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Objective: To investigate the impact of the severity of age-related hearing loss (ARHL) and tinnitus, presence of ARHL and/or tinnitus, and physical frailty on the health-related quality of life (HRQoL) and domain-specific HRQoL in Chinese community-dwelling older adults.

Design: This was a cross-sectional study of a community-based cohort.

Participants: We evaluated Chinese older adults (n = 429, 183 men and 246 women) aged ≥ 58years.

Measurements: The severity of HL and tinnitus were measured using pure-tone audiometry and the Tinnitus Handicap Inventory (THI), respectively. Physical frailty was measured using the five-item Fried scale. HRQoL was assessed using the Assessment of Quality of Life-8-Dimension (AQoL-8D) multi-attribute utility instrument (35 HRQoL items and eight domain-specific HRQoL subcategories). Low HRQoL (HRQoL score or subscores in the highest quintile) was used as a dependent variable in logistic regression analyses adjusted for demographic (Model 1) and health-related (Model 2) and psychosocial (Model 3) confounders.

Results: Age-related hearing loss severity was an independent determinant of senses in the physical dimension of HRQoL after adjusting for all covariates. Tinnitus severity was significantly associated with HRQoL and with independent living, senses, and pain in the physical dimension after adjusting for demographic and health-related covariates and was still associated with independent living and senses after adjusting for all covariates. The presence of ARHL and/or tinnitus was significantly associated with independent living and senses in the physical dimension after adjusting for all the covariates. Physical frailty was an independent determinant of HRQoL, independent living, and pain in the physical dimension and with mental health, happiness, and coping in the psychosocial dimension after adjusting for demographic and health-related covariates. The association with HRQoL, independent living, and pain in the physical dimension, and with happiness and coping in the psychosocial dimension remained significant after adjusting for the covariates. Depressive symptoms, social dysfunction, and a number of comorbidities were critical determinants of psychosocial HRQoL.

Conclusion: Physical frailty has a stronger and more profound effect on HRQoL, particularly on independent living and pain in the physical dimension and on happiness and coping in the psychosocial dimension. Domain-specific HRQoL should be considered in the management of patients with ARHL with tinnitus and physical frailty.

Clinical Trial Registration: www.ClinicalTrials.gov, identifier: NCT2017K020.
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INTRODUCTION

Age-related hearing loss (ARHL) is the most common chronic disorder of the sensory system (1). Physical frailty, especially mobility frailty characterized by slowness and/or weakness, is a common geriatric syndrome associated with a decline in the functioning of multiple physiological systems (2, 3). Both ARHL and physical frailty are principal causes of chronic disability (2, 4) and are expected to increase with the rapid growth of the aging population. Hearing loss is projected to become one of the top 10 burdens of disease by 2030 (5). ARHL is associated with frailty, falls, poor psychosocial well-being (e.g., social isolation, loneliness, and depression), poor communication, and cognitive decline (3, 6–8). Chronic subjective tinnitus is another common disorder of the auditory system that occurs as a comorbidity of ARHL in older adults.

The severity of ARHL (9) and tinnitus (10), and the presence of ARHL and tinnitus (11) have been reported to be associated with poor health-related quality of life (HRQoL). Physical frailty is an emerging global health burden, affecting ~11% of older community-dwelling adults in high-income countries and having an even higher prevalence in low-income countries (2, 12). Physical frailty could result in various adverse outcomes, such as disability, falls, cognitive decline, depression, lower HRQoL, hospitalization, and mortality (2, 13, 14). Although ARHL, tinnitus, and physical frailty are important determinants of HRQoL, differences in their effects on HRQoL and on specific physical and psychosocial dimensions of HRQoL remain poorly understood.

