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Abstract

Background and Aims This study aimed atinvestigating the relationship between speech-frequency hearing loss (SFHL),
high-frequency hearing loss (HFHL), and cognitive impairment (CI) and then to determine whether there are any differences
in gender among older community dwellers in China.

Methods 1012 adults aged > 60 years (428 males; average age, 72.61 +5.51 years) and living in Chongming District, Shang-
hai were enrolled in the study. We used the audiometric definition of hearing loss (HL) adopted by the World Health Organi-
zation (WHO). Speech-frequencies were measured at 0.5 kHz, 1 kHz, 2 kHz, and 4 kHz; high-frequencies were measured
at 4 kHz and 8 kHz. Pure tone average (PTA) was measured as hearing sensitivity. Cognitive performance was measured
using the mini mental state examination (MMSE).

Results Our studies demonstrated a 37.6% prevalence of HL in males and a 36.0% prevalence of HL in females. Adjusted
for confounding variables, the results from a multivariate analysis showed that SFHL was associated with CI in females
(OR=2.922, 95% Confidence Interval =1.666—5.124) and males (OR =2.559, 95% Confidence Interval = 1.252-5.232).
However, HFHL was associated with CI only in females (OR=3.490, 95% Confidence Interval =1.834-6.643). HL was
associated with poorer cognitive scores (P <0.05). “Registration” (P <0.05) in MMSE was associated with speech- and
high-frequency hearing sensitivity.

Conclusions The associations between HL and CI varied according to gender in older community-dwellers, suggesting
that different mechanisms are involved in the etiology of HL. Moreover, hearing sensitivity was negatively associated with
cognition scores; therefore, early screening for HL and CI among older community-dwelling adults is advised.

Keywords Hearing loss - High-frequency hearing loss - Speech-frequency hearing loss - Cognitive impairment - Gender
difference

Introduction

Cognitive impairment (CI) is prevalent among older peo-

ple, with nearly 43.8 million people having CI worldwide
[1]. In China, the incidence of CI is 62.7% in females and
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45.4% in males over 75 years of age, indicating a statisti-
cally significant gender difference [2]. The global costs
for dementia are estimated to be $9.12 trillion (USD) in
2050 [3]. Dementia is a severe stage of CI with no modi-
fied treatments, so a focus on reducing modifiable risk
factors is justified [4]. Many modifiable risk factors for CI
have been identified, including social interactions, physi-
cal activity (PA), and years of formal education [5]. Evi-
dence also indicates that hearing loss (HL) could be a risk
factor [6, 7].

In recent years, more studies have concentrated on the
relationship between HL and cognitive decline. Some
researchers have proposed a strong correlation between
HL and CI in older adults [8, 9]; however, others have not
shown any association [10, 11]. The heterogeneity may
be related to differences in cognitive tests and HL assess-
ment methods. Presently, there is inconclusive evidence
about their relationship, and the detailed mechanisms
remain unknown. However, HL is reportedly associated
with increased cognitive demand during speech percep-
tion [12]. HL most commonly encountered in older adults
is age-related hearing loss (ARHL), which begins with
high-frequency hearing loss (HFHL) and gradually affect-
ing mid- and low-frequencies [13]. The clinical manifesta-
tion is speech perception difficulty in a noisy environment,
which develops gradually to speech perception difficulty
in a quiet environment. Speech perception is a process in
which people hear, interpret and understand the sounds of
language. Cognitive functions are instinctively involved in
speech perception. Two cognitive factors decline with age,
which may affect speech perception performance, namely
working memory capacity and the rate of information
processing [14]. Different-frequencies HL may be associ-
ated with CI, but few studies have investigated their link.
Exploring the relationship between different frequencies
HL and CI is helpful to reveal the influence of ARHL on
CI in different stages of the disease and work toward a
more targeted early intervention. Moreover, a few studies
have revealed gender differences in HL [15, 16]; some
studies have found that HL is more prevalent in males than
females and that the decline in hearing thresholds at 6 kHz
to 12 kHz was significantly rapid in females than males
[17]. Aging also plays a role; for example, older adult
females (> 70 years) demonstrated a faster rate of change
at 0.25 kHz to 2 kHz than younger females (60—69 years),
and older adult males had a faster rate of change at 6 kHz
than younger males [17]. Since there is a protective role
of estrogen with regard to HL, HL may play different roles
on cognitive health by gender [16]. However, currently
there is a paucity of research examining gender-specific
associations between HL and CI in old age.

The purpose of this study was to analyze the asso-
ciations between HL at different frequencies and CI in
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community-dwelling adults in China, in order to allow early
screening for HL and CI to play a warning role and inves-
tigate whether there is a gender difference between HL and
CI. Because HL and CI are two major geriatric health issues
and are related to the quality of late life, determining gender
differences in these associations will be helpful in develop-
ing gender-specific health policies that can contribute to the
well-being of older adults.

Materials and methods
Study participants

This cross-sectional study was conducted in four different
communities in Chongming District, Shanghai. We collected
the physical examination data of older adults living in four
different communities from June to July 2019, including
demographic and health-related parameters (Table 1). We
recruited a total of 1136 subjects aged 60 years and older.
Finally, our study samples included 1012 subjects after
excluding participants who (a) had mental illness or other
neurodegenerative diseases; (b) were diagnosed with demen-
tia; (c) had hearing aids; (d) had a medical history of sudden
deafness, otitis media, otitis externa, ototoxic drug therapy,
and otologic surgery; (e) had missing data; (f) had extreme
value in physical performance; and (g) were unable to com-
municate with interviewers or grant informed consent.
This study was conducted in accordance with the rec-
ommendations of national and international guidelines, and
our ethical committee. All of the subjects gave their written
informed consent in accordance with the Declaration of Hel-
sinki. The protocol was approved by the Ethical Committee
of the Shanghai University of Medicine and Health Sciences.

