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Optimization of utilizing the
HHIE-S for hearing screening in
older people: a cross-sectional
study of associated factors

Xinyang Zhou?, Xinxing Fu?, Yi Zhang?, Jian Zhou?, Yao Cui** & Bo Liu%2**

This study aims to evaluate sociodemographic information, lifestyle, physical and mental health
status, and otological symptoms factors associated with the accuracy of the Hearing Handicap
Inventory for the Elderly Screening version (HHIE-S) in older people, which helps to increase the
efficiency of hearing screening. Participants aged over 60 years who had not undergone professional
hearing examinations were recruited from July 2023 to November 2024. The assessments consisted

of age, sex, body mass index, living alone, education background, occupation, history of smoking,
alcohol consumption, noise exposure, hypertension, diabetes, coronary heart disease, cerebrovascular
disease, cognitive function, anxiety, depression, tinnitus and vertigo, along with HHIE-S and pure

tone audiometry. The rate of total accuracy, total inaccuracy, false negative, and false positive were
calculated, and factors associated with the false negatives and false positives of the HHIE-S were
analyzed via multivariate logistic regression analysis. The results revealed that 773 participants (aged
60-93 years) were included, and the total inaccuracy rate of the HHIE-S was 33.11%. Among individuals
with normal hearing, the false positive rate of the HHIE-S was 13.64%, while the false negative rate
was 36.35% among individuals with hearing loss. Tinnitus (OR=24.77, 95% CI 4.91-124.89) was the
main factor contributing to false positives of HHIE-S. However, the significantly associated factors with
false negatives of HHIE-S were living alone (OR=1.96, 95% CI/ 1.21-3.17), smoking (OR=1.83, 95%
Cl1.23-2.70), cognitive decline (OR=1.54, 95% CI/ 1.11-2.16), anxiety (OR=1.51, 95% Ci/ 1.02-2.22)
and hypertension (OR=0.65, 95% CI 0.46-0.91). Therefore, even when the HHIE-S =8 during hearing
screening for the older people, there is still a possibility of hearing loss. Vigilance should be maintained
associated factors such as living alone, smoking, cognitive decline and anxiety.

Keywords Hearing handicap inventory for the elderly screening version, Pure tone audiometry, Hearing
loss, Hearing screen, Older people

Abbreviations

BMI Body mass index

CI Confidence intervals

GAD-7 Generalized Anxiety Disorder-7

HHIE-S Hearing Handicap Inventory for the Elderly Screening version
HL Hearing loss

MoCA Montreal Cognitive Assessment

NH Normal hearing

OR Odds ratio

PAF Population attributable fraction

PHQ-9 Patient Health Questionnaire-9

PTA Pure tone average

PTA 41, Pure tone average at 0.5, 1, 2 and 4 kHz of air-conducted
SSQI2 Speech, Spatial, and Qualities of Hearing Scale-12
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WHO World Health Organization

Hearingloss is the most common sensory disorder in older people, and the proportion of individuals experiencing
any degree of hearing loss exceeds 42.0% among those aged above 60 years!. Globally, the prevalence of moderate
to severe hearing loss increases exponentially with age, increasing from 15.4% among individuals in their sixth
decade of life to 58.2% among those aged more than ninety years'. Untreated hearing loss not only affects
communication and interaction but also has adverse effects on various aspects of the aged population, including
frailty, falls, gout and cognitive decline?™*. Furthermore, the Lancet Commission on Dementia Prevention,
Intervention, and Care recognized hearing loss as one of the modifiable risk factors for dementia in 2017°.
Although the population attributable fraction (PAF) of hearing loss has decreased from 9.1 to 7.0% with further
research, hearing loss still ranks first among the 14 modifiable risk factors in 20248, Therefore, early detection of
hearing loss through screening in older people is essential so that timely interventions can be facilitated and the
occurrence of adverse events can be mitigated”.

