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Abstract 
    Background: Hearing loss is the most prevalent sensory impairment among older adults and has been associated with various adverse 
health outcomes. Frailty syndrome is another major geriatric condition associated with increased morbidity and mortality. This study 
aimed to evaluate whether hearing loss is independently associated with frailty after adjusting for potential confounding factors. 
   Methods: This cross-sectional analytical study included 600 older adults selected from the second phase of the Amirkola Health and 
Ageing Project (AHAP). After excluding participants with incomplete data, we randomly selected 300 participants from each hearing 
status group, yielding a final analytical sample of 600 participants: those with hearing loss and those without. This 1:1 allocation between 
hearing groups was created by the authors and does not reflect the natural distribution of hearing loss in the AHAP cohort. Frailty was 
assessed using the validated FRAIL questionnaire (frail: score ≥3; non-frail: robust + pre-frail: score 0–2). Multivariate logistic 
regression analyses were performed to examine the association between hearing loss and frailty, adjusting for age, sex, body mass index 
(BMI), diabetes, education level, marital status, and comorbid chronic diseases. 
    Results: In unadjusted analyses, hearing loss was significantly associated with higher odds of frailty (OR = 2.26, 95% CI: 1.60–3.20, 
P < 0.001). Frailty was present in 43.0% of participants with hearing loss compared to 25.0% of those with normal hearing. After 
adjusting for confounding variables, hearing loss remained significantly associated with frailty (OR = 1.90, 95% CI: 1.25–2.90, P = 
0.003). Older age (P < 0.001), female sex (P < 0.001), multimorbidity (P < 0.001), and hearing loss (P = 0.003) were independently 
associated with frailty. 
   Conclusion: Hearing loss was independently associated with frailty, even after adjusting for major confounding factors. These findings 
suggest that hearing loss is associated with frailty in Iranian older adults. Longitudinal studies using objective audiometric measures are 
necessary to determine whether this association is causal. 
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Introduction 
Population aging is accelerating globally due to advances 

in healthcare and increased life expectancy (1). According 
to the World Health Organization (WHO), individuals aged 
60 years and older constitute a rapidly expanding demo-
graphic group, particularly in low- and middle-income 
countries (2, 3). Iran is experiencing a similar demographic 
transition; national projections indicate that more than 30% 
of the population will be aged 60 years or older by 2050, 

highlighting the growing public health burden of age-re-
lated conditions (4, 5). 

Hearing loss is one of the most prevalent chronic condi-
tions among older adults and a significant contributor to 
disability worldwide (6, 7). Global estimates indicate that 
over 1.5 billion individuals are affected by some degree of 
hearing loss, with prevalence markedly increasing with age 
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Key Messages: 
↑What is “already known” in this topic: 
Prior studies, primarily from Western and East Asian populations, have 
linked hearing loss to frailty; however, evidence from elderly populations 
in the Middle East is lacking.   
 
→What this article adds: 

This study among Iranian community-dwelling older adults suggests that 
hearing loss is associated with higher odds of frailty (OR=1.90); however, 
longitudinal studies are needed to establish causality and screening utility.  
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(8, 9). Age-related hearing loss is linked to adverse physi-
cal, psychological, and social outcomes, including social 
isolation, depression, reduced physical function, and an in-
creased risk of falls (10–14). These consequences may ex-
pedite functional decline in later life. 

Frailty is a multidimensional geriatric syndrome charac-
terized by reduced physiological reserve and increased vul-
nerability to stressors (15, 16). Regardless of the conceptual 
framework employed—whether the physical phenotype or 
deficit accumulation model—frailty has been consistently 
associated with disability, hospitalization, loss of independ-
ence, and mortality (17–22). Thus, identifying modifiable 
or early markers of frailty is a key priority in geriatric re-
search and clinical practice. 

Emerging evidence suggests a potential association be-
tween age-related hearing loss and frailty, possibly medi-
ated by shared mechanisms such as inflammation, vascular 
dysfunction, cognitive decline, and reduced physical and 
social engagement (23, 24). However, findings remain in-
consistent, and it is unclear whether hearing loss inde-
pendently contributes to frailty or merely reflects underly-
ing age-related comorbidities (25, 26). Moreover, data from 
Middle Eastern populations, including Iran, are limited. 

Given the rapid aging of the Iranian population and the 
high prevalence of both hearing loss and frailty, this study 
aimed to investigate whether hearing loss is independently 
associated with frailty among community-dwelling older 
adults. We hypothesized that hearing loss is associated with 
higher odds of frailty in the elderly population. 

