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Abstract

:

Hearing loss (HL) has been related to cardiovascular risk factors as well as prevalence of cardiovascular disease itself. We evaluated the association of HL with overall, injury-related, and cardiovascular mortality. A cohort study included 580,798 Korean adults (mean age: 39.7) who attended a screening exam between 2002 and 2016 with a follow-up of up to 17 years. HL was defined as a pure-tone average of thresholds at 0.5, 1.0, and 2.0 kHz ≥25 dB (decibels) in the better ear and further categorized into mild (25–<40 dB) and moderate-to-severe (≥40 dB). Overall and cause-specific mortality was ascertained through linkage to national death records. During median follow-up of 8.4 years, 6581 overall deaths, 977 cardiovascular deaths, and 1161 injury-related deaths were identified. Compared to participants with normal hearing, multivariable-adjusted hazard ratios (HRs) with 95% confidence intervals (95% CIs) for overall mortality among participants with mild and moderate-to-severe HL were 1.13 (1.05–1.21) and 1.30 (1.16–1.46), respectively. Corresponding HRs (95% CIs) for cardiovascular mortality were 1.32 (1.10–1.58) and 1.53 (1.16–2.01), respectively, and corresponding HRs (95% CIs) for injury-related mortality were 1.03 (0.81–1.31) and 1.64 (1.13–2.36), respectively. In this large cohort, HL was positively and independently associated with overall, cardiovascular, and injury-related mortality. A significantly elevated risk of cardiovascular mortality started from mild HL.
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1. Introduction


Hearing loss (HL) is one of the most prevalent chronic diseases and is a leading cause of disease burden globally [1]. In 2015, approximately 466 million people, over 5% of the world’s population, were estimated to have disabling HL [2].



Multiple studies have suggested that HL adversely affects physical and social function, reduces hearing-related quality of life, and increases the risk of depressive disorders, cognitive decline, and fractures or injuries [3,4,5,6]. Previous epidemiological studies have also investigated whether HL increases mortality, but with inconsistent results. Some studies demonstrated the positive association between HL and mortality, whereas others reported no association [7,8,9,10,11,12,13,14,15]. Many studies are limited by a small number of subjects and by defining HL through self-report instead of audiometric tests. This may have introduced measurement errors or misclassification and reduced the degree of association. Furthermore, most studies are mainly conducted in elderly patients and focus on overall mortality without further detailed information on cause-specific mortality. HL appears to relate to individual and multiple cardiovascular risk factors, including smoking, diabetes, hypertension, hyperlipidemia, and obesity, and it is often associated with cardiovascular disease itself [16,17,18,19,20,21,22]. However, it is still unclear whether HL predicts future cardiovascular events or cardiovascular mortality. This is important in order to determine whether preventive measures and treatment of cardiovascular disease are needed in patients with HL.



Therefore, we examined whether HL is associated with overall, cardiovascular, and injury-related mortality in a large-scale cohort study of 580,798 Korean adults who attended a health check-up program. The study accounts for change in HL, cardiovascular risk factors, and other covariates during follow-up.



Key points: Question: Is there an association of hearing loss (HL) with overall, injury-related, and cardiovascular mortality among apparently healthy, relatively young people? Findings: In this cohort study that included 580,798 Korean adults (mean age: 39.7), a significantly increased risk of all-cause and cardiovascular mortality was observed in participants with HL, with graded association starting from mild hearing loss, and the risk of injury-related mortality was significantly elevated with moderate-to-severe HL. Meaning: HL was positively associated with overall, injury-related, and cardiovascular mortality, with an increased risk of cardiovascular mortality observed in individuals with even mild HL. Further research is needed to determine whether proper screening and management for cardiovascular diseases in patients with HL are needed to reduce cardiovascular mortality.




2. Methods


2.1. Study Population


The present cohort study was performed using a subsample of the Kangbuk Samsung Health Study, a cohort study of Korean men and women who attended an annual or biennial health check-up program at one of the Kangbuk Samsung Hospital Total Healthcare Centers in Seoul and Suwon, South Korea, as described previously [23]. The present study included participants who underwent a screening exam between 2002 and 2016 (N = 581,526).



A total of 728 subjects were excluded due to the following criteria at baseline (Figure 1): unknown vital status (N = 5), and missing information on hearing measures and anthropometry (N = 723). A total of 580,798 participants were included in the final analysis.



The Institutional Review Board of Kangbuk Samsung Hospital approved this study (IRB No. KBSMC 2020-01-023), and waived the requirement for informed consent due to the use of anonymized retrospective data that were collected as a routine part of the health checkup program and already linked to mortality data from the Korea National Statistical Office (KNSO) [24,25,26].




2.2. Data Collection


Hearing tests and other examinations, at baseline and follow-up visits, were conducted at Kangbuk Samsung Hospital Total Healthcare Centers. Data regarding demographic characteristics, lifestyle factors, and medical history were collected using a standardized, self-administered questionnaire. Participants were categorized as never, ex-, and current smokers. Average alcohol intake per day was categorized as either less than 20 grams or 20 grams or more. The weekly frequency of moderate or vigorous physical activity (from April 2009 to 2018) [27,28] and the weekly frequency of physical activity that lasted long enough to generate perspiration (from 2002 to March 2009) [27] were assessed via self-administered questionnaire and were categorized into none, <3 times per week, and ≥3 times per week [27,29].



