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Abstract



Introduction/Objective

The relationship between cannabis use and tinnitus is unclear, particularly among people with HIV. The relationship between cannabis use and tinnitus prevalence and its severity in the MACS/WIHS Combined Cohort Study (MWCCS) was examined.




Methods

Cross-sectional data collected between October 1, 2020, and September 30, 2022, were drawn from the MWCCS. Tinnitus was defined as bothersome ringing, roaring, or buzzing in the ears or head that lasted for 5 minutes or more in the past 12 months. Tinnitus severity (among those reporting tinnitus) was dichotomized as no/small problem versus moderate to very big problem. Cannabis use was self-reported as the frequency of use in the past six months. Modified Poisson regression models were used to estimate associations adjusted for age, sex, race/ethnicity, HIV status, loud noise exposure, self-rated hearing, smoking, depression, as well as HIV viral load suppression and years of nucleoside reverse transcriptase inhibitors medication use (only for those with HIV).




Results

Among 3,437 participants (mean age=55; 55% female; 63% PWH), 31% reported cannabis use and 16% reported tinnitus. There was no statistically significant association between cannabis use and tinnitus prevalence. However, any cannabis use was significantly associated with a 29% lower prevalence of reporting moderate-to-severe tinnitus severity (aPR=0.71; 95% CI: 0.54–0.94). Stratified analyses also showed that any cannabis use was associated with a lower prevalence of reporting moderate-to-severe tinnitus severity (aPR=0.58; 95% CI: 0.37–0.90) among persons without HIV.




Discussion

Cannabis use was not associated with tinnitus prevalence but was associated with lower perceived tinnitus severity, particularly among participants without HIV. These findings suggest that cannabis may influence the subjective burden of tinnitus rather than its occurrence, although the underlying mechanisms remain unclear and may involve factors such as symptom perception or coping.




Conclusion

In this large cohort, cannabis use was not associated with the presence of tinnitus but was associated with lower reported tinnitus severity. Given the cross-sectional design and potential for residual confounding, these findings should be considered hypothesis-generating and warrant confirmation in longitudinal studies.
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1. INTRODUCTION

Tinnitus is the perception of sounds, like ringing, buzzing, or hissing in the ears or head when there is no external source of these sounds [1]. Approximately 10% of adults in the U.S reported tinnitus, with higher prevalence and increased severity of tinnitus observed among older adults [2]. Tinnitus is associated with sleep disturbances, cognitive dysfunction, depression, anxiety, and lower quality of life [3-5]. Although the etiology of tinnitus is not fully understood, it has been proposed that loud noises or neck injuries, and resulting damage to the cochlea, can trigger abnormal neuronal hyperactivity in the brain's auditory pathways, which may lead to the perception of tinnitus [6].

Persons with HIV (PWH) report a higher prevalence of tinnitus than persons without HIV (PWoH). For example, in a study by Millar et al. (2020) among PWH, 57% reported experiencing tinnitus compared to 34% of PWoH [7]. Another study found that PWH exhibited greater tinnitus symptoms than PWoH [8]. Tinnitus might be more prevalent among PWH than PWoH because of potential adverse ototoxic effects of antiretroviral therapy (ART) [7], as well as higher prevalence of risk factors for tinnitus such as hypertension, cardiovascular disease, smoking, and chronic kidney disease [9-11]. Tinnitus symptoms are typically managed by the use of hearing aids, anti-anxiolytics, neurofeedback, and cognitive behavioral therapy [12-13]. However, many individuals with tinnitus continue to experience persistent symptoms that significantly impact their quality of life [14-15].

Cannabis is one of the most commonly used substances in the U.S. [16]. Additionally, cannabis use among PWH is 2–3 times higher that in the general population [17-18]. With the expansion of medical and recreational cannabis laws, cannabis is increasingly being used to manage symptoms associated with chronic conditions, including tinnitus. For instance, among patients with a primary presenting symptom of tinnitus in a tertiary neuro-otology clinic, 96% reported that they would consider cannabis as a treatment for their tinnitus symptoms [19], despite limited data from animal or human studies showing that cannabis can alleviate symptoms of tinnitus [6].