The Hearing Handicap Inventory for the Elderly Screening version (HHIE-S) is the most commonly used
tool among numerous available modalities of hearing screening for older people®. It was developed by Ventry
and Weinstein in 1982 and has gained popularity because of its cost-effectiveness and accessibility’. Compared
with the whisper test and the single question test, the HHIE-S had a stronger correlation with hearing thresholds
and quality of life!®!!. A study had shown that the HHIE-S has greater sensitivity for the assessment of hearing
loss than other scales, such as the Speech, Spatial, and Qualities of Hearing Scale-12 (SSQ12)'2. Furthermore,
HHIE-S results had been used to represent the actual hearing status of the older population in some studies!?. In
2021, the World Health Organization (WHO) recommended the use of the HHIE-S as the first step in hearing
screening to understand hearing status and assess whether daily hearing difficulties are experienced by older
adults'. At present, the HHIE-S had been translated into multiple languages, including Italian and Chinese, and
all versions have been proven to be satisfactory in hearing assessment!*1°,

Remarkably, the sensitivity of the HHIE-S varies considerably among different studies, ranging from 51.0 to
86.4%, and the specificity spanned from 72.4-100.0%'%!”. Many studies had shown that the consistency between
HHIE-S scores and pure tone average hearing threshold varies by the degree of hearing loss, age, sex, ethnicity,
and other factors!®!®. Additionally, older adults, who experience a gradual decline in physical functioning, have
a multimorbidity prevalence rate ranging from 55.0-98.0%'°. Many studies have shown that factors such as noise
exposure, hypertension, and depression may affect the accuracy of self-reported hearing loss'®2°. However, the
effects of physical and mental health status, otological symptoms on the results of the HHIE-S remain unknown.
In this context, it is crucial to explore sociodemographic information, lifestyle, physical and mental health status,
and otological symptoms factors associated with the accuracy of the HHIE-S. Understanding the impact of
various factors can help healthcare professionals optimize the use of the HHIE-S and enhances the efficiency
of hearing screenings and facilitates early interventions. Ultimately, these efforts can reduce adverse outcomes
associated with hearing loss.

Methods

Study participants

Participants were recruited through social media notices and community activities in a community from July
2023 to November 2024 in Beijing, China. Individuals aged over 60 years who had not undergone professional
hearing examinations were included. Individuals who were either incapable of cooperating with the questionnaire
survey or hearing test due to severe illness or not willing to complete it were excluded from the study. Approval
for this research was granted by Beijing Tongren Hospital, Capital Medical University (TREC2023-KY075).
All procedures adhered to the approvals, and all participants provided their consent through signed informed
consent forms. All the processes were performed in accordance with the Declaration of Helsinki.

Evaluation of associated factors

Some possible factors associated with the accuracy of the HHIE-S were selected, including the following: (1)
sociodemographic and lifestyle factors, including age, sex, body mass index (BMI), living alone, education
background, occupation, history of smoking, alcohol consumption and noise exposure; and (2) physical and
mental health status and otological symptoms, including a history of hypertension, diabetes, coronary heart
disease, cerebrovascular disease, cognitive function, anxiety, depression, tinnitus and vertigo.

The criteria were as follows: (1) Sociodemographic and lifestyle factors were obtained through direct inquiry
of the participants, with BMI was calculated as weight divided by the square of height. Noise exposure referred
to occupational noise, meaning exposure to steady noise with a noise rating of 85 dB for eight hours per day
for five days per week for one years?!. (2) Hypertension was diagnosed as persistent or three or more occasions
on different days with a seated systolic blood pressure>140 mmHg and/or a diastolic blood pressure>90
mmHg?2. (3) Diabetes was diagnosed on the basis of a hemoglobin Alc level >6.5%, a fasting plasma glucose
value>126 mg/dL, a 2-hour plasma glucose value>200 mg/dL during a 75-g oral glucose tolerance test, a
random glucose value>200 mg/dL, or classic hyperglycemic symptoms/crisis criteria?>. (4) Coronary heart
disease and cerebrovascular disease: participants were asked about heart and cerebrovascular diseases diagnosed
by a specialist doctor. (5) Tinnitus was the perception of sound without an external source within one month,
and vertigo was defined as a sensation of false movement within one month. (6) Cognitive function was assessed
by the Montreal Cognitive Assessment (MoCA), which has a maximum score of 30 points. If the subject had 12
years or less of education, 1 point was added to the result, and a score of less than 26 was considered to indicate
cognitive decline. (7) Anxiety and depression were assessed by the Generalized Anxiety Disorder-7 (GAD-7)
scale and the Patient Health Questionnaire-9 (PHQ-9), respectively. The GAD-7 has a total score of 21, and a
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score greater than 5 indicates that anxiety has already affected quality of life in some aspects. The PHQ-9 has a
total score of 27, and a score greater than 4 suggests the possibility of mild depression.