Hearing assessment

The subjects’ hearing was measured using pure tone audi-
ometry (BTJ09; JiangSu BetterLife Medical Co., Ltd,
China.). Air conduction thresholds (dB) were measured
for both ears at seven frequencies (0.125 kHz, 0.25 kHz,
0.5 kHz, 1 kHz, 2 kHz, 4 kHz, and 8 kHz), and across an
intensity range of 0 dB to 100 dB, but we did not measure
6 kHz for the limited time. The speech-frequency pure tone
average (PTA) was computed as mean thresholds at 0.5 kHz,
1 kHz, 2 kHz, and 4 kHz, which are most important and
represent speech perception [18]. The high-frequency PTA
was computed as mean thresholds at 4 kHz and 8 kHz. Pure
tone threshold averages in the better ear were calculated to
identify grades of hearing disorder in adults according to
the World Health Organization (WHO) Prevention of Deaf-
ness and Hearing Impairment (PDH) standard 97.3 [19]. The
speech-frequency hearing loss (SFHL) represents hearing
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Table 1 The characters of the participants. (N=1012)
Variables ALL Male Female
Normal HL P Normal HL P Normal HL P
(N=641) (N=371) (N=267) (N=161) (N=374) (N=210)
Age (y) 70.99+4.71 75.38+6.25 0.000 71.42+4.77 74.57+6.08 0.000 70.68+4.65 76.00+6.32 0.000
Male (%) 267 (41.65) 161 (43.40) 0.589 — - - - - -
Speech-PTA (dB  37.14+7.43 56.75 +9.05 0.000 37.03+7.10 56.54 +8.66 0.000 37.21+7.67 56.92+9.36 0.000
HL)
High-PTA (dB 37.23+7.70 60.72+9.86 0.000 37.50+7.48 61.52+9.69 0.000 37.07+7.83 60.02+9.94 0.000
HL)
BMI (kg/m?) 23.77+3.38 23.50+3.76 0.246 23.40+3.28 23.14+3.79 0.457 24.04+3.44 23.77+3.72 0.379
SBP (mmHg) 129.66 +18.90 133.00+21.16 0.012 127.54+17.88 130.97 +19.47 0.065 131.19+19.48 134.57+22.29  0.068
DBP (mmHg) 73.17+10.45 73.40+11.54 0.741 74.26+10.26 75.19+10.81 0.373  72.38+10.53 72.02+11.92 0.709
Marital status (%) 0.000 0.533 0.000
Married 529 (82.53) 254 (68.4) 243 (91.01) 141 (87.58) 286 (76.47) 113 (53.81)
Windowed 109 (17.00) 115 (30.99) 22 (8.24) 19 (11.8) 87 (23.26) 96 (45.71)
Single 1(0.16) 2(0.54) 1(0.37) 1(0.62) 0 (0.00) 1(0.48)
Divorced 2(0.31) 0 (0.00) 1(0.37) 0 (0.00) 1(0.27) 0 (0.00)
Living alone 92 (14.40) 86 (23.20) 0.000 28 (10.50) 24 (14.90) 0.175 64 (17.10) 62 (29.50) 0.000
(%)
Monthly income 0.030 0.081 0.226
(%)
<1000 54 (8.40) 44 (11.90) 17 (6.39) 13 (8.13) 37 (9.89) 31 (14.83)
10003000 367 (57.30) 229 (62.10) 134 (50.38) 98 (61.25) 233 (62.3) 131 (62.68)
3000-5000 97 (15.20) 44 (11.90) 51(19.17) 22 (13.75) 46 (12.30) 22 (10.53)
> 5000 122 (19.10) 52 (14.10) 64 (24.00) 27 (16.88) 58 (15.51) 25 (11.96)
Education (%) 0.000 0.411 0.000
Tliteracy 70 (10.92) 84 (22.64) 15 (5.62) 10(6.21) 55 (14.71) 74 (35.24)
Primary 375 (58.50) 200 (53.91) 135 (50.56) 91 (56.52) 240 (64.17) 109 (51.90)
>High school 196 (30.58) 87 (23.45) 117 (43.82) 60 (37.27) 79 (21.12) 27 (12.86)
Smoking (%) 0.682 0.650 0.288
Current 99 (15.47) 54 (14.59) 98 (36.70) 52 (32.30) 1(0.27) 2(0.96)
Never 440 (68.75) 250 (67.57) 69 (25.84) 45 (27.95) 371 (99.46) 205 (98.09)
Former 101 (15.78) 66 (17.84) 100 (37.45) 64 (39.75) 1(0.27) 2 (0.96)
Drinking (%) 0.086 0.402 0.010
Daily 88 (13.77) 55 (14.86) 75 (28.2) 37(23.13) 13 (3.49) 18 (8.57)
Occasional 95 (14.87) 52 (14.05) 56 (21.05) 32 (20.00) 39 (10.46) 20 (9.52)
Former 67 (10.49) 58 (15.67) 54 (20.30) 43 (26.88) 13 (3.49) 15 (7.14)
Never 389 (60.88) 205 (55.41) 81 (30.45) 48 (30.00) 308 (82.57) 157 (74.76)
Disease history
(%)
Diabetes 130 (21.74) 77 (22.92) 0.678 48 (19.12) 41 (27.52) 0.051 82(23.63) 36 (19.25) 0.245
Hypertension 457 (71.20) 279 (75.41) 0.157 191 (71.54) 111 (69.38) 0.635 266 (71.12) 168 (80.00) 0.018
Hyperlipidemia 305 (54.17) 167 (52.68) 0.670 97 (42.17) 58 (41.43) 0.888 208 (62.46) 109 (61.58) 0.845
Stroke 32 (5.09) 32 (8.79) 0.022 23 (8.75) 10 (6.29) 0.363 9 (2.46) 22 (10.73) 0.000
MMSE 25.73 +4.04 22.77+5.55 0.000 26.54+3.67 24.58+4.03 0.000 25.16+4.19 21.38+6.13 0.000
IPAQ (Met/ 4746 (1680,9786) 4620 (1606,9786) 0.985 4053 (1440,8022) 5040 0.061 5239 415 0.023
week) (1533,10,733) (2140,10,600) 5(1621,9056)
ADL 99.49+2.19 98.91+3.76 0.006 99.64+1.49 98.79 +4.46 0.020 99.38+2.57 99+3.12 0.131
IADL 7.71+0.74 7.34+1.34 0.000 7.69+0.76 751+1.15 0.085 7.73+0.72 7.21+1.46 0.000