Previous epidemiological studies on the association between cannabis and tinnitus have been few and have produced mixed findings. Two analyses of nationally representative data from the National Health and Nutrition Examination Survey identified a statistically significant association between cannabis use and the presence of tinnitus, but no link to tinnitus severity [20, 21]. In contrast, a study by Han et al. (2010) using data from the National Survey on Drug Use and Health, another nationally representative dataset, reported no significant association between cannabis use and tinnitus [22]. Given the mixed findings from prior literature, additional research is warranted to clarify the potential link between cannabis use and tinnitus. Notably, no published studies have investigated the association between cannabis use and the presence of tinnitus or severity among PWH. Because both cannabis use and tinnitus have been reported to be prevalent at higher rates among PWH than PWoH, understanding the potential relationship between cannabis use and tinnitus may also have important implications for symptom management and overall quality of life for persons aging with HIV. Given mixed findings from prior literature, we examined the association between cannabis use and (a) the presence of tinnitus symptoms and (b) perceived tinnitus severity in a sample of PWH and PWoH.






2. MATERIALS AND METHODS


2.1. Study Population and Analytic Sample

The Multicenter AIDS Cohort Study (MACS) [23, 24] enrolled men who have sex with men, with initial enrollment during 1984–1985 in four cities across the U.S. The Women’s Interagency HIV Study (WIHS) [25] enrolled women with initial enrollment taking place in 1994–1995 in six cities across the U.S. Both cohorts enrolled PWH and PWoH who were at increased risk for HIV. In 2019, the cohorts merged to form the MACS/WIHS Combined Cohort Study (MWCCS) [26]. MWCCS participants attend annual visits for standardized clinical examinations, specimen collection, and self-reporting of sociodemographic, behavioral, and medical data. Tinnitus data were collected during 2 visits conducted between October 1, 2020, and September 30, 2022. For this cross-sectional analysis, we included only the first response provided by each participant within the study period and retained observations where cannabis use was assessed at or prior to the tinnitus assessment, resulting in an analytic sample comprising 3,437 participants. The Institutional Review Boards for each of the sites and the data coordinating center approved this study.




2.2. Outcome Measure: Tinnitus

Tinnitus was assessed with the following question: “In the past 12 months, have you been bothered by ringing, roaring, or buzzing in your ears or head that lasts for 5 minutes or more?” The response options were (yes or no). Among those who answered “yes”, tinnitus problem severity was assessed with the question: “How much of a problem is the ringing, roaring, or buzzing in your ears or head? Would you say…” The response options were “no problem”, “a small problem”, “a moderate problem”, “a big problem”, or “a very big problem”. We created a binary categorization for tinnitus severity as: “no significant problem (no problem or small problem)” and “significant problem (moderate, big, or very big problem).




2.3. Independent Variable: Cannabis Use

Cannabis use was assessed with the following question: “Since your last study interview, have you used marijuana or hash?” Among those who responded “yes,” frequency of use was asked with the following question: “On average, how often did you take or use marijuana or hash since your last study interview?” with the following response options: “less than once a month”, “at least once a month, but less than once a week”, “once a week”, “2-3 times a week”, “4-6 times a week”, “once a day”, and “more than once a day.” For this analysis, we categorized participants' cannabis use as any use (yes/no) and by frequency of use as: (1) heavy use (defined as ≥4 times a week, (2) occasional to moderate use (defined as use between less than once a month and 3 times a week), compared to (3) no cannabis use.




2.4. Covariates

The chronological age at study visit was derived from the self-reported date of birth and date of survey administration. Race/ethnicity was categorized as Black, non-Hispanic, white, non-Hispanic, Hispanic, and Other (Asian/ Pacific Islander, Native American/Alaskan, or Other). Participants self-reported whether they smoked cigarettes in the past 12 months (yes/no). Participants' self-rated hearing was assessed with the question: “Would you say your hearing is excellent, good, that you have a little trouble, moderate trouble, a lot of trouble, or are you deaf?” We recategorized this variable into a binary format: “yes” for any hearing trouble (including responses of “little trouble,” “moderate trouble,” “a lot of trouble,” or “deaf”) and “no” for “excellent” or “good” hearing. Loud noise exposure was self-reported as: (1) ever experiencing loud noise at a job for 4 hours or more per day, several days a week, or (2) ever exposed to loud noise or music for 10 or more hours a week that was outside of a job (yes/no). Depression symptoms were measured with the Center for Epidemiologic Studies Depression Scale (CES-D) [27]. We defined significant depression symptoms as scores of 16+ on the CES-D.