Although hearing loss may affect the results of questionnaires related to information acquisition, cognitive
function, and emotions by influencing verbal communication, researchers employed methods such as increasing
the volume of the conversation or using visual-textual aids to ensure that participants could accurately understand
the assessment content and respond accordingly.

Assessment of the HHIE-S

First, each participant received general instructions for the HHIE-S from the trained physician. There were
10 items in total and two subscales, the Social Subscale and the Emotional Subscale. The items were then
administered through a single round of face-to-face questioning. If the participant did not understand a
question, appropriate explanations were provided. The interviewer recorded the participant’s first response and
assigned a score of 0 for “no” responses, 2 for “sometimes” responses, and 4 for “yes” responses. The total scores
were calculated as the sum of all the item scores, and the score range was 0-40. The total scores of the HHIE-S
above 8 (HHIE-S > 8) were indicative of “hearing loss” Conversely, a total HHIE-S score of 8 or less (HHIE-S<8)
indicated “normal hearing”.

Assessment of pure tone audiometry

After the interview with the HHIE-S questionnaire, the individual was referred for further examination by pure
tone audiometry, mostly on the same day as the initial interview. Pure tone audiometry was carried out in a
quiet room with background noise less than 35 dB(A) after otoscopy. Air-conducted thresholds at 0.5, 1, 2, and
4 kHz for each ear were obtained with Danish International Hearing’s Conera Diagnostic Sound Level Meter. In
accordance with the WHO (2021), hearing loss was defined as the pure tone average (PTA) at 0.5, 1, 2 and 4 kHz
of air-conducted (PTA 5 ,4;,) in the better ear being greater than or equal to 20 dB HL or more than or equal 35
dB HL in the worse ear'. Conversely, individuals with a PTA . , ;, of less than 20 dB in the better ear and less
than 35 dB in the worse ear were classified as having normal hearing.

Following the PTA ; , ;,» the participants were divided into those with normal hearing and those with
hearing loss. Among individuals with normal hearing, older people who score 8 points or less on the HHIE-S
were classified into the normal hearing accuracy group (NH accuracy group), while those scoring more than
8 points were placed in the false positive group. Among individuals with hearing loss, older people who score
more than 8 points on the HHIE-S were categorized into the hearing loss accuracy group (HL accuracy group),
and those scoring 8 points or less were assigned to the false negative group.

Statistical analysis

The total accuracy rate is equal to the sum of the number of individuals with normal hearing and an HHIE-S
score of 8 points or less, and those with hearing loss and an HHIE-S score greater than 8 points, divided by the
total number of participants (n="773). Conversely, the total inaccuracy rate is equal to the sum of the number
of individuals with normal hearing and an HHIE-S score greater than 8 points, and those with hearing loss and
an HHIE-S score of 8 points or less, divided by the total number of participants (n=773). The false positive rate
is equal to the number of individuals with normal hearing and an HHIE-S score greater than 8 points divided
by the number of individuals with normal hearing (n=110). The false negative rate is equal to the number of
individuals with hearing loss and an HHIE-S score of 8 points or less divided by the number of individuals with
hearing loss (n=663). (Table 1)

The Shapiro-Wilk test was used to test the normality of the quantitative data. Quantitative data were expressed
as mean + standard deviation (SD) if normally distributed, and median (25%, 75% quartile) if not. Categorical
data were expressed as frequencies and proportions. Comparisons were made between quantitative data and
count data of the NH accuracy group and the false positive group among the normal hearing populations, as
well as between the HL accuracy group and the false negative group among the hearing loss populations, using
t-tests, chi-square tests, or Fisher’s exact tests. Bonferroni test for multiple comparisons was conducted for “BMI”,
“Occupation’, and “Education Background”. To avoid potentially missing the influence of important variables,
variables that exhibited a significance level of P<0.10 in the univariable analysis were subsequently included
in a multivariate logistic regression model. “Age” was a continuous variable, and for “education background”,