Anthropometry and sitting blood pressure (BP) were measured by trained nurses. Obesity was defined as body mass index (BMI) ≥25 kg/m2, Asian-specific criteria for diagnosis of obesity [30]. Hypertension was defined as BP ≥140/90 mmHg, or the use of BP-lowering medication.




2.3. Laboratory Measurements


Fasting blood tests covered lipid profiles, glucose, insulin, and high-sensitivity C-reactive protein (hsCRP), as previously described [23]. The homeostatic model assessment–insulin resistance (HOMA-IR) was calculated as follows: fasting blood insulin (uU/mL) × fasting blood glucose (mg/dl)/450. Diabetes mellitus was defined as fasting serum glucose level ≥126 mg/dl or current use of anti-diabetic medication.




2.4. Audiometric Measurements


At baseline and follow-up visits, pure-tone audiometric testing was performed by trained audiometric technicians using a GSI 67 audiometer (Grason-Stadler (GSI), Bedford, MA, USA) equipped with TDH-39 supra-aural earphones (Telephonics Co., Farmingdale, New York, USA) in a dedicated sound-attenuating booth [17]. Pure-tone air conduction thresholds were measured in decibels (dB) hearing level (HL) for both ears at 0.5, 1.0, and 2.0 kHz. HL was defined as a pure-tone average of thresholds at 0.5, 1.0, and 2.0 kHz ≥ 25 dB in the better ear and were further categorized as mild (25 to <40 dB) and moderate-to-severe (≥40 dB).



The Korean Occupational Safety and Health Act 28 requires an annual hearing test at 3.0 and 4.0 kHz in addition to the regular frequencies (0.5, 1.0, and 2.0 kHz) for employees who are exposed to equivalent sound pressure level of 85 dB(A) in the workplace over an 8 h work day. Hearing tests at 3.0 and 4.0 kHz, in addition to routine testing at 0.5, 1.0, and 2.0 kHz, were measured in only a small proportion of participants who met the above criteria. Thus, these tests were not used to define HL, but were used as a proxy marker of occupational noise exposure.




2.5. Mortality Ascertainment


Vital status until December 2018 was based on national death certificate data from the Korea National Statistical Office (KNSO) [24,25]. In Korea, all deaths of Koreans are reported to the KNSO. Cause of death was determined on the basis of the cause listed on each death certificate, which was reported according to the International Classification of Diseases and Related Health Problems 10th Revision (ICD-10). Concordance between the cause of death on the death certificate and patient diagnosis in the medical utilization data was 72.2% for overall deaths [31], Cardiovascular mortality was defined as ICD-10 codes I00 to I99, and injury-related mortality was defined as death from unintentional injury (ICD-10 codes S00 to T98) [32].




2.6. Statistical Analysis


The baseline characteristics are shown according to HL categories using descriptive summary statistics including mean (standard deviation: SD), median (interquartile range), or number (percentage), as appropriate.



Each study subject was followed from baseline exam until either death or the end of 2018, whichever came first. For analysis of cause-specific mortality, individuals who died of other causes were censored at the date of death. Cox-proportional hazards regression analyses, using age as the time-scale, were performed to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) for overall and cause-specific mortality. Age at which subjects underwent their first health checkup exam (left truncation) and the age at which subjects exited the analysis at the date of death or on 31 December 2018 were used in analyses. The proportional hazards assumption was evaluated by examining graphs of estimated log (-log (SURVIVAL)), and no major violations were found.



Initially, models were adjusted for age (as time scale) and sex, and then further adjusted for additional variables that might confound the relationships among hearing categories and mortality: study center (Seoul, Suwon), year of exam (1-year categories), smoking status (never, ex-, current, or unknown), regular exercise (<3, ≥3 times a week, or unknown), alcohol intake (<20, ≥20 grams per day, or unknown), BMI (continuous), education level (<community college graduate, ≥community college graduate, or unknown), history of diabetes, history of hypertension, history of cancer, history of cardiovascular disease, and medication for dyslipidemia (multivariable-adjusted model). Time-dependent analyses were conducted in which changes in hearing status and other confounders during follow-up were updated as time-varying covariates in the models. To further explore the shape of the dose–response relationship of hearing level with mortality, restricted cubic splines with knots were used at the 5th, 27.5th, 50th, 72.5th, and 95th percentiles of hearing level distribution.



Sensitivity analysis was performed using HL defined as a pure-tone average of thresholds at 0.5, 1.0, and 2.0 kHz ≥25 dB in either the left or right ear instead of the better ear. Additionally, subgroup analyses were performed by exposure to occupational noise (no vs. yes). Interactions between hearing categories and subgroup characteristics were tested using likelihood ratio tests that compared models with and without multiplicative interaction terms. STATA version 16.0 (StataCorp LP, College Station, TX, USA) was used for statistical analyses. Statistical significance was defined as a two-sided p value < 0.05.





