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Background: There is a high incidence rate of age-related hearing loss. Severe hearing loss may increase the prevalence of mental
illness, cognitive impairment, and even the risk of all-cause death.

Purpose: Construction of the three-level and two-stage screening mode for age-related hearing loss of the community and to evaluate
its effectiveness.

Materials and Methods: A total of 401 participants (aged 60 years or older) from five typical communities were enrolled in the
study. The risk factors assessment of age-related hearing loss was completed by using a cross-sectional survey and receiver operating
characteristic (ROC) curve. Multiple screening method was adopted and verified by serial and parallel tests, respectively. Based on
research data, incorporate risk factors assessment, the Hearing Handicap Inventory for the Elderly Screening Version (HHIE-s) and
pure tone audiometry (PTA) were used to construct the screening mode.

Results: Multiple screening series testing and multiple screening parallel testing, including risk factors assessment, HHIE-s, and PTA,
were used for verification: the sensitivity, specificity, and Kappa index were 70.5% and 9.2%, 95.0% and 71.6%, 0.26 and 0.63,
respectively. Finally, the three-level and two-stage screening mode for age-related hearing loss was established. “Three-level” was
defined as the risk factors assessment/HHIE-s (high-risk population), PTA (suspect population), and comprehensive hearing loss
assessment (confirmed population). “Two-stage” was defined as the population screening by general practitioner in the community and
target screening by otolaryngologist of the tertiary hospitals.

Conclusion: The three-level and two-stage screening mode for age-related hearing loss consists of the following framework: from
population screening to target screening, from suspicious diagnosis to accurate diagnosis, from primary health care to tertiary
hospitals. The study objective is to structure a new secondary prevention and treatment mode for age-related hearing loss with
primary health care as the core, so as to help the front-end management of healthy aging.
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Introduction
Definition of Age-Related Hearing Loss

Age-related hearing loss is known as presbycusis, whose definition is hearing loss caused by aging and degeneration of
auditory organs in the older adults. The prevalence of age-related hearing loss is high; recent studies estimate that
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roughly 33% of the persons over the age of 50 years, 45% of the persons over the age of 60 years' and 63.1% of the
persons over the age of 70 years have been affected.” As the population ages, hearing loss is expected to continue to rise
in prevalence.”’ It is the third chronic disease in elderly persons behind arthritis and hypertension in the world. The
pathogenesis of age-related hearing loss results from the interaction of multiple physiological mechanisms.*®

In the early stages of onset, the patient exhibits binaural symmetrical high-frequency hearing loss, often accompanied
by tinnitus and a decline in auditory recognition ability.

However, the early subjective sensory speech recognition ability is sufficient for daily communication, so the
symptoms are hidden and easily ignored. Mild hearing loss reduces the living ability of older adults, while a severe
hearing loss could lead to mental illnesses, cognitive impairment, and the risk of all-cause death.*”~ Age-related hearing
loss is an important public health issue currently incurable; therefore, early detection and diagnosis are essential.

Screening of Age-Related Hearing Loss

According to 2013 data from the Centers for Disease Control and Prevention (CDC) of the United States (US), 97% of
the newborns were screened for hearing. By 2021, the rate of hearing screening of newborns has reached more than 60%
in China and 100% in Shanghai. However, at present, screening for age-related hearing loss is still in its early stages, and
there are no unified data on the screening rate.'®"!

Current methods for detecting hearing loss include scale method, subjective testing, and objective testing, such as the
Hearing Handicap Inventory for the Elderly adults (HHIE), screening for otologic functional impairments (SOFI), pure
tone audiometry (PTA), the subjective faces scale, the whispering experiment, the speech audiometry, otoacoustic
emission, etc.'>'* But the US Preventive Services Task Force’s updated evidence report and systematic review
demonstrated that although some screening tools of hearing loss have been developed, none of them have sufficient
sensitivity, specificity, and positive and negative predictive values.'*'> The screening tool of hearing loss should be
weighed according to sensitivity, specificity, technology cost, per capita labor cost and ease of operation for effective
screening and referral. Currently, there is no convenient screening method or management model that can be widely
promoted.

The Role of Primary Health Care in Screening of Age-Related Hearing Loss

In May 2017, the 70th World Health Assembly adopted the resolution on the Prevention of Deafness and Hearing Loss,
requiring ear and hearing care to be included in the primary healthcare framework under universal health coverage.'® The
core issues are the active implementation and standardization of deaf prevention as part of health education in grassroots
communities, the establishment of ear and hearing health records of community residents, and better screening,
diagnosis, referral, follow-up and treatment of ear diseases and hearing loss to reduce the incidence of preventable
hearing impairment.