Normal Hearing | Hearing loss
(n=110) (n=663)
HHIE-S<8 95(a) 241(b)
HHIE-S>8 15(c) 422(d)
Total accuracy rate E: e d)x100%=66.89%
(b+c)/

Total inaccuracy rate | (o 1"\, 4),100%=33.11%

False positive rate c/(a+¢)x100%=13.64%
False negative rate b/(b+d)x100%=36.35%

Table 1. The formulas for calculating rates of total accuracy, total inaccuracy, false positives and false
negatives. HHIE-S, hearing handicap inventory for the elderly screening version.
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“less than high school education"=0, “high school education"=1, and “more than high school education"=2.
Other independent variables were assigned “No"=0 and “Yes"=1. The Hosmer-Lemeshow test was used as a
postestimation tool to demonstrate the goodness of fit of the logistic regression models. A dependent variable
assigned a value of 1 indicated that the HHIE-S score was greater than 8 points in the normal hearing population
and less than or equal to 8 points in the hearing loss population; otherwise, it was assigned a value of 0. The
odds ratio (OR) and its corresponding 95% confidence interval (95% CI) were calculated via multiple logistic
regression.

All the statistical analyses were performed via SPSS 25.0 (IBM SPSS Statistics 25.0; IBM, Redmond, WA,
USA) and GraphPad Prism 8.0 (GraphPad Prism 8.0; Inc., San Diego, CA, USA). Statistical significance was set
at P<0.05 and all P values were two-sided tests.

Results

Population characteristics

A total of 773 people aged between 60 and 93 (mean age: 70.90+7.37) years were included in the study. The
study population consisted of 333 (43.08%) males and 440 (56.92%) females. 43.47% (n=336) of the individuals
had HHIE-S scores of 8 or below, whereas 56.53% (n=437) had HHIE-S scores above 8. According to the
PTA 4 1y 14:23% (n=110) of the individuals had normal hearing, and the remaining 85.77% (n=663) had
varying degrees of hearing loss.

Total accuracy rate, total inaccuracy rate, false positive rate, and false negative rate

The total accuracy rate of the HHIE-S was 66.89% among all individuals, whereas the total inaccuracy rate was
33.11%. On the other hand, the false positive rate of the HHIE-S was 13.64% among individuals with normal
hearing. In the population with hearing loss, the false negative rate was 36.35% (Table 1).

Factors associated with false positives on the HHIE-S in populations with normal hearing

The results of the univariate analysis are shown in Table 2. Compared with the NH accuracy group, older
individuals with PTA <20 dB HL in the false positive group had a greater rate of tinnitus (x*=28.72,
P<0.001).

In order to avoid omitting important potential factors and accomplish the regression analysis, with
hypertension (P=0.06), coronary heart disease (P=0.07), cerebrovascular disease (P=0.08), and tinnitus
(P<0.001) as the independent variables, the results of univariate logistic regression analysis revealed that tinnitus
(OR=24.77, 95% CI 4.91-124.89) was related to false positives in the HHIE-S (Fig. 1).

0.5-4 kHz

Factors associated with false negatives of the HHIE-S in a population with hearing loss
The univariate analysis results suggested that the individuals in false negative group were younger than the HL
accuracy group (t=3.05, P=0.01). The participants in the false negative group had higher rates of living alone
(x?=5.68, P=0.02), smoking (x?=10.40, P=0.01), cognitive decline (x?=6.44, P=0.01) and anxiety (x*=4.90,
P=0.03) but a lower rate of hypertension (x?=8.53, P=0.003) (Table 2).

The logistic regression model revealed that the significant factors associated with increased false negatives
of the HHIE-S included living alone (OR=1.96, 95% CI 1.21-3.17), smoking (OR=1.83, 95% CI 1.23-
2.70), cognitive decline (OR=1.54, 95% CI 1.11-2.16) and anxiety (OR=1.51, 95% CI 1.02-2.22). However,
hypertension (OR=0.65, 95% CI 0.46-0.91) potentially enhanced the accuracy of the HHIE-S (Fig. 2).