The negative effect of the severity of ARHL and tinnitus and the presence of ARHL and/or tinnitus on HRQoL varies according to the assessment instruments used (e.g., hearing-related QoL and generic QoL instruments) and confounders (15, 16). Overall, HRQoL with broader dimensions is more widely used than hearing-related QoL to assess the physical and mental health of patients with ARHL and tinnitus. A series of cross-sectional studies on a Korean adult population assessed HRQoL using the EuroQol five-dimensional (EQ-5D) questionnaire, and those with moderate to severe hearing loss had lower health status than those without hearing loss after adjusting for sociodemographic, health-related, and psychological factors, and comorbidities (9). Moreover, patients with hearing loss with tinnitus have lower mobility, usual activity, and anxiety/depression HRQoL than those with a normal hearing without tinnitus (17). In studies that assessed the overall HRQoL of patients with hearing loss and tinnitus using the Medical Outcomes Study 36-item Short-Form Health Survey (12-item) (10, 18), individuals with more severe tinnitus had worse physical, bodily pain, vitality, and mental health scores (18). Further, sex, depressive symptoms, anxiety, and somatization symptoms were found to regulate the effect of chronic tinnitus on the mental and physical dimensions of HRQoL (10).

The older population has more complex multimorbidity due to the overlap among physical frailty, comorbidity, and chronic physical and mental health diseases (19). Physical frailty is highly prevalent and usually coexists with ARHL and tinnitus in older adults. Importantly, physical frailty might be a potential mediator of the association between ARHL with tinnitus and HRQoL (6). The effect of ARHL on cognition is greater among individuals older than 75 years (20). Furthermore, the coexistence of physical frailty with ARHL has been confirmed to be associated with worse cognitive performance in the elderly (21). Many previous studies have shown that community-dwelling older people with physical frailty have worse HRQoL and specific HRQoL domains after adjusting for confounders (13, 14). Thus, the impact of the severity of ARHL and tinnitus, and the presence of ARHL and/or tinnitus and physical frailty on the low HRQoL and specific domains of HRQoL needs to be further investigated.

This study aimed to determine whether these associations were different and independent of demographic, health-related, and psychosocial factors. We hypothesized that the association of physical frailty with HRQoL and specific domains in community-dwelling older people is different from that of ARHL with tinnitus.



MATERIALS AND METHODS


Study Design

In total, 429 community-dwelling Chinese older adults (age ≥58 years) were recruited from our previous cross-sectional cohort study on ARHL with tinnitus and general health (22). The number and characteristics of participants were the same as those in our recently published article describing the association of frailty phenotypes with age-related hearing loss and tinnitus (3).



Participants

All the participants underwent cognitive function, hearing and tinnitus severity, QoL, and comprehensive geriatric assessments. The inclusion criteria were: (1) permanent residence in the community, (2) age ≥58 years, and (3) willingness to participate in the project. The exclusion criteria were as follows: (1) handicap, (2) profound loss of hearing (including hearing aids) and vision, (3) dementia, (4) psychiatric/neurological disorders and dyslexia, and (5) taking medicines that affect cognitive performance. All participants provided informed consent prior to participation. This study was approved by the Ethics Committee of Huadong Hospital (Approval No. Ref 2018K055), and was conducted in accordance with the Declaration of Helsinki.



HRQoL Assessment

Health-related quality of life was assessed using the 35-item Assessment of Quality of Life (AQoL-8D) self-report questionnaire. The questionnaire covers three physical (independent living, pain, and senses) and five psychosocial dimensions (mental health, happiness, coping, relationships, and self-worth) (23). The senses domain was defined as a sensory system function. The respondents were asked to rate each item, and the HRQoL score was calculated by summing answers to the 35 QoL items (from 0 to 140). The unweighted total score and subscore of each specific domain were standardized, and the total HRQoL score ranged from 0 to 100, with lower scores indicating higher HRQoL. The highest quintile for the HRQoL score, as well as each domain-specific HRQoL subscore, was defined as 1 = low HRQoL, while scores below the highest quintile were defined as 0 = better HRQoL.



Assessment of ARHL, Tinnitus, Cognition, and Physical Frailty

The severity of ARHL and chronic subjective tinnitus (i.e., >3 months) was assessed using pure-tone audiometry and the Tinnitus Handicap Inventory (THI), respectively. The pure-tone average (PTA) in the better ear was calculated using the.5-, 1-, 2-, and 4-kHz thresholds. The participants were then divided into four groups based on their hearing levels (0 = normal hearing [PTA ≤ 15 dB]; 1 = subclinical hearing loss [PTA >15, ≤ 25 dB]; 2 = mild loss [PTA > 25, ≤ 40 dB]; and 3 = moderate to severe hearing loss [PTA > 40 dB]) (24).