In developing countries, less than 1% of hearing loss patients receive hearing aid treatment compared to 10-40% in
developed countries. Given the advancement in hearing loss treatment, the rate of acceptance and usage has not increased
significantly in the past 50 years.'” More than 95% of individuals who could benefit from hearing aids do not use them."®
Regarding hearing impairment, the older adults have very low cognition and willingness to seek assistance.
Consequently, otolaryngologists are unable to contact undiagnosed and untreated patients timely. Hearing loss screening
in the older adults is enormously important but receives little attention. General practitioners may be the first to encounter
elderly people at risk of hearing loss, and they can play an important role in early identification and management of
hearing loss.'**°

Some simple screening testing, such as self-assessment: “Do you believe you have hearing loss?”, “finger-snapping”
and “whispering” can initially identify patients with hearing loss.'*'” However, it is rarely used in clinical settings.
General practitioners have limited knowledge and comprehension of age-related hearing loss, including the optimal
screening, consultation, and referral procedures, and may focus solely on major diseases such as diabetes and coronary
heart disease due to time constraints.”’ Despite the availability of treatment methods, 50% of the general practitioners
have a negative attitude toward diagnosing and treating age-related hearing loss.'®** Typically, older adults are unaware
of hearing loss or reluctant to reveal it, but if inquired by the general practitioner, patients are more likely to follow their
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treatment recommendations.?**** Therefore, research is needed to evaluate the effect management mode of hearing loss
screening in the older adults.

The prevention and treatment of noninfectious chronic diseases (NCDs), which adopted a mode of early screening,
prevention, and intervention, had achieved certain results General practitioners are the leaders in the management of
NCDs among the community population, who are suitable for implementing technologies that can reduce medical
expenses and health system costs. Age-related hearing loss is related to factors such as personal behavior and illness, and
can refer to screening and management methods for NCDs.*>

Materials and Methods

Participants

Adults aged 60 years or older from five typical communities with populations of approximately 100,000, three from urban, one
from urban-rural fringe, one from suburban, in Pudong New Area, Shanghai were recruited. A total of 401 participants with no
history of hearing loss or audiological rehabilitation experience by self-report were finally recruited (Figure 1).

Questionnaire

The study selected databases (MEDLINE, PubMed, Embase, and Web of Science) and used searches “presbycusis” (ALL
Fields) OR (“age” [ALL Fields] and heating loss [ALL Fields] AND “screening” (ALL Fields)). The study invited ENT
experts to supplement and adjust the search content, and jointly developed a questionnaire.

The questionnaire consisted of three parts: 1) general information: age, gender, nationality, work experience, marital
status, educational background, whether living alone, exercise habits, eating habits, smoking history, drinking history,
body mass index (BMI), family history of hearing loss, and headset wearing habits. 2) History of disease: hypertension,
diabetes, hyperlipidemia, hyperuricemia, cardiovascular diseases, hypothyroidism, and chronic otitis media. 3) Hearing
Handicap Inventory for the Elderly Screening Version (HHIE-s): 10 scale items involving five emotional and five
situational problems. Three options were available for each item, “Yes”, “Sometimes”, “Never” and the corresponding
scores were 4, 2, and 0. The total score on the scale was 0—40. According to the American Speech-language-Hearing
Association, 0-8 points indicate no obvious hearing loss and 1040 points denote hearing loss.’

Audiometric Assessment

Pure tone audiometric (PTA) testing was administered in a quiet consulting room with background noise controlled
within 40 dB.Prior to the audiometric assessment, the ears were examined for wax or abnormalities. The air conduction
thresholds were obtained at 0.5-4 kHz over an intensity range of —10 to 120 dB using a MADSEN audiometer.

