of interest. Therefore, we
investigated the relationship between current smoking (canna-
bis, tobacco, and co-drug use) and hearing loss using a nation-
ally representative sample of adults from the NHANES. We
use a cutoff for normal hearing of 15 dB HL. Although more
conservative than some previous reports, this approach is in
line with clinical recommendations from the American Speech-
Language-Hearing Association (Clark 1981) and allows us to
capture slight hearing loss.

MATERIALS AND METHODS

Study Cohort

We report relationships between smoking and hearing loss
among U.S. adults aged 20 to 59 years using data from the
NHANES. The study design and sampling has been described
in depth elsewhere (Johnson et al. 2014; Chen et al. 2020). In
brief, NHANES is an ongoing cross-sectional study of United
States civilians; approximately 10,000 individuals are selected
each cycle for participation via multistage probability sam-
pling. We combined data from two 2-year cycles (2011 to 2012,
n=9338 and 2015 to 2016, n=9544). The intermediate 2013
to 2014 cycle was not used because audiological evaluations
were not conducted. The National Center for Health Statistics
Institutional Review Board approved the NHANES study and
written consent was obtained from all participations. Local
Institutional Review Board review was unnecessary as the data-
set is publicly available and de-identified.

Exclusions

Survey participants who underwent audiological evaluation
and completed a full drug questionnaire were considered for
inclusion. Figure 1 shows the flow of participant exclusions.
Based on audiological testing, the eligible sample size was
8277. Of those, participants were excluded if they met any of
the following criteria: cold or sinus infection 24 hours before
evaluation, loud noise exposure within 24 hour of audiometric
testing (per Spankovich & Le Prell 2014), unreliable test-retest
1 kHz threshold(s), former smoking status, unclassifiable smok-
ing status due to missing data, bilateral conductive pathology
[i.e., non-Type A tympanogram (compliance <0.3 or pressure
<-150 daPa), current pressure equalization tubes, abnormal
otoscopy, and/or cerumen impaction], or audiometric issues

8277
Participants with audiological examination data

5572 Excluded

955 Cold, sinus infection, or earache within last 24hr
1065 Loud noise exposure within last 24hr

1 Poor test-retest 1 kHz threshold(s)

3095 Smoking-related issues

437 bilateral conductive pathology (one or more of:

19 Missing audiometry or audiometric procedural

1728 former smokers
1367 missing data

non-Type A tympanogram, current pressure
equalization tubes, abnormal otoscopy, cerumen
impaction)

issues

2705 Individuals included in analysis

Fig. 1. Flowchart of participant exclusions.
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(missing data or procedural issues). Individuals with unilateral
conductive pathology were retained in the dataset and analysis
was conducted on the nonpathologic ear. Included and excluded
participants were similar in terms of race/ethnicity. Included
participants were slightly older (39.4 versus 37.1 years) and
more likely to be female (56.0% versus 50%).

Audiological Testing

Relevant audiological assessment included case history,
otoscopy, puretone audiometry, and tympanometry. Sessions
were conducted by trained examiners in sound-isolating rooms
in a mobile examination center using an AD226 audiometer
(Interacoustics AS, Assens, Denmark). Air conduction thresh-
olds were obtained bilaterally at 0.5, 1, 2, 3, 4, 6, and 8kHz
using a modified Hughson Westlake procedure. Standard supra-
aural (TDH-49P; Telephonics, Farmingdale, NY) or insert
(EarTone 3A; Etymotic Research, Elk Grove Village, IL) ear-
phones were used. Thresholds ranged from -10 to 120 dB HL
(95 dB HL at 8kHz) depending on transducer. For statistical
analysis, nonresponses were coded as maximum ouput+10 dB.
Additional details regarding audiometric examination are avail-
able online (2011-12 cycle: https://wwwn.cdc.gov/nchs/data/
nhanes/2011-2012/manuals/Audiometry_Procedures_Manual.
pdf and 2015-16 cycle: https://wwwn.cdc.gov/nchs/data/
nhanes/2015-2016/manuals/2016_Audiometry_Procedures_
Manual.pdf).

Consistent with previous reports (Spankovich & Le Prell
2013; Loprinzi & Joyner 2017; Spankovich et al. 2017) two
puretone averages (PTA) were calculated: low- (PTA | ;) and
high-frequency (PTA,, ). The worse ear was defined as that
with a higher PTA ;,, and hearing loss was defined as PTA
>15 dB HL. Although more conservative than some previous
reports, this approach is in line with clinical recommendations
from the American Speech-Language-Hearing Association
(Clark 1981) and allows us to capture slight hearing loss. Noise
exposure history was determined via questionnaire regarding
firearm use, Active-Duty military service, occupational noise
exposure =3 months, and non-occupational loud noise exposure
>10 hours/week (all Yes or No).

