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Introduction
Age-related cognitive decline (ARCD) is a leading 
cause of disability worldwide, affecting approxi-
mately 6.5% of the population aged > 65 years.1 
ARCD develops from aging-related decline in 
cognitive function and characterized by reduced 
memory, learning, thinking, and language.2 The 
2016 World Report predicted that the incidence 

of ARCD will double every 20 years.3 Age-related 
hearing loss (ARHL) refers to a gradual loss of 
hearing, typically caused by aging-related irrevers-
ible degeneration of structures in the inner ear  
or auditory nerve. Approximately one-third of 
adults aged > 65 years have ARHL, with the rate 
being 75% in adults aged > 80 years.4,5 Recently, 
the Livingston in the Lancet Commission on 
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Objective: Age-related hearing loss (ARHL) and age-related cognitive decline (ARCD) 
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local doctors and nurses.
Results: In total, 501 (58.3%), 649 (75.6%), and 211 (24.6%) participants had ARHL, ARCD, and 
depression, respectively. The prevalence of ARCD and depression was significantly higher in 
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significantly lower Mini-Mental State Examination (MMSE) scores indicative of more cognitive 
decline, and significantly higher 15-item version of the Geriatric Depression Scale (GDS-15) 
scores suggesting greater levels of depression, than those without ARHL (all p < 0.05). 
Multivariate logistic regression analyses (Stepwise) indicated that ARHL was significantly 
and positively associated with ARCD [odds ratio (OR): 1.594, 95% confidence interval (CI): 
1.132, 2.245] and depression (OR: 1.623, 95% CI: 1.139, 2.314; all p < 0.05). Multivariate linear 
regression analyses (Stepwise) indicated that ARHL was significantly and inversely associated 
with MMSE scores (B: −2.520, 95% CI: −3.356, −1.684) and significantly and positively 
associated with GDS-15 scores (B: 0.713, 95% CI: 0.328, 1.098; all p < 0.05).
Conclusion: ARHL is independently associated with ARCD and depression in Chinese 
centenarians and oldest-old adults.
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Prevention, Intervention, and Care for Persons 
with Dementia highlighted that managing hearing 
loss may reduce the risk of developing dementia.6 
A recent cohort study of older men (mean age, 
72.5 years) found that those with ARHL have a 
higher risk of ARCD than do those without sig-
nificant ARHL.7 Moreover, a previous cohort 
study found that ARHL is associated with an 
increased prevalence of ARCD.8

While ARCD and ARHL may be comorbid, 
communication difficulties can also aggravate 
behavioral problems, including depression.9 
ARHL is associated with a wide range of health 
issues, such as increasing social isolation, self-
esteem loss, depressive symptoms, disease bur-
den, and hospitalization risk. There is increased 
awareness of this condition as a critical public 
health concern.10–13 ARHL may be an effective 
and modifiable biomarker for ARCD, thus sup-
porting further consideration of ARHL as a risk 
factor for this condition.14 The population-
based GreatAGE Study showed that ARHL is 
associated with depression in later life among 
Italian community-dwelling older adults.15,16 
However, most studies on the associations 
between ARHL, ARCD, and depression are 
from Western countries.

As a representative population of healthy longev-
ity and successful aging, centenarians are gener-
ally believed to have a low prevalence rate and 
specific protective mechanisms against age-
related diseases.17,18 Centenarians have been sug-
gested to have a delayed or escaped onset and 
interaction with age-related illnesses, such as 
ARCD and ARHL. Some centenarians may 
experience a delayed onset of age-related ill-
nesses (delayers), whereas others may not suc-
cumb to any age-related illnesses (escapers).19 
The prevalence and associations among ARHL, 
ARCD, and depression may have their own char-
acteristics and need further research in Chinese 
centenarians and oldest-old adults. The Hainan 
Province is an area with high longevity and also 
has the highest population density of centenari-
ans in China. The China Hainan Centenarian 
Cohort Study provides a considerable popula-
tion-based sample of centenarian adults.20 This 
study aimed to explore the associations of ARHL 
with ARCD and depression in Chinese centenar-
ians and oldest-old adults.

