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Background: Observational studies suggest that frailty is associated with hearing loss (HL) but with inconsistent results. This study aims to examine such association and to assess its causality.

Materials and methods: The cross-sectional data from the National Health and Nutrition Examination Survey (NHANES). Multivariate logistic regression models were used to assess the association between HL and frailty index (FI). Genetic variants associated with the FI and HL were obtained from a large genome-wide association study (GWAS) meta-analysis and UK Biobank GWAS. The inverse variance weighting (IVW) method was used to estimate causal effects. Sensitivity analyses were performed to further validate the robustness of results.

Results: In this cross-sectional analysis, results support the possibility that frailty may be associated with a higher risk of developing HL, with self-reported [odds ratio (OR) = 2.813; 95% CI, 2.386, 3.317; p < 0.001], speech frequency HL (OR = 1.975; 95% CI, 1.679–2.323; p < 0.001), and high frequency HL (OR = 1.748; 95% CI, 1.459–2.094; p < 0.001). In the adjusted model, frail participants remained at high risk of HL. Mendelian randomization (MR) studies showed a bidirectional causal association between genetically predicted FI and risk of HL (FI for exposure: OR = 1.051; 95% CI, 1.020–1.083; p = 0.001; HL for exposure: OR = 1.527; 95% CI, 1.227–1.901; p < 0.001).

Conclusion: Our observational study found that inter-individual differences in frailty were associated with the risk of developing HL. Genetic evidence suggests a potential bidirectional causal association between FI and HL. Furthermore, the potential mechanisms of this association require investigation.
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Introduction

Hearing loss (HL) is one of the most prevalent sensory impairments among the elderly. HL is associated with various adverse health outcomes including falls (Jiam et al., 2016; Kamil et al., 2016), depression (Lawrence et al., 2020), poor physical functioning (Chen et al., 2015), and reduced daily activities (Yamada et al., 2011; Tareque et al., 2019). According to 2019 estimates from the World Health Organization (WHO), approximately 1.57 billion people worldwide suffer from HL, a number that may increase to more than 2.45 billion by 2050 (Chadha et al., 2021). Studies on the global burden of disease have shown that HL is the third-leading cause of disability worldwide (Haile et al., 2021). Frailty is an emerging global health burden characterized by a state of non-specific vulnerability, reduced multisystem physiological reserves, and reduced resistance to stressors (Rodriguez-Manas et al., 2013). Frailty is preventable, but there is not a clear consensus on what it exactly means. Fried and his colleagues described the clinical signs of frailty using a physical phenotype. An older adult can be labeled as frail if they match three or more of the five criteria for symptoms and signs based on this frailty phenotype (Fried et al., 2001). Rockwood and Mitnitski (2007) suggested that frailty is caused by the accumulation of deficits associated with aging (Mitnitski et al., 2001). These concepts are now commonly utilized in frailty assessments. Frailty over time is associated with increased adverse health outcomes such as disability, hospitalization, and mortality (Clegg et al., 2013; Morley, 2016; Evans et al., 2022). Thus, frailty may be associated with HL or a common pathophysiological mechanism.

Evidence suggesting an association between HL and frailty and its causality is lacking, and more studies are needed to investigate the plausibility of these hypotheses. While some studies reported a positive association between HL and frailty (Doba et al., 2012; Ng et al., 2014; Buttery et al., 2015; Cakmur, 2015; Kamil et al., 2016), other studies have reported no significant correlation (Kamil et al., 2014; Liljas et al., 2017; Hamidin et al., 2018; Gu et al., 2019). As most of these studies were cross-sectional analyses limited by methodological inconsistencies, heterogeneity, and underrepresentation, Mendelian randomization (MR) analysis can address these limitations by using genetic variants that are randomly inherited at conception as unconfounded proxies for modifiable exposures to examine the potential causal effects of these exposures on disease outcomes. MR is useful for extracting causal information from observational studies and has been successfully applied to identify causal risk factors in clinical practice and to improve understanding of complex molecular signatures (Zheng et al., 2017).

We explored the correlation between HL and frailty using the National Health and Nutrition Examination Survey (NHANES) database and the established frailty index (FI) (Blodgett et al., 2015). Subsequently, their possible causal relationship was analyzed using a bidirectional two-sample MR. A causal association could allow the management of HL through frailty treatment.