Note: Significant probabilities are marked in bold

Abbreviation: PTA pure-tone average, High PTA was defined as pure tone average of the threshold at 4, and 8 kHz in the better ear, Speech PTA
was defined as pure tone average of the threshold at 0.5, 1, 2, and 4 kHz in the better ear, HL hearing loss, and was defined as PTA g5 1 5 and 4 ki1z)
more than 40 dB loss in the better ear, BMI body mass index, SBP systolic blood pressure, DBP diastolic pressure, /PAQ international physical
activity questionnaire, ADL activity of daily living, JADL instrumental activity of daily living, MMSE mini-mental status examination
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loss from the WHO [19]. Defined as more than 40 dB loss
in the better ear. The HFHL was also defined as more than
40 dB loss in the better ear.

Cognition assessment

Cognitive performance was measured using the mini mental
state examination (MMSE). The MMSE items assess sev-
eral cognitive domains, which are summed to a maximum
total score of 30 points. The items may be clustered in six
domains measuring different cognitive processes: orientation
to time (5 points), orientation to place (5 points), registra-
tion (3 points), attention (5 points), recall (3 points), and
language (9 points). Considering the participants’ education,
CI was defined as MMSE < 17 for illiterates; MMSE <20 for
primary school graduates; and MMSE <24 for junior high
school graduates or those with higher-level education [20].
It is worth noting that a correlation between better cogni-
tive performance (higher MMSE score) and better hearing
(lower thresholds) is represented by a negative correlation
coefficient.

Other covariates

All of the participants were asked to complete a question-
naire by face-to-face interviews, physical examination, and
blood sample collection during baseline. The data on soci-
odemographic characteristics, behavioral characteristics,
and medical history were obtained with questionnaires. The
sociodemographic characteristics included sex, age, educa-
tion level, monthly income, living status, and marital status.
Height and weight were measured, and body mass index
(BMI) was calculated as weight in kilograms divided by the
square of height in meters. Education level was categorized
as illiterates, primary school graduation, high school gradu-
ation and above. Monthly income was categorized as < 1000
yuan, 1000-3000 yuan, 3000—-5000 yuan, and > 5000 yuan.
Living alone was categorized as yes or no. Marital status
was categorized as married, widowed, single, and divorced.
The behavioral characteristics included smoking history,
drinking history, PA situation, Activity of daily living scale
(ADL), and Instrumental activity of daily living (IADL).
Smoking history was categorized as follows: nonsmokers,
former smokers, and current smokers. Drinking history was
also categorized as follows: nondrinkers, former drinkers,
and current drinkers. PA and sitting time in the most recent
week were assessed using the short form of the International
Physical Activity Questionnaire (IPAQ) [21]. Activity of
daily living was assessed as ADL [22] and IADL [23]. Medi-
cal history included hypertension, diabetes, hyperlipidemia,
and stroke. Hypertension was defined as systolic blood pres-
sure > 140 mmHg or diastolic blood pressure =90 mmHg or
self-reported diagnosis and current use of antihypertensive
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medication [24]. Diabetes was defined as fasting plasma glu-
cose of 27.0 mmol/L or self-reported diagnosis and current
use of insulin or other medications for diabetes [25]. Hyper-
lipidemia was defined as self-reported diagnosis and current
use of antihyperlipidemic medication. Stroke was defined as
self-reported history.

Statistical analysis

All statistical analyses were performed using the SPSS 25.0
edition for Microsoft Windows (SPSS Institute Inc., Chi-
cago, IL, USA). The descriptive characteristics for categori-
cal variables were summarized as percentages, and signifi-
cant differences were evaluated using a X2 test. Continuous
variables were summarized as mean + SD or median (inter-
quartile range) values, and comparisons were performed
using the 7-test. A multiple logistic regression model was
used to examine the association of different frequency hear-
ing loss with CI. The model was stratified according to gen-
der and age, respectively. We generated a model adjusted
for BMI, marital status, living alone, monthly income,
education, IPAQ, ADL, IADL, diabetes, hypertension,
hyperlipidemia, and stroke. The linear regression models
were adjusted for age and above; the association of different
frequencies of hearing sensitivity with cognitive domains
(time, place, registration, recall, attention and calculation,
and language) was evaluated. All of the tests were two-
tailed, and the differences were considered to be statistically
significant at P <0.05.