Methods

Study participants
This cross-sectional study conducted a house-
hold survey on all the centenarians and oldest-
old adults aged 80–99 years residing in 16 cities 
and counties in Hainan Province, China, from 
June 2014 to June 2016, according to the list of 
centenarians and oldest-old adults provided by 
the Department of Civil Affairs of Hainan 
Province.21 A survey sample of 1863 participants 
included 966 centenarians aged > 100 years and 
897 oldest-old adults aged 80–99 years. After 
excluding participants with missing variables 
(596 centenarians and 408 oldest-old adults), 
859 participants (370 centenarians and 489 old-
est-old adults) were finally included in the study 
(Figure 1(a)). All the 859 participants had no 
missing data for each variable. This study was 
conducted in accordance with the Declaration of 
Helsinki and approved by the Medical Ethics 
Committee of Hainan Hospital of the Chinese 
People’s Liberation Army General Hospital 
(301hn11-206-01). All participants provided 
written informed consent prior to participating in 
the study.

Survey protocol
The household survey method was used to collect 
basic information through interview question-
naires, physical examinations, and blood tests. 
The survey was conducted according to standard 
procedures by systematically trained local doctors 
and nurses of Hainan Hospital of the Chinese 
People’s Liberation Army General Hospital, who 
could communicate in the local language. The 
research team included otolaryngologists, intern-
ists, geriatricians, cardiologists, endocrinologists, 
nephrologists, and nurses.22

Study variables
The presence of ARHL was determined through 
physical examination and hearing questionnaire 
administered by trained staff from the Medical 
Hearing Research Institute of the Chinese 
People’s Liberation Army General Hospital. The 
staff were familiar with hearing screening proce-
dures, determined no obstructed external audi-
tory meatus, and identified an intact tympanic 
membrane with landmarks. All evaluations were 
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Figure 1. (a) Participant inclusion flowchart. (b) Receiver operating characteristic (ROC) curve of the 
multivariate regression model (Enter) for identifying ARCD. (c) ROC curve of the multivariate regression model 
(Enter) for identifying depression. (d) ROC curve of the multivariate regression model (Stepwise) for identifying 
ARCD. (e) ROC curve of the multivariate regression model (Stepwise) for identifying depression.
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conducted in a quiet room with a controlled back-
ground noise.

The primary assessment tool was the Mini-
Mental State Examination (MMSE), which is a 
well-known method for evaluating cognitive 
function. The Georgia Centenarian Study also 
confirmed that age and education can signifi-
cantly affect MMSE performance.23 The cutoff 
points for identifying ARCD varied according to 
the level of education: illiteracy, 17 points; ele-
mentary school level, 20 points; and junior high 
school level, 24 points.24 Depressive symptoms 
were screened using the 15-item version of the 
GDS-15, with the cutoff for clinically critical 
depressive symptoms set at ⩾6 points. The GDS-
15 has been validated as a screening tool for 
depressive symptoms among older adults.25,26 A 
cutoff point of ⩾6 has a pooled sensitivity of 79% 
and specificity of 77% for diagnosing depression 
in older adults.27

The study variables included age, sex, body mass 
index, living alone, mental work, smoking, drink-
ing, education degree (i.e. illiteracy, elementary 
school level, and junior high school level), hyper-
tension, diabetes, cardiovascular diseases, red 
blood cells, hemoglobin, iron, sodium, potas-
sium, calcium, phosphorus, and magnesium. Age 
as a continuous variable and sex as a categorical 
variable were determined from national identifi-
cation cards. Based on recommendations from 
the World Health Organization, weight was meas-
ured twice on a digital scale with the participants 
in light clothing without shoes. Height was also 
measured twice using a wall-mounted tape with 
participants standing without shoes.28 Body mass 
index, as a continuous variable, was calculated as 
the weight in kilograms divided by the square of 
the height in meters. Living alone and mental 
work (yes or no) as categorical variables were 
determined by asking the participants, their rela-
tives, and neighbors and verified using related 
population records and medical information.