3. Results


The mean (SD) age of study participants at baseline was 39.7 (10.6) years, and 52.8% were male (Table 1). The prevalence of mild HL and moderate-to-severe HL were 2.8% and 0.6%, respectively. HL categories were positively associated with age, obesity, history of cancer, history of cardiovascular disease, hypertension, diabetes, medication for dyslipidemia, worse lipid profiles, hsCRP, and HOMA-IR. However, HL categories were inversely associated with education level and current smoking status (Table 1).



During the median follow-up of 8.4 years (up to 17 years; mean, 9.1 years; interquartile range, 5.3–13.2 years), 6581 overall deaths, 977 cardiovascular deaths, and 1161 injury-related deaths occurred (mortality rate of 124.8, 18.5, and 22.0 per 105 person-years, respectively). HL was positively associated with overall, cardiovascular, and injury-related mortality. After adjustment for sex, study center, year of exam, smoking status, alcohol consumption, regular exercise, BMI, education attainment, history of diabetes, history of hypertension, history of cancer, history of cardiovascular disease, and medication for dyslipidemia, the multivariable-adjusted HRs (95% CIs) for overall mortality comparing participants with mild and moderate-to-severe HL to those with normal hearing were 1.13 (1.05–1.21) and 1.30 (1.16–1.46), respectively (Table 2, multivariable-adjusted model). Corresponding HRs (95% CIs) for cardiovascular mortality were 1.32 (1.10–1.58) and 1.53 (1.16–2.01), respectively, and corresponding HRs (95% CIs) for injury-related mortality were 1.03 (0.81–1.31) and 1.64 (1.13–2.36), respectively. When changes in HL and confounders during follow-up were updated as time-varying covariates, similar associations of HL with overall, cardiovascular, and injury-related mortality were observed. In spline regression analyses, there was a significant dose–response relationship of hearing level with overall, cardiovascular, and injury-related mortality (Figure 2).



In sensitivity analyses using HL based on either the left or right ear instead of the better ear, similar associations were observed (Table S1). In subgroup analyses, the association between HL and mortality did not differ by exposure to occupational noise (no vs. yes) (Table S2). The associations between HL and overall, cardiovascular, and injury-related mortality were consistently observed in participants free of both cancer and other chronic conditions such as diabetes and hypertension.




4. Discussion


In this large-scale cohort study, individuals with HL were at an increased risk for overall, injury-related, and cardiovascular mortality. The risk of all-cause and cardiovascular mortality increased with severity of HL, whereas the risk of injury-related mortality was significantly higher only in moderate-to-severe HL. These associations remained statistically significant even after adjusting for a wide range of confounders, including occupational noise exposure, and cardiovascular risk factors. Our findings indicate that individuals with HL may be at increased risk cardiovascular and injury-related deaths.



Previous epidemiologic studies have examined the relationship of HL with overall mortality, but the findings are inconsistent [7,8,9,10,11,12,13,14,15]. The discrepant findings across studies may be attributable to differences in sample size, study population characteristics (e.g., age, sex, and ethnicity), methods of hearing status (self-report vs. audiometric tests), categorization or definition of HL, use of reference group, and adjustment for comorbidities and other confounders. Additionally, there are limited research on the association between HL and cause-specific mortality including cardiovascular mortality. A study of 4926 adults 67 years or older in Iceland reported an association of HL, defined HL as at least 35 dB hearing level for the pure-tone average (0.5–4 kHz) in the better ear, with significantly increased cardiovascular mortality and with a non-significant elevated risk of overall mortality [33]. Another recent study of 50,462 Norwegians with an average age of 51 years demonstrated a positive association of HL, defined HL as pure-tone average (0.5–4 kHz) ≥25 dB in the better ear, with significantly increased risk of overall and cardiovascular mortality, but not with injury-related mortality [34]. The present study included 580,798 participants of a relatively young population (average age: 39.7) with median follow-up of 8.1 years who underwent repeated audiometric tests and other screening examinations. A significantly increased risk of all-cause and cardiovascular mortality was observed in participants with HL, with graded association starting from mild HL, whereas the risk of injury-related mortality was significantly elevated with moderate-to-severe HL. The positive and significant relationship of HL with overall, injury-related, and cardiovascular mortality persisted even after adjustment for multiple confounders, including cardiovascular risk factors.



Most prior studies did not incorporate these changes over time, even though hearing status and cardiovascular risk factors can change over time during follow-up. In contrast, the associations of HL with overall, injury-related, and cardiovascular mortality were consistently observed in our study, even when newly developed HL and changes in covariates during follow-up were considered as time-varying covariates.