Results
Study sample

A total of 1,136 participants were evaluated in person by
study personnel. Of these, 124 were excluded: 47 had incom-
plete questionnaire information at baseline, 34 had incom-
plete hearing assessments data, 40 had incomplete MMSE
data, 2 had incomplete education level data, and 1 had maxi-
mum data of 4 m walking speed (Fig. 1).

Participant characteristics

The demographic characteristics and the distribution of
different covariates between the normal hearing and HL
groups are described in Table 1. Of 1012 people included
in the analyses, 371 had HL (43.4% males) and 641 (41.7%
males) had normal hearing. The PTA in the better ear for
speech-frequencies 0.5—4 kHz was 56.54 dB HL (+ 8.66)
in males with HL and 56.92 dB HL (£ 9.36) in females
with HL; the high-frequency 4-8 kHz PTA was 61.52 dB
HL (£9.69) in males with HL and 60.02 dB HL (£9.94) in
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1,136 participants were enrolled in June to July 2019

1,136 participants were included due to:

(a) aged 60 years and older;

(b) no mental illness or other neurodegenerative diseases;

(c) no dementia;

(d) no hearing aids;

(e) no a medical history of sudden deafness, otitis media, otitis externa, ototoxic drug
therapy, and otologic surgery;

(f) no missing data;

(g) no extreme value in physical performance;

(h) were able to communicate with interviewers or grant informed consent.

A 4

124 participants were excluded due to:

(a) 47 had incomplete questionnaire information at baseline;
(b) 34 had incomplete hearing assessments data;

(c) 40 had incomplete MMSE data;

(d) 2 had incomplete education level data;

(e) 1 had maximum data of 4 meters walking speed.

v

Finally, 1,012 participants were selected

Fig.1 Study flow diagram

females with HL. Compared to males with normal hearing,
males with HL were more likely to be older (71.42 years
vs 74.57 years; P <0.001), and had lower MMSE scores
(26.54 vs 24.58; P<0.001). These characteristics were
also evident in females. Moreover, there are different asso-
ciations by gender. For example, the HL in females showed
a relationship with marital status (P <0.001), living alone
(17.1% vs 29.5%; P <0.001), education level (P <0.001),
and drinking history (P =0.010), but these results are not
significant in males (all P> 0.05). Meanwhile, compared
to those with normal hearing, those with HL did not dem-
onstrate differences in terms of smoking history among
males and females (P > 0.05).

Association of Cl with HL

Table 2 presents the association of HL with CI. Compared
to males with normal hearing, the SFHL in males was asso-
ciated with CI in model 1 with unadjusted covariates (odds
ratio [OR]: 2.600, 95% Confidence Interval: 1.411-4.791).
After adjusting the model for covariates (BMI, marital sta-
tus, living alone, monthly income, education, IPAQ, ADL,
IADL, diabetes, hypertension, hyperlipidemia, and stroke),

Table2 Logistic regression between hearing loss and cognitive
impairment, stratified by gender

Variables Model 1 Model 2
OR (95%CI) P OR (95%CI) P

ALL

HFHL  3.851 (2.508,5.914) 0.000 2.548 (1.565—4.148) 0.000

SFHL  3.842(2.706,5.457) 0.000 2.763 (1.814-4.208) 0.000
Male

HFHL 1.875(0.926,3.794) 0.081 1.488 (0.683-3.243) 0.317

SFHL  2.600 (1.411,4.791) 0.002 2.559 (1.252-5.232) 0.010
Female

HFHL  6.093 (3.53,10.518) 0.000 3.490 (1.834-6.643) 0.000

SFHL  4.872(3.154,7.526) 0.000 2.922 (1.666-5.124) 0.000

Note: Significant probabilities are marked in bold

HFHL high-frequency hearing loss, HFHL was defined as more than
40 dB loss in the better ear

SFHL speech-frequency hearing loss, SFHL was defined as more than
40 dB loss in the better ear

Model 1: unadjusted model

Model 2: adjusted for BMI, marital status, living alone, monthly
income, education, drinking, smoking, IPAQ, ADL, IADL, diabetes,
hypertension, hyperlipidemia, and stroke
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we still found a statistically significant association between
them (OR: 2.559, 95% Confidence Interval: 1.252-5.232).
Moreover, the statistically significant association between
HFHL and CI disappeared in all of models. In females, CI
was associated with both SFHL and HFHL in model 1 with
unadjusted covariates (OR: 4.872, 95% Confidence Inter-
val: 3.154-7.526; OR: 6.093, 95% Confidence Interval:
3.530-10.518, respectively). We also found a statistically
significant association between them (OR: 2.922, 95% Con-
fidence Interval: 1.666-5.124; OR: 3.490, 95% Confidence
Interval: 1.834-6.643, respectively), even after adjusted for
many covariates (BMI, marital status, living alone, monthly
income, education, IPAQ, ADL, IADL, diabetes, hyperten-
sion, hyperlipidemia, and stroke).