Determination of Smoking Status

Smoking status was ascertained from the ‘Smoking —
Cigarette Use’, ‘Smoking — Recent Tobacco Use’, and ‘Drug
Use’ questionnaires. Figure 2 is a decision tree that outlines
criteria for the four smoking groups. To summarize, current
regular tobacco smokers were participants who responded: (1)
“Yes’ to “Have you smoked at least 100 cigarettes in your entire
life?” (2) ‘every day’ or ‘some days’ to “Do you now smoke
cigarettes?” and (3) “No’ to one or both of the following: “Have
you ever smoked marijuana at least once a month for more than
one year?” and “Have you ever, even once, used marijuana or
hashish?” Current regular cannabis users were participants who
responded: (1) “Yes’ to “Have you ever, even once, used mari-
juana or hashish?” (2) ‘Yes’ to “Have you ever smoked mari-
juana or hashish at least once a month for more than one year?”
(3) ‘<30 days’ to “How long has it been since you last smoked
marijuana or hashish at least once a month for one year?”” and
(4) ‘No’ to “Have you smoked at least 100 cigarettes in your
entire life?” Co drug users were participants who met the first
two criteria for current tobacco use and the first three criteria

for current cannabis use. Finally, non-smokers were partici-
pants who responded: (1) ‘No’ to “Have you smoked at least
100 cigarettes in your entire life?” (2) ‘No’ to “Have you ever,
even once, used marijuana or hashish?”” and/or “Have you ever
smoked marijuana or hashish at least once a month for more
than one year?” Groups were mutually exclusive.

Model Covariates

We selected model covariates based on past reports. The
following factors were considered: age (Agrawal et al. 2008;
Goderie et al. 2019), race/ethnicity (Agrawal et al. 2008; Goman
& Lin 2016), diabetes (Bainbridge et al. 2008; Akinpelu et al.
2014), hypertension (Lin et al. 2016), and education (Nash et
al. 2011). Race/ethnicity was classified as non-Hispanic white,
non-Hispanic black, non-Hispanic Asian, Mexican American,
other Hispanic, and other (including multiracial). Diabetes was
defined as self-reported physician diagnosis, use of diabetic
medication, or fasting plasma glucose =126 mg/dL (as per
Hoffman et al. 2017). Hypertension was defined as self-reported
physician diagnosis, use of antihypertensives, or average of four
blood pressure measurements =130 (systolic) or 280 mm Hg
(diastolic) based on current guidelines (Whelton et al. 2018).
We included four noise exposure variables in fully adjusted
models: firearm use, Active-Duty military service, occupational
noise exposure =3 months, and non-occupational loud noise
exposure =10 hours/week.

Statistical Analysis

We combined data from NHANES 2011 to 2012 and 2015
to 2016. We performed logistic regression to determine multi-
variable adjusted odds ratios [MVOR (95% CI)] of low- and
high-frequency hearing loss (PTA;,, and PTA,, . >15 dB
HL, respectively) by smoking status (current regular tobacco
smoker, current regular cannabis smoker, co-drug user, or non-
smoker). Fully adjusted multivariable models included age,
race/ethnicity, hypertension, diabetes, education, and all noise
exposure variables as covariates. We used NHANES sample
weights, which reflect the differential probability of selection,
in analyses per National Center for Health Statistics guidelines
(2018). Data from these 2705 participants represent 63.7 mil-
lion people in the United States. Variance estimation accounted
for the complex survey design. We used residual degrees of
freedom calculated from design degrees of freedom in our mod-
els. Models were generated using the svyglm function (Lumley
& Scott 2017) in R [R Core Team (2019) v. 3.6.1].

RESULTS

In Table 1, we present demographic data. Most participants
(75.85%) were nonsmokers. Only 2.20% of the study popula-
tion reported smoking cannabis without co-use of tobacco.
Cannabis and co-drug use were more common in males than
females; tobacco use was comparable between males and
females. Table 2 displays demographic data for the four smok-
ing groups. Of the four groups, tobacco smokers were the oldest
and had the highest prevalence of diabetes and hypertension.
The tobacco smoking group also reported the greatest occupa-
tional noise exposure, firearm use, and military service.