 
Methods 
This cross-sectional analytical study was conducted us-

ing data from the second phase of the Amirkola Health and 
Ageing Project (AHAP), a population-based cohort study 
involving community-dwelling adults aged ≥60 years in 
northern Iran (27). From the total of 1616 participants in 
the second phase of the AHAP study, individuals with cog-
nitive impairment, defined as a score of <22 on the Mini-
Mental State Examination (MMSE) or an inability to pro-
vide informed consent, were excluded. Among the remain-
ing participants, 520 reported hearing loss and 1096 had 
normal hearing. After excluding 220 participants with in-
complete data, we performed stratified random sampling 
based on hearing status to ensure equal representation. Us-
ing a random number generator in SPSS, we randomly se-
lected 300 participants from the hearing loss group and 300 
from the normal hearing group, yielding a final analytical 
sample of 600 participants. Only hearing status was used 
for stratified random sampling; no matching or quota sam-
pling by age or sex was performed. This 1:1 allocation be-
tween hearing groups was created by the authors and does 
not reflect the natural distribution of hearing loss in the 
AHAP cohort. 

Hearing status was assessed through self-reported data 
obtained via structured interviews. Participants were clas-
sified as having hearing loss if they reported hearing loss 
and had either medical confirmation of hearing loss or hear-
ing aid use. Participants who reported no hearing loss and 
had no medical confirmation or hearing aid use were clas-

sified as having normal hearing. Although audiometric as-
sessments were not available, self-reported hearing loss and 
had either medical confirmation or hearing aid use has been 
shown to correlate reasonably well with objective hearing 
loss in large epidemiological studies. 

Frailty status was assessed using the validated FRAIL 
questionnaire, a screening tool consisting of five compo-
nents: fatigue, resistance, ambulation, illnesses, and weight 
loss. The total frailty score ranges from 0 to 5, with partic-
ipants classified as frail (score ≥3) or non-frail (robust: 
score 0; pre-frail: score 1–2) (28). For the main analysis, 
frailty was dichotomized as frail (score ≥3) versus non-frail 
(score 0–2). The Persian version of the FRAIL question-
naire has been validated for the Iranian elderly population 
(29). 

Demographic and clinical variables included age, sex, 
body mass index (BMI), educational level, marital status, 
marital status, diabetes mellitus, and the number of chronic 
underlying diseases. BMI was categorized as <25.0, 25.0–
29.9, and ≥30.0 kg/m². Diabetes status and comorbid con-
ditions were determined based on medical history and clin-
ical records 

 
Data analysis 
Descriptive statistics were employed to summarize par-

ticipant characteristics. Categorical variables were ex-
pressed as frequencies and percentages, while continuous 
variables were reported as means and standard deviations. 
Differences between groups were assessed using the chi-
square test for categorical variables and the independent t-
test for continuous variables. Multivariable logistic regres-
sion analyses were performed to examine the association 
between hearing loss and frailty status. Two categories of 
variables were considered: 

1. Established confounders known to influence both hear-
ing loss and frailty include age, sex, education level, and 
marital status. 

2. Additional covariates that may potentially lie on the 
causal pathway (mediators) or represent underlying comor-
bidities include body mass index (BMI), diabetes mellitus, 
and the number of chronic diseases (multimorbidity). 

All variables were simultaneously entered into a fully ad-
justed model to estimate the independent association of 
hearing loss with frailty. Odds ratios (ORs) and 95% confi-
dence intervals (CIs) were calculated after adjusting for po-
tential confounding variables, including age, sex, BMI, ed-
ucation level, marital status, diabetes, and comorbid 
chronic diseases. A two-sided p-value < 0.05 was consid-
ered statistically significant. All statistical analyses were 
conducted using SPSS software (version 25). The sample 
size was calculated based on the findings of a meta-analysis 
by Assi et al. (30), who reported an odds ratio of 1.87 for 
frailty in individuals with hearing loss compared to those 
without. Assuming a two-sided type I error (α) of 0.05, a 
power of 80% (β = 0.20), and a frailty prevalence of 20–
30% in the comparison group, the minimum required sam-
ple size was calculated as 175–195 participants per group. 
We selected 300 participants per group (total n = 600), with 
a 1:1 allocation chosen a priori to ensure balanced groups 
for multivariable logistic regression. 
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Results 
This cross-sectional descriptive–analytical study was 