In order to ensure the reliability of our research results,
we conducted a stratified analysis by age to assess possi-
ble effect modification on the association between SFHL,
HFHL and CI. Table 3 presents the 2 models for the associa-
tion between SFHL, HFHL and CI in males and in females.
Model 2 in females showed that SFHL were significantly
associated with CI between ages 65 and 74 (all P<0.05),
and HFHL were significantly associated with CI between
ages 65 and 69 (P=0.009); no similar results were observed
in the 75 years and older group. However, in males, none
of the models showed significant associations of HFHL or
SFHL with CI in all age groups.

Association of cognition with hearing sensitivity

To determine the independent associations between cognition
and hearing sensitivity of different frequencies, Tables 4, 5,
and 6, respectively, showed linear regression between PTA and
MMSE domains of CI by gender. We found in these tables that
hearing sensitivity negatively affected the cognitive function
(all P<0.05) in model 1. In addition, there was a significant
negative correlation between hearing sensitivity and cognitive
domains (time, place, registration, recall, attention/calcula-
tion, and language) (all P <0.05). After adjusting for covari-
ates (age, BMI, marital status, living alone, monthly income,
education, IPAQ, ADL, IADL, diabetes, hypertension, hyper-
lipidemia, and stroke), the association had changed in some
cognitive domains. Table 4 shows that speech-frequencies
PTA negatively affected all cognitive domains (all P <0.05)
in model 2. High-frequency PTA negatively affected all cog-
nitive domains in model 2, except the orientation of place
(P=0.099) and time (P=0.065). In addition, Table 5 shows
a linear regression between hearing sensitivity and cognitive
domains in males. We found that high-frequency PTA affected
negatively only the registration of five cognitive domains
(P=0.001) in model 2, while speech-frequency PTA affected
the cognitive domains in model 2, except the orientation of
place (P=0.597) and language function (P =0.072). Table 6
shows a linear regression between hearing sensitivity and cog-
nitive domains in females. We found that high-frequency PTA

Table 3 Logistic regression

: Variables  65-69 years 70-74 years >75 years
between hearing loss and
cognitive impairment, stratified OR (95%CI) P OR (95%CI) P OR (95%CI) P
by age
Male (n) 144 143 135
SFHL
Model 1 3.323 (0.903-12.228) 0.071 1.412(0.424-4.706) 0.574 2.053(0.823-5.118) 0.123
Model 2 1.319(0.101-17.162)  0.832 0.905 (0.133-6.158)  0.919 2.626 (0.781-8.824) 0.119
HFHL
Model I 1.331 (0.359-4.932) 0.669 2.529(0.531-12.044) 0.244 1.316 (0.451-3.836) 0.615
Model 2 0.564 (0.037-8.527) 0.680 1.943(0.284-13.310) 0.499 1.345(0.328-5.512) 0.681
Female (n) 201 167 191
SFHL
Model I~ 8.050 (2.387-27.152)  0.001 5.643 (2.034-15.654) 0.001 2.758 (1.449-5.248) 0.002
Model 2 9.739 (1.922-49.360)  0.006 5.827 (1.247-27.233) 0.025 2.062 (0.911-4.663) 0.082
HFHL
Model 1 10.242 (2.178-48.170) 0.003 3.636 (1.160-11.398) 0.027 3.875 (1.528-9.827) 0.004
Model 2 9.832 (1.766-54.737)  0.009 2.783 (0.580-13.355) 0.201 2.797 (0.907-8.623) 0.073

Note: Significant probabilities are marked in bold

PTA pure-tone average, High PTA was defined as pure tone average of the threshold at 4, and 8 kHz in the
better ear; Speech PTA was defined as pure tone average of the threshold at 0.5, 1, 2, and 4 kHz in the bet-

ter ear

Model 1: unadjusted model

Model 2: adjusted for BMI, marital status, living alone, monthly income, education, drinking, smoking,
IPAQ, ADL, IADL, diabetes, hypertension, hyperlipidemia, and stroke
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Table 4 Linegr regres.s.io.n Variables Model 1 Model 2
between hearing sensitivity and
cognitive impairment B (95%CI) P B (95%CI) P
High PTA
MMSE —0.084 (—0.102, —0.066) 0.000 —-0.038 (-0.055, —0.022) 0.000
Time —-0.014 (-0.018, —0.010) 0.000 —0.004 (-0.009, 0.000) 0.065
Place —-0.010 (-0.013, —0.006) 0.000 —0.003 (-0.007, 0.001) 0.099
Registration —0.008 (-0.011, —0.006) 0.000 —0.007 (-0.009, —0.004) 0.000
Recall —-0.013 (-0.018, —0.009) 0.000 —0.008 (-0.014, —0.003) 0.002
Attention/calculation —-0.021 (-0.027, —0.014) 0.000 —-0.012 (-0.019, —0.003) 0.001
Language —-0.019 (-0.023, —0.014) 0.000 —0.004 (-0.009, 0.000) 0.050
Speech PTA
MMSE —-0.131 (-0.151, —0.111) 0.000 —0.061 (-0.081, —0.042) 0.000
Time —-0.021 (-0.026, —0.016) 0.000 —0.008 (-0.014, —0.003) 0.003
Place —-0.017 (-0.021, —0.013) 0.000 —-0.007 (-0.011, —0.002) 0.003
Registration —-0.012 (-0.014, —0.009) 0.000 —0.009 (-0.012, —0.005) 0.000
Recall —-0.019 (-0.025, —0.014) 0.000 —0.011 (-0.017, —0.004) 0.001
Attention/calculation —0.033 (—0.040, —0.026) 0.000 —0.020 (-0.028, -0.012) 0.000
Language —-0.029 (-0.035, —0.023) 0.000 —-0.007 (-0.013, —0.002) 0.010