Cross-sectional study

Enrolled participants (with no history of hearing loss or
audiological rehabilitation experience by self-report ) (n=401)

Questionnaire

I I
Hearing Handicap Inventory
for the Elderly Screening
Version (HHIE-s)

Excluded participants(n=40)

Pure tone audiometry
(PTAD

Figure | Cross-sectional study of age-related hearing loss of the older adults in community.
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Each individual’s hearing thresholds were annotated as dB/ HL at each of four frequencies (500 Hz, 1 kHz, 2 kHz and
4 kHz). The average of 0.5kHz, 1kHz, 2kHz, and 4kHz pure tone air conduction hearing thresholds of good ears were
used as the classification criteria for hearing: <25 dB/HL is normal, 26—40dB/HL is mild hearing loss, 41-55dB/HL is
moderate hearing loss, 56—70dB/HL is moderately severe hearing loss, 71-90 dB/HL is severe hearing loss and >91 dB/

HL is profound hearing loss.>**

Construction of Risk Factors Assessment System
Obtained risk factors for age-related hearing loss based on cross-sectional data and logistic regression analysis. Using
conditional logic equations, assign values of 1 or 0 to participants based on whether they have risk factors, and obtain the
cumulative scores.

The best cut-off value of the cumulative risk factors scores to predict the risk of age-related hearing loss was obtained
by using the subject operating characteristic (ROC) curve. So that the older adults would be divided into low-risk group
and high-risk group.

The Referral Management Platform for Age-Related Hearing Loss

The study group had completed the construction of the “1+10+100” mode of local medical consortium in the early stage
and achieved a seamless connection between primary healthcare and specialist through hierarchical diagnosis and
treatment, two-way referral, and dynamic flow.” Based on the “I+10+100” mode (Figure 2), the referral management
platform for age-related hearing loss could be implemented.

Screening Mode of Age-Related Hearing Loss

Using two or more screening methods to examine the same subject can improve the sensitivity and specificity, increase
screening benefits, including series testing and parallel testing. Series testing consists of a sequence testing that can be
determined as positive once a positive result occurs. For parallel testing, if any one result of testing is positive, parallel
testing would be considered positive. The study used three methods, risk factors assessment, HHIE-S and PTA, by
multiple screening series testing and multiple screening parallel testing to evaluate the screening effects.

Statistical Analysis

EpiData 3.0 was used for data input, and SPSS 25.0 software was used for statistical analysis. For measurement data, the
normal distribution was represented by x + s, and the abnormal distribution was represented by M (P25, P75). The two samples
of normal distribution data were compared by #-testing. The Mann—Whitney U-test was carried out to compare the two
samples with abnormal distribution data, and the Kruskal-Wallis testing was done for the multiple samples. The classified data

1: Shanghai East hospital

Up referral

e o Downward referral ‘ ’
1) Acute and critical diseases Two way flow

1)Chronic disease management

Health record 2) Difficult and miscellaneous
| . 2) Rehabilitation management
‘ diseases Closed-loop
i 3 - i 3) Follow up
| | 3) Specialist evaluation management
‘ Resource sharing ‘

| 10: Community Health Service Centers }

Outpatient visit Primary health care

i 100: 1 million

population in the ¢ ity

Figure 2 “1+10+100” mode of local medical consortium.
Notes: |: One comprehensive hospital. 10: Ten Community Health Service Centers. 100: One million population in the community.
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were expressed by frequency and rate. The chi-square testing was employed to compare the unordered categorical variables,
and the rank sum testing was utilized to compare the ordered categorical variables. Pearson, Spearman, and logistic regression
analyses were used to analyze the related factors. P < 0.05 meant the difference was statistically significant.

Results

Risk Factors Assessment for Age-Related Hearing Loss

Logistic Regression Analysis

A total of 401 older adults were enrolled in the cross-sectional study, including 182 (38.4%) males, 219 (54.6%) females,
average age (71.0 £ 6.1) years, overweight/obese 181 (45.1%), living alone 30 (7.5%), divorced/widowed 42 (10.5%),
education level of primary school and below 66 (17.5%), noise history 45 (11.2%), family history of hearing loss 10
(2.5%), non-light diet 112 (27.9%), non-exercise habits 192 (48.1%), smoking 71 (17.7%), drinking 41 (10.2%), headset
wearing habits 29 (7.2%), chronic otitis media 1 (0.2%), hypertension 258 (64.3%), diabetes 123 (30.7%), hyperlipide-
mia 155 (38.7%), cardiovascular diseases 98 (24.4%), hypothyroidism 37 (9.2%), hyperuricemia 68 (17.0%), and history
of ototoxic drugs 5 (1.2%). The prevalence of hearing loss in males was 84.9%, while in females was 78.8%, with no
statistically significant difference (y’=2.691, P=0.101). The constituent ratios of mild, moderate, moderately severe,
severe, and profound hearing loss were 48.5%, 23.4%, 7.8%, 1.3% and 0.7%, respectively.