Tinnitus was classified into three categories by severity [0 = without tinnitus, 1 = mild (THI score: 1–16 and 18–36); 2 = moderate (THI score: 38–56, 58–76), and 3 = severe (THI score: 78–100)]. The patients were also scored based on the presence of ARHL and/or tinnitus (0 = without ARHL and tinnitus; 1 = only ARHL; 2 = only tinnitus; and 3 = with ARHL and tinnitus).

Cognitive performance was assessed using the global cognitive screening test; Mini-Mental Status Exam (MMSE); and normative z-scores of the neuropsychological test battery, including executive or attention, language, and memory domains (3, 25). Physical frailty was evaluated using the five-item Fried scale (weakness, slowness, unexplained weight loss, fatigue, and low physical activity) with Chinese reference values (26, 27). The Fried scale score ranges from 0 to 5, with scores 3–5 and 1–2 indicating frail and prefrail, respectively.



Covariates

All the subjects underwent face-to-face interviews to collect demographic information and completed a standardized medical questionnaire. The demographic information included age, sex, education level, height, body weight, and body mass index (BMI, calculated as weight in kg divided by height in m2). The medical questionnaire included self-reported smoking, alcohol intake, and chronic comorbidities (3). The number of comorbidities was categorized as 0, 1, 2, and >2. Chronic diseases, such as diabetes mellitus, cardiovascular disease (CVD), stroke, and non-skin malignancies were also considered as covariates. Depressive symptoms, neuropsychiatric symptoms, and social dysfunction were assessed using the 15-item short form of the Geriatric Depression Scale, a brief version of the self-report Neuropsychiatric Inventory Questionnaire (NPI), and the 21-item Social Dysfunction Rating Scale, respectively (3).



Statistical Analysis

Continuous variables were expressed as medians and quartiles, and non-normally distributed variables were tested using the Kolmogorov–Smirnov test. Meanwhile, categorical data were expressed as proportions and compared using the X2 test. Differences in continuous and categorical variables between groups were analyzed using Spearman's test for bivariate correlation and one-way analysis of variance, respectively. A univariate correlation was analyzed using the test of homogeneity or the Mann–Whitney U test as appropriate. The association of the severity of ARHL, tinnitus, or the presence of ARHL with tinnitus and HRQoL and specific domains of HRQoL was assessed using multiple logistic regression analyses adjusted for age, sex, education level (Model 1); adjusted for covariates in Model 1 and other health covariates (Model 2); and adjusted for covariates in Model 2 and psychosocial factors, including social dysfunction, depression, and neuropsychiatric symptoms (Model 3). These models were run for low HRQoL scores and then separately for each low domain-specific subscore, which was used as a dependent variable. All the statistical analyses were performed using SPSS version 18.0, and P < 0.05 was considered statistically significant.




RESULTS


Influencing Factors of HRQoL and/or Tinnitus

Patient characteristics stratified by ARHL, tinnitus, and the presence of ARHL and tinnitus are shown in Table 1. Bivariate analysis showed that sex, tinnitus severity, physical frailty, comorbidity number, CVD, diabetes mellitus, social dysfunction, depressive symptoms, and NPI were significantly associated with HRQoL. The severity of ARHL and tinnitus, the presence of ARHL and/or tinnitus, physical frailty, comorbidity number, CVD, stroke, social dysfunction, age, depressive symptoms, and NPI were significantly associated with the physical dimensions of HRQoL. Meanwhile, tinnitus severity, physical frailty, comorbidity number, CVD, diabetes mellitus, smoking, age, social dysfunction, depressive symptoms, and NPI were significantly associated with the psychosocial dimensions of HRQoL.