Note: Significant probabilities are marked in bold

PTA pure-tone average, High PTA was defined as pure tone average of the threshold at 4, and 8 kHz in the
better ear; Speech PTA was defined as pure tone average of the threshold at 0.5, 1, 2, and 4 kHz in the bet-

ter ear
Model 1: unadjusted

Model 2: adjusted for age, BMI, marital status, living alone, monthly income, education, drinking, smok-
ing, IPAQ, ADL, IADL, diabetes, hypertension, hyperlipidemia, and stroke

negatively affected the orientation of time and language (all
P <0.05) in the unadjusted model, but after adjusting for con-
founding variates, these correlations disappeared. Moreover,
there was an association in speech-frequencies PTA involv-
ing the orientation of place (P=0.003), attention/calculation
(P=0.003), and registration (P=0.003). Obviously, registra-
tion was associated with high- and speech-frequency PTA in
all models. It is worth noting that this also existed in males.

Discussion

The purpose of our study was to investigate the relationship
between SFHL, HFHL, and CI, then to determine whether
any association differs by gender among older community
dwellers in China. Our cross-sectional study results showed
that SFHL and HFHL may be associated with a higher risk
of CI. Furthermore, we found that SFHL. was more strongly
associated with CI in males and females, while HFHL had
a different association with CI among males and females.
Hearing sensitivity was negatively and independently related
to MMSE scores, regardless of gender. We explored which
cognitive domains on the MMSE are more strongly asso-
ciated with hearing sensitivity stratified by gender. As far
as we know, this is the first study to explore the different

relationship in different-frequency HL and CI by gender
variance in older Chinese community-dwelling adults.

Our research shows a significant correlation between
HFHL and CI, and the significance still exists after adjusting
for confounding factors. As the most common type of HL
in older adults, the incidence of HFHL increases with age,
and older people are more likely to have decreased cochlear
blood supply and loss of outer hair cells at cochlear basal
[26]. HL is one of the most common challenges in older
adults over the age of 60 years and a main cause of speech
perception [27]. Difficulties in understanding language in
older adults result from age-related defects in peripheral
and central auditory pathways [13]. Recently, researchers
showed that older adults are already using additional cogni-
tive resources for any condition involving speech percep-
tion in noise [28]. Whenever the auditory input is degraded
either due to HL or due to noise, additional cognitive-control
processes are necessary to support speech perception [29].
These studies suggested that there is an inherent connec-
tion between HFHL and CI. However, speech audiometry
test was not used in this study. Because many studies prefer
to use it in those with normal or mild hearing loss, such as
an Italian study, they used a speech audiometry test, called
Italian version of the Synthetic Sentence Identification-Ipsi-
lateral Competing Message, to assess speech intelligibility
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Table 5 Linear regression

¢ > Variables Model 1 Model 2
between hearing sensitivity and
cognitive impairment in males B (95%CI) P B (95%CI) P
High PTA
MMSE —0.042 (-0.064, —0.019) 0.000 —0.027 (-0.051, 0.003) 0.027
Time —0.006 (—0.012, 0.000) 0.059 —0.002 (—0.009, 0.005) 0.539
Place —0.002 (—0.005, 0.001) 0.242 0.000 (—0.003, 0.004) 0.835
Registration —0.008 (-0.011, —0.004) 0.000 —0.007 (-0.012, —0.003)  0.001
Recall —0.008 (—0.015, —0.000) 0.037 —0.008 (—0.016, 0.000) 0.064
Attention/calculation —0.011( —0.020, —0.003) 0.011 —0.009 (-0.018, 0.001) 0.078
Language —0.007 (-0.014, —0.001) 0.024 —0.002 (—0.008, 0.005) 0.577
Speech PTA
MMSE —0.082 (-0.108, —0.055) 0.000 —0.066 (—0.095,-0.037)  0.000
Time —0.012 (-0.019, —0.005) 0.001 —0.009 (-0.018, —0.000)  0.025
Place —0.005 (—0.009, — 0.001) 0.021 —0.001 (—0.006, 0.003) 0.597
Registration —0.012 (-0.016, —0.007) 0.000 —0.011 (-0.016, -0.006)  0.000
Recall —0.017 (—0.026,—-0.008) 0.000 —0.015 (—0.025, —0.005) 0.003
Attention/calculation —0.022 (-0.033, —0.012) 0.000 —0.022 (-0.033, —0.010)  0.000
Language —0.014 (-0.021, —0.006) 0.000 —0.007 (-0.015, 0.001) 0.072

Note: Significant probabilities are marked in bold

PTA pure-tone average, High PTA was defined as pure tone average of the threshold at 4, and 8 kHz in the
better ear; Speech PTA was defined as pure tone average of the threshold at 0.5, 1, 2, and 4 kHz in the bet-

ter ear
Model 1: unadjusted

Model 2: adjusted for age, BMI, marital status, living alone, monthly income, education, drinking, smok-
ing, IPAQ, ADL, IADL, diabetes, hypertension, hyperlipidemia, and stroke

central patterns only in PTA <40 dB HL participants, and
merely get a part of the age-related central auditory process-
ing disorder spectrum [30]. But our study tends to focus on
older adults whose PTA >40 dB HL, the correlation between
hearing threshold and cognitive function may be more obvi-
ous than speech perception ability. Moreover, the MMSE
test includes a subtest of language ability that can assess lan-
guage function. And our results showed it has a significant
association with speech-frequency PTA and high-frequency
PTA in all participants (P =0.050; P =0.010, respectively),
but not in males or females after stratified by gender (all
P>0.05). To some extent, our study showed that there is
no independent correlation between hearing and language
function in males and females. It is worth noting that we are
conducting a large cohort study on older adults in Chinese
community. Except for those in hospital, nursing homes and
other facilities, as well as the bedridden seniors, older adults
in the community who could come in for a medical examina-
tion were all included in the study. So participants who have
communication difficulties or severe cognitive impairment
were excluded at recruitment stage, and they were invited to
a face-to-face interview with our experienced examiners in
quiet environments.