The exact mechanism of the observed association between HL and increased mortality is not well understood yet, but several explanations are possible. HL has been associated with difficulties in postural control, social isolation, depression, cognitive dysfunction, falls, and injuries [3,4,5,6,35]. People with more than moderate HL are more likely to be socially isolated and may have a poorer understanding of their own health issues and treatments [36]. All of these factors may contribute to increased overall and injury-related mortality. Additionally, epidemiologic studies have shown that established cardiovascular disease and cardiovascular risk factors such as hypertension, cardiovascular disease, smoking, hyperlipidemia, and diabetes mellitus are associated with HL [37,38]. The internal auditory artery (IAA), which supplies the cochlea and has no collateral anastomotic network, is highly susceptible to ischemia [39]. Histologic arteriosclerotic changes were found throughout the auditory system in older people, and microvascular disease involving the stria vascularis in the lateral wall of the cochlea can coexist with systemic vascular disease, which closely relates to cardiovascular risk factors [40,41]. Interestingly, subclinical atherosclerosis measured in the carotid intima was associated with 5-year incidence of hearing impairment in a predominantly middle-aged cohort [41]. In another study, the configuration of the audiometric pattern in patients with vascular disease, artery disease, myocardial infarction, strokes, and transient ischemic attack is typically low-frequency HL [21]. These pieces of evidence suggest that HL may reflect cardiovascular health and be affected by cardiovascular risk factors as well as subclinical and clinical cardiovascular diseases [41]. These factors explain the association between HL at low frequency range and cardiovascular mortality in our study. Further studies are required to confirm the relationship of hearing loss with incident cardiovascular disease and to understand the mechanisms underlying the higher risk of overall and cardiovascular mortality in patients with HL.



This study had some strengths, in terms of its large sample size, cohort design, detailed and standardized clinical and laboratory data at both the baseline and follow-up visits, availability of cause-specific mortality, and objective audiometric measures for hearing. This provided less bias compared to self-report hearing impairment methods used in previous studies. Our findings were also from a relatively healthy young and middle-aged population (average age: 39.7 years) with a lower rate of HL (3.4%). Therefore, the findings may have not been affected by survivor bias and biases related to comorbidities and medication use than previous research conducted among elderly populations.




5. Limitations


This study had several limitations. First, high-frequency HL above 2.0 kHz frequency was unable to be measured. In our study, HL was determined on the basis of pure tone audiometry across the usual speech spectrum (0.5, 1.0, and 2.0 kHz), but this range is important for conversational speech sounds and might better reflect the impact of hearing impairment on health outcomes in real life. Furthermore, the configuration of the audiometric pattern was typically affected at low-frequency HL in patients with vascular diseases [21]. This might explain why, in our study, HL at low frequency range showed a stronger association with cardiovascular mortality than death due to other causes. Second, information on noise exposure, a major cause of HL, was only available regarding workplace exposure but not leisure-time exposure. Excessive noise is mainly associated with high frequency hearing impairment above 3.0 kHz HL. Third, information on ototoxic drugs was not available. When subjects with history of cancer, diabetes, and hypertension were excluded, the association between HL and mortality was consistently observed in participants free of either cancer or other chronic conditions such as diabetes and hypertension. Fourth, information on lifestyle factors including physical activity and medical history was obtained via a self-administered structured questionnaire used in health checkup programs in Korea as a part of the National Health Insurance plan [27]. Thus, the possibility of residual confounding related to measurement errors and unmeasured confounders in observed association of the present study cannot be excluded. Lastly, our study subjects were young and middle-aged Korean adults attending regular health-checkup program, and the findings cannot be generalizable to other populations with different characteristics, such as age and race/ethnicity.




6. Conclusions


We demonstrated that HL was associated with an increased risk of overall, injury-related, and cardiovascular mortality in this cohort study of relatively young adults. Notably, even mild HL was significantly associated with moderately increased risk of cardiovascular mortality, even after taking into account confounders such as cardiovascular risk factors. Our findings support that mild HL, which can easily go unrecognized, may reflect cardiovascular health and may be an independent predictor of cardiovascular mortality. Further studies are required to determine whether proper screening, preventive measures, and treatments for cardiovascular diseases in patients with HL are needed to reduce cardiovascular mortality.








Supplementary Materials


The following are available online at https://www.mdpi.com/2077-0383/9/5/1415/s1, Table S1: Hazard ratios (95% CIs) for all-cause, cardiovascular, and injury-related mortality by pure-tone average of thresholds at 0.5, 1.0, and 2. 0 kHz in either right or left ear, Table S2: Hazard ratios (95% CIs) for all-cause, cardiovascular, and injury-related mortality by hearing loss category and exposure to occupational noise.





Author Contributions


Conceptualization, W.L., Y.C., S.R., H.S.; methodology, W.L., Y.C., S.R.; formal analysis, Y.C., S.R.; investigation, W.L., Y.C., S.R.; writing—original draft preparation, W.L., Y.C., S.R.; writing—review and editing, W.L., Y.C., S.R.; supervision, Y.C., S.R., H.S. All authors have read and agreed to the published version of the manuscript.




Acknowledgments


We thank our staff members of Kangbuk Samsung Health Study for their hard work, dedication, and continuing support.




Conflicts of Interest


The authors declare no conflict of interest.




Abbreviations




	ALT
	alanine aminotransferase
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	high-sensitivity C-reactive protein







References


	



Stevens, G.; Flaxman, S.; Brunskill, E.; Mascarenhas, M.; Mathers, C.D.; Finucane, M. Global and regional hearing impairment prevalence: An analysis of 42 studies in 29 countries. Eur. J. Public Health 2013, 23, 146–152. [Google Scholar] [CrossRef] [PubMed]

	



Deafness and Hearing Loss. Available online: https://www.who.int/en/news-room/fact-sheets/detail/deafness-and-hearing-loss (accessed on 26 April 2020).