Hypertension as a categorical variable was 
defined as systolic blood pressure ⩾140 mm Hg, 
diastolic blood pressure ⩾90 mm Hg, or the use 
of antihypertensive drugs.29 Diabetes as a cate-
gorical variable was defined as fasting blood  
glucose ⩾7.0 mmol/L or the use of antidiabetic 
drug/insulin.30 Cardiovascular diseases as a cate-
gorical variable was defined based on medical 
history, symptoms, cardiac markers, and tests 

(e.g. electrocardiogram, echocardiogram, com-
puted tomography, and coronary arteriography) 
according to the American College of Cardiology/
American Heart Association/European Society of 
Cardiology guidelines.31–33 Venous blood sam-
ples were drawn and transported in chilled 
biotransport containers (4°C) to our central lab-
oratory within 4 h. Serum levels of red blood 
cells, hemoglobin, iron, sodium, potassium, cal-
cium, phosphorus, and magnesium as continu-
ous variables were tested by qualified technicians 
blinded to the clinical data.

Statistical analysis
Normally distributed continuous data were 
described as the mean ± standard deviation and 
compared using the independent sample t test. 
Non-normally distributed continuous data were 
described as the median (interquartile range) and 
compared using the Mann–Whitney U test. 
Meanwhile, categorical data were described as 
number (percentage) and compared using chi-
square test. To determine definite relationships in 
different methods, multivariate logistic regression 
analyses were used to assess the associations of 
ARHL and other variables with ARCD and 
depression (categorical variables). Meanwhile, 
multivariate linear regression analyses were used 
to assess the associations of ARHL and other var-
iables with MMSE and GDS-15 (continuous 
variables). Odds ratios (ORs) > 1.00 indicated 
increased odds of ARCD and depression with 
every unit increase in ARHL and other variables, 
whereas ORs < 1.00 indicated lower odds of 
ARCD and depression. Statistical analyses were 
performed using Statistical Package for Social 
Sciences version 19.0 software package. All tests 
were two-sided, and p < 0.05 was considered 
significant.

Results
In total, 501 (58.3%), 649 (75.6%), and 211 
(24.6%) participants had ARHL, ARCD, and 
depression, respectively. As shown in Table 1, 
participants with ARHL were significantly older; 
had lower BMI; lower proportion of mental work; 
lower levels of red blood cells, hemoglobin, iron, 
sodium, and calcium; and higher levels of potas-
sium and magnesium than those without ARHL 
(all p < 0.05). The prevalence of ARCD and 
depression was significantly higher in partici-
pants with ARHL than in those without ARHL 
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Table 1. Characteristics of all the centenarians and oldest-old adults.

Characteristics With ARHL
(n = 501)

Without ARHL
(n = 358)

p value

Age (years) 100 (85, 102) 87 (83, 100) <0.001

Sex, n (%)

 Male 153 (30.5) 121 (33.8) 0.312

 Female 348 (69.5) 237 (66.2)  

Body mass index (kg/m2) 19 (17,22) 20 (18, 23) <0.001

Living alone, n (%) 92 (18.4) 63 (17.6) 0.774

Mental work, n (%) 9 (1.8) 18 (5.0) 0.007

Smokers, n (%) 53 (10.6) 26 (7.3) 0.097

Drinkers, n (%) 74 (14.8) 51 (14.2) 0.830

Education degree, n (%) 0.073

 Illiteracy 412 (82.2) 286 (79.9)  

 Elementary school level 68 (13.6) 44 (12.3)  

 Junior high school level 21 (4.2) 28 (7.8)  