Materials and methods


Study design and population

Data for the cross-sectional analysis were obtained from the NHANES. Participants were recruited from a random sample of residents aged 40–69 years in the years 1999–2018 (excluding 2013–2014) and were stratified by region. A total of 8,532 individuals provided the test results for audiological assessment, FI-related content, and covariate information of interest. Among these residents, 782 were excluded for missing complete hearing tests or abnormal values and 235 were excluded due to ear canal disease; thus, the analysis included 7,515 participants.



Hearing assessment

Self-reported HL was defined as the subject selecting ‘‘moderate hearing trouble,’’ ‘‘a lot of trouble,’’ or ‘‘deaf’’ in response to the question ‘‘Which statement best describes your hearing (without a hearing aid or other listening devices)?’’ The NHANES audiometric protocol includes otoscopy, tympanometry screening, and hearing threshold tests at 0.5, 1, 2, 3, 4, 6, and 8 kHz, as described in detail elsewhere.1 For each participant, low- and high-frequency hearing was defined according to the WHO definition of HL as the pure tone average (PTA) calculated for each participant’s “better hearing ear” at speech frequencies (0.5, 1, 2, and 4 kHz) and high-frequency HL (3, 4, and 8 kHz) ≥20 dB HL.



Frailty index

To assess frailty status, we used the Rockwood FI based on the cumulative model of deficits (Blodgett et al., 2015) as measured by proportion. Frailty is a continuous score of signs, and health deficits include comorbidities, psychological factors, symptoms, and disabilities (Rockwood and Mitnitski, 2007). The FI is one of the most widely used tools for measuring frailty in clinical practice and has been well-validated in the literature (Dent et al., 2016; Hoogendijk et al., 2019). For each participant, the FI value was calculated as the number of deficits present divided by the total number of 53 deficits in previous studies (all included variables are listed in Supplementary Table 1). The FI provides a continuous score from 0 (no deficits) to a theoretical maximum of 1 (all items show deficits). In addition to being a continuous variable, the FI is divided into four categories based on previously validated threshold values24: “non-frail,” FI ≤ 0.10; “vulnerable,” 0.10 < FI ≤ 0.21; “frail,” 0.21 < FI ≤ 0.45; and “most frail,” FI > 0.45.



Other variables

We collected data on demographic characteristics (age, sex, race, education level, income, and marital status), physical measurements (height, weight, and blood pressure), lifestyle habits (smoking status), personal medical history [hypertension, diabetes, cardiovascular disease (CVD), and chronic obstructive pulmonary disease (COPD)], and dietary data.



Data sources for Mendelian randomization analysis

Genetic variants significantly associated with the FI (p < 5 × 10–8) were obtained from a genome-wide association study (GWAS) meta-analysis of 164,610 UK Biobank and 10,616 TwinGene participants (Atkins et al., 2021). The FI calculations were based on 49 or 44 self-reported items on symptoms, disability, and diagnosed disorders from the UK Biobank and TwinGene databases, respectively. The GWAS meta-analysis was adjusted for age, sex, study center, and genotyping array, and the estimated single nucleotide polymorphism (SNP) heritability of the FI was 11%. The GWAS summary statistics for HL are publicly available from OpenGWAS by the UK Biobank2 and were used as data for the touchscreen questionnaire. The participants were assigned a case/control status based on whether they reported hearing problems (hearing difficulty/problems: yes). Among 323,978 individuals, 84,839 were cases and 239,139 were controls. All GWAS datasets used in the MR study included subjects of European ancestry. Our study was a secondary analysis of publicly available data. Informed consent was obtained from all participants according to the original GWAS protocol, and ethical approval for GWAS was obtained by the original authors.



Statistical analyses

This study assessed the differences in sociodemographic characteristics, lifestyle, diet, and health comorbidities between hearing status categories. Wilcoxon or χ2 tests were used to compare the distributions of continuous or categorical variables. Logistic regression was used to examine the associations of self-reported speech frequency and high-frequency HL with frailty syndrome and to test for trends using chi-square tests. We then used multivariate logistic regression to examine the associations between different hearing states and frailty syndrome and tested all logistic regression models for the variance inflation factor (VIF). The estimates of association were expressed as dominance or odds ratio (OR) and 95% confidence interval (CI). A VIF score >5 assessed the covariance of all variables in the model. As none of the scores exceeded this threshold, all variables were retained in the model. We developed three logistic regression models: (1) adjusted for age, sex, education level, marital status, and poverty ratio; (2) additionally adjusted for body mass index (BMI), smoking status, presence of noisy work, and dietary inflammatory index; and (3) further adjusted for hypertension, diabetes, CVD, and COPD.