Moreover, several studies have shown that females have
a lower hearing threshold and an increased sensitivity

@ Springer

compared to males [31, 32]. Although females experience
a rapid hearing loss after menopause, the onset of HL is
delayed and they have a better hearing function than males
of the same age [33, 34]. Our results are similar. This may
be related to the protective effect of estrogen on hearing,
and the loss of estrogen receptors in the inner ear of males
can increase the risk of HL [35]. Our study also shows that
females have more sensitive hearing at 4 kHz and 8 kHz
but that males have more sensitive hearing at 0.5 kHz and
1 kHz. Similarly, one study showed the same results [36],
and another study after adjusting for age using covariance
analysis found significant gender differences in pure tone
thresholds at 4 kHz and 8 kHz [34]. It is not clear whether
these gender differences can solely be attributed to estrogen;
however, in measuring hearing, gender as a biological varia-
ble has attracted the attention of researchers [15]. It is worth
noting that there is a significant correlation between HFHL
and CI in females, while similar results can be found merely
in males with hypertension (OR: 2.585, 95% Confidence
Interval: 1.099-6.082; data not shown). Certainly, there may
be gender differences, or other potential mechanisms in the
effect of HL on CI may be involved. Moreover, micro-ves-
sel damage may lead to HL, and hypertension is one of the
main risk factors of peripheral arterial disease [37]. To some
extent, micro-vessel atherosclerosis caused by hypertension
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Table 6 Linegr regres.s.io.n Variables Model 1 Model 2
between hearing sensitivity and
cognitive impairment in females B (95%CI) P B (95%CI) P
High PTA
MMSE —0.130 (-0.155, —0.106) 0.000 —-0.047 (-0.071, —0.024) 0.000
Time —-0.022 (-0.027, —0.016) 0.000 —0.004 (-0.010, 0.003) 0.158
Place —0.019 (-0.024, —0.014) 0.000 —-0.007 (-0.012, —0.001) 0.031
Registration —0.009 (-0.013, —0.006) 0.000 —-0.007 (-0.011, —0.002) 0.001
Recall —-0.018 (-0.023, —0.012) 0.000 —-0.009 (-0.017, —0.002) 0.020
Attention/calculation —0.032 (-0.041, —0.023) 0.000 —0.015 (-0.025, —0.004) 0.001
Language —-0.031 (-0.038, —0.024) 0.000 —0.006 (-0.013, 0.000) 0.062
Speech PTA
MMSE —0.165 (—0.193, —0.137) 0.000 —0.055 (-0.082, —0.027) 0.000
Time —-0.027 (-0.033, —0.020) 0.000 —0.005 (-0.012, 0.003) 0.110
Place —-0.026 (—0.032, —0.020) 0.000 —-0.010 (-0.017, —0.003) 0.003
Registration —-0.012 (-0.015, —0.008) 0.000 —-0.007 (-0.012, —0.003) 0.003
Recall —-0.021 (-0.028, —0.014) 0.000 —0.009 (-0.018, —0.000) 0.053
Attention/calculation —0.040 (—0.050, —0.030) 0.000 —0.016 (-0.028, —0.004) 0.003
Language —0.039 (-0.047, —0.031) 0.000 —-0.007 (—0.014, 0.001) 0.117

Note: Significant probabilities are marked in bold

PTA pure-tone average, High PTA was defined as pure tone average of the threshold at 4, and 8 kHz in the
better ear; Speech PTA was defined as pure tone average of the threshold at 0.5, 1, 2, and 4 kHz in the bet-

ter ear

Model 1: unadjusted

Model 2: adjusted for age, BMI, marital status, living alone, monthly income, education, drinking, smok-
ing, IPAQ, ADL, IADL, diabetes, hypertension, hyperlipidemia, and stroke

may be associated with a reduction in the level of oxygen
and the nutrition supply for the inner ear. One study sup-
ported the association between hearing and hypertension,
particularly at higher frequencies [38]. Another assumed that
hypertension may damage not only the inner ear but also the
primary auditory cortex [39]. However, a Malaysia study
showed that high-frequency PTA (4 kHz and 8 kHz) was
not significantly related to cognition [40]. The reason may
be due to our subgroup analysis that was performed using
gender. Actually, there are few studies on gender differences
between HFHL and CI. The results of this cross-sectional
study need to be confirmed by additional prospective cohort
studies.