In Table 1 in Supplemental Digital Content 1, http://links.
Iww.com/EANDH/B10, we show the frequency of tobacco
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A Have you smoked at least
100 cigarettes in your entire
life?
Yes No
Dosylfggkr;ow | Notcurrent
cigarettes? tobacco smoker
Every day or
some days No
: i Former tobacco
Currgrr:}otzgralcco . --|smoker (excluded
from analysis)
B
Have you ever, even once,
used marijuana or hashish?
| Yes —— No |
I
|
Have you ever smoked I
marijuana or hashish at P Ngatr::#;[)?:t
least once a month for user
more than one year?
Yes | | I No |
|
How long has it been since | Not current
you last smoked marijuana| | -| cannabis
or hashish at least once a user
month for one year?
<30 days >30 days
: :
I 1
I 1 2
Current | ] Former cannabis

1 user (excluded

cannabis user| from analysis)

Fig. 2. Decision tree showing classification of smoking groups. A, Tobacco smoking classification, (B) cannabis smoking classification, (C) final determination
of smoking Status. Questions from ‘Smoking — Cigarette Use’ (A), ‘Smoking — Recent Tobacco Use’ (A), and ‘Drug Use’ (B and C) National Health and Nutrition
Examination Survey questionnaires.

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



BAIDUC ET AL./ EAR & HEARING, VOL. 00, NO. XX, 00-00 5

c Current cannabis
user?
Yes No
Current tobacco Current tobacco
user? user?
Yes J— No Yes l No
1 I ) I
1 1 I I
1 1 I I
1 1 I I
: 1| Current Current | {
Co-drug user |- -| cannabis tobacco - '~ Non-smoker
smoker smoker
Fig. 2. Continued.
smoking (days smoked in last 30 days), quantity of cigarettes DISCUSSION

smoked per day over the last 30 days, and years of smoking. For
males, tobacco smokers smoked more frequently [26.75 (0.86)
versus 22.82 (1.18) days] and consumed a greater number of
cigarettes in the last 30 days [14.05 (1.37) versus 12.04 (1.39)
days] than co-drug users. In contrast, amongst females, these
two metrics were comparable between smoking groups. For both
sexes, tobacco smokers reported more years of smoking than
co-drug users. Table 3 shows the weighted prevalence of hear-
ing loss by smoking group. In the overall sample, the prevalence
of low-frequency hearing loss was the highest among co-drug
users and the lowest in cannabis smokers (24.72% and 8.14%,
respectively). For males, the prevalence of low-frequency
hearing loss was highest in co-drug users (31.65%) and low-
est in cannabis smokers (5.35%). Similar trends were observed
for high-frequency hearing loss although co-drug users and
tobacco smokers had close prevalence estimates (60.88% and
61.57%, respectively). For females, tobacco smokers had the
highest prevalence of low- and high-frequency hearing loss
(28.30% and 55.84%, respectively). Low-frequency hearing
loss was nearly twice as prevalent in female tobacco smokers
than male tobacco smokers (28.30% vs. 15.76%, respectively).
Low-frequency hearing loss was also more prevalent in female
cannabis smokers than male cannabis smokers (12.92% versus
5.35%). For all other comparisons, males had higher prevalence
of hearing loss than females.

Age-sex-adjusted odds ratios for low- and high-frequency
hearing loss are shown in Table 4. Tobacco smokers had signifi-
cantly increased odds of low- and high-frequency hearing loss
(OR =1.58,95% CI: 1.05 to 2.37 and OR = 1.97, 95% CI: 1.58
to 2.45, respectively). Co-drug use was also associated with low-
and high-frequency hearing loss (OR = 2.07, 95% CI: 1.10 to
3.91 and OR =2.24, 95% CI: 1.27 to 3.96, respectively). In the
fully adjusted multivariable model, only one association between
smoking and hearing loss remained significant: that between
tobacco smoking and high-frequency hearing loss (MVOR
= 1.64, 95% CI: 1.28 to 2.09). Relationships between hearing
loss and co-drug use were not statistically significant although
MVORs for both low- and high-frequency loss were above 1.5.

This is the first population-based study to explore the rela-
tionship between cannabis and co-drug (cannabis and tobacco)
use and hearing. In this nationally representative cross-sectional
study of 2705 US adults, we identified a relationship between
tobacco smoking and high-frequency hearing loss. This obser-
vation persisted after adjustment for potential confounders
including age, race/ethnicity, hypertension, diabetes, education,
and noise exposure.