Bidirectional two-sample MR was used to assess the causal association between genetically predicted FI and HL. Linkage disequilibrium (LD) clumping on single-nucleotide polymorphism (SNP) data was carried out using the PLINK clumping method, among the pairs of SNPs with an LD R-square value above the specified threshold (R-square = 0.001) and set the window size to 10,000 kb in the resultant dataset. In addition, the alleles were coordinated based on matching to ensure independence. We identified FI-associated SNPs (Supplementary Table 2) and used them as instrumental variables in the MR analysis to test the causal association between FI and HL. Bidirectional analysis (i.e., HL as exposure and FI features as outcomes) was used to examine the direction of the association. Using the same approach, we identified genetically predicted HL-associated SNPs as instrumental variables (Supplementary Table 3).

This study used the following five methods to assess the causal effects: inverse variance weighting (IVW), MR-Egger regression, simple model, weighted model, and weighted median. The main MR analysis method was IVW regression, which is used to estimate causal effects (Hemani et al., 2018). The weighted median method was used to estimate the 50th percentile of the empirical distribution (Burgess et al., 2017) while the MR-Egger regression intercept was used to assess pleiotropy (Bowden et al., 2015). Several sensitivity analyses were performed to validate the results. The MR_Steiger method (Hemani et al., 2017) was used to test for correlations between FI and HL and to remove directionally inconsistent SNPs. The leave-one-out method was used to assess whether each SNP affected the effect of estimation. Measurement errors in SNP exposure associations were examined using the I2 statistic (Bowden et al., 2016). We also used Cochran’s Q tests to assess heterogeneity among the SNPs included in each analysis, MR-Egger regression intercept to detect horizontal multiplicity and robustness, and “MR Pleiotropy RESidual Sum and Outlier” (MR-PRESSO) (Verbanck et al., 2018) to test for multiplicity and, in obvious cases, to correct the IVW estimates by removing outliers. Our study was reported according to the Strengthening the Reporting of MR studies (STROBE-MR) guidelines (Burgess et al., 2019). All analyses were performed using the following packages in R software 4.0.3: “survey” package for considering complex survey weights in all calculations, “vcdExtra” package for the trend chi-square analysis, “var” package for covariance tests, “TwoSampleMR” package (Hemani et al., 2018) for MR analysis and the “MR_PRESSO” package (Ong and MacGregor, 2019) for multiplicity tests.




Results


Descriptive analyses

The weighted analysis revealed that the 7,515 NHANES participants in this study represented 38.26 million residents of the United States. Among the participants, 3910 (52.0%) were male and 3605 (48.0%) were female, with a mean (SD) age of 54.01 (8.57). Table 1 shows the characteristics of all the participants according to their hearing status.


TABLE 1    The characteristics of 7,515 participants with different hearing loss (HL) subtypes in the NAHANES study.
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Multivariable association models

The mean FI scores of the patients with self-reported, speech frequency, and high-frequency HL were 0.170 ± 0.003, 0.161 ± 0.003, and 0.152 ± 0.003, respectively. After classification into four categories, the FI scores were higher in patients with HL than in those without frailty. The results showed that frailty increased the risk of self-reported HL (OR = 2.813; 95% CI, 2.386–3.317; p < 0.001), speech frequency HL (OR = 1.975; 95% CI, 1.679–2.323; p < 0.001), and high-frequency HL (OR = 1.748; 95% CI, 1.459–2.094; p < 0.001), while the p-values for the trends were p < 0.001. Multivariate logistic regression analysis was adjusted for demographic and sociodemographic characteristics, lifestyle, diet, and health comorbidities. Table 2 presents the results. After full adjustment, compared to non-frail individuals, frail patients remained at a significantly higher risk of having higher HL with self-reported HL (OR = 2.780; 95% CI, 2.192–3.525; p < 0.001), speech frequency HL (OR = 1.549; 95% CI, 1.212–1.979; p < 0.001), and high-frequency HL (OR = 1.355; 95% CI, 1.058–1.736; p = 0.017). In addition, when stratified by gender and age, found that the risk of HL was higher in the female frail patients but not in the male; the risk of HL was increased in the frail patients aged 40–50 years and 60 years or older (Supplementary Table 4). Linear regression models indicated a linear relationship between speech- or high-frequency PTA and FI scores (Supplementary Table 5).