Discussion

In this study, we observed that living alone, smoking, hypertension, cognitive decline, and anxiety were
potentially associated with the false negatives of the HHIE-S among older individuals experiencing hearing loss.
Notably, the purpose of hearing screening is to help older individuals who are unaware of hearing loss discern
hearing abnormalities?!. Therefore, missed screening may delay the diagnosis and intervention of hearing loss.
Some studies had demonstrated that individuals with hypertension had a greater incidence of hearing loss and
worse hearing thresholds?>~?”. Moderately severe hearing loss is easily perceived due to its impact on daily
communication and life?®. Therefore, older individuals who had hearing loss with hypertension were more likely
to have hearing abnormalities through the subjective questionnaire. Although hypertension may enhance the
credibility of HHIE-S results, greater attention should be paid to the hearing condition of aged people with
hypertension. Regular re-screening should be conducted even if their HHIE-S score is 8 or less. Additionally,
smoking can affect sensory gating and temporarily normalize the auditory gating deficit by the event-related
potential P50%. This resulted in their inability to recognize hearing loss in cases of mild hearing loss, which may
contribute to increasing the false negative rate of the HHIE-S among older individuals with hearing loss who
also smoke™.

Illness perception domains are related to health behaviors in patients with various physical and mental
conditions’!. Older adults who live alone frequently exhibit emotional disturbances, including loneliness, social
isolation, and depression®?. On the one hand, personality traits significantly influence self-perception of hearing
loss. Individuals with anxiety potentially experience heightened sensitivity to emotional difficulties, thereby
neglecting their attention to auditory difficulties®>. On the other hand, anxiety symptoms predict an increase in
auditory looming bias and consequently lead to misunderstandings of hearing conditions®*. Furthermore, the
relationship between cognitive decline and hearing loss is relatively complex. Perception is a part of cognitive
function, and impaired perceptive function may lead to hearing agnosia®. Moreover, many studies have
shown that declines in spatial working memory and sustained attention are prevalent in older adults and are
correlated with self-reported hearing loss®. Smoking, and anxiety can exacerbate cognitive decline and lead
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Normal Hearing (n=110)

Hearing Loss (n=663)

NH Accuracy | False Positive HL Accuracy | False negative
Group Group Statistics Group Group Statistics | P

Variables (n=95) (n=15) values Pvalue | (n=422) (n=241) values value
Age(years), Mean = SD 67.15+6.303 65.93+4.496 | 0.72 0.47 72.20+7.509 | 70.40+6.997 3.05 0.01
Gender, N(%)

Male 38(40.00%) 3(20.00%) 2.22 0.14 188(44.55%) | 104(43.15%) 0.12 0.73
Female 57(60.00%) | 12(80.00%) 234(55.45%) | 137(56.85%)
Body Mass Index, N(%), kg/cm?

<18.5 2(2.11%) 1(6.67%) 1.69 0.43 13(3.08%) 5(2.07%) 0.68 0.71
18-24.9 51(53.68%) | 6(40.00%) 236(55.92%) | 139(57.68%)

225 42(44.21%) 8(53.33%) 173(41.00%) | 97(37.76%)
Living alone, N(%)

No 89(93.68%) | 14(93.33%) | 0.01 0.96 376(89.10%) | 199(82.57%) | 5.68 0.02
Yes 6(6.32%) 1(6.67%) 46(10.90%) 42(17.43%)
Occupation, N(%)

Unemployed 5(5.26%) 2(13.33%) 1.46 0.48 53(12.56%) | 28(11.62%) | 0.36 0.84
Physical labor 25(26.32%) 4(26.67%) 202(47.87%) | 121(50.21%)

Mental labor 65(68.42%) 9(60.00%) 167(39.57%) | 92(38.17%)
Smoking, N(%)

No 87((91.58%) 14(93.33%) 0.05 0.82 133(31.52%) | 48(19.92%) 10.40 0.001
Yes 8(8.42%) 1(6.67%) 289(68.48%) | 193(80.08%)
Alcohol Consumption, N(%)

No 87(91.58%) | 13(86.67%) | 0.38 0.54 336(79.62%) | 204(84.65%) | 2.57 0.11
Yes 8(8.42%) 2(13.33%) 86(20.38%) 37(15.35%)
Education Background, N(%)