Table 1. Participant characteristics by severity of ARHL and tinnitus and the presence of ARHL and/or tinnitus.
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Association of ARHL Severity and Physical Frailty With HRQoL

The results of the multiple logistic regression models on the relationships between the severity of ARHL and high HRQoL (low scores) or low subscores in the physical dimensions of HRQoL are shown in Table 2. No significant association between ARHL severity and HRQoL was observed. Physical frailty was significantly associated with low HRQoL. In Model 1, female sex was associated with a significantly lower probability of high HRQoL (odds ratio [OR] = 0.585, 95% confidence interval [CI] = 0.354–0.966) (Table 2). In Model 2, no physical frailty (OR = 11.839, 95% CI = 3.554–39.436], pre-physical frailty (OR = 6.028, 95% CI = 1.724–21.08), and no CVD (OR = 2.007, 95% CI = 1.148–3.51) were associated with significantly higher probability of high HRQOL. In Model 3, lack of physical frailty (OR = 17.385, 95% CI = 2.272–133.058), pre-physical frailty (OR = 9.529, 95% CI = 1.191–76.241), and no CVD (OR = 2.24, 95% CI = 1.142–4.393) were associated with significantly higher probability of high HRQOL. Meanwhile, social dysfunction (OR = 0.893, 95% CI = 0.829–0.962) and depressive symptoms (OR =0.797, 95% CI =0.667–0.952) were associated with significantly lower probability of high HRQoL.


Table 2. Multiple logistic regression analysis of the association of ARHL severity with high quality of life (low score) and low subscores in domain-specific quality of life.
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For the physical dimensions, after adjusting for all the covariates in Model 3, absence of ARHL (OR = 10.319, 95% CI = 4.944–21.536) and subclinical ARHL (OR = 5.303, 95% CI = 2.432–11.61) were significantly associated with a higher probability of better HRQoL in senses domain. Meanwhile, mild ARHL (OR = 1.818, 95% CI = 0.898–3.68) showed a marginal association. In Model 3, physical frailty had no effect on senses, while social dysfunction (OR = 0.922, 95% CI = 0.89–0.955) was associated with significantly worse senses. Lack of physical frailty (OR = 5.605, 2.904; 95% CI = 2.237–14.043, 1.400–6.021, respectively) and pre-physical frailty (OR = 1.623, 2.221; 95% CI = 0.582–4.529, 1.03–4.79, respectively) were associated with significantly higher probability of independence and less pain after adjusting for all the covariates (Table 2). Other independent determinants were social dysfunction for independent living and psychosocial variables and education levels for pain.

Age-related hearing loss severity showed no significant association with all the five psychosocial dimensions (Table 3). No physical frailty was associated with significantly higher happiness (OR = 2.510, 95% CI = 1.109–5.682) and coping (OR = 3.637; 95% CI: 1.032–12.821) in Model 3, and better mental health (OR = 2.581, 95% CI = 1.179–5.647) in Model 2, but not associated with self-worth and relationship. No comorbidity was associated with significantly higher probability of better mental health (OR = 5.082, 95% CI =1.84–14.042), coping (OR = 7.51, 95% CI = 1.937–29.112) in Model 2, and relationships in Models 2 (OR = 6.162, 95% CI = 2.414–15.732) and 3 (OR = 4.046, 95% CI = 1.323–12.374). Depressive symptoms were associated with a significantly lower probability of better functioning across psychosocial dimensions, while social dysfunction was associated with lower mental health, happiness, and relationships.


Table 3. Multiple logistic regression analysis of the association of ARHL severity and psychological dimension of HRQoL.
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Association of Physical Frailty and Tinnitus Severity With HRQoL