Taking the hearing loss of the older adults as the dependent variable, 22 variables (gender, age, BMI, overweight/
obesity, living alone, divorce/widowhood, education level of primary school and below, noise history, family history of
deafness, non-light diet, non-exercise habits, smoking, drinking, history of wearing headphones, chronic otitis media,
hypertension, diabetes, hyperlipidemia, cardiovascular diseases, hyperuricemia, hypothyroidism, history of ototoxic
drugs) were used as independent variables for binary logistic regression analysis. The gender variable was assigned as
female = 1 and male = 2; age and BMI were continuous variables; other independent and dependent variables were
allocated as none = 0 and yes = 1. The 15 variables with P < 0.2 in the single-factor logistic regression analysis were
included in the multi-factor logistic regression analysis. The results found that the age [OR = 1.100, 95% CI (1.037,
1.166)], noise history [OR = 3.886, 95% CI (1.077, 14.022)], non-light diet [OR = 2.445, 95% CI (1.127, 5.305)],
hypertension [OR = 1.839, 95% CI (1.015, 3.330)], diabetes [OR = 4.310, 95% CI (1.817, 10.225)] and hyperuricemia
[OR = 3.174, 95% CI (1.030, 9.779)] were independent risk factors for age-related hearing loss (P < 0.05) (Tables 1-2).

Variables as dietary habits, hypertension, diabetes, hyperlipidemia, and noise history were included in the risk factor
system. Variable age interacted with hypertension, diabetes, hyperlipidemia, cardiovascular disease, hypothyroidism,
hyperuricemia, cardiovascular disease, so hypothyroidism and hyperuricemia were included in the system. The univariate
analysis tipped the overweight/obesity, living alone, divorce/widowhood, non-exercise habit, family history of deafness,
smoking history, drinking history, history of wearing headphones, history of ototoxic drug was with statistical signifi-
cance. In combination with the mention rate from literature, the above variables were included in the system. Multiple
population surveys suggested that the incidence of hearing loss in males was higher than in females. In this study, there
was sex difference in the incidence rate, with no statistical significance. Considering possible inclusion bias, adopted

14,28-30

literature and expert opinions, sex was included in the system. Participants of the study were older adults, so age

was not included in the system. Finally, 18 risk factors were included.

ROC Curve Analysis

The study used the ROC curve to obtain the threshold for diagnosing age-related hearing loss based on the cumulative
scores of risk factors. The area under the ROC curve (AUC) was 0.777 (95% CI 0.721-0.833), the maximum Youden
index was 0.534, and the cut-off value was 3.5. The sensitivity and specificity of risk factor assessment for hearing loss
were 70.9% and 75.3%, respectively. The threshold value of risk stratification was rounded to 4, and the older adults were
divided into two groups based on hearing loss: low-risk (<4) and high-risk (>4).
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Table | Univariate Logistic Regression Mode of Influencing Factors on Age-Related Hearing Loss

Variable p SE Wald 4> | P value OR 95% CI
Sex 0.365 0.255 2.061 0.151 1.441 (0.875, 2.373)
Age 0.16 0.027 17.965 <0.001 1.123 (1.064, 1.185)
BMI 0.118 0.042 7.927 0.005 1.125 (1.037, 1.222)
Overweight/obesity 0.551 0.259 4516 0.034 1.734 (1.044, 2.881)
Living alone 0.532 0.552 0.929 0.335 1.702 (0.577, 5.024)
Divorce/widowhood 1.061 0.617 2.955 0.086 2.889 (0.862, 9.684)
Primary school education and below 0.278 0.357 0.609 0.435 1.321 (0.657, 2.657)
Noise history 1.368 0.611 5.011 0.025 3.928 (1.186, 13.015)
Family history of deafness 0.839 1.062 0.625 0.429 2315 (0.289, 18.541)
Non-light diet —-1.201 0.358 11.219 0.001 0.301 (0.149, 0.608)
Non-exercise habits —1.498 —0.332 20.300 <0.001 0.224 0.117, 0.429)
Smoking 0.262 0.344 0.580 0.446 1.300 (0.662, 2.553)
Drinking 0.656 0.494 1.760 0.185 1.927 (0.731, 1.538)
History of wearing headphones 19.924 7463.647 0.000 0.998 449,668,255.2 -
Chronic otitis media 19.832 40,196.969 0.000 1.000 410,198,941.3 -
Hypertension 1.237 0.257 23.144 <0.001 3.445 (2.081, 5.702)
Diabetes 1.794 0.412 18.936 <0.001 6.011 (2.680, 13.484)
Hyperlipidemia 0.963 0.290 11.021 0.001 2.620 (1.484, 4.627)
Cardiovascular diseases 1.273 0.393 10.508 0.001 3.571 (1.654, 7.708)
Hyperuricemia 1.571 0.532 8.738 0.003 4.812 (1.698, 13.640)
Hypothyroidism 2317 1.022 5.141 0.023 10.141 (1.369, 75.113)
History of ototoxic drugs 19.845 17,974.842 0.000 0.999 415,407,816.7 -