Less than high school education | 9(9.47%) 3(20.00%) 1.48 0.48 96(22.75%) 36(14.94%) 5.93 0.05
High school education 35(36.85%) 5(33.33%) 165(39.10%) | 106(43.98%)

More than high school education | 51(53.68%) 7(46.67%) 161(38.15%) | 99(41.08%)
Noise exposure, N(%)

No 79(83.16%) 13(86.67%) 0.12 0.73 352(83.41%) | 211(87.55%) 2.05 0.15
Yes 16(16.84%) 2(13.33%) 70(16.59%) 30(12.45%)
Hypertension, N(%)
No 51(53.68%) 12(80.00%) 3.67 0.06 178(42.18%) | 130(53.94%) 8.53 0.003
Yes 44(46.32%) 3(20.00%) 244(57.82%) | 111(46.06%)
Diabetes, N(%)
No 73(76.84%) 13(86.67%) 0.73 0.39 278(65.88%) | 173(71.78%) 2.46 0.12
Yes 22(23.16%) 2(13.33%) 144(34.12%) | 68(28.22%)
Coronary Heart Disease, N(%)
No 89(90.68%) 12(80.00%) 3.23 0.07 301(71.33%) 177(73.44%) 0.34 0.56
Yes 6(6.32%) 3(20.00%) 121(28.67%) | 64(26.56%)
Cerebrovascular Disease, N(%)
No 85(89.47%) | 11(73.33%) | 3.04 0.08 386(91.47%) | 214(88.80%) | 1.27 0.26
Yes 10(10.53%) 4(26.67%) 36(8.53%) 27(11.20%)
Cognition decline, N(%)
No 72(75.79%) | 14(93.33%) | 2.34 0.13 213(50.47%) | 97(40.25%) 6.4 0.01
Yes 23(24.21%) 1(6.67%) 209(49.53%) | 144(59.75%)
Depression, N(%)
No 84(88.42%) | 11(73.33%) | 2.50 0.11 338(80.09%) | 198(82.16%) | 0.42 0.52
Yes 11(11.58%) 4(26.67%) 84(19.91%) 43(17.84%)
Anxiety, N(%)
No 88(92.63%) | 15(100.00%) | 1.18 0.28 338(80.09%) | 175(72.61%) | 4.90 0.03
Yes 7(7.37%) 0(0.00%) 84(19.91%) 66(27.39%)
Tinnitus, N(%)
Continued
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Normal Hearing (n=110) Hearing Loss (n=663)

NH Accuracy | False Positive HL Accuracy | False negative

Group Group Statistics Group Group Statistics | P
Variables (n=95) (n=15) values Pvalue | (n=422) (n=241) values value
No 90(94.74%) 7(46.67%) 28.72 <0.001 | 221(52.37%) 115(47.72%) 1.33 0.25
Yes 5(5.26%) 8(53.33%) 201(47.63%) | 126(52.28%)
Vertigo, N(%)
No 60(63.16%) 7(46.67%) 1.48 0.22 266(63.03%) | 151(62.66%) | 0.01 0.92
Yes 35(36.84%) | 8(53.33%) 156(36.97%) | 90(37.34%)

Table 2. Univariable analyses of factors associated with the false positives of the HHIE-S in populations with
normal hearing and the false negatives of the HHIE-S in populations with hearing loss. SD, standard deviation;
NH, normal hearing; HL, hearing loss.

Variable P OR(95%CI)
Hypertension 0.06 0.22(0.05,1.03)
Coronary Heart Disease 0.47 2.35(0.23,23.92) ®w—
Cerebrovascular Disease 0.10 4.06(0.76,21.56) 1™
Tinnitus <0.001 24.77(4.91,124.89) | . ’
0 50 100 150

Fig. 1. Forest plot of a multivariate logistic regression analysis to explain the factors associated with the false
positives of the HHIE-S in the older population with normal hearing.
OR, odds ratio; CI, confidence interval.