MMSE 10 (6, 15) 15 (11, 20) <0.001

ARCD, n (%) 406 (81.0) 243 (67.9) <0.001

GDS-15 4 (3, 6) 3 (2, 5) <0.001

Depression, n (%) 148 (29.5) 63 (17.6) <0.001

Hypertension, n (%) 362 (72.3) 256 (71.5) 0.810

Diabetes, n (%) 44 (8.9) 38 (10.7) 0.379

Cardiovascular diseases, n (%) 33 (6.6) 21 (5.9) 0.668

Red blood cell count (1012/L) 4.22 (3.78, 4.62) 4.29 (4.09, 4.64) 0.013

Hemoglobin (g/L) 119 (109, 130) 124 (113, 134) 0.001

Iron (µmol/L) 12.9 (9.8, 16.5) 14.0 (10.8, 17.6) 0.003

Sodium (mmol/L) 139.6 (137.0, 142.0) 140.2 (138.0, 142.4) 0.008

Potassium (mmol/L) 4.35 (3.86, 4.81) 4.16 (3.74,4.62) 0.002

Calcium (mmol/L) 2.25 (2.17, 2.31) 2.26 (2.19,2.33) 0.028

Phosphorus (mmol/L) 1.04 (0.94, 1.16) 1.05 (0.93,1.16) 0.954

Magnesium (mmol/L) 0.89 (0.83, 0.93) 0.87 (0.80,0.93) 0.012

ARCD, age-related cognitive decline; ARHL, age-related hearing loss; GDS-15, 15-item version of the Geriatric Depression 
Scale; MMSE, Mini-Mental State Examination.
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(all p < 0.05). Participants with ARHL had sig-
nificantly lower MMSE scores indicative of more 
cognitive decline, and significantly higher GDS-
15 scores suggesting greater levels of depression, 
than those without ARHL (all p < 0.05).

As shown in Tables 2 and 3, multivariate logis-
tic regression analyses (Enter) indicated that 
ARHL was significantly and positively associ-
ated with ARCD [OR: 1.637, 95% confidence 
interval (CI): 1.147, 2.336] and depression 

(OR: 1.575, 95% CI: 1.096, 2.265; all p < 0.05). 
As shown in the receiver operating characteris-
tic (ROC) curves, the areas under the curve 
(AUCs) for these regression models were  
0.755 (0.718–0.791; p < 0.001, Figure 1(b)) for 
identifying ARCD and 0.730 (0.692–0.767; 
p < 0.001, Figure 1(c)) for identifying depres-
sion. In addition, multivariate linear regression 
analyses (Enter) indicated that ARHL was sig-
nificantly and inversely associated with MMSE 
scores (B: −2.610, 95% CI: −3.453, −1.767) 

Table 2. Multivariate analyses (Enter) of association of ARHL with ARCD or MMSE in centenarians and oldest-
old adults.