TABLE 2    Logistic regression models of frailty phenotypes as independent variables in the NAHANES study.
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Mendelian randomization analysis

Mendelian randomization analysis of genetic variants associated with FI showed a potential causal association between genetically predicted FI and the risk of developing HL. The main IVW analysis method (OR = 1.090; 95% CI, 1.041–1.141; p < 0.001) (Figure 1) showed corrected results after removing the three outlier SNPs (rs1363103, rs17612102, and rs82334) using the MR-PRESSO test, indicating a persisting causal association (OR = 1.051, 95% CI, 1.020–1.083; p = 0.001). Sensitivity analysis showed no heterogeneity (all p > 0.05) or pleiotropy (all p > 0.05) in the estimated effect of FI on HL after the removal of outliers (Supplementary Table 6). Leave-one-out analysis showed that the estimated effects were relatively stable when a single SNP was excluded (Supplementary Figure 1).


[image: image]

FIGURE 1
Mendelian randomization (MR) results for genetically predicted frailty index (FI) and hearing loss (HL). OR, odds ratio; CI, confidence interval. After adjust: after removing the three outlier SNPs (rs1363103, rs17612102, and rs82334).


We tested the direction of the association using genetically predicted HL as the exposure and FI as the outcome. The results of the primary IVW analysis showed a potential causal association between genetically predicted HL and the risk of frailty (OR = 1.459, 95% CI, 1.117–1.905; p = 0.006) (Figure 2). The outlier-corrected IVW estimates were not significantly altered (OR = 1.527; 95% CI, 1.227–1.901; p < 0.001) by removing the four outlier SNPs (rs10901863, rs1126809, rs1566129, and rs9296413) according to the MR-PRESSO tests. Sensitivity analysis showed no heterogeneity (all p > 0.05) or pleiotropy (all p > 0.05) in the estimated effect of HL on FI after the removal of outliers (Supplementary Table 5). Leave-one-out analysis showed that the estimated effects were relatively stable when single SNPs were excluded (Supplementary Figure 2).
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FIGURE 2
Mendelian randomization (MR) results for genetically predicted hearing loss (HL) and frailty index (FI). OR, odds ratio; CI, confidence interval. After adjust: after removing the four outlier SNPs (rs34656207, rs741475, rs10901863, rs1126809, rs1566129, and rs9296413).





Discussion

The cross-sectional analysis in the current study identified an association between frailty and hearing; the correlation between FI and HL remained significant after adjusting for potential confounders of demographic factors, lifestyle, dietary factors, and chronic disease. In addition, a bidirectional two-sample MR analysis revealed a bidirectional causal relationship between FI and HL. To our knowledge, this is the first study to examine the association between HL and FI using MR.

Frailty is a multidimensional syndrome that spans the sociodemographic, clinical, lifestyle-related, and biological domains. Most available research on HL focuses on individual-level goals, whereas few studies have focused on system-level goals. Notably, relatively few conflicting studies on HL and FI have been conducted. In a meta-analysis of hearing and frailty, pooled data from 10 cross-sectional studies showed a 61% increased risk of developing HL in pre-frail individuals compared to non-frail individuals (OR = 1.61, 95% CI = 1.28–2.01, N = 14,329), while HL was associated with a 2.5-fold increased odds of frailty (Tan et al., 2020) (OR = 2.53, 95% CI = 1.88–3.41, N = 9,322). A recent meta-analysis of 12 cross-sectional (N = 12,313) and three longitudinal (N = 3042) studies showed similar findings, with HL associated with 87% (OR = 1.87, 95% CI = 1.63–2.13) and 56% (OR = 1.56, 95% CI = 1.29–1.88) increased risks of frailty. However, several cross-sectional (Ng et al., 2014; Gu et al., 2019; Lorenzo-Lopez et al., 2019) and longitudinal studies (Liljas et al., 2017; Trevisan et al., 2017) reported no association between frailty and HL. Most of these studies used self-reports and simple measures of hearing (e.g., whisper or finger rub tests), with no standard definition of frailty, and also showed a high degree of heterogeneity. A recent study from the NHANES showed increased odds of low-frequency HL in frail individuals compared to non-frail individuals based on measured HL (OR = 4.01, 95% CI = 1.27–12.63), with no association for high-frequency HL. PTA was linearly associated with FI (low: β = 10.15; 95% CI, 1.78–18.51; high: β = 19.85; 95% CI, 5.19–34.53) (Hura et al., 2021) and FI and HL occurrence may be dose-dependent, similar to our results obtained by using the WHO-defined PTA frequencies to assess HL and decibel cut-off values. In the present study, a relatively large sample size and pure tone measures of HL showed an increased risk of HL occurrence in frail patients compared to non-frail individuals (including self-reported, speech frequency, and high-frequency HL) after adjusting for confounding factors. Our results also revealed a possible bidirectional causal association between FI and HL using a bidirectional two-sample MR analysis, which avoided confounding factors and reverse causality.