In the overall sample, the prevalence of low-frequency hear-
ing loss was highest amongst co-drug users (24.72%) and current
regular tobacco smokers (22.78%; Table 3). Similarly, high-
frequency hearing loss was most prevalent amongst tobacco
smokers (58.36%) and co-drug users (54.63%). Previous stud-
ies, including those from the NHANES, have described simi-
lar findings in terms of tobacco smoking. For example, the
NHANES 1999 to 2004 reported higher prevalence of hearing
loss in tobacco smokers vs. non-smokers (Agrawal et al. 2008).
Relatedly, the Korean NHANES identified a higher prevalence
of hearing loss in smokers compared to non-smokers amongst
participants in their 40s, 50s, and 60s (Chang et al. 2016). An
analysis of Epidemiology of Hearing Loss Study participants
aged 48 to 79 years is also in agreement with these collective
findings (Cruickshanks et al. 1998).

In the current study, the distribution of hearing loss across
smoking groups differed by sex. The prevalence of low-fre-
quency hearing loss was approximately twice as high in male
co-drug users than males who used tobacco alone. This was not
the case in female participants. This finding is likely related
to tobacco smoking dose: male co-drug users reported smok-
ing more cigarettes per day and more days of smoking within
the past 30 days than males who smoked tobacco exclusively
(see Table 1 in Supplemental Digital Content 1, http://links.
Iww.com/EANDH/B10). However, male tobacco smokers
reported more years of smoking than co-drug users (22.19 ver-
sus 20.57 years, respectively). Evidence of a dosage effect has
been reported in previous studies (Fransen et al. 2008; Dawes
et al. 2014; Hu et al. 2019). Our findings may also relate to
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TABLE 1. Characteristics among participants in the NHANES 2011-2012 and 2015-2016, United States

Male (n=1178)

Female (n=1527) Combined (n=2705)

Characteristic Meanor % SE N Meanor% SE N Meanor %  SE N
Age, years 38.84 0.45 1178  39.86 0.47 1527 39.41 0.36 2705
Race/ethnicity
Mexican American 10.23% 0.02 168 10.56% 0.02 266 10.42% 0.02 434
Other Hispanic 8.22% 0.01 136 7.68% 0.01 193 7.92% 0.01 329
Non-Hispanic White 62.03% 0.03 379 61.76%  0.03 483 61.88% 0.03 862
Non-Hispanic Black 10.03% 0.02 243 11.59%  0.02 342 10.90% 0.02 585
Non-Hispanic Asian 6.87% 0.01 210 5.55% 0.01 200 6.13% 0.01 410
Other race (including multiracial) 2.61% 0.01 42 2.85% 0.01 43 2.75% 0.00 85
Smoking status
Nonsmoker 73.52% 0.02 832 77.68%  0.02 1230 75.85% 0.01 2062
Current regular cannabis 3.16% 0.01 39 1.45% 0.00 25 2.20% 0.00 64
Current regular tobacco 15.89% 0.02 204 15.88% 0.01 208 15.89% 0.01 412
Co-drug user 7.44% 0.01 103 498% 0.01 64 6.06% 0.01 167
Educational level
Less than 9th grade 5.03% 0.01 94 4.08% 0.01 108 4.50% 0.01 202
9-11th grade (includes 12th grade with no diploma) 10.09% 0.01 146 7.15% 0.01 154 8.44% 0.01 300
High school graduate/GED or equivalent 19.36% 0.02 246 18.18% 0.02 291 18.70% 0.01 537
Some college or AA degree 26.18% 0.01 309 32.96%  0.02 498 29.97% 0.01 807
College graduate or above 39.34% 0.03 383 37.63% 0.03 476 38.39% 0.03 859
Diabetes, yes 7.78% 0.01 111 7.32% 0.01 149 7.52% 0.01 260
Hypertension, yes 43.18% 0.02 532 32.74% 0.01 535 37.34% 0.01 1067
Noise exposure
Occupational
No 59.17% 0.03 728 82.10% 0.02 1278 72.00% 0.02 2006
Yes 40.83% 0.03 450 17.90% 0.02 249 28.00% 0.02 699
Other noise exposure
No 82.64% 0.02 999 93.26%  0.01 1440 88.58% 0.01 2439
Yes 17.36% 0.02 179 6.74% 0.01 87 11.42% 0.01 266
Firearm use
No 39.46% 0.02 618 68.77%  0.02 1194 55.86% 0.02 1812
Yes 60.54% 0.02 560 31.23% 0.02 333 44.14% 0.02 893
Military service
No 90.00% 0.01 1074 98.31% 0.01 1505 94.65% 0.01 2579
Yes 10.00% 0.01 104 1.69% 0.01 22 5.35% 0.01 126
Puretone average, dB HL
Low-frequency*
Better ear 7.22 0.32 1178 7.06 0.33 1527 7.13 0.24 2705
Worse ear 10.09 0.38 1178 9.84 0.35 1527 9.95 0.27 2705
Hearing loss, yes 15.69% 0.02 183 16.44% 0.02 246 16.11% 0.01 429
High-frequencyt
Better ear 19.08 0.71 1178 14.46 0.46 1527 16.50 0.46 2705
Worse ear 21.40 0.84 1178 15.54 0.47 1527 18.12 0.51 2705
Hearing loss, yest 50.54% 0.02 577 38.52% 0.02 564 43.81% 0.02 1141

Sample weights applied.