The results of the multiple regression models on the relationships between tinnitus severity and HRQoL or physical dimensions of HRQoL are shown in Table 4. Absence of tinnitus (OR = 8.014, 95% CI = 1.04–61.722) and mild tinnitus (OR = 10.024, 95% CI = 1.25–80.384) were associated with significantly higher probability of high HRQoL in Model 2, but not in Model 3. Lack of physical frailty (OR = 16.437, 95% CI = 2.146–125.896) and pre-physical frailty (OR = 8.945, 95% CI = 1.118–71.593) were associated with significantly higher probability of high HRQoL in Model 3. Social dysfunction and depressive symptoms were also independent risk factors of high HRQoL. Absence of tinnitus and mild tinnitus were associated with significantly better independent living (OR = 11.904 and 5.354, 95% CI = 1.529–92.697 and 0.631–45.42, respectively) and senses (OR = 12.502 and 7.293, 95% CI = 2.765–56.528 and 1.529–34.797, respectively) in Model 3. Furthermore, absence of tinnitus was associated with significantly lower odds of pain in Models 1 (OR = 3.507, 95% CI = 1.494–8.230) and 2 (OR = 2.639, 95% CI = 1.082–6.434,), but not in Model 3 after adjusting for additional psychosocial covariates. Absence of physical frailty (OR = 6.999 and 3.343, 95% CI = 2.742–17.865 and 1.593–7.018, respectively) was associated with a significantly higher probability of better independent living and lower probability of pain in Model 3, and pre-physical frailty (OR = 2.539, CI = 1.169–5.513) was associated with significantly lower probability of pain in Model 3 after adjusting for all the covariates. CVD was an independent determinant of independent living; age and social dysfunction were independent determinants of senses; and education level, social dysfunction, and depressive symptoms were independent determinants of pain (Table 4).


Table 4. Multiple logistic regression analysis of the association of tinnitus severity with high quality of life (low scores) and low subscores of domain-specific quality of life.
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Among the five psychosocial dimensions, depressive symptoms were independent risk factors for worse psychosocial dimensions, and social dysfunction was an independent risk factor for worse mental health, happiness, and relationship. Tinnitus severity was not directly associated with the psychosocial dimensions (Table 5). Absence of physical frailty was associated with significantly higher probability of better mental health (OR = 2.664, 95% CI = 1.212–5.856) and happiness (OR = 2.906, 95% CI = 1.558–5.42) in Model 2, and with happiness (OR = 2.427, 95% CI = 1.069–5.509) and coping (OR = 3.584, 95% CI = 1.016–12.638) in Model 3 (Table 5). A lack of or presence of one comorbidity was associated with a significantly higher probability of high HRQoL in the psychosocial dimensions, including mental health, coping, and relationships in Model 2, and no comorbidity was still associated with a significantly higher probability of high HRQoL in the domain of relationships.


Table 5. Multiple logistic regression analysis of the association of tinnitus severity and psychological dimension of HRQoL.
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Association of Physical Frailty and the Presence of ARHL and/or Tinnitus With HRQoL

The relationships of presence of ARHL and/or tinnitus with HRQoL or physical dimensions of HRQoL in the different multiple regression models are shown in Table 6. The presence of ARHL and/or tinnitus was not significantly associated with HRQoL or pain as a physical dimension. The lack of ARHL and tinnitus and the presence of ARHL and/or tinnitus were associated with significantly low HRQoL subscores of physical dimensions of independent living (OR = 2.372, 95% CI = 1.01–5.573; OR = 2.786, 95% CI = 1.337–5.804; and OR = 3.551, 95% CI = 1.132–11.14, respectively) and sense (OR = 11.843, 95% CI = 5.477–25.605; OR = 2.56, 95% CI = 1.404–4.667; OR = 4.712, 95% CI = 1.753–12.665, respectively) after adjusting for all the covariates. No physical frailty and pre-physical frailty were associated with significantly higher probability of low HRQoL scores (OR = 17.385, 95% CI = 2.272–133.058 and OR = 9.529, 95% CI = 1.191–76.241, respectively) and low pain (OR = 2.901, 95% CI = 1.4–6.021 and OR = 2.221, 95% CI = 1.03–4.79, respectively) in Model 3. Patients without physical frailty were significantly more likely to have better independent living (low subscores) (OR = 5.864, 95% CI = 2.297–14.97) in Model 3.


Table 6. Multiple logistic regression analysis of the association of the presence of ARHL and/or tinnitus with high quality of life (low scores) and low subscores of domain-specific quality of life.