Our research also shows a significant correlation between
SFHL and CI, and the significance still exists after adjusting
for confounding factors. Our results are in line with previous
research showing significant associations between greater
HL and poorer cognitive function in both cross-sectional
and prospective studies [41, 42]. On the contrary, other
studies have not found similar results [10, 11]. One major
limitation across these previous studies has been how HL
was measured and how the variability of audiometric data
were analyzed. The strengths of our present study include
results from a population-based cohort of older community-
dwelling adults and HL adopted by the WHO [43]. The

difficulty of speech perception in quiet background is the
most prominent feature of SFHL in older adults. A previ-
ous study demonstrated that older adults with HL showed
reduced recruitment of the articulatory motor cortex during
listening to speech at 0.5 to 4 kHz versus whom with normal
hearing [40]. The older adults with HL were also damaged
in speech perception in noise background. The current find-
ings suggest that auditory input from the cochlear to the
auditory system in older adults are reduced, which leads to
a reduced recruitment of the articulatory motor system in
speech processing and supports the auditory-motor decline
hypothesis [44]. Communication disorders caused by HL
can result in social isolation and loneliness in older adults,
and many epidemiologic and neuroanatomic studies have
supported correlations between loneliness and CI. The effect
of HL on cognitive load is suggested by studies indicating
that under conditions of auditory perception is difficult, and
more cognitive resources are devoted to auditory perceptual
processing, thus damaging other cognitive processes such as
working memory [45]. Neuroimaging studies had already
indicated that older adults have a compensatory recruitment
of regions in their prefrontal and temporoparietal cortex,
which to maintain auditory speech processing [27, 46]. And
this pattern of neural compensation may explain the general
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preservation of language comprehension, which is seen even
in the advanced dementia population [47].

In our study, male’s high-frequency PTA worsened with
each older age group (40.66 +11.72 vs 43.59 +12.58 vs
49.40+ 14.50; P<0.001; data not shown); their speech-
frequency PTA also worsened with each older age group. In
females, we found similar results. However, those 75 years
and older, SFHL and HFHL were not significantly associ-
ated with CI in males and females. Because our study popu-
lation was older and the hearing function of old adults is
generally weakened not continuously getting worse in aging
which described as the ceiling effect [48]. Our older old
participants were more prone to a higher prevalence of HL.
Exactly, the older old, especially with HL, whose hearing
function may not significantly with CI anymore for high
prevalence of HL. This is consistent with the results of a
previous study [11]. As for gender differences of hearing
function, they were almost minimal in the older old [48].
Their cognitive function is inevitably affected by many
chronic diseases especially in older old; we cannot rule
out other potential confounders contributing to CI in this
cross-sectional study. Interestingly, we found that the OR
value in females with SFHL or HFHL seemed to have a
trend of decreasing with increasing age, and this trend was
more obvious in pre-elderly females (<75 years), but we did
not observe any similar results in pre-elderly males. This
is different from a previous study [49]. The reason may be
due to different hearing loss definition and assessment tools.
Besides, we have another two possible explanations: one
may be due to the heterogeneity of population: the asso-
ciation between HL and CI was stronger in our pre-elderly;
another could be for the relatively small sample size after
stratification by age. We plan to increase the sample size in
the future, which may produce new results.

We found that impairment on the MMSE overall is inde-
pendently and significantly negatively related to hearing
sensitivity after adjusting for confounding variables. Hear-
ing sensitivity is also negatively related to hearing status.
Similarly, one report by Lin et al. demonstrated that those
with HL performed worse in MMSE scores than those
with normal hearing [50]. In the “Registration” sections
of MMSE, high- and speech-hearing sensitivity has a sig-
nificantly negative correlation with registration scores in
males and females. The causes of cognitive decline in adults
with HL could be explained by the information degrada-
tion hypothesis, and HL can be interpreted as that to put an
increased burden on cognitive processing on account of the
effort required to decode the degraded sensory input [51].
Other studies have approved that performance in cognitive
tests might be affected by the quality of auditory-presented
sensory input such as memory [52]. Moreover, time, recall,
and attention/calculation sections of MMSE have a signifi-
cantly negative correlation with speech-hearing sensitivity
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in males after adjusting for confounding variables. This may
be due to further advancement in the HL pathophysiologi-
cal process, and speech-frequency hearing sensitivity was
related to broader cognitive domains than high-frequency
hearing sensitivity. Similarly, a meta-analysis reported that
HL was associated with cognitive decline involving multiple
domains, including working memory and visuospatial abil-
ity [9]. It is noteworthy that high-/speech-hearing sensitiv-
ity was not significantly correlated with language scores in
males and females. A cross-sectional study also analyzed
the possible relationship between hearing sensitivity and
cognition on language tests, which shown there are no sig-
nificant relationship between hearing sensitivity and speech
function, regardless of CI [53]. These results suggested that
cognitive function, rather than simply auditory problems, is
attributed to the impaired speech function in older adults.

Limitations

This study had several limitations. First, as this was a cross-
sectional study design, although correlations among SFHL,
HFHL, and CI were found in older adults, the causation is
still unknown. Second, all of our subjects are from four com-
munities in Chongming District, Shanghai, and we required
them to arrive at the prescribed place of physical exami-
nation by themselves and provide their informed consent;
hence, subjects with severe CI were not included in our
study. In the future, we will improve our research design
and more accurately ascertain the association between CI
and HL at different frequencies among older community
dwellers in China.

Conclusion

Our study suggests that SFHL and HFHL are associated with
CI, but males and females demonstrate different results, sug-
gesting that different mechanisms are involved in the eti-
ology of HL. Moreover, we found that hearing sensitivity
is negatively associated with cognitive domains, and that
registration is most significant. The associations between
hearing frequencies and cognitive health may vary according
to gender. Gender-specific strategies in healthcare policies
are needed. In view of our limited ways to assess cognitive
function, future research should focus on a more compre-
hensive approach to assessing cognition and implementing
a longitudinal study in order to explore the causal relation-
ships between HL and CI.
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