	



Agmon, M.; Lavie, L.; Doumas, M. The Association between Hearing Loss, Postural Control, and Mobility in Older Adults: A Systematic Review. J. Am. Acad. Audiol. 2017, 28, 575–588. [Google Scholar] [CrossRef] [PubMed]

	



Rutherford, B.R.; Brewster, K.; Golub, J.S.; Kim, A.H.; Roose, S.P. Sensation and Psychiatry: Linking Age-Related Hearing Loss to Late-Life Depression and Cognitive Decline. Am. J. Psychiatry 2018, 175, 215–224. [Google Scholar] [CrossRef] [PubMed]

	



Taljaard, D.S.; Olaithe, M.; Brennan-Jones, C.G.; Eikelboom, R.H.; Bucks, R.S. The relationship between hearing impairment and cognitive function: A meta-analysis in adults. Clin. Otolaryngol. 2016, 41, 718–729. [Google Scholar] [CrossRef] [PubMed]

	



Jiam, N.T.; Li, C.; Agrawal, Y. Hearing loss and falls: A systematic review and meta-analysis. Laryngoscope 2016, 126, 2587–2596. [Google Scholar] [CrossRef] [PubMed]

	



Genther, D.J.; Betz, J.; Pratt, S.; Kritchevsky, S.B.; Martin, K.R.; Harris, T.B.; Helzner, E.; Satterfield, S.; Xue, Q.L.; Yaffe, K.; et al. Association of hearing impairment and mortality in older adults. J. Gerontol. A Biol. Sci. Med. Sci. 2015, 70, 85–90. [Google Scholar] [CrossRef] [PubMed]

	



Contrera, K.J.; Betz, J.; Genther, D.J.; Lin, F.R. Association of Hearing Impairment and Mortality in the National Health and Nutrition Examination Survey. JAMA Otolaryngol. Head Neck Surg. 2015, 141, 944–946. [Google Scholar] [CrossRef]

	



Karpa, M.J.; Gopinath, B.; Beath, K.; Rochtchina, E.; Cumming, R.G.; Wang, J.J.; Mitchell, P. Associations between hearing impairment and mortality risk in older persons: The Blue Mountains Hearing Study. Ann. Epidemiol. 2010, 20, 452–459. [Google Scholar] [CrossRef]

	



Lam, B.L.; Lee, D.J.; Gomez-Marin, O.; Zheng, D.D.; Caban, A.J. Concurrent visual and hearing impairment and risk of mortality: The National Health Interview Survey. Arch. Ophthalmol. 2006, 124, 95–101. [Google Scholar] [CrossRef]

	



Amieva, H.; Ouvrard, C.; Meillon, C.; Rullier, L.; Dartigues, J.F. Death, Depression, Disability, and Dementia Associated With Self-reported Hearing Problems: A 25-Year Study. J. Gerontol. A Biol. Sci. Med. Sci. 2018, 73, 1383–1389. [Google Scholar] [CrossRef]

	



Gopinath, B.; Schneider, J.; McMahon, C.M.; Burlutsky, G.; Leeder, S.R.; Mitchell, P. Dual sensory impairment in older adults increases the risk of mortality: A population-based study. PLoS ONE 2013, 8, e55054. [Google Scholar] [CrossRef] [PubMed]

	



Lin, H.W.; Mahboubi, H.; Bhattacharyya, N. Hearing Difficulty and Risk of Mortality. Ann. Otol. Rhinol. Laryngol. 2019, 128, 614–618. [Google Scholar] [CrossRef] [PubMed]

	



Feeny, D.; Huguet, N.; McFarland, B.H.; Kaplan, M.S.; Orpana, H.; Eckstrom, E. Hearing, mobility, and pain predict mortality: A longitudinal population-based study. J. Clin. Epidemiol. 2012, 65, 764–777. [Google Scholar] [CrossRef] [PubMed]

	



Appollonio, I.; Carabellese, C.; Magni, E.; Frattola, L.; Trabucchi, M. Sensory impairments and mortality in an elderly community population: A six-year follow-up study. Age Ageing 1995, 24, 30–36. [Google Scholar] [CrossRef] [PubMed]

	



Akinpelu, O.V.; Mujica-Mota, M.; Daniel, S.J. Is type 2 diabetes mellitus associated with alterations in hearing? A systematic review and meta-analysis. Laryngoscope 2014, 124, 767–776. [Google Scholar] [CrossRef]

	



Kim, M.B.; Zhang, Y.; Chang, Y.; Ryu, S.; Choi, Y.; Kwon, M.J.; Moon, I.J.; Deal, J.A.; Lin, F.R.; Guallar, E.; et al. Diabetes mellitus and the incidence of hearing loss: A cohort study. Int. J. Epidemiol. 2017, 46, 717–726. [Google Scholar] [CrossRef]

	



Agrawal, Y.; Platz, E.A.; Niparko, J.K. Risk factors for hearing loss in US adults: Data from the National Health and Nutrition Examination Survey, 1999 to 2002. Otol. Neurotol. 2009, 30, 139–145. [Google Scholar] [CrossRef]

	