Notes: Overweight/obesity is defined as BMI 224.0 kg/m? noise history is defined as continuous working in >85 dB environment > | year; smoking is defined as smoking >
| piece/day, accumulated for sixé months; drinking is defined as drinking more than once a week, continuous or cumulative 12 months; exercise habit is defined as exercise

0.5 h/time and >3 times/week; and history of wearing earphones is defined as >3 days/week and accumulated for 12 months. “~” indicates that the number of positive cases
is too small, resulting in an extreme OR value. The 95% Cl is not displayed in the table.

Table 2 Multivariate Logistic Regression Mode of Influencing Factors on Age-Related Hearing Loss

Variable p SE Wald 22 P value OR 95% CI

Sex —0.056 0.322 0.030 0.863 0.946 (0.503, 1.779)
Age 0.104 0.031 11.221 0.001 1.100 (1.037, 1.166)
BMI 0.059 0.075 0.609 0.435 1.060 (0.915, 1.228)
Overweight/obesity —0.081 0.468 0.030 0.836 0.922 (0.368, 2.310)
Divorce/widowhood —0.148 0.712 0.043 0.836 0.863 (0.214, 3.483)
Noise history 1.357 0.655 4.298 0.038 3.886 (1.077, 14.022)
Non-light diet 0.894 0.395 5.114 0.024 2.445 (1.127, 5.305)
Non-exercise habits —0.385 0.403 0915 0.339 0.680 (0.309, 1.498)
Drinking 0.592 0.593 0.996 0.318 1.808 (0.565, 5.785)
Hypertension 0.609 0.303 4.038 0.044 1.839 (1.015, 3.330)
Diabetes 1.461 0.441 10.985 0.001 4310 (1.817, 10.225)
Hyperlipidemia 0.246 0.355 0.479 0.489 1.278 (0.637, 2.564)
Cardiovascular diseases 0.362 0.463 0.613 0.434 1.437 (0.580, 3.558)
Hyperuricemia I.155 0.574 4.045 0.044 3.174 (1.030, 9.779)
Hypothyroidism 1.645 1.066 2.379 0.123 5.181 (0.641, 41.897)

Construction of Screening Mode of Age-Relate Hearing Loss
Construction of Screening Mode

Among 401 older adults, the results of a single screening method exhibited that 320 were positive by PTA, 247 by risk
factors assessment, and 232 by HHIE-s. Moreover, 161 (39.9%) with positive results were by multiple screening in series
testing, and 318 (73.6%) with positive results were by multiple screening in parallel testing. Multiple screening in
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parallel testing yielded similar results from PTA, but the composition ratio of mild to moderate hearing loss was
relatively higher (Table 3).

With PTA as the golden indicator, the single and the multiple screening methods were evaluated by three indicators of
authenticity, reliability, and positive/negative predictive value. The sensitivity of the multiple screening parallel testing
was 21.3%, 19.6% higher than those of the single screening method (risk factor assessment) and single screening method
(HHIE-s); meanwhile, the positive predictive rate increased by 0.9% and 18.3%. The multiple screening parallel method
had the same specificity as single screening (risk factors assessment); the Kappa index was 0.63, reaching a medium—
high consistency (Tables 4-5).

Based on the above data, the framework of the screening mode, the content of the screening project, and the
implementation strategy were summarized and analyzed. Then, the prototype of three-level and two-stage screening
mode for age-related hearing loss was constructed. The mode framework was as follows: 1) Three-level was the
hierarchical assessment of risk factors assessment/HHIE-s (high-risk population), PTA (suspect population), and com-
prehensive assessment (confirmed population). 2) Two-stage was population screening (initial diagnosis and hierarchy of
hearing loss) and target screening (qualitative and comprehensive assessment of hearing loss) (Figure 3).