Variable P OR(95%CI)
Age 0.07 0.98(0.95,1.00) J
Living alone 0.01 1.96(1.21,3.17) } PN i
High school education® 0.05 0.62(0.38,1.00) ———
More than high school education® 0.62 1.10(0.76,1.58) —1—
Smoking 0.01 1.83(1.23,2.70) 1! ® i
Hypertension 0.01 0.65(0.46,0.91) e
Cognition decline 0.01 1.54(1.11,2.16) 11—
Anxiety 0.04 1.51(1.02,2.22) e
0 1 2 3 4

Fig. 2. Forest plot of a multivariate logistic regression analysis to explain the factors associated with the false
negatives of the HHIE-S in the older population with hearing loss.

OR, odds ratio; CI, confidence interval. * The control group was composed of individuals with an education
background of “less than high school education”

to misperceptions of subjective hearing status*’. However, in this cross-sectional study, the possibility that
cognition decline was a result of other factors cannot be excluded. In general, when the HHIE-S <8 in hearing
screening among older people, attention should be given to factors such as living alone, smoking, cognitive
decline, and anxiety in older people to avoid depriving them of the opportunity for hearing assessments.
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Although age appeared to influence the accuracy of the univariate analysis, it was not a significant predictor
in the logistic regression model. A study revealed that the sensitivity of the HHIE-S gradually decreased with
increasing age. The results showed the highest sensitivity of 77.6% in people under 60 years of age, which
decreased to 71.4% in those over 60 years of age'®. This may be attributed to the normalization of hearing loss as
an aspect of aging, which thereby reduces the perception of hearing problems as a treatable condition.

Only tinnitus was associated with the false positives of the HHIE-S in both the univariate analysis and
logistic regression model among individuals with normal hearing. However, this result was not observed
among those with hearing loss. In the general older population, tinnitus was observed in approximately one-
fifth of the them®. Like individuals who are experiencing stress, those who suffer from tinnitus are prone to
anxiety and display heightened sensitivity®>. Moreover, individuals with tinnitus might find themselves in a
state of confusion concerning their hearing ability. The intensity of tinnitus can sometimes overwhelm authentic
sounds, thereby creating a misleading perception of their auditory status*’. Furthermore, even tinnitus patients
who exhibit normal results on an audiogram may have underlying hearing loss, which may not be immediately
proven®!. Therefore, during hearing screening, it was recommended to inquire about the presence of tinnitus in
individuals with HHIE-S>8 and to conduct a comprehensive assessment subsequently.

In addition, we also observed that the total inaccuracy rate of the HHIE-S was approximately 33.11% in
older adults. Specifically, the false positive rate among individuals with normal hearing was about 13.64%, while
the false negative rate among those with hearing loss reached approximately 36.35%. A study in northeastern
China suggested that the sensitivity of the HHIE-S in detecting hearing loss was only 60.5%, and its specificity
was 71.7%". However, a multicenter study revealed that the probability that a person was affected by hearing
loss when HHIE-S>8 was 90.21%*2. There was considerable variation in the accuracy of the HHIE-S across
different studies. The HHIE-S is a subjective questionnaire that assesses hearing status in older people on the
basis of whether they have difficulty hearing in a specific scene and emotional state'?. Therefore, the accuracy of
the HHIE-S may be associated with various factors, such as sociodemographic information, lifestyle, physical
and mental health status, otological symptoms in older people. During the process of hearing screening, it is
meaningful to incorporate inquiries about medical history like tinnitus and screening for cognitive function.

In summary, various factors, such as lifestyle habits, tinnitus, and the physical and mental health of older
people, can affect the accuracy of the HHIE-S. When using the HHIE-S to conduct hearing screening among
the older people, even if the score is 8 or less, hearing loss may still occur. Factors such as living alone, smoking,
cognitive decline, and anxiety should be given attention, and they can be incorporated into the screening process
when necessary. Increasing the efficiency of using the HHIE-S can prevent adverse consequences caused by
hearing loss in older adults.

With respect to study limitations, first, the cross-sectional analyses did not allow for causal or temporal
relationships among the factors associated with the accuracy of the HHIE-S. In addition, considering the
objectivity of the assessment, fewer factors were included in the study. In the future, multiple factors can be
considered together. Finally, the current conclusions have not yet been validated in hearing screens, and we will
update our findings subsequently.

Data availability
The datasets generated during and analyzed during the current study are available from the corresponding au-
thor upon reasonable request.
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