conducted on 600 community-dwelling older adults aged 
≥60 years, with a mean age of 70.97 years (SD = 7.70, 
range: 60–94 years) residing in Amirkola city. The highest 
proportion of participants was in the 60–69 age group 
(50%), followed by those aged 70–79 years (35%) and ≥80 
years (15%). The sample included 300 men (50%) and 300 
women (50%). The majority of participants were married 
(82.3%) and illiterate (60.8%). Regarding BMI, 27% had 
normal weight, 38.3% were overweight, and 34.7% were 
obese. Most participants (70.3%) had three or more chronic 
diseases, and 30.5% had diabetes. In terms of hearing sta-
tus, 50% had hearing loss while the other 50% had normal 
hearing. Based on frailty status, 21.7% were robust, 44.3% 
were pre-frail, and 34% were frail (Table 1). 

Among participants with normal hearing (n = 300), 
26.0% (78) were classified as robust, 49.0% (147) as pre-

frail, and 25.0% (75) as frail. In contrast, among partici-
pants with hearing loss (n = 300), 17.3% (52) were robust, 
39.7% (119) were pre-frail, and 43.0% (129) were frail. The 
chi-square test indicated a statistically significant associa-
tion between hearing loss and frailty status (χ² = 22.441, df 
= 2, P < 0.001) (Figure 1). 

 
Unadjusted Analysis 
An analysis of Table 2, presenting the results of univari-

ate associations between various demographic and clinical 
variables and frailty status (using the Chi-square test for 
categorical variables and the independent t-test to compare 
mean ages)—revealed that nearly all examined characteris-
tics showed a significant association with frailty. Specifi-
cally, gender was significantly associated with frailty 
(P<0.001); the proportion of women in the frail group 
(72.5%) was markedly higher than that in the non-frail 
group (38.4%). Marital status also demonstrated a signifi-
cant association with frailty (P=0.001), with a greater per-
centage of single individuals in the frail group (25.0%) 

 
Table 1. Baseline demographic and clinical characteristics of the study participants stratified by hearing status (n = 600) 

Variables Category Normal hearing (n=300) hearing loss (n=300) Unadjusted P-value 
Sex, n (%) Male 150 (50) 150 (50) 1.00+ 
 Female 150 (50) 150 (50)  
Marital status, n (%) Single 52 (17.3) 54 (18.1) 0.816+ 
 Married 248 (82.7) 245 (81.9)  
Multimorbidity, n (%)  ≤2 diseases 124 (41.3) 54 (18) <0.001+ 
 ≥3 diseases 176 (58.7) 246 (82)  
Education level, n (%) Illiterate 171 (57) 194 (64.7) 0.014+ 
 Below diploma 62 (20.7) 69 (23)  
 Diploma 48 (16) 25 (8.3)  
 Above diploma 19 (6.3) 12 (4)  
BMI (kg/m²), n (%) >24.99 70 (23.6) 90 (30.4) 0.098+ 
 25-29.99 113 (38.2) 114 (38.5)  
 ≥30.0 113 (38.2) 92 (31.1)  
Diabetes mellitus, n (%) No 201 (67) 216 (72) 0.183+ 
 Yes 99 (33) 84 (28)  
Age, Mean (SD) - 69.54±6.94 72.39±8.17 <0.001++ 

BMI: Body mass index; SD: Standard deviation. 
+ P-values were calculated using the chi-square test for categorical variables. 
++ P-value was derived from an independent sample t-test comparing mean age between groups. 
 

 
 
Figure 1. Distribution of frailty status within each hearing group (normal hearing vs. hearing loss). 
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compared to the non-frail group (13.9%). The presence of 
three or more underlying chronic diseases exhibited the 
strongest association with frailty in the unadjusted analysis 
(p < 0.001), with 89.7% of frail individuals having at least 
three comorbidities, compared to 60.4% of non-frail indi-
viduals. Educational level showed a significant inverse re-
lationship with frailty (P < 0.001); the proportion of illit-
erate individuals was substantially higher in the frail group 
(77.9%) than in the non-frail group (52.0%), and the prev-
alence of frailty decreased markedly with increasing edu-
cational attainment. Body mass index (BMI) was signifi-
cantly associated with frailty (P = 0.023), with a higher per-
centage of obese individuals (BMI ≥ 30 kg/m²) in the frail 
group (42.1%) compared to the non-frail group (30.9%). 
Diabetes mellitus was also significantly associated with 
frailty (P = 0.010), with a higher prevalence of diabetes in 
the frail group (37.3%) versus the non-frail group (27.0%). 
The mean age was significantly higher in the frail group 
(73.47 years) than in the non-frail group (69.68 years, P < 
0.001). Finally, hearing loss was strongly associated with 
frailty in the unadjusted analysis (P<0.001), with a signifi-
cantly higher prevalence of hearing loss in the frail group 
(63.2%) compared to the non-frail group (43.2%). 