Evaluation of Screening Mode

Among 401 older adults, 29 (11.7%) participants from the high-risk group of stratified risk factors received referrals; 37
(16.2%) participants with positive results of HHIE-s received referrals; 28 (17.5%) participants with positive results of

Table 3 Result of Screening for Age-Related Hearing Loss

Item Number of Hearing Loss (n, %) Total (n) | x> P value
Normal | Mild Moderate | Moderately Severe | Profound
Severe
Gold standard
PTA 0 (0.0 214 (53.4) | 84 (20.9) 17 (7.4) 4 (1.3) 1 (0.2) 320 401.000 | 0.000
Single screening
Risk factors assessment | 20 (8.1) 147 (59.5) | 62 (25.1) 14 (5.7) 3(1.2) 1 (0.4) 247 60.437 | 0.000
HHIE-s 4 (1.7) 130 (56.0) | 78 (33.6) 15 (6.5) 4 (1.7) 1 (0.4) 232 145.857 | 0.000
Multiple screening
Series method | (0.6) 86 (53.4) 58 (36.0) 12 (6.2) 3 (49 1 (0.6) 161 90.280 | 0.000
Parallel method 23 (7.2) 191 (60.1) | 82 (25.8) 18 (5.7) 3(0.9) 1 (0.3) 318 163.706 | 0.000
Table 4 Valuation of Single Screening Method
Screening Method Sensitivity Specificity Kappa Index Positive Predictive Value Negative Predictive Value
Risk factors assessment 70.9% 75.3% 0.63 91.9% 39.6%
HHIE-s 71.3% 95.1% 0.45 74.5% 81.1%
Table 5 Valuation of Multiple Screening Method
Screening Method Sensitivity | Specificity | Kappa Positive Negative
Index Predictive Predictive
Value Value
Multiple screening series testing Risk factors assessment + HHIE-s 70.5% 95.0% 0.26 99.4% 76.1%
Multiple screening parallel testing | Risk factors assessment/HHIE-s 92.2% 71.6% 0.63 92.8% 69.9%
Clinical Interventions in Aging 2023:18 https: 1315

Dove:


https://www.dovepress.com
https://www.dovepress.com

Ge et al Dove

The older adults with
unknow hearing loss

|
one-level: 3
General practitioner  — FISk'facm: HHIE-s
One-stage: high-risk population AESEASIET
Population screening
(Preliminary | Score >4 | I Score > 8 |
screening and grading
of hearing loss) - erm:’;;‘xtli;nﬂ _| PTA (0.5kHz. 1kHz. 2kHz. 4kHz) ‘
Suspicious population
three-level: Comprehensive evaluation(Acoustic immittance, Stapedius
TWO'““ﬂF‘ Specialty 0 reflex, Middle ear MRI, ect)
Target screening Confirmed population
( Comprehensive l
evaluation of hearing
loss) Specialty ‘—’ Determine treatment plan

Figure 3 Three-level and two-stage screening mode for age-related hearing loss.

multiple screening series testing received referrals; 38 (13.0%) participants with positive results of multiple screening
parallel testing received referrals.

Compared with the referral rate 11.8% of the participants with positive results of PTA, the above methods increased the
referral rates by 0.9%, 4.4%, 5.7%, 5.70%, and 1.2%, respectively. Therefore, through multiple screening methods, participants’
understanding of the disease would be improved and their compliance with treatment would be improved (Table 6).

Discussion
Risk Factors Assessment System for Age-Related Hearing Loss Provides

Evidence-Based Medicine Basis for Constructing the Screening Mode of Hearing Loss
The pathogenesis of age-related hearing loss is pluralism,® resulting from multiple physiological mechanisms related to
mitochondrial DNA mutation, glutamate over-secretion, changes in immune reactants, free radical damage, and changes
in temporal bone tissue.*' A cross-sectional study of 164,770 adults aged 40—69 in the United Kingdom (UK) found that
smoking and passive smoking were associated with increased hearing loss.>> A European multicenter study involving
4083 subjects aged 53-67 demonstrated that high BMI was associated with hearing loss.>® A hearing impairment study of
16,000 Korean adults suggested that individuals with cardiovascular and cerebrovascular risk factors (hypertension,
diabetes, smoking, and elevated serum cholesterol) were at risk of hearing impairment.>