*Defined as average threshold in dB HL at 0.5, 1, 2kHz in the worse ear
tDefined as average threshold in dB HL at 3, 4, 6, 8kHz in the worse ear
1Defined as PTA > 15 dB HL

PTA, pure-tone average; SE, standard error of the mean.

other health and lifestyle differences between the two groups.
As shown in Table 2, compared with co-drug users, tobacco
smokers have higher prevalence of diabetes and hypertension
and report greater noise exposure for three of the four noise
exposure categories.

Our age-sex-adjusted logistic regression analysis revealed a
significant relationship between smoking (tobacco and co-drug)
and hearing loss (Table 4). However, the fully adjusted multivari-
able model shows that only tobacco smoking is associated with
hearing loss, specifically PTA, , . This finding agrees with car-
lier reports (Fransen et al. 2008; Agrawal et al. 2009; Engdahl
et al. 2015) including one from the NHANES (Agrawal et al.
2009) that identified significant relationships between tobacco

smoking and hearing loss, most notably at high frequencies. The
Health Aging, and Body Composition study found that tobacco
smoking was associated with hearing loss in males (Helzner
et al. 2011) but their participants were considerably older than
ours (~78 years versus ~39 years) limiting direct comparisons.
Longitudinal data provide additional insight. Hu et al. (2019),
in a study of 50195 predominantly male Japanese employees
aged similarly to participants in our study, identified increased
risk of low- and high-frequency hearing loss in tobacco smok-
ers compared with non-smokers. However, support for the
tobacco-hearing loss link remains inconsistent, even amongst
NHANES investigations. For example, an NHANES (2005 to
2006) analysis restricted to participants aged =70 years failed to
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TABLE 2. Characteristics among participants in the NHANES 2011-12 and 2015-16, United States by smoking group

Non-Smokers (n=2062) Cannabis Smokers (=64) Tobacco Smokers (n=412) Co-Drug Users (n=167)

Characteristic Meanor % SE N Meanor % SE N Meanor% SE N Meanor % SE N
Age, years 39.21 0.47 2062 31.80 224 64 41.71 0.66 412 38.71 1.52 167
Sex, male 42.69% 0.01 832 63.13% 0.09 39 44.06% 0.03 204 54.02% 0.06 103
Race/ethnicity

Mexican American 10.96% 0.02 350 7.59% 0.04 7 9.59% 0.02 62 6.80% 0.02 15

Other Hispanic 8.26% 0.01 262 11.31% 0.05 8 7.33% 0.02 49 3.90% 0.01 10

Non-Hispanic White 60.48% 0.03 591 53.09% 0.10 18 68.11% 0.05 180 66.36% 0.04 73

Non-Hispanic Black 10.73% 0.02 435 21.55% 0.06 25 8.17% 0.02 72 16.28% 0.03 53

Non-Hispanic Asian 7.25% 0.01 365 1.31% 0.01 2 3.11% 0.01 36 1.85% 0.01 7

Other race (including multiracial) 2.31% 0.00 59 5.14% 0.03 4 3.71% 0.01 13 481% 001 9
Educational level

Less than 9th grade 4.49% 0.01 155 1.99% 0.02 2 511% 0.01 35 3.98% 0.01 10

9-11th grade (includes 12th 5.73% 0.01 174 10.49% 0.04 9 17.06% 0.02 80 19.05% 0.03 37

grade with no diploma)
High-school graduate/GED 14.87% 0.01 350 18.73% 0.06 15 28.13% 0.08 108 41.81% 0.05 64
or equivalent

Some college or AA degree 28.52% 0.01 595 46.66% 0.07 30 36.11% 0.04 136 26.02% 0.04 46

College graduate or above 46.39% 0.03 788 22.11% 0.09 8 13.59% 0.03 53 9.14% 0.04 10
Diabetes, yes 7.67% 0.01 206 4.12% 0.03 4 8.23% 0.01 43 5.07% 0.03 7
Hypertension, yes 35.70% 0.01 777 30.01% 0.09 18 45.80% 0.04 200 38.30% 0.04 72

Noise exposure
Occupational

No 76.21% 0.02 1611 64.37% 0.06 46 58.02% 0.04 258 58.69% 0.04 91

Yes 23.79% 0.02 451 35.63% 0.06 18 41.98% 0.04 154 41.31% 0.04 76
Other noise exposure