Previous evidence showed that frailty is associated with HL and aging, and may also be related to shared age-related degenerative changes. Underlying cellular aging is also associated with environmental, genetic, and chronic disease states that promote both HL (Lin et al., 2016; Wattamwar et al., 2018) and the development of a frailty phenotype (Hingorani et al., 2013; Walston et al., 2019). The reported neurobiological factors associated with age-related hearing loss (ARHL) and physical decline include inflammatory processes and primitive neurodegeneration of the auditory cortex as well as nutritional, vascular, neuropathological, and metabolic factors (Robertson et al., 2013; Ruan et al., 2015). Recent studies have found that age-related central auditory processing disorder (CAPD) is independently associated with cognitive frailty but not physical frailty, suggesting that CAPD rather than peripheral components may play a role in accelerated cognitive performance frailty associated with aging (Sardone et al., 2021). This result is in line with findings from previous population-based research (Panza et al., 2015). Investigators suggest that the association between age-related CAPD and cognition may be related to age-related degeneration in specific brain regions and that age-related CAPD is not associated with physical frailty may be attributable to mechanisms of a frailty phenotype determined primarily by the aging process. Hearing difficulties can impede appropriate physical responses, and comorbidities may also indicate the impairment of potentially common mechanisms, such as the regulation of responses to stress, impaired immunity, and inflammatory responses (Spankovich and Le Prell, 2013). In addition, several factors associated with physical frailty may be related to cognitive impairment, including inflammatory markers and vascular factors, which may also directly contribute to ARHL. GWAS studies have found that most FI-related loci are associated with features such as BMI, CVD, smoking, human leukocyte antigen (HLA) proteins, depression, and neuroticism and contain many HLA genes (Atkins et al., 2021). HLA is a cell surface protein essential for the regulation of immune function and is known to decline with age. Deafness has also been associated with HLA genotypes in two families (Deschamps et al., 1983). Although many associations between hearing and FI may occur due to a common underlying pathological process, the biological mechanisms behind its development are still far from being understood. Given that frailty is dynamic and preventable, up to a likely point of no return when it enters a pre-death phase (Puts et al., 2017). Thence, exploring its association with HL in detail is crucial. Future studies with comprehensive experiments, animal models, and randomized controlled trials on the prevention or treatment of frailty are needed to better understand these mechanisms.

This study had several strengths and weaknesses. Among the strength were the use of self-reports and PTA to assess hearing, in addition to the well-represented and accurate study population. To more accurately assess the development of frailty in the cumulative model of deficits, we expanded the content of the FI components to include more comorbidities, cognitive functioning, and social isolation in the analysis. This study was the first to use MR to assess the bidirectional causal association between FI and HL, thereby avoiding possible confounders and reverse causation.

The limitations of this study were as follows. First, population stratification was a potential source of bias in the MR analysis. Although Atkins et al. (2021) adjusted for age and sex stratification in their GWAS analysis, populations with low education and high BMI had a higher risk of frailty, which may lead to bias. Second, frailty and HL may be polygenic. Although the current study used the MR-Egger intercept and MR_PRESSO tests, the results showed no pleiotropy. Future studies could also use the Causal Analysis Using Summary Effect Estimates (CAUSE) analysis and multivariate MR to verify causality. Third the current MR study was limited to participants of European ancestry; thus, the results may not be generalizable to other study populations. Fourth, we note the existence of different definitions of vulnerability, and the use of different definitions may affect the results of the analysis. Finally, we were unable to identify the mechanistic pathways by which HL is associated with frailty. Although GWAS has had great success in studying genetic susceptibility to complex diseases and traits, the biological mechanisms underlying most of the genetic variants it has identified remain unclear, which will pose a challenge to causal inference in MR studies.