This study adopted PTA as the gold standard. Univariate logistic regression analysis showed age, BMI, overweight/
obesity, divorce/widowhood, noise history, non-light diet, non-exercise habits, hypertension, diabetes, hyperlipidemia,
cardiovascular diseases, hyperuricemia, and hypothyroidism were the influencing factors. Multivariate logistic regression
analysis disclosed that age, noise history, non-light diet, hypertension, diabetes, and hyperuricemia were independent risk

factors.
Table 6 The Referral Rate of the Population with Positive Screening Results
Hearing Loss (n) | Referral Rate (n, %) | x> P value
Single screening
Risk factors assessment | 229 29 (12.7) 3.845 0.050
HHIE-s 228 37 (16.2) 26.879 | 0.000
PTA 320 38 (11.8) 10.626 | 0.001
Multiple screening
Series testing 160 28 (17.5) 19.645 | 0.000
Parallel testing 294 38 (13.0) 10.957 | 0.001
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Regarding education level, male, family history of deafness, smoking, drinking, and history of wearing head-
phones, chronic otitis media, and ototoxic drug use mentioned in other literature, there was no statistical significance in
our study. The reasons were as follows: 1) the study used convenient sampling, and the included population had
intention bias. 2) There was no statistically significant effect with gender, smoking and drinking; the reason might be
the proportion of included men and women (182/219). 3) The actual number of cases with a history of wearing
a headset, chronic otitis media, and ototoxic drugs were too small, leading to deviation in statistical results.

Among the risk factors, there were 13 (72.2%) factors (non-light diet, hypertension, diabetes, hyperlipidemia,
cardiovascular diseases, hyperuricemia, hypothyroidism, overweight, non-exercise habits, smoking, drinking, and history
of wearing earphones, and ototoxic drugs) that were preventable, controllable, delayed, and improved risk factors.
Compared with chronic diseases such as diabetes and hypertension, age-related hearing loss had a high prevalence rate,
resulting in adverse events and a large disease burden. Although it cannot be accurately prevented at the primary
prevention, it can realize secondary prevention, that is, early detection, early diagnosis, and early intervention.

Predicting Age-Related Hearing Loss Using Cumulative Scores of Risk Factors Based
on ROC Curves

The receiver operating characteristic curve (ROC curve) is also known as the sensitivity curve. The ROC curve is a curve
drawn based on a series of different binary classification methods (boundary values or determination thresholds), with
true positive rate (sensitivity) as the vertical axis and false-positive rate (1-specificity) as the horizontal axis. The area
value under the ROC curve is between 1.0 and 0.5. When AUC>0.5, the closer AUC is to 1, the better the diagnostic
effect. AUC has low accuracy at 0.5-0.7, certain accuracy at 0.7—0.9, and high accuracy above 0.9. When AUC=0.5, it
indicates that the diagnostic method is completely ineffective and has no diagnostic value. The area under the ROC curve
(AUC) in the study was 0.777 (95% CI 0.721-0.833), which basically met the diagnostic evaluation requirements. The
sensitivity and specificity of the assessment of risk factors for hearing loss were 70.9% and 75.3%, respectively. The
threshold for risk stratification was determined to be 4, and older adults would be divided into two groups: low risk (<4),
high risk (= 4). This method has been proven to be practical in research. It was also the first time to be applied to the
screening of hearing loss and fully embodying the perspective of holistic management of disease in general practice
medicine.

Community-Based Three-Level and Two-Stage Screening Mode for Age-Related
Hearing Loss is Appropriate and Effective

Screening refers to the application of rapid and simple methods to screen out high-risk patients from healthy people for
further diagnosis and treatment. The three-level and two-stage screening mode for age-related hearing loss is a selective,
active and therapeutic screening method for the older adults; the construction connotation is as follows: the risk factors
assessment/HHIE-s (screening out high-risk population), the PTA (screening out suspect population); the population
screening (performed by a general practitioner in the community) and target screening (performed by otorhinolaryngol-
ogy specialty of the tertiary hospitals), the results of the preliminary screening showed that the proportion of mild and
moderate hearing loss was relatively higher, indicating the possibility of early warning hearing loss. All these conformed
to the fundamental principles of early screening and early diagnosis.