2.5. Statistical Analysis

The study used descriptive statistics (e.g., means and proportions) to describe the sample as well as stratified by tinnitus status. χ2 Tests or Fisher's exact tests (for categorical variables) and Kruskal-Wallis tests (for continuous variables) were used to compare the distributions of all variables by tinnitus status during the past 12 months. A modified Poisson regression model with robust error variances [28] to assess associations between cannabis use (any use and frequency of use) with tinnitus status and tinnitus severity was used. Models for tinnitus severity were conducted only among those who reported tinnitus in the past 12 months. Separate models were performed for the overall sample and stratified analyses were conducted based on HIV status. Based on prior studies of risk factors for tinnitus [29-31], the model for the overall sample was adjusted for age, sex, race and ethnicity status, HIV status, loud noise exposure, self-rated hearing, smoking status and significant depressive symptoms, all of which were also associated with cannabis use in our sample. Models for the HIV-stratified analysis included the same set of covariates, with the HIV status variable excluded and HIV viral load suppression status and cumulate years of nucleoside reverse transcriptase inhibitors medication use (which have ototoxic effects) included as covariates. Missing data were substantial for current smoking (23%), cannabis use (23%), and significant depressive symptoms (25%), while all other variables had less than 5% missing data. Therefore, missing data for all variables were addressed using multiple imputations using chained equations [32]. Ten imputed data sets were generated for all variables, and modified Poisson regression models were conducted for each imputed dataset. The resulting prevalence ratios were combined according to Rubin’s rules [33]. All analyses were performed in SAS 9.4 (SAS Institute, Cary, NC).








3. RESULTS


3.1. Sample Characteristics

The analytic sample comprised 3,437 participants, the majority of whom were female (55%), Black non-Hispanic individuals (54%), and PWH (63%) (Table 1). The mean age was 55 years (SD=11). Thirty-one percent reported any cannabis use in the past 6 months. Additionally, 16% (n=545) of the sample reported experiencing tinnitus in the past 12 months (Table 1). Tinnitus was reported by 14.4% of PWH and 18.1% of PWoH. Among participants with tinnitus (n=545), 65% (n=353) reported that their tinnitus was no problem or a small problem, while 35% (n=191) described it as a moderate to very big problem (Table 1).


Table 1 
				Characteristics of the sample by tinnitus in the past 12 months.



	
	Tinnitus in the Past 12 Months



	
	
Overall

(N=3,437)

	
Yes

(n=545)

	
No

(n=2,875)

	



	
	n
	%
	n
	%
	n
	%
	p-value





	Age in years (mean, standard deviation)
	55 (11)
	58 (11)
	55 (11)
	<0.01



	Sex at birth
	
	
	
	
	
	
	



	    Female
	1803
	54.8
	230
	43.8
	1565
	57.0
	<0.01



	    Male
	1486
	45.2
	295
	56.2
	1182
	43.0
	



	Race and ethnicity



	    Black, non-Hispanic
	1783
	54.3
	194
	37.0
	1586
	57.8
	<0.01



	    White, non-Hispanic
	890
	27.1
	240
	45.7
	643
	23.4
	



	    Hispanic
	489
	14.9
	69
	13.1
	416
	15.2
	



	    Other
	124
	3.8
	22
	4.2
	100
	3.6
	



	HIV status



	    Persons without HIV
	1283
	37.3
	233
	42.8
	1041
	36.2
	<0.01



	    Persons with HIV
	2154
	62.7
	312
	57.2
	1834
	63.8
	



	
Loud noise exposure║



	    No
	2612
	76.4
	317
	58.2
	2294
	79.8
	<0.01



	    Yes
	809
	23.6
	228
	41.8
	581
	20.2
	



	Any trouble hearing



	    No
	2552
	74.6
	253
	46.4
	2298
	79.9
	<0.01



	    Yes
	870
	25.4
	292
	53.6
	577
	20.1
	



	Current smoking (past 6 months)
	
	
	
	
	
	
	



	    No
	1873
	71.2
	298
	76.4
	1570
	70.4
	0.01



	    Yes
	756
	28.8
	92
	23.6
	660
	29.6
	



	Significant depression symptoms‡
	
	
	
	
	
	
	



	    No
	1824
	74.2
	252
	64.5
	1570
	76.1
	<0.01



	    Yes
	634
	25.8
	139
	35.5
	493
	23.9
	



	Any cannabis use (past 6 months)



	    No
	1805
	68.6
	267
	68.6
	1533
	68.6
	0.99



	    Yes
	827
	31.4
	122
	31.4
	701
	31.4
	



	Frequency of cannabis use (past 6 months)
	
	
	
	
	
	
	



	    None
	1805
	68.2
	267
	67.8
	1533
	68.3
	0.96



	    Occasional to moderate
	469
	17.7
	70
	17.8
	396
	17.7
	



	    Heavy use
	372
	14.1
	57
	14.5
	314
	14.0
	



	Tinnitus problem severity†
	
	
	
	
	
	
	



	    No significant problem
	-
	-
	353
	64.9
	-
	-
	-



	    Significant problem
	-
	-
	191
	35.1
	-
	-
	







Note: Frequencies do not always add up to the total due to missing data; ║Self-reported as ever experiencing loud noise at a job for 4 hours or more per day and currently (past 12 months) loud noise exposure at work; †Among those with tinnitus in the past 12 months; ‡ Measured with the Center for Epidemiologic Studies Depression Scale (CES-D), significant depression symptoms defined as CES-D scores of 16 or more.