[image: Table 6]

The presence of ARHL and/or tinnitus was not associated with any of the five psychosocial HRQoL domains (Table 7). Those without physical frailty showed a significantly higher probability of high HRQoL (low subscores) in mental health (OR = 2.595, 95% CI = 1.185–5.681) after adjusting for the covariates in Model 2 and in happiness (OR = 2.51, 95% CI = 1.109–5.682) and coping (OR = 3.637, 95% CI = 1.032–12.821) after adjusting for all the covariates in Model 3. No comorbidity or only one comorbidity was associated with a significantly higher probability of high HRQoL (low subscores) in mental health (OR = 5.1, 95% CI = 1.845–14.092; OR = 3.513, 95% CI = 1.471–8.392, respectively), coping (OR = 7.512, 95% CI = 1.938–29.114; OR = 3.233, 95% CI = 0.886–11.8, p = 0.076, respectively) and relationships (OR = 6.162, 95% CI = 2.414–15.732; OR = 2.61, 95% CI = 1.115–6.108, respectively) after adjusting for the covariates in Model 2 and in relationships (OR = 4.046, 95% CI = 1.323–12.374) after adjusting for all the covariates in Model 3. Depressive symptoms were the major determinant of all the five psychosocial dimensions, and social dysfunction was an important determinant of mental health, happiness, and relationships. Age, education level, smoking, and CVD were also independent risk factors for mental health after adjusting for all the covariates.


Table 7. Multiple logistic regression analysis of the association of the presence of ARHL and/or tinnitus and psychological dimension of HRQoL.
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DISCUSSION

The impact of the presence and severity of ARHL and tinnitus, ARHL, tinnitus, and physical frailty on the HRQoL and its specific domains in community-dwelling older adults is yet to be clarified to date. This study found an association of ARHL severity with the senses domain of HRQoL, and the association remains significant after adjusting for demographic, health-related, and psychosocial covariates. Tinnitus severity is negatively associated with HRQoL and with three physical dimensions, but the association is no longer significant for HRQoL and pain after adjusting for all the covariates in Model 3. The presence of ARHL and/or tinnitus is only significantly associated with independent living and senses, and the association remains significant after adjusting for all the covariates. The severity of physical frailty is significantly associated with worse HRQoL (high scores) and independent living and pain (high subscores), and the associations remain significant after adjusting for all the confounders. Moreover, the severity of physical frailty is also significantly associated with the psychosocial domains of mental health, happiness, and coping, and the association is only decreased for mental health after adjusting for the psychosocial covariates in Model 3. The use of a multidimensional HRQoL questionnaire and the three models, with successive adjustments for different covariates, provided original information on these relationships.

These results extend our understanding of the association among the severity of ARHL (8, 9), tinnitus (10, 18), physical frailty (13, 14, 26), and the presence of ARHL and/or tinnitus (17) with HRQoL. Furthermore, these findings provide more evidence on the interaction among ARHL, tinnitus, and physical frailty in their relationship with HRQoL after adjusting for demographic, health-related, and psychosocial factors. Physical frailty coexisting with ARHL, tinnitus, and ARHL with tinnitus had a stronger effect on the overall HRQoL. Several previous studies have indicated that ARHL (8, 9, 28, 29) and/or tinnitus (10, 30) were negatively associated with HRQoL. However, we found no significant association among ARHL severity, the presence of ARHL and/or tinnitus, and HRQoL, and the association between tinnitus severity and HRQoL was also no longer significant after adjustment for psychosocial factors. The difference in our results, in comparison with previous findings, may be due to the different assessment tools used for HRQoL and various covariates. Physical frailty has been shown to be an important determinant of HRQoL in numerous studies (13, 14), and consistent findings were obtained in this study. Physical frailty remained significantly associated with HRQoL after adjusting for all the covariates, such as the severity of ARHL and tinnitus and the presence of ARHL and/or tinnitus. Moreover, those with physical frailty had a significantly higher probability of poor HRQoL than those with pre-physical frailty.

The effects of age-related auditory disorders (ARHL and tinnitus) on the specific domains of HRQoL were significantly different from those of physical frailty. Previous studies have indicated that ARHL, tinnitus, and the presence of ARHL and/or tinnitus were significantly associated with physical function (7), frailty phenotypes (3), cognition (31, 32), social dysfunction (33), and psychological disorders (e.g., depressive symptoms and anxiety) (10, 11, 24, 34). However, this study found no significant associations between these age-related auditory disorders and the psychosocial dimensions of HRQoL. Among the three physical dimensions, ARHL severity was only significantly associated with senses. This is consistent with a previous finding that hearing loss is inversely associated with physical health scores after adjusting for sociodemographic and health-related factors (35). Furthermore, we found that tinnitus is significantly associated with independent living, senses, and pain after adjusting for the demographic and health-related factors. However, the association between tinnitus severity and pain was no longer significant after adjusting for the psychosocial factors. A large-scale population-based study reported that people with increasing tinnitus severity had worse physical, pain, vitality, and mental health HRQoL (18). In another study, depression-and anxiety-mediated chronic tinnitus caused impairments in mental and physical HRQoL in women and men, respectively (10).