The method to improve screening efficiency are as follows: 1) screening in high-risk groups, namely selective
screening, improving the positive prediction rate and screening benefit. 2) Selecting a testing with high sensitivity and
utilizing two or more screening methods to examine the same subject can improve sensitivity, specificity, and benefit,
including using series and parallel testing. The series testing is conducted in multiple testing sequences. Once a negative
result occurs, it can be determined as negative. It has the benefit of increased specificity and decreased rate of
misdiagnosis but decreased sensitivity and increased rate of missed diagnosis. If any one result is positive among all
testing sequences, it is regarded as positive in parallel testing. It has the advantage of increased sensitivity and decreased
missed diagnoses. The disadvantages are reduced specificity and increased misdiagnosis. The three-level and two-stage
screening mode for hearing loss constructed in this study was validated by serial testing and parallel testing, respectively.
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The sensitivity, specificity and Kappa index of the former were 70.5%, 95.0% and 0.26, and the sensitivity, specificity
and Kappa index of the latter were 92.2%, 71.6% and 0.63, respectively. The results indicated that multiple screening
parallel testing could obtain excellent screening sensitivity, consistency, and specificity. The evaluation of screening
mode tips that the mode has enforceability, accessibility, and convenience.

Through multiple screening, it is expected to improve the awareness of hearing loss and medical compliance in the
older adults, to realize the management of hearing loss starts with active self-health intervention.

The Management Mode of Age-Related Hearing Loss Based on General Practitioners
is Relatively Underdeveloped

Age-related hearing loss is called an “imperceptible disability”. The implementation of screening for age-related hearing
loss has been proven to improve the detection rate’ and the acceptance rate of hearing loss compensation treatment
(including wearing hearing aids).** A Dutch hearing screening program found that 57% of general practice outpatient
patients were screened for hearing loss.>> The Australian government encourages the older adults (>75 years) to receive
routine hearing assessments through medical insurance funding and added relevant content to their health examination
programs.®® Therefore, early detection and referral of high-risk groups/patients by general practitioners is one of the key
steps of hearing loss screening, but there is no active and effective management mode.

As mentioned by experts, general practitioners are responsible for the prevention of common and chronic diseases,
medical treatment, health care, rehabilitation, health education and other comprehensive services of primary health care.
At the same time, screening, and management of hearing loss for the older adults are also their responsibilities. Based on
the management mode of chronic diseases, a screening mode of hearing loss for the older adults led by general
practitioners was constructed. Through stratified screening, we can find high-risk groups from large populations and
suspicious groups from high-risk groups to achieve secondary prevention of age-related hearing loss.

Conclusions

Age-related hearing loss is related to many behavioral factors and chronic diseases. As the disease progresses, it will cause
great harm to health and is relatively irreversible and unable to resolve itself. The three-level and two-stage screening mode for
hearing loss has high efficiency and enforceability, relying on a “1+10+100” medical consortium: from population screening
to target screening, suspect to diagnosis, and primary healthcare to the tertiary hospitals. The proportion of mild and moderate
hearing loss found in screening was relatively higher, and the proportion of patients receiving referrals was also higher,
indicating an age-related hearing loss can be screened, intervened, and delayed. The establishment of a new mode of
prevention and control of age-related hearing loss, with the general practitioners as the main body, had realized the conceptual
change from “specialist passive waiting for patients” to “general practitioners actively screening suspected patients”, which is
conducive to the front-end management of healthy aging. Through empirical study, from large population to high-risk
population to suspected population, from simple preliminary screening to accurate diagnosis, the study provides an accessible,
appropriate, and popularized mode. Through the screening mode, it is expected to increase the awareness rate, treatment rate
and control rate of hearing loss in the older adult, which is conducive to the front-end management of healthy aging.

Strengths and Limitations
The study realized the conceptual transformation from “specialist waiting for patients” to “general practitioner actively
screening suspected patients”. From large populations to high-risk populations to suspect populations, from simple
preliminary screening to accurate diagnosis, a new mode of secondary prevention, management, and control of age-
related hearing loss has been established.

The subjects of this study are older adults from the community who participate in annual physical examinations, so
they have higher initiative and enthusiasm for self-health management. The participants of the study represented the
characteristics of the older adults in the communities of Shanghai, while the characteristics of them in other provinces
and cities might be differences. Therefore, there may be partial selection bias in the data. It is necessary to expand
geographical selection and increase sample size to further verify the applicability of the screening model. The
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implementation of the screening mode could be affected by many factors, such as the general practitioner’s quality,
performance allocation, and health management ability. The further research objective is to construct a prospective cohort
of older adults from different characteristic communities and verify effectiveness and improve mode management.
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