Gates, G.A.; Cobb, J.L.; D’Agostino, R.B.; Wolf, P.A. The relation of hearing in the elderly to the presence of cardiovascular disease and cardiovascular risk factors. Arch. Otolaryngol. Head Neck Surg. 1993, 119, 156–161. [Google Scholar] [CrossRef]

	



Shargorodsky, J.; Curhan, S.G.; Eavey, R.; Curhan, G.C. A prospective study of cardiovascular risk factors and incident hearing loss in men. Laryngoscope 2010, 120, 1887–1891. [Google Scholar] [CrossRef]

	



Friedland, D.R.; Cederberg, C.; Tarima, S. Audiometric pattern as a predictor of cardiovascular status: Development of a model for assessment of risk. Laryngoscope 2009, 119, 473–486. [Google Scholar] [CrossRef]

	



Piepoli, M.F.; Hoes, A.W.; Agewall, S.; Albus, C.; Brotons, C.; Catapano, A.L.; Cooney, M.T.; Corra, U.; Cosyns, B.; Deaton, C.; et al. 2016 European Guidelines on cardiovascular disease prevention in clinical practice: The Sixth Joint Task Force of the European Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted by representatives of 10 societies and by invited experts)Developed with the special contribution of the European Association for Cardiovascular Prevention & Rehabilitation (EACPR). Eur. Heart J. 2016, 37, 2315–2381. [Google Scholar] [PubMed]

	



Chang, Y.; Jung, H.S.; Cho, J.; Zhang, Y.; Yun, K.E.; Lazo, M.; Pastor-Barriuso, R.; Ahn, J.; Kim, C.W.; Rampal, S.; et al. Metabolically Healthy Obesity and the Development of Nonalcoholic Fatty Liver Disease. Am. J. Gastroenterol. 2016, 111, 1133–1140. [Google Scholar] [CrossRef] [PubMed]

	



Chang, Y.; Kim, J.H.; Noh, J.W.; Cho, Y.S.; Park, H.J.; Joo, K.J.; Ryu, S. Prostate-Specific Antigen Within the Reference Range, Subclinical Coronary Atherosclerosis, and Cardiovascular Mortality. Circ. Res. 2019, 124, 1492–1504. [Google Scholar] [CrossRef] [PubMed]

	



Kang, J.; Chang, Y.; Ahn, J.; Oh, S.; Koo, D.H.; Lee, Y.G.; Shin, H.; Ryu, S. Neutrophil-to-lymphocyte ratio and risk of lung cancer mortality in a low-risk population: A cohort study. Int. J. Cancer 2019, 145, 3267–3275. [Google Scholar] [CrossRef]

	



Chang, Y.; Cho, Y.K.; Cho, J.; Jung, H.S.; Yun, K.E.; Ahn, J.; Sohn, C.I.; Shin, H.; Ryu, S. Alcoholic and Nonalcoholic Fatty Liver Disease and Liver-Related Mortality: A Cohort Study. Am. J. Gastroenterol. 2019, 114, 620–629. [Google Scholar] [CrossRef]

	



Chang, Y.; Ryu, S.; Choi, Y.; Zhang, Y.; Cho, J.; Kwon, M.J.; Hyun, Y.Y.; Lee, K.B.; Kim, H.; Jung, H.S.; et al. Metabolically Healthy Obesity and Development of Chronic Kidney Disease: A Cohort Study. Ann. Intern. Med. 2016, 164, 305–312. [Google Scholar] [CrossRef]

	



Ryu, S.; Chang, Y.; Jung, H.S.; Yun, K.E.; Kwon, M.J.; Choi, Y.; Kim, C.W.; Cho, J.; Suh, B.S.; Cho, Y.K.; et al. Relationship of sitting time and physical activity with non-alcoholic fatty liver disease. J. Hepatol. 2015, 63, 1229–1237. [Google Scholar] [CrossRef]

	



Haskell, W.L.; Lee, I.M.; Pate, R.R.; Powell, K.E.; Blair, S.N.; Franklin, B.A.; Macera, C.A.; Heath, G.W.; Thompson, P.D.; Bauman, A. Physical activity and public health: Updated recommendation for adults from the American College of Sports Medicine and the American Heart Association. Med. Sci. Sports Exerc. 2007, 39, 1423–1434. [Google Scholar] [CrossRef]

	



World Health Organization. Regional Office for the Western, P. The Asia-Pacific Perspective: Redefining Obesity and Its Treatment; Health Communications Australia: Sydney, Australia, 2000; p. 55. [Google Scholar]

	



Song, Y.M.; Sung, J. Body mass index and mortality: A twelve-year prospective study in Korea. Epidemiology 2001, 12, 173–179. [Google Scholar] [CrossRef]

	



Ruiz-Goikoetxea, M.; Cortese, S.; Aznarez-Sanado, M.; Magallon, S.; Alvarez Zallo, N.; Luis, E.O.; de Castro-Manglano, P.; Soutullo, C.; Arrondo, G. Risk of unintentional injuries in children and adolescents with ADHD and the impact of ADHD medications: A systematic review and meta-analysis. Neurosci. Biobehav. Rev. 2018, 84, 63–71. [Google Scholar] [CrossRef]

	