3.2. Association of Cannabis use with Tinnitus and Tinnitus Severity

Adjusted models for the overall sample revealed no significant association between cannabis use and the prevalence of tinnitus (adjusted prevalence ratio [aPR] = 1.03, 95% CI: 0.84, 1.25; Table 2). However, any cannabis use was associated with 29% lower prevalence of reporting tinnitus as a significant problem compared to non-users (aPR= 0.71, 95% CI: 0.54, 0.94; Table 2). Stratified analyses showed that among PWoH, cannabis use was similarly associated with lower prevalence of reporting tinnitus as a significant problem (aPR = 0.58, 95% CI: 0.37, 0.90; Table 2). Conversely, no significant associations between cannabis use and tinnitus outcomes were observed among persons with HIV.


Table 2 
				Association of cannabis use with tinnitus and tinnitus problem severity.



	
	
Tinnitus

Adjusted Prevalence ratios (95% CI)

	
Tinnitus problem severity||

Adjusted Prevalence ratios (95% CI)






	Overall Sample‡



	Cannabis
	
	



	    No
	   Reference
	   Reference



	    Yes
	   1.03 (0.84, 1.25)
	   0.71 (0.54 0.94)




	Frequency of cannabis use
	
	



	    None
	   Reference
	   Reference



	    Occasional to moderate use
	   0.98 (0.76, 1.27)
	   0.69 (0.46, 1.02)



	    Heavy use
	   1.14 (0.88, 1.46)
	   0.69 (0.50, 0.96)




	   Among persons with HIV†




	Cannabis
	
	



	    No
	   Reference
	   Reference



	    Yes
	   1.01 (0.71, 1.44)
	   0.62 (0.33, 1.13)



	Frequency of cannabis use
	
	



	    None
	   Reference
	   Reference



	    Occasional to moderate use
	   1.01 (0.69, 1.47)
	   0.85 (0.36, 1.98)



	    Heavy use
	   1.12 (0.72, 1.75)
	   0.44 (0.17, 1.09)



	Among persons without HIV†
	
	



	Cannabis
	
	



	    No
	   Reference
	   Reference



	    Yes
	   1.11 (0.85, 1.46)
	   0.58 (0.37, 0.90)




	Frequency of cannabis use
	
	



	    None
	   Reference
	   Reference



	    Occasional to moderate use
	   0.98 (0.66, 1.46)
	   0.50 (0.27, 0.95)




	    Heavy use
	   1.23 (0.82, 1.86)
	   0.61 (0.34, 1.10)







Note: ‡Models were adjusted for age, sex at birth, race/ethnicity, HIV status, loud noise exposure, self-rated hearing, smoking status, and significant depression symptoms; †The models for the HIV-stratified analyses were adjusted for the same covariates as the overall models, and HIV viral load suppression status and cumulative years of nucleoside reverse transcriptase inhibitors medication use;||Among those with tinnitus in the past 12 months and defined as: “no significant problem (no problem or small problem)” vs. “significant problem (moderate, big, or very big problem). Bold fonts refer to statistically significant associations (p <0.05).







When considering the frequency of cannabis use, no significant associations with tinnitus prevalence were observed across the overall sample or in HIV-stratified analyses. However, heavy cannabis use was associated with reduced prevalence of reporting tinnitus as a significant problem in the overall sample (aPR = 0.69, 95% CI: 0.50, 0.96, Table 2). Among persons PWoH, occasional-to-moderate cannabis use was significantly associated with lower prevalence of reporting tinnitus as a significant problem (aPR = 0.50, 95% CI: 0.27, 0.95). No significant associations were observed between the frequency of cannabis use and tinnitus outcomes among PWoH.








4. DISCUSSION

In this large, diverse sample of participants from the MWCCS cohort, we found no statistically significant association between cannabis use and tinnitus in the past 12 months compared to non-use. This lack of statistical association aligns with prior research finding no statistically significant link between cannabis use and tinnitus [22], yet contrasts with other reports, which reported a statistically significant association between cannabis use and an increased prevalence of tinnitus [20, 21]. These discrepancies may reflect differences in study populations, cannabis use patterns, tinnitus assessment methods, or the set of confounders adjusted in multivariable models. Further research using longitudinal designs and standardized measurements is necessary to clarify the relationship between cannabis use and tinnitus, as well as the underlying mechanisms that may explain these mixed findings.