Factors ARCD MMSE

Odds ratio 95% CI p value B 95% CI p value

ARHL 1.637 1.147, 2.336 0.007 −2.610 −3.453, −1.767 <0.001

Age 1.052 1.028, 1.077 <0.001 −0.178 −0.231, −0.126 <0.001

Female sex 1.361 0.862, 2.149 0.186 −1.675 −2.796, −0.554 0.003

Body mass index 1.005 0.953, 1.060 0.845 0.024 −0.098, 0.145 0.702

Living alone 0.847 0.547, 1.312 0.457 0.922 −0.124, 1.967 0.084

Mental work 0.884 0.345, 2.267 0.797 0.381 −2.133, 2.896 0.766

Smokers 0.678 0.379, 1.216 0.192 0.033 −1.452, 1.518 0.965

Drinkers 1.026 0.623, 1.688 0.921 −0.845 −2.033, 0.343 0.163

Education degree 0.684 0.493, 0.948 0.022 2.632  1.765, 3.499 <0.001

Hypertension 0.896 0.601, 1.337 0.592 −0.334 −1.260, 0.592 0.479

Diabetes 1.060 0.585, 1.919 0.848 0.148 −1.226, 1.523 0.832

Cardiovascular diseases 0.801 0.414, 1.551 0.511 0.843 −0.827, 2.513 0.322

Red blood cells 1.299 0.885, 1.906 0.181 −0.926 −1.779, −0.073 0.033

Hemoglobin 0.984 0.970, 0.999 0.035 0.044  0.011, 0.076 0.009

Iron (µmol/L) 0.975 0.943, 1.009 0.154 0.093  0.010, 0.176 0.029

Sodium (mmol/L) 0.964 0.917, 1.014 0.151 0.104 −0.004, 0.212 0.058

Potassium (mmol/L) 0.847 0.643, 1.117 0.240 0.731  0.092, 1.371 0.025

Calcium (mmol/L) 0.267 0.043, 1.674 0.159 5.360  1.161, 9.559 0.012

Phosphorus (mmol/L) 2.118 0.779, 5.759 0.141 −1.529 −3.853, 0.795 0.197

Magnesium (mmol/L) 0.240 0.032, 1.789 0.164 2.771 −1.742, 7.285 0.228

ARCD, age-related cognitive decline; ARHL, age-related hearing loss; CI, confidence interval; MMSE, Mini-Mental State 
Examination.
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and significantly and positively associated with 
GDS-15 scores (B: 0.642, 95% CI: 0.252, 
1.033; all p < 0.05).

As shown in Tables 4 and 5, multivariate logistic 
regression analyses (Stepwise) indicated that 
ARHL was significantly and positively associated 
with ARCD (OR: 1.594, 95% CI: 1.132, 2.245) 
and depression (OR: 1.623, 95% CI: 1.139, 
2.314; all p < 0.05). As shown in the ROC curves, 
the AUCs for these regression models were 0.739 
(0.702–0.777; p < 0.001, Figure 1(d)) for identi-
fying ARCD and 0.707 (0.668–0.746; p < 0.001, 

Figure 1(e)) for identifying depression. In addi-
tion, multivariate linear regression analyses 
(Stepwise) indicated that ARHL was significantly 
and inversely associated with MMSE scores (B: 
−2.520, 95% CI: −3.356, −1.684) and signifi-
cantly and positively associated with GDS-15 
scores (B: 0.713, 95% CI: 0.328, 1.098; all 
p < 0.05). In all multivariate analyses (Enter and 
Stepwise) of different electrolytes, blood calcium 
levels were negatively associated with depression 
and GDS-15 scores (all p < 0.05). Meanwhile, 
blood calcium and iron levels were positively 
associated with MMSE scores (all p < 0.05).

Table 3. Multivariate analyses (Enter) of association of ARHL with depression or GDS-15 in centenarians and 
oldest-old adults.