 
Multivariable-Adjusted Analysis 
To estimate the independent association of hearing loss 

with frailty and to adjust for potential confounders, all 
aforementioned variables were simultaneously entered into 
a multivariable logistic regression model, and adjusted 
odds ratios (OR) with 95% confidence intervals (CI) were 
calculated (Table 2). After adjusting for confounders, hear-
ing loss remained significantly associated with frailty (OR 
= 1.90, 95% CI: 1.25–2.90, P = 0.003). Female sex was also 

significantly associated with frailty, with women exhibiting 
more than 4.5 times higher odds of frailty compared to men 
(OR = 4.52, 95% CI: 2.82–7.31, P < 0.001). The presence 
of three or more chronic diseases was also significantly as-
sociated with frailty, increasing the odds of frailty by more 
than threefold (OR = 3.18, 95% CI: 1.82–5.58, P< 0.001). 
Increasing age was also significantly associated with 
frailty, with each one-year increment in age associated with 
an 8% increase in the odds of frailty (OR = 1.08, 95% CI: 
1.05–1.12, P < 0.001). Other covariates, including marital 
status, education, BMI, and diabetes, were not statistically 
significant after adjustment; however, obesity (BMI ≥30) 
had an OR of 1.72 (95% CI: 0.99–2.97, P = 0.051), which 
is compatible with a meaningful effect and warrants further 
investigation. 

 
Discussion 
In this population-based cross-sectional study involving 

600 community-dwelling Iranian older adults, hearing loss 
was independently associated with frailty after adjusting for 
potential confounders. Individuals with hearing loss exhib-
ited 90% higher odds of being frail compared to those with 
normal hearing (adjusted odds ratio = 1.90). This finding 
supports our initial hypothesis that hearing loss is associ-
ated with frailty  in older adults and is consistent with a sub-
stantial body of previous research (30, 32, 33). 

A meta-analysis of 14 observational studies reported that 
hearing loss was associated with 87% higher odds of frailty 
in cross-sectional studies and 56% higher odds in longitu-
dinal studies (30). A study of older men found that hearing 
loss was associated with higher odds of frailty (31). In the 
U.S. older adult population, a study using NHANES data 

Table 2. Factors Associated with Frailty in Unadjusted and Multivariable-Adjusted Logistic Regression Analyses 
Variables Category Non-frail 

(n=396) 
frail 

(n=204) 
Unadjusted 

OR (95% CI) 
Unadjusted 

P-value 
Adjusted OR 

(95% CI) 
Ad-

justed 
P-value 

Hearing loss 
 

No 225 (56.8) 75 (36.8) Ref.  Ref.  
Yes 171 (43.2) 129 (63.2) 2.26 (1.60, 3.20) <0.001+ 1.90 (1.25, 2.90) 0.003 

sex, n (%) Male 244 (61.6) 56 (27.5) Ref. <0.001+ Ref.  
 Female 152 (38.4) 148 (72.5) 4.24 (2.92, 6.16)  4.52 (2.82, 7.31) <0.001 
Marital status,  
n (%) 

Single 55 (13.9) 51 (25) Ref. 0.001+ Ref.  

 Married 341 (86.1) 153 (75) 0.48 (0.32, 0.74)  0.94 (0.55 , 1.59) 0.770 
Multimorbidity,  
n (%)  

≤2 diseases 157 (39.6) 21 (10.3) Ref. <0.001+ Ref.  

 ≥3 diseases 239 (60.4) 183 (89.7) 5.73 (3.52, 9.32)  3.18 (1.82, 5.58) <0.001 
Education level,  
n (%) 

Illiterate 206 (52) 159 (77.9) Ref. <0.001+ Ref.  

 Below diploma 99 (25) 32 (15.7) 0.42 (0.27, 0.65)  0.74 (0.43, 1.25) 0.266 
 Diploma 62 (15.7) 11 (5.4) 0.23 (0.12, 0.45)  0.49 (0.23, 1.06) 0.071 
 Above diploma 29(7.3) 2(1) 0.09 (0.02, 0.38)  0.24 (0.05, 1.14) 0.073 
 Overall test      0.041 
BMI (kg/m²), n (%) >24.99 116 (29.3) 46 (22.5) Ref. 0.023+ Ref.  
 25-29.99 159 (40.2) 71 (34.8) 1.13 (0.73, 1.74)  1.29 (0.76, 2.21) 0.336 
 ≥30.0 121 (30.6) 87 (42.6) 1.81 (1.18, 2.78)  1.72 (0.99, 2.97) 0.051 
 Overall test      0.096 
Diabetes mellitus,  
n (%) 

No 289 (73) 128(62.7) Ref. 0.010+ Ref.  