Interestingly, in the overall sample and among persons without HIV, any cannabis use was significantly associated with a lower prevalence of reporting tinnitus as a moderate-to-very big problem. This finding is different from two prior studies that showed that among respondents with tinnitus, cannabis use was not associated with tinnitus severity [20, 21]. While we found no significant evidence that cannabis use was associated with a higher prevalence of reporting tinnitus, our findings suggest that among those who report tinnitus, cannabis use was associated with lower perceived severity of tinnitus. The mechanism by which cannabis may reduce tinnitus severity is unclear. However, it is possible that the anxiolytic properties of cannabinoids [34], may help patients manage stress and lessen the subjective impact of tinnitus on daily functioning. Additional research is needed to confirm these associations. Additionally, in a stratified analysis among those with HIV, the direction of the association between cannabis use and reporting tinnitus as a moderate-to-very big problem was similar to that in the overall sample and among those without HIV. However, confidence intervals around the prevalence estimates were wide, suggesting reduced precision. It is possible that this reduced precision might be due to differences in clinical burden and variability in the tinnitus symptom experience among persons with HIV. Additional studies are needed to further explore the association between cannabis and tinnitus severity in persons with HIV.

This study has some limitations that warrant consideration. First, because this analysis used cross-sectional data, it is not possible to determine the temporal relationship between cannabis use and tinnitus; the observed associations must be interpreted as correlational rather than causal. It also may be that individuals experiencing symptoms of tinnitus are using cannabis to reduce distress caused by their tinnitus, which could also contribute to the observed associations. Secondly, both tinnitus and cannabis use were self-reported and may be subject to misclassification bias. Specifically, misclassification of the cannabis and tinnitus prevalence-association, if non-differential, would likely bias estimates toward the null value, which likely explains, in part, our observed associations for tinnitus prevalence. On the other hand, the measurement of tinnitus problem severity is inherently subjective and may be influenced by several factors (e.g. psychological factors related to cannabis use). Therefore, the observed associations between cannabis use and tinnitus problem severity likely reflect either a true representation of tinnitus symptom burden or differences in perception and reporting. Further, our analysis did not capture other important cannabis parameters such as dosage, route of administration, or specific THC or CBD content of cannabis used, all of which could potentially impact tinnitus outcomes. Although we adjusted for established risk factors for tinnitus, residual confounding by unmeasured or imperfectly measured factors (including ototoxic medication exposures) and broader psychiatric comorbidities remains possible.






CONCLUSION

In this analysis of MWCCS data, cannabis use was not associated with a higher prevalence of tinnitus. However, cannabis use was associated with lower perceived severity of tinnitus. These findings raise the possibility that cannabis may be associated with lower perceived tinnitus burden. Given the cross-sectional design, potential for reverse causation, and residual confounding, these findings should be interpreted as hypothesis-generating. Additional research that leverages longitudinal designs, with better measurement of cannabis use and its constituents, is warranted.
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AUTHORS’ CONTRIBUTIONS

The authors confirm their contribution to the paper as follows: C.O., M.P.: Study conception and design; D.W.: Data analysis or interpretation; A.E., A.S., D.G., C.L., T.B., G.S., P.T., A.A., H.H., M.C.K., P.T., B.A., V.S., K.H., D.J., K.W., K.C., D.J.B.: Writing the paper. All authors reviewed the results and approved the final version of the manuscript.




ETHICS APPROVAL AND CONSENT TO PARTICIPATE

All study procedures and protocols were reviewed and approved by the Institutional Review Boards for the respective MACS/WIHS Combined Cohort Study sites. (STUDY00002773 Emory University, 16882 JHBSPH IRB, Pro00055451 Advarra, BRANY File # 21-02-210-01E, 1544986-46 SUNY Downstate, 21-0857 UNC, BRANY File # 23-02-723-1540, 19071813 Rush, STU00022906 Northwestern University, 09-044 Cook County Health, 23015 JHSPH IRB, 1993-077 Georgetown University, INOVA-2024-142, IRB-20-2292 UCLA, 20210476 University of Miami, 2021H0423, The Ohio State University, STUDY21050072 University of Pittsburgh, 21-33925 UCSF, HS-21-00496 USC, 130607002 UAB, 2020-1120 UMMC).




HUMAN AND ANIMAL RIGHTS

All procedures performed in studies involving human participants were in accordance with the ethical standards of institutional and/or research committee and with the 1975 Declaration of Helsinki, as revised in 2013.




CONSENT FOR PUBLICATION

All participants provided written informed consent.