No 90.33% 0.01 1904  81.09% 0.05 50 87.15% 0.02 361 73.17% 0.04 124

Yes 9.67% 0.01 158 18.91% 0.05 14 12.85% 0.02 51 26.83% 0.04 43
Firearm use

No 56.83% 0.02 1436  64.68% 0.08 44 50.84% 0.08 238 53.64% 0.04 94

Yes 43.17% 0.02 626 35.32% 0.08 20 49.16% 0.03 174 46.36% 0.04 73
Military service

No 94.79% 0.01 1969 100.00% 0.00 64 93.52% 0.02 386 93.85% 0.03 160

Yes 5.21% 0.01 93 0.00% 0.00 O 6.48% 0.02 26 6.15% 0.03 7

Puretone average, dB HL
Low-frequency*

Better ear 6.61 0.23 2062 5.39 0.68 64 9.25 0.55 412 8.78 0.91 167

Worse ear 9.37 0.25 2062 7.69 0.87 64 12.17 0.72 412 12.17 1.13 167
High-frequencyt

Better ear 15.68 0.50 2062 11.27 1.06 64 19.68 0.82 412 20.30 1.68 167

Worse ear 17.28 0.59 2062 1247 124 64 21.42 0.95 412 22.13 1.95 167

Sample weights applied.

*Defined as average threshold in dB HL at 0.5, 1, 2kHz in the worse ear.
tDefined as average threshold in dB HL at 3, 4, 6, 8kHz in the worse ear.
PTA, pure-tone average; SE, standard error of the mean.

TABLE 3. Weighted prevalence [% (SE)] of hearing loss (worse ear) stratified by sex

Male Female Combined

Smoking status % SE % SE % SE
Low-frequency hearing loss*

Non-smoker 14.50% 1.33% 14.08% 1.52% 14.26% 1.01%
Current regular cannabis 5.35% 2.68% 12.92% 6.34% 8.14% 2.63%
Current regular tobacco 15.76% 3.92% 28.30% 5.14% 22.78% 3.10%
Co-drug user 31.65% 8.98% 16.58% 6.49% 24.72% 6.00%
High-frequency hearing losst

Non-smoker 47.93% 2.69% 34.73% 1.81% 40.36% 1.73%
Current regular cannabis 31.46% 9.82% 21.83% 9.21% 27.91% 7.711%
Current regular tobacco 61.57% 3.59% 55.84% 3.24% 58.36% 2.27%
Co-drug user 60.88% 6.95% 47.29% 6.16% 54.63% 5.34%

NHANES 2011-12 and 2015-16, United States. Sample weights applied.
*Defined as average threshold in dB HL at 0.5, 1, 2kHz > 15 dB HL.
tDefined as average threshold in dB HL at 3, 4, 6, 8kHz > 15 dB HL.
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TABLE 4. Age-sex-adjusted OR (95% CI) and MVOR* (95% CI) for associations between smoking and hearing loss (PTA >15 dB HL,

worse ear), NHANES 2011-12 and 2015-16

Age- and Sex-Adjusted Model

Multivariable-Adjusted Model*

OR 95% ClI P MVOR 95% ClI P

Low-frequency hearing losst

Current regular cannabist 0.87 (0.33-2.28) 0.771 0.84 (0.31-2.27) 0.713
Current regular tobacco 1.58 (1.05-2.37) 0.030 1.32 (0.87-2) 0.169
Co-drug user 2.07 (1.1-3.91) 0.027 1.57 (0.79-3.13) 0.176
High-frequency hearing loss§

Current regular cannabis} 0.98 (0.38-2.53) 0.963 0.92 (0.34-2.49) 0.854
Current regular tobacco 1.97 (1.58-2.45) 0.000 1.64 (1.28-2.09) 0.001
Co-drug user 2.24 (1.27-3.96) 0.007 1.85 (0.92-3.71) 0.079

Reference, non-smokers. Sample weights applied. Bold, statistically significant at the P<0.05 level.

*Adjusted for age, sex, race/ethnicity, hypertension, diabetes, education, and noise exposure.
tDefined as average threshold in dB HL at 0.5, 1, 2kHz > 15 dB HL in the worse ear.

1 Number of cannabis smokers with hearing loss is <10.

$§Defined as average threshold in dB HL at 3, 4, 6, 8kHz > 15 dB HL in the worse ear.