Conclusion

Our results in a nationally representative sample of population-based individuals in the United States support the possibility that frailty is associated with a higher risk of developing HL. Specifically, self-reported, speech frequency, and high frequency HL were independently associated with FI. The MR analysis identified a possible bidirectional causal association between FI and HL. Further studies are needed to reveal potential common biological pathways or identify modifiable debilitating factors in HL to suggest personalized prevention and treatment.
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SUPPLEMENTARY FIGURE 1
Sensitivity analysis of the association between genetically predicted frailty index (FI) and risk of hearing loss (HL). (A) Leave-one-out analysis of the effect of genetically predicted FI and HL; (B) forest plot of the effect of genetically predicted FI and HL; (C) scatter plot of the effect of genetically predicted FI and HL; (D) funnel plot of the effect of genetically predicted FI and HL.

SUPPLEMENTARY FIGURE 2
Sensitivity analysis of the association between genetically predicted hearing loss (HL) and risk of frailty index (FI). (A) Leave-one-out analysis of the effect of genetically predicted HL and FI; (B) forest plot of the effect of genetically predicted HL and FI; (C) scatter plot of the effect of genetically predicted FI and HL; (D) funnel plot of the effect of genetically predicted FI and HL.


Footnotes

1     https://www.cdc.gov/nchs/nhanes/index.htm

2     https://gwas.mrcieu.ac.uk/
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Data expressed as odds ratio (95% confidence interval). Modell = Multivariate logistic regression model adjusted for age, gender, race, education, and poverty ratio, marital, and military.
Model2 = modell addition smoking status, body mass index, noisework, and dietary inflammation index. Model3 = mode2 addition hypertension, diabetes, cardiovascular disease, and chronic
obstructive pulmonary disease. FI, frailty index. Speech-frequency HL: Defined as profound hearing impairment at frequencies of 500, 1000, 2000, and 4000 Hz. High-frequency HL: Defined as
profound hearing impairment at frequencies of 3000, 4000, and 8000 Hz. Significance codes: “***” <0.001, “**” <0.01, “*” <0.05.
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Age (median [IQR]) 52.0 [46.0, 60.0] 55.0 [48.0, 61.0] <0.001 59.0 [52.0, 64.0] <0.001 57.0 [50.0, 63.0] <0.001
Sex = Male (%) 18250329.2 (47.7) 5841606.6 (58.1) < 0.001 5450856.6 (63.2) <0.001 11158430.9 (63.4) <0.001
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Smoke = yes (%) 8277368.3 (21.6) 2523541.6 (25.1) 0.009  2312164.2 (26.8) <0.001 4580917.5 (26.0) < 0.001
Marital = Separated (%) 10822164.1 (28.3) 2937191.0 (29.2) 0.507  2582409.0 (30.0) 0192  4984034.1(28.3) 0.955
Poverty (median [IQR]) 3.4[2.0,5.0] 32[1.9,5.0] 0027  2.8[17,49] <0.001 3.0[18,5.0] <0.001
Soldier = yes (%) 4882856.1 (12.8) 1821555.9 (18.1) < 0.001 1712221.2 (19.9) < 0.001 3348127.9 (19.0) < 0.001
BMI (median [IQR]) 28.4 [24.8, 32.6] 29.2[25.6, 33.5] <0.001 28.9 [25.4, 33.2] <0.001 28.8 [254, 32.8] <0.001
Noisework = yes (%) 11438583.1 (29.9) 4175434.0 (41.5) <0.001 31653022 (36.7) <0.001 6337936.8 (36.0) <0.001
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COPD = yes (%) 1948182.4 (5.1) 808968.5 (8.0) < 0.001 680840.7 (7.9) <0.001 1180719.8 (6.7) 0.001

Data expressed as number (weighted% of participants) for categorical variables and median (interquartile range) of the mean for continuous variables. Wilcoxon rank-sum test was used for
continuous variables. Chi-square test was used for categorical variables. All p-values are statistically significant (p < 0.05). HL, hearing loss; BMI, body mass index; DII, dietary inflammation index;
DM, diabetes; CVD, cardiovascular disease; COPD, chronic obstructive pulmonary disease.