STANDARDS OF REPORTING

STROBE guidelines were followed.




AVAILABILITY OF DATA AND MATERIALS

The data of current study are available from corresponding  author, [C.N.O], on a reasonable request.




CONFLICT OF INTEREST

The authors declare no conflict of interest financial or otherwise.




FUNDING

This study is financially supported by (1) National Institute on Drug Abuse (R34DA060078).






ACKNOWLEDGEMENTS

Dr. O is supported by the National Institute on Drug Abuse (grant# R34DA060078). The contents of this publication are solely the responsibility of the authors and do not represent the official views of the National Institutes of Health (NIH). MWCCS (Principal Investigators): Atlanta CRS (I O, A S, and G W), U01-HL146241; Baltimore CRS (T B and J M), U01-HL146201; Bronx CRS (K A, D H, and A S), U01-HL146204; Brooklyn CRS (D G and T W), U01-HL146202; Data Analysis and Coordination Center (G D’S, S G and E T), U01-HL146193; Chicago-Cook County CRS (M C, A F, and R R), U01-HL146245; Chicago-Northwestern CRS (S W, F P, and V S), U01-HL146240; Northern California CRS (B A, J P, and P T), U01-HL146242; Los Angeles CRS (R D and M M), U01-HL146333; Metropolitan Washington CRS (S K and D M), U01-HL146205; Miami CRS (M A, M F, and D J), U01-HL146203; Pittsburgh CRS (J M and C R), U01-HL146208; UAB-MS CRS (-C K, J B. B, E L, and D K-P), U01-HL146192; UNC CRS (M. B D and M F-M), U01-HL146194. The MWCCS is funded primarily by the National Heart, Lung, and Blood Institute (NHLBI), with additional co-funding from the E K S National Institute of Child Health & Human Development (NICHD), National Institute on Aging (NIA), National Institute of Dental & Craniofacial Research (NIDCR), National Institute of Allergy And Infectious Diseases (NIAID), National Institute of Neurological Disorders and Stroke (NINDS), National Institute of Mental Health (NIMH), National Institute on Drug Abuse (NIDA), National Institute of Nursing Research (NINR), National Cancer Institute (NCI), National Institute on Alcohol Abuse and Alcoholism (NIAAA), National Institute on Deafness and Other Communication Disorders (NIDCD), National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK), National Institute on Minority Health and Health Disparities (NIMHD), and in coordination and alignment with the research priorities of the National Institutes of Health, Office of AIDS Research (OAR). MWCCS data collection is also supported by UL1-TR000004 (UCSF CTSA), UL1-TR003098 (JHU ICTR), UL1-TR001881 (UCLA CTSI), P30-AI-050409 (Atlanta CFAR), P30-AI-073961 (Miami CFAR), P30-AI-050410 (UNC CFAR), P30-AI-027767 (UAB CFAR), P30-MH-116867 (Miami CHARM), UL1-TR001409 (DC CTSA), KL2-TR001432 (DC CTSA), and TL1-TR001431 (DC CTSA).

The authors gratefully acknowledge the contributions of the study participants and dedication of the staff at the MWCCS sites.


REFERENCES



	
	



	
[1] 
	Piccirillo J.F., Rodebaugh T.L., Lenze E.J.. Tinnitus., JAMA. 2020; 323(15): 1497-1498.
[CrossRef] [PubMed] 



	
[2] 
	Bhatt J.M., Lin H.W., Bhattacharyya N.. Tinnitus epidemiology: Prevalence, severity, exposures and treatment patterns in The United States., JAMA Otolaryngol. Head Neck Surg.. 2016; 142(10): 959-965.
[CrossRef] [PubMed] 



	
[3] 
	Gallo K.E.B., Corrêa C.C., Gonçalves C.G.O., Correia Baran J.B., Marques J.M., Zeigelboim B.S., José M.R.. Effect of tinnitus on sleep quality and insomnia., Int. Arch. Otorhinolaryngol.. 2023; 27(2): e197-e202.
[CrossRef] [PubMed] 



	
[4] 
	Hackenberg B., Döge J., O’Brien K., Bohnert A., Lackner K.J., Beutel M.E., Michal M., Münzel T., Wild P.S., Pfeiffer N., Schulz A., Schmidtmann I., Matthias C., Bahr K.. Tinnitus and its relation to depression, anxiety, and stress—A population-based cohort study., J. Clin. Med.. 2023; 12(3): 1169.
[CrossRef] [PubMed] 



	
[5] 
	Van Hoof L., Kleinjung T., Cardon E., Van Rompaey V., Peter N.. The correlation between tinnitus-specific and quality of life questionnaires to assess the impact on the quality of life in tinnitus patients., Front. Neurol.. 2022; 13: 969978.
[CrossRef] [PubMed] 