 Yes 107 (27) 76(37.3) 1.60 (1.13, 2.28)  1.41 (0.90, 2.22) 0.132 
Age, Mean (SD) - 69.68 (7.15) 73.47 

(8.13) 
1.07 (1.04, 1.10) <0.001++ 1.08 (1.05, 1.12) <0.001 

BMI: Body mass index; OR = odds ratio; CI = confidence interval. 
Unadjusted ORs were calculated using univariable logistic regression. Adjusted ORs were calculated using multivariable logistic regression including age, sex, BMI, 
education level, marital status, diabetes, and multimorbidity (n = 600). 
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demonstrated that moderate or greater hearing loss was as-
sociated with 62% higher odds of frailty relative to normal 
hearing (32). Similarly, a study using Health and Retire-
ment Study (HRS) data reported that hearing loss was as-
sociated with greater odds of both frailty and pre-frailty 
compared to being robust (33). Our findings from the Ira-
nian population align with this global evidence, suggesting 
that the association between hearing loss and frailty is in-
dependent of confounders such as age, sex, body mass in-
dex, diabetes, and multimorbidity. 

Several biological pathways may elucidate the relation-
ship between hearing loss and frailty. Hearing loss is asso-
ciated with impaired auditory processing, increased cogni-
tive load (34), social isolation (34), depression (35), re-
duced physical activity (35), slower gait speed (36), and an 
elevated risk of falls (37). These factors can interact in a 
vicious cycle, mutually reinforcing one another and ulti-
mately leading to physical frailty. Furthermore, some stud-
ies have suggested that hearing aid use may be associated 
with lower odds of frailty (33), although data on hearing aid 
use were not available in our study. Given that frailty is a 
dynamic and potentially reversible condition (18), early 
identification of hearing loss and appropriate intervention 
may be hypothesized to play a role in frailty prevention, but 
this requires longitudinal or trial evidence. 

In the present study, among the covariates examined, 
older age, female sex, and multimorbidity —the presence 
of three or more chronic diseases—were also significantly 
associated with frailty in the fully adjusted model.  These 
findings are consistent with prior studies; for instance, a 
study using HRS data also identified older age (33), female 
sex (33), and multimorbidity (32, 33) as being associated 
with frailty.e Interestingly, a previous cross-sectional study 
using NHANES data found that the association between 
hearing loss and frailty was statistically significant only in 
women, and not in men (38). 

The study by Tian and colleagues further emphasized that 
age and chronic diseases are among the most significant 
correlates of frailty in older adults (31). However, marital 
status, educational level, body mass index, and diabetes 
mellitus—although significantly associated with frailty in 
univariate analyses— were not statistically significant after 
multivariable adjustment. This pattern aligns with the find-
ings of the NHANES and HRS studies, in which BMI, dia-
betes, and education were primarily regarded as confound-
ing variables rather than exposure variables of interest for 
frailty (33, 34). 

Limitations and Suggestions: This study has several lim-
itations. First, although hearing loss was validated by med-
ical confirmation or hearing aid use, pure-tone audiometry 
was not available. Second, excluding participants with cog-
nitive impairment may have introduced selection bias, as 
hearing loss, frailty, and cognitive decline are interrelated. 
Third, the cross-sectional design precludes causal infer-
ence, and residual confounding cannot be excluded. De-
spite these limitations, this study has strengths, including a 
community-dwelling sample, adjustment for a comprehen-
sive range of covariates, and being among the first to report 
this association in Iranian older adults.  

 

 Conclusion 
In this population-based cross-sectional study of commu-

nity-dwelling Iranian older adults, self-reported hearing 
loss was found to be independently associated with frailty 
after adjusting for age, sex, body mass index, diabetes, ed-
ucation, marital status, and multimorbidity. Due to the 
cross-sectional design and reliance on self-reported hearing 
status, these findings do not establish a causal relationship 
between hearing loss and frailty. Prospective studies utiliz-
ing objective audiometric measures and comprehensive in-
formation on hearing-aid use are necessary to ascertain 
whether hearing loss contributes to the development or pro-
gression of frailty and whether hearing interventions can 
modify frailty risk. 
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