Factors Depression GDS-15

Odds ratio 95% CI p value B 95% CI p value

ARHL 1.575 1.096, 2.265 0.014 0.642  0.252, 1.033 0.001

Age 1.028 1.006, 1.050 0.013 0.024  0.000, 0.048 0.053

Female sex 1.668 1.005, 2.767 0.048 0.697  0.178, 1.216 0.009

Body mass index 0.972 0.925, 1.023 0.277 −0.040 −0.096, 0.016 0.161

Living alone 1.033 0.666, 1.604 0.884 0.189 −0.295, 0.673 0.443

Mental work 1.527 × 108 0.000– 0.998 0.796 −0.368, 1.960 0.180

Smokers 1.222 0.625, 2.393 0.558 0.267 −0.421, 0.954 0.446

Drinkers 0.992 0.590, 1.668 0.976 0.158 −0.392, 0.708 0.574

Education level 0.531 0.319, 0.884 0.015 −0.265 −0.666, 0.137 0.196

Hypertension 0.928 0.633, 1.362 0.705 0.146 −0.282, 0.575 0.503

Diabetes 0.488 0.253, 0.939 0.032 −0.590 −1.227, 0.046 0.069

Cardiovascular diseases 1.709 0.870, 3.357 0.120 0.920 0.148, 1.693 0.020

Red blood cell 0.827 0.574, 1.192 0.308 −0.376 −0.770, 0.019 0.062

Hemoglobin 1.001 0.987, 1.015 0.881 0.005 −0.010, 0.020 0.508

Iron (µmol/L) 0.999 0.964, 1.036 0.967 −0.014 −0.053, 0.024 0.471

Sodium (mmol/L) 0.976 0.935, 1.020 0.279 0.005 −0.045, 0.055 0.847

Potassium (mmol/L) 0.754 0.575, 0.989 0.041 −0.209 −0.505, 0.087 0.166

Calcium (mmol/L) 0.080 0.013, 0.477 0.006 −2.719 −4.662, −0.776 0.006

Phosphorus (mmol/L) 0.947 0.347, 2.585 0.915 0.044 −1.032, 1.119 0.937

Magnesium (mmol/L) 1.054 0.171, 6.491 0.955 −0.055 −2.144, 2.034 0.959

ARHL, age-related hearing loss; CI, confidence interval; GDS-15, 15-item version of the Geriatric Depression Scale.
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Discussion
ARHL is one of the most common chronic con-
ditions occurring in later life. A recent study 
reported that approximately 25% of the popula-
tion aged 65–75 years and 70–80% of those aged 
⩾75 years have hearing loss.34 Current lifespan 
has improved owing to advances in medical and 
living conditions, with an increasing number of 
people living beyond 80 years of age. In this study 
of 859 centenarians and oldest-old adults 
aged > 80 years, ARHL occurred in 58.3% (501 
participants) of these long-lived older adults. This 
study had a higher age but lower prevalence of 

ARHL than the studies by Chien and Lin35 and 
Li-Korotky36 wherein 40–66% of older adults 
were aged > 75 years and 70–90% were 
aged > 85 years. This difference in the results may 
be due to the generally lower prevalence rate and 
specific protective mechanisms against age-
related diseases in centenarians as a representa-
tive population of healthy longevity and successful 
aging.17,18 Centenarians have been suggested to 
have a delayed or escaped onset and interaction 
with age-related illnesses, such as ARCD and 
ARHL. Some centenarians may experience a 
delayed onset of age-related illnesses (delayers), 

Table 4. Multivariate analyses (Stepwise) of association of ARHL with ARCD or MMSE in centenarians and 
oldest-old adults.

Factors ARCD MMSE

Odds ratio 95% CI p value B 95% CI p value

ARHL 1.594 1.132, 2.245 0.008 −2.520 −3.356, −1.684 <0.001

Age 1.052 1.030, 1.074 <0.001 −0.182 −0.228, −0.135 <0.001

Female sex 1.580 1.069, 2.335 0.022 −1.938 −2.939, −0.938 <0.001

Education degree 0.688 0.507, 0.933 0.016 2.669 1.837–3.501 <0.001

Hemoglobin 0.985 0.975, 0.995 0.004  

Iron (µmol/L) 0.116 0.037−0.194 0.004

Calcium (mmol/L) 6.958 3.006−10.909 0.001

ARCD, age-related cognitive decline; ARHL, age-related hearing loss; CI, confidence interval; MMSE, Mini-Mental State 
Examination.

Table 5. Multivariate analyses (Stepwise) of association of ARHL with depression or GDS-15 in centenarians 
and oldest-old adults.