	
[6] 
	Narwani V., Bourdillon A., Nalamada K., Manes R.P., Hildrew D.M.. Does cannabis alleviate tinnitus? A review of the current literature., Laryngoscope Investig. Otolaryngol.. 2020; 5(6): 1147-1155.
[CrossRef] [PubMed] 



	
[7] 
	Millar A., Joubert K., Naude A.. Prevalence of hearing loss and tinnitus in a group of adults with Human Immunodeficiency Virus., S. Afr. J. Commun. Disord.. 2020; 67(1): e1-e7.
[CrossRef] [PubMed] 



	
[8] 
	Fokouo J.V.F., Vokwely J.E.E., Noubiap J.J.N., Nouthe B.E., Zafack J., Minka Ngom E.S., Dalil A.B., Ngo Nyeki A.R., Bengono G., Njock R.. Effect of HIV infection and highly active antiretroviral therapy on hearing function., JAMA Otolaryngol. Head Neck Surg.. 2015; 141(5): 436-441.
[CrossRef] [PubMed] 



	
[9] 
	Batts S., Stankovic K.M.. Tinnitus prevalence, associated characteristics, and related healthcare use in the United States: A population-level analysis., Lancet Reg. Health Am.. 2024; 29: 100659.
[CrossRef] [PubMed] 



	
[10] 
	Goderie T., van Wier M.F., Lissenberg-Witte B.I., Merkus P., Smits C., Leemans C.R., Kramer S.E.. Factors associated with the development of tinnitus and with the degree of annoyance caused by newly developed tinnitus., Ear Hear.. 2022; 43(6): 1807-1815.
[CrossRef] [PubMed] 



	
[11] 
	Veile A., Zimmermann H., Lorenz E., Becher H.. Is smoking a risk factor for tinnitus? A systematic review, meta-analysis and estimation of the population attributable risk in Germany., BMJ Open. 2018; 8(2): e016589.
[CrossRef] [PubMed] 



	
[12] 
	Tang D., Li H., Chen L.. Advances in understanding, diagnosis, and treatment of tinnitus., Adv. Exp. Med. Biol.. 2019; 1130: 109-128.
[CrossRef] [PubMed] 



	
[13] 
	Kleinjung T., Peter N., Schecklmann M., Langguth B.. The current state of tinnitus diagnosis and treatment: A multidisciplinary expert perspective., J. Assoc. Res. Otolaryngol.. 2024; 25(5): 413-425.
[CrossRef] [PubMed] 



	
[14] 
	Demoen S., Cardon E., Jacquemin L., Timmermans A., Van Rompaey V., Gilles A., Michiels S.. Health-related quality of life in subjective, chronic tinnitus patients: A scoping review., J. Assoc. Res. Otolaryngol.. 2024; 25(2): 103-129.
[CrossRef] [PubMed] 



	
[15] 
	Park H.M., Jung J., Kim J.K., Lee Y.J.. Tinnitus and its association with mental health and health-related quality of life in an older population: A nationwide cross-sectional study., J. Appl. Gerontol.. 2022; 41(1): 181-186.
[CrossRef] [PubMed] 



	
[16] 
	Substance Abuse and Mental Health Services Administration. Key substance use and mental health indicators in the United States: Results from the 2022 National Survey on drug use and health., 2023[Accessed: October 30, 2024] Available from: https://www.samhsa.gov/data/report/2022-nsduh-annual-national-report



	
[17] 
	Okafor C.N., Cook R.L., Chen X., Surkan P.J., Becker J.T., Shoptaw S., Martin E., Plankey M.W.. Prevalence and correlates of marijuana use among HIV-seropositive and seronegative men in the Multicenter AIDS Cohort Study (MACS), 1984–2013., Am. J. Drug Alcohol Abuse. 2017; 43(5): 556-566.
[CrossRef] [PubMed] 



	
[18] 
	Pacek L.R., Towe S.L., Hobkirk A.L., Nash D., Goodwin R.D.. Frequency of cannabis use and medical cannabis use among persons living with HIV in the United States: Findings from a nationally representative sample., AIDS Educ. Prev.. 2018; 30(2): 169-181.
[CrossRef] [PubMed] 



	
[19] 
	Mavedatnia D., Levin M., Lee J.W., Hamour A.F., Dizon K., Le T.. Cannabis use amongst tinnitus patients: Consumption patterns and attitudes., J. Otolaryngol. Head Neck Surg.. 2023; 52(1): 19.
[CrossRef] 