ClI, confidence interval; MVOR, multivariable-adjusted odds ratio; OR, odds ratio.

find an association between tobacco smoking and hearing loss
(Lin et al. 2011). Other population-based analyses including the
Framingham Study (Gates et al. 1993) and a report from the
all-male Health Professionals Follow-up Study (Shargorodsky
et al. 2010) also suggest that tobacco smoking is not a signifi-
cant risk factor for hearing loss. This may be further explained
by confounding variables included in statistical models. For
example, Spankovich & Le Prell (2013; 2014) found tobacco
smoking was related to hearing status when adjusting for similar
variables to the current study, however, the relationship was no
longer statistically significant when dietary quality was added
to the model. Some longitudinal examinations suggest signifi-
cant relationships between tobacco smoking and prevalent, but
not incident, hearing loss (Karlsmose et al. 2000; Gopinath et
al. 2010; Rigters et al. 2018). Overall, this suggests that smok-
ing by itself may be of minimal consequence for hearing loss,
but rather overall health status including cardiovascular health,
dietary health, and lifestyle factors including smoking may be
of relevance. Further, though the relationship between these
combined factors in general appear small in effect size, these
variables are modifiable, unlike age, sex, and race/ethnicity.
The average participant age in our study was ~40 years
old, which is considerably younger than participants evalu-
ated in some earlier reports (e.g., Gates et al. 1993; Fransen
et al. 2008; Gopinath et al. 2010; Helzner et al. 2011; Lin et al.
2011; Rigters et al. 2018) but close to others (Agrawal et al.
2009; Engdahl et al. 2015; Hu et al. 2019). On one hand, the
relatively young age of NHANES participants is a strength of
this study because any effect of smoking would not be over-
shadowed by aging. On the other hand, younger age effectively
limits lifetime smoking dose. As such, auditory function might
not have been affected to an extent that is identifiable using
puretone audiometry. Hu et al. (2019) evaluated longitudinal
changes in hearing sensitivity of tobacco smokers in the Japan
Epidemiology Collaboration on Occupational Health Study.
Average participant age in their study varied by smoking group
(non-smokers, 43.3 years; past smokers, 46.3 years; current
smokers, 42.8 years) and was close to the average age of par-
ticipants in the present study. They reported a hazard ratio of
unilateral high-frequency (4kHz) hearing loss for smokers of
1.6 (95% CI: 1.5-1.7). Risk of high-frequency hearing loss was
dose-dependent. There are important distinctions between Hu

et al.’s study and ours. First, we used a different definition of
high-frequency hearing loss (PTA,, >15 dB HL). Using this
definition, we identified significantly increased odds of high-
frequency hearing loss in current tobacco smokers. However,
frequency-specific analysis (data not shown) did not reveal an
association between tobacco smoking and threshold elevation at
4kHz. Second, Hu et al observed the greatest risk of high-fre-
quency hearing loss in persons who smoked >21 cigarettes/day.
This smoking dose is nearly twice the average dose reported by
current tobacco smokers in our study. Last, there are notable
demographic differences. Participants in Hu et al.’s study were
Japanese, the majority (95%) of smokers were male, and the
study took place in an occupational setting. It is therefore not
representative of the general Japanese population.

The pathogenesis of acquired hearing loss in smokers is
complex. Cigarette smoke contains upwards of 4000 chemi-
cal constituents (Burns 1991). Toxicants including carcino-
gens and carbon monoxide are present in both cannabis and
tobacco smoke (Meier & Hatsukami 2016) although the
A9-tetrahydrocannabinol in cannabis smoke may be protec-
tive against pro-carcinogens (Melamede 2005). Fechter et
al. (1997) showed that carbon monoxide exposure results in
high-frequency hearing loss in the guinea pig. Based on elec-
trophysiological findings, the authors hypothesized the site of
involvement is the junction between inner hair cells and Type 1
spiral ganglion cells. Moreover, their work suggests that carbon
monoxide hypoxia gives rise to free radicals in the cochlea. In
mice experimentally exposed to chronic cigarette smoke, spiral
ganglion neurons exhibit increased oxidative stress compared to
control neurons (Paquette et al. 2018). Further, nicotine admin-
istration in guinea pigs induces topographic changes to outer
hair cell stereocilia (e.g., bending, disorganization, loss of ste-
reocilia tip and side links), most markedly in the cochlear base
(Abdel-Hafez et al. 2014).