Our study also showed that psychosocial factors, such as social dysfunction and depressive symptoms, were independent determinants of the psychosocial dimensions of HRQoL. In a large cross-sectional population-based study of individuals aged >19 years, hearing loss with tinnitus had a significant impact on all five dimensions (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression) of HRQoL (17). In contrast, our results showed that the presence of ARHL and/or tinnitus was significantly associated with independent living and senses in physical dimensions, but not with psychosocial dimensions after adjusting for all the covariates.

Several studies have shown that frailty, including physical frailty, is significantly associated with worse HRQoL in the community-dwelling older people (13, 14). Among Fried's frailty criteria, “slowness” had the strongest correlation with worse HRQoL after adjusting for the age, sex, and socioeconomic and health covariates (26). Our results revealed that physical frailty has different effects on the physical and psychosocial dimensions of HRQoL. It was not only significantly associated with independent living and pain in the physical dimensions, but also with happiness and coping in the psychosocial dimensions. Participants with physical frailty had worse HRQoL in these dimensions than those with pre-physical frailty. Given that gait and ARHL are important contributors to frailty and the importance of sensory and locomotion domains in intrinsic capacity (6, 36), the different effects of multiple sensory and functional mobility impairments on HRQoL and specific domains need to be further investigated in the future.

Aside from ARHL, tinnitus, physical frailty, education level, BMI, alcohol intake, disability in basic activities of daily living, multicomorbidity, chronic diseases, cognition, and depressive symptoms also influence HRQoL (9, 10, 17, 26, 35). In this study, age and education level were independent determinants of the senses and pain domains of the physical dimension, respectively. Social dysfunction was an independent risk factor for overall HRQoL; senses and pain in the physical dimension; and mental health, happiness, and relationships in the psychosocial dimension. Depressive symptoms were independent determinants of overall HRQoL, physical pain, and all the five psychosocial dimensions. CVD was a risk factor for worse HRQoL, independent living in the physical dimension, and mental health in the psychosocial dimension. In addition, the number of comorbidities was associated with mental health, coping, and relationships, especially relationships in the psychosocial dimension.

To our best knowledge, this cross-sectional study is the first to report the different effects of the severity of ARHL, tinnitus, and physical frailty, and the presence of ARHL and/or tinnitus on overall HRQoL and its specific domains. The use of a multidimensional HRQoL instrument, in combination with several self-report and objective covariates, in the assessment improved the robustness of the data collected. However, there are also some limitations to this study. First, participation was voluntary, which could have led to selection bias. Second, the cross-sectional design limited the analysis of causal relationships. For example, ARHL and tinnitus are associated with depressive symptoms (3, 9, 10, 16–18, 28, 29, 34) and social dysfunction (3, 16, 33), which are independent determinants of HRQoL and specific domains. However, we failed to identify a significant association between ARHL/tinnitus and HRQoL/psychosocial dimensions of HRQoL. Moreover, it is difficult to determine whether ARHL, tinnitus, and physical frailty are causes or consequences of poor HRQoL and its specific domains. Finally, senses in the physical HRQoL dimension included few parameters of auditory-related QoL, such as sound localization, hearing in noise, sound clarity, and pitches (16). However, these are crucial for assessing HRQoL after cochlear implant or hearing aid use. Longitudinal studies are needed to understand the causal relationships among ARHL, tinnitus, physical frailty, and HRQoL.

In conclusion, ARHL severity is an independent determinant of senses, while tinnitus severity is an independent determinant of independent living and senses in physical HRQoL. Physical frailty is an independent determinant of overall HRQoL, of independent living and pain in the physical dimension, and of happiness and coping in the psychosocial dimension.
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