Factor Depression GDS-15

Odds ratio 95% CI p value B 95% CI p value

ARHL 1.623 1.139, 2.314 0.007 0.713  0.328, 1.098 <0.001

Age 1.028 1.009, 1.047 0.004 0.025  0.003, 0.047 0.025

Female sex 1.658 1.079, 2.548 0.021 0.863  0.454, 1.272 <0.001

Education level 0.486 0.296, 0.798 0.004  

Cardiovascular diseases 0.845  0.084, 1.607 0.030

Red blood cells −0.371 −0.677, −0.065 0.017

Calcium (mmol/L) 0.043 0.009, 0.218 <0.001 −2.891 −4.738, 1.044 0.002

ARHL, age-related hearing loss; CI, confidence interval; GDS-15, 15-item version of the Geriatric Depression Scale.
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whereas others may not succumb to any age-
related illnesses (escapers).19 Meanwhile, a previ-
ous study demonstrated that the prevalence of 
depression among older adults in Asia ranges 
from 7.8% to 34.8%.37,38 This study showed that 
211 participants (24.6%) had depression among 
859 centenarians and oldest-old adults aged 
⩾80 years.

As the leading causes of disability in older adults, 
ARHL and ARCD are associated with global 
social and economic burdens.39,40 The risk of 
ARCD significantly increases as the degree of 
hearing loss increases in older adults.41 Hearing 
difficulties may increase the risk of ARCD and 
cause social isolation and depression. A cohort 
study of older men suggested that men with hear-
ing loss are more likely to develop dementia than 
those without hearing loss.7 Lin et  al. reported 
that ARHL is independently associated with 
ARCD in community-dwelling older adults aged 
70–90 years.42 However, although ARHL is asso-
ciated with ARCD, the exact mechanisms for this 
association remain unclear. Possible underlying 
mechanisms include widespread neural degenera-
tion, sensory degradation/deprivation, cognitive 
resource depletion, and social isolation/depres-
sion.43 A recent study supported that hearing loss 
may account for up to 9.1% of cognitive decline 
worldwide, and efforts to reduce this adverse 
effect should continue to be further explored.7 
Meanwhile, approximately 11.4–19.1% of adults 
with hearing loss have depression in the United 
States. A meta-analysis reported that hearing loss 
is a common disease associated with depression 
in adults aged ⩾65 years.9 A Norwegian popula-
tion-based study found that hearing loss is signifi-
cantly associated with increased depression.44

Hearing aids are the most commonly used equip-
ment to treat ARHL. Technological advances in 
hearing aids may enable effective rehabilitation, 
even in older adults with profound hearing loss. 
However, most patients with ARHL are not ade-
quately treated with hearing aids. The use of 
hearing aids in older adults is hypothesized to 
improve hearing function, cognition, and depres-
sion among these individuals.45 Castiglione 
et al.46 demonstrated that hearing aids are effec-
tive for improving depressive and cognitive per-
formance in older adults. The Personnes Agées 
QUID study of 3670 older adults aged 65 years 
found that ARHL was associated with acceler-
ated cognitive decline in older adults, and 

hearing aids attenuated cognitive decline within a 
25-year follow-up.47 A recent review of five stud-
ies showed that although the exact result has not 
been established, there is a potential relationship 
between hearing aids and cognitive function.48 
Interactions between cognition and immediate  
or short-term usage of hearing aids have been 
observed, but limited evidence is available 
regarding the effect of long-term use of hearing 
aids on cognitive function. Thus, further research, 
including in older adults, with longer follow-up 
periods of hearing aid usage is needed.49

This study has some limitations. First, this was a 
cross-sectional study, and the underlying mecha-
nisms remain elusive. Second, the sample size of 
this study was limited, and there were no long-
term follow-up results. Third, this study lacked a 
calculation (formula used or power analysis) and 
justification of the sample size. According to the 
list of centenarians and oldest-old adults provided 
by the Department of Civil Affairs of Hainan 
Province, this cross-sectional study conducted a 
household survey on all the centenarians and old-
est-old adults aged 80–99 years residing in 16 cit-
ies and counties in Hainan Province, China.

Conclusion
ARHL is independently associated with ARCD 
and depression in Chinese centenarians and old-
est-old adults.
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