Fisher, D.; Li, C.M.; Chiu, M.S.; Themann, C.L.; Petersen, H.; Jonasson, F.; Jonsson, P.V.; Sverrisdottir, J.E.; Garcia, M.; Harris, T.B.; et al. Impairments in hearing and vision impact on mortality in older people: The AGES-Reykjavik Study. Age Ageing 2014, 43, 69–76. [Google Scholar] [CrossRef] [PubMed]

	



Engdahl, B.; Idstad, M.; Skirbekk, V. Hearing loss, family status and mortality - Findings from the HUNT study, Norway. Soc. Sci. Med. 2019, 220, 219–225. [Google Scholar] [CrossRef] [PubMed]

	



Lawrence, B.J.; Jayakody, D.M.P.; Bennett, R.J.; Eikelboom, R.H.; Gasson, N.; Friedland, P.L. Hearing Loss and Depression in Older Adults: A Systematic Review and Meta-analysis. Gerontologist 2020, 60, e137–e154. [Google Scholar] [CrossRef] [PubMed]

	



Fook, L.; Morgan, R.; Sharma, P.; Adekoke, A.; Turnbull, C.J. The impact of hearing on communication. Postgrad. Med. J. 2000, 76, 92–95. [Google Scholar] [CrossRef] [PubMed]

	



Oron, Y.; Elgart, K.; Marom, T.; Roth, Y. Cardiovascular risk factors as causes for hearing impairment. Audiol. Neurootol. 2014, 19, 256–260. [Google Scholar] [CrossRef]

	



Tan, H.E.; Lan, N.S.R.; Knuiman, M.W.; Divitini, M.L.; Swanepoel, D.W.; Hunter, M.; Brennan-Jones, C.G.; Hung, J.; Eikelboom, R.H.; Santa Maria, P.L. Associations between cardiovascular disease and its risk factors with hearing loss-A cross-sectional analysis. Clin. Otolaryngol. 2018, 43, 172–181. [Google Scholar] [CrossRef]

	



Kim, J.S.; Lee, H. Inner ear dysfunction due to vertebrobasilar ischemic stroke. Semin. Neurol. 2009, 29, 534–540. [Google Scholar] [CrossRef]

	



Johnsson, L.G.; Hawkins, J.E., Jr. Vascular changes in the human inner ear associated with aging. Ann. Otol. Rhinol. Laryngol. 1972, 81, 364–376. [Google Scholar] [CrossRef]

	



Fischer, M.E.; Schubert, C.R.; Nondahl, D.M.; Dalton, D.S.; Huang, G.H.; Keating, B.J.; Klein, B.E.; Klein, R.; Tweed, T.S.; Cruickshanks, K.J. Subclinical atherosclerosis and increased risk of hearing impairment. Atherosclerosis 2015, 238, 344–349. [Google Scholar] [CrossRef]








[image: Jcm 09 01415 g001 550] 





Figure 1. Flowchart of study participants. 
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Figure 2. Multivariable-adjusted hazard ratios for (A) all-cause, (B) cardiovascular disease, and (C) injury-related mortality by hearing level. Estimates were adjusted by age (timescale), sex, center, year of screening exam, smoking status, alcohol intake, regular exercise, BMI, education level, exposure to occupational noise, history of diabetes, history of hypertension, history of cancer, history of cardiovascular disease, and medication for dyslipidemia. The solid line represents relative hazard, and the dashed lines represent the confidence intervals for the spline model. The horizontal red line corresponds to the normal reference hazard ratio of 1.0. dB, decibels; HL, hearing level; PTA, pure-tone average. 
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Table 1. Baseline characteristics according to hearing loss category.
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Characteristics

	
Overall

	
Hearing Loss Category

	
p-Value

for Trend




	
<25 dB

	
25 to <40 dB

	
≥ 40 dB






	
Number

	
580,798

	
560,913

	
16,521

	
3364

	




	
Age (years) a

	
39.7 (10.6)

	
39.1 (10.0)

	
56.9 (11.8)

	
61.3 (12.6)

	
<0.001




	
Male (%)

	
52.8

	
52.8

	
51.5

	
53.1

	
0.020




	
Current smoker (%)

	
23.7

	
23.7

	
21.4

	
19.6

	
<0.001




	
Alcohol intake (%)

	
18.5

	
18.5

	
19.8

	
18.5

	
0.002




	
Regular exercise (%) b

	
15.0

	
14.8

	
20.0

	
20.0

	
<0.001




	
High education level (%) c

	
72.8

	
74.0

	
36.3

	
26.7

	
<0.001




	
History of cancer

	
1.5

	
1.6

	
3.3

	
4.5

	
<0.001




	
History of CVD

	
3.4

	
3.1

	
9.2

	
10.9

	
<0.001




	
Hypertension (%)

	
14.9

	
14.0

	
39.9

	
45.1

	
<0.001




	
Diabetes (%)

	
4.0

	
3.6

	
14.2

	
17.8

	
<0.001




	
Medication for dyslipidemia (%)

	
2.1

	
1.9

	
7.3

	
8.0

	
<0.001




	
Obesity (%) d

	
28.8

	
28.4

	
39.3

	
36.2

	
<0.001




	
Body mass index (kg/m2)