	
[20] 
	Qian Z.J., Alyono J.C.. An association between marijuana use and tinnitus., Am. J. Otolaryngol.. 2020; 41(1): 102314.
[CrossRef] [PubMed] 



	
[21] 
	Reyes Orozco F., Lin M., Clark B., Doherty J.K., Oghalai J.S., Voelker C.C.J., Choi J.S.. Association between cannabis use and tinnitus in US adults., Otol. Neurotol.. 2023; 44(6): 611-618.
[CrossRef] [PubMed] 



	
[22] 
	Han B., Gfroerer J.C., Colliver J.D.. Associations between duration of illicit drug use and health conditions: Results from the 2005-2007 national surveys on drug use and health., Ann. Epidemiol.. 2010; 20(4): 289-297.
[CrossRef] [PubMed] 



	
[23] 
	Farinpour R., Miller E.N., Satz P., Selnes O.A., Cohen B.A., Becker J.T., Skolasky R.L. Jr, Visscher B.R.. Psychosocial risk factors of HIV morbidity and mortality: Findings from the Multicenter AIDS Cohort Study (MACS)., J. Clin. Exp. Neuropsychol.. 2003; 25(5): 654-670.
[CrossRef] [PubMed] 



	
[24] 
	Kaslow R.A., Ostrow D.G., Detels R., Phair J.P., Polk B.F., Rinaldo C.R. Jr. The Multicenter AIDS Cohort Study: Rationale, organization, and selected characteristics of the participants., Am. J. Epidemiol.. 1987; 126(2): 310-318.
[CrossRef] [PubMed] 



	
[25] 
	Adimora A.A., Ramirez C., Benning L., Greenblatt R.M., Kempf M.C., Tien P.C.. Cohort profile: The Women’s Interagency HIV Study (WIHS)., Int. J. Epidemiol.. 2018; 47(2): 393-394i.
[CrossRef] 



	
[26] 
	D’Souza G., Bhondoekhan F., Benning L., Margolick J.B., Adedimeji A.A., Adimora A.A., Alcaide M.L., Cohen M.H., Detels R., Friedman M.R., Holman S., Konkle-Parker D.J., Merenstein D., Ofotokun I., Palella F., Altekruse S., Brown T.T., Tien P.C.. Characteristics of the MACS-WIHS Combined Cohort Study: Opportunities for research on aging with HIV in the longest US observational study of HIV., Am. J. Epidemiol.. 2021; 190(8): 1457-1475.
[CrossRef] [PubMed] 



	
[27] 
	Radloff L.S.. The CES-D Scale., Appl. Psychol. Meas.. 1977; 1(3): 385-401.
[CrossRef] 



	
[28] 
	Barros A.J.D., Hirakata V.N.. Alternatives for logistic regression in cross-sectional studies: An empirical comparison of models that directly estimate the prevalence ratio., BMC Med. Res. Methodol.. 2003; 3(1): 21.
[CrossRef] [PubMed] 



	
[29] 
	Park B., Choi H.G., Lee H.J., An S.Y., Kim S.W., Lee J.S., Hong S.K., Kim H.J.. Analysis of the prevalence of and risk factors for tinnitus in a young population., Otol. Neurotol.. 2014; 35(7): 1218-1222.
[CrossRef] [PubMed] 



	
[30] 
	Deklerck A.N., Debacker J.M., Keppler H., Dhooge I.J.M.. Identifying non‐otologic risk factors for tinnitus: A systematic review., Clin. Otolaryngol.. 2020; 45(5): 775-787.
[CrossRef] [PubMed] 



	
[31] 
	Sindhusake D., Golding M., Newall P., Rubin G., Jakobsen K., Mitchell P.. Risk factors for tinnitus in a population of older adults: The blue mountains hearing study., Ear Hear.. 2003; 24(6): 501-507.
[CrossRef] [PubMed] 



	
[32] 
	van Buuren S., Boshuizen H.C., Knook D.L.. Multiple imputation of missing blood pressure covariates in survival analysis., Stat. Med.. 1999; 18(6): 681-694.
[CrossRef] [PubMed] 



	
[33] 
	Toutenburg H., Rubin D.B.. Multiple imputation for nonresponse in surveys., Stat Hefte. 1990; 31(1): 180.
[CrossRef] 



	
[34] 
	Zuardi A.W., de Souza Crippa J.A., Hallak J.E.C., Campos A.C., Guimarães F.S.. The anxiolytic effects of cannabidiol (CBD)., Handbook of Cannabis and Related Pathologies.. Preedy V.R.San Diego: Academic Press; 2017: e131-e139.
[CrossRef] 
















OEBPS/Images/cover.jpg