In humans, the effects of smoking on auditory function may
be direct (e.g., nicotine ototoxicity) and/or indirect (e.g., by
increasing cardiovascular disease risk, which may then promote
auditory dysfunction). It is well established that tobacco smok-
ing can initiate atherogenesis [reviewed by Messner & Bernhard
(2014)]. A high atherogenic index (defined as the ratio between
non-high-density lipoprotein cholesterol and high-density
lipoprotein cholesterol) was recently associated with hearing
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loss in a study of Chinese adults (Zhang et al. 2020). Tobacco
smokers also exhibit increased levels of C-reactive protein
(Tracy et al. 1997; Ohsawa et al. 2005), a systemic inflamma-
tory biomarker that has been associated with incident hearing
loss (Nash et al. 2014). Numerous otoacoustic emission studies
describe impaired cochlear function in cigarette smokers (e.g.,
Mustafa 2014) but few studies have been conducted to assay
cochlear health in cannabis smokers. We previously reported
subtle cochleopathology in young (18- to 29-year-old) canna-
bis smokers (Brumbach et al. 2019). Torre and Reed (2020)
found reduced low-frequency otoacoustic emission amplitudes
in cannabis smokers compared to non-users, but this finding
was restricted to males. Future studies are needed to determine
the extent to which tobacco and cannabis toxicant exposure in
humans may lead to auditory dysfunction.

There are several notable strengths of our study. A diverse
nationally representative population was studied and, with
application of NHANES sample weights, the results can be gen-
eralized to the non-institutionalized U.S. adult population. We
defined hearing loss using a strict cutoff of 15 dB HL thereby
permitting identification of slight losses. Although population-
based studies frequently employ a 25 dB cutoff, use of a lower
cutoff is advantageous in several respects. Recently, subclini-
cal hearing loss (defined using a 15 dB HL cutoff) was linked
to cognitive decline in two nationally representative datasets,
one of which was the NHANES (Golub et al. 2020). It has
been argued that 15 dB HL should constitute the upper limit of
normal hearing and in fact, persons with hearing in the clini-
cally normal range of 15-25 dB HL have sought amplification
(Martin & Champlin 2000). Finally, early evidence of cochlear
dysfunction can be observed in persons with behavioral thresh-
olds above 15 dB HL (Ohlms et al. 1991).

This study also has several limitations. First, cross-sectional
analysis prohibits conclusions regarding causality. For example,
the higher smoking prevalence among those with hearing loss
may be explained by smoking activity in response to stress
related to existing hearing loss or related tinnitus due to other
factors. The smoking groups were carefully defined and mutu-
ally exclusive. However, the NHANES drug questionnaire does
not query participants for specifics regarding their ingested can-
nabis products. Cannabis consumption can occur via numer-
ous modalities such as smoking, vaping, ingestion, and topical
application. The design of the NHANES drug questionnaire
neither allows disambiguation between these consumption
modalities nor provides specific information in terms of can-
nabis product potency. Despite use of two NHANES data cycles
for this analysis, the sample size of cannabis smokers was low,
as was the prevalence of hearing loss in this group, resulting
in wide confidence intervals, between-group imbalances, and
limiting interpretation of results from the cannabis smoking
group. Cannabis use was determined via self-report which is
potentially subject to under-reporting. It is therefore possible
the prevalence of cannabis smokers in this study is an under-
estimate. Though possible, the literature suggests considerable
underreporting of cannabis consumption is unlikely and is more
common for drugs with greater stigma (e.g., cocaine; Harrison
et al. 1997). A study of young adults [~21 years (range, 17 to
35 years)] found a high concordance (sensitivity of 91.8%;
specificity of 89.6%) between self-reported cannabis use and
urinalysis-detected cannabis metabolites (Zaldivar Basurto
et al. 2009). The validity of self-reported cannabis consumption

specific to survey research was assessed by Harrison et al.
(1997) who compared self-report and urinalysis data finding
congruence between the two indicators of drug use in 83.5%
of cases. Harrison et al. also concluded that self-administered
surveys generate higher prevalence estimates (and presumably,
more valid data) than interviews that require participants to
verbally respond. Participants in the NHANES self-report their
drug use. Whether or not this study underestimated the prev-
alence of cannabis use, the low number of cannabis smokers
remains a limitation. Finally, although we adjusted for numer-
ous established covariates (e.g., sex, age, noise exposure, etc.),
we did not adjust for all possible confounders. For example,
other modifiable lifestyle factors such as dietary quality have
been linked to hearing loss (Spankovich & Le Prell 2014) and,
although beyond the scope of this study, might be considered in
future investigations.

In conclusion, our study adds to the inconclusive body of
evidence on the relationship between tobacco smoking and
hearing loss and to the small but growing body of literature on
auditory outcomes in cannabis users. We found an association
between tobacco smoking and high-frequency hearing loss.
Neither cannabis smoking in isolation nor co-drug use were
associated with hearing loss. Additional research is warranted
to determine if the relationships observed here also hold for
incident hearing loss.
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