	
23.3 (3.3)

	
23.3 (3.3)

	
24.3 (3.1)

	
24.1 (3.1)

	
<0.001




	
Systolic BP (mmHg) a

	
112.2 (14.2)

	
111.9 (14.1)

	
120.2 (16.2)

	
121.9 (16.8)

	
<0.001




	
Diastolic BP (mmHg) a

	
72.0 (10.2)

	
71.9 (10.2)

	
75.9 (10.4)

	
75.8 (10.3)

	
<0.001




	
Glucose (mg/dl) a

	
94.8 (16.3)

	
94.5 (15.8)

	
102.5 (24.9)

	
104.4 (26.5)

	
<0.001




	
Total cholesterol (mg/dl) a

	
193.8 (35.0)

	
193.6 (34.8)

	
202.0 (37.7)

	
200.2 (39.7)

	
<0.001




	
LDL-C (mg/dl) a

	
116.0 (31.4)

	
115.8 (31.3)

	
122.2 (32.9)

	
121.8 (33.5)

	
<0.001




	
HDL-C (mg/dl) a

	
57.4 (14.3)

	
57.5 (14.3)

	
54.4 (13.3)

	
54.0 (13.4)

	
<0.001




	
Triglycerides (mg/dl) e

	
95 (67–142)

	
94 (66–141)

	
116 (82–168)

	
116 (83–166)

	
<0.001




	
hsCRP (mg/L) e

	
0.4 (0.2–1.0)

	
0.4 (0.2–1.0)

	
0.6 (0.3–1.4)

	
0.7 (0.3–1.6)

	
<0.001




	
HOMA-IR e

	
1.54 (1.03–2.17)

	
1.53 (1.02–2.16)

	
1.75 (1.18–2.46)

	
1.74 (1.13–2.51)

	
<0.001








Data are expressed as a mean (standard deviation), or percentage; b ≥ 3 times/week; c ≥ college graduate; d body mass index (BMI) ≥25 kg/m2; e median (interquartile range).
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Table 2. Hazard ratios (95% CIs) for all-cause, cardiovascular, and injury-related mortality by pure-tone average of thresholds at 0.5, 1.0, and 2. 0 kHz in the better ear.
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	Hearing Category
	Person-Years (PY)
	Number of Events
	Mortality Rate (105 PY)
	Age and Sex-Adjusted HR (95% CI)
	Multivariable-Adjusted HR a (95% CI)
	HR (95% CI) b in Model Using Time-Dependent Variables





	All-cause mortality
	
	
	
	
	
	



	< 25 dB
	5,085,564.9
	5277
	103.8
	1.00 (reference)
	1.00 (reference)
	1.00 (reference)



	25 to <40 dB
	158,784.4
	962
	505.9
	1.18 (1.09–1.27)
	1.13 (1.05–1.21)
	1.22 (1.13–1.31)



	≥ 40 dB
	29,201.7
	342
	1171.2
	1.37 (1.22–1.54)
	1.30 (1.16–1.46)
	1.40 (1.25–1.57)



	p for trend
	
	
	
	<0.001
	<0.001
	0.001



	Cardiovascular mortality
	
	
	
	
	
	



	< 25 dB
	5,085,564.9
	733
	14.4
	1.00 (reference)
	1.00 (reference)
	1.00 (reference)



	25 to <40 dB
	158,784.4
	179
	112.7
	1.42 (1.18-1.69)
	1.32 (1.10–1.58)
	1.40 (1.18–1.67)



	≥ 40 dB
	29,201.7
	65
	222.6
	1.59 (1.21–2.08)
	1.53 (1.16–2.01)
	1.78 (1.37–2.30)



	p for trend
	
	
	
	<0.001
	<0.001
	0.001



	Injury-related mortality
	
	
	
	
	
	



	< 25 dB
	5,085,564.9
	1045
	20.5
	1.00 (reference)
	1.00 (reference)
	1.00 (reference)



	25 to <40 dB
	158,784.4
	83
	52.3
	1.09 (0.86–1.39)
	1.03 (0.81–1.31)
	1.17 (0.93–1.47)



	≥ 40 dB
	29,201.7
	33
	113.0
	1.80 (1.24–2.59)
	1.64 (1.13–2.36)
	1.73 (1.21–2.47)



	p for trend
	
	
	
	0.012
	0.047
	0.003







a Hazard ratios (HRs) and 95% confidence intervals (CIs) were estimated from Cox proportional hazard models using age as timescale. Multivariable model was adjusted for age (timescale), sex, center, year of screening exam, smoking status, alcohol intake, regular exercise, BMI, education level, exposure to occupational noise, history of diabetes, history of hypertension, history of cancer, history of cardiovascular disease, and medication for dyslipidemia. b Estimated from Cox proportional hazard models with hearing threshold category, alcohol consumption, smoking status, regular exercise, BMI, history of diabetes, history of hypertension, history of cancer, history of cardiovascular disease, and medication for dyslipidemia as time-dependent categorical variables, and baseline age, sex, center, year of screening exam, education level, and exposure to occupational noise as time-fixed variables. BMI, body mass index; CI, confidence interval; HR, hazard ratio.
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