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Chinese Medicine, Shandong Second Provincial General Hospital, Jinan, Shandong, China

ABSTRACT

Objective: The aim of this study was to evaluate the efficacy of the Chinese version of Speech, Spatial
and Qualities of Hearing Scale (C-SSQ12) in the Chinese Mandarin-speaking population and to determine
its screening cut-off value by comparing measured pure-tone average (PTA), the Hearing Handicap
Inventory for the Elderly-Screening Version (HHIE-S) scores and C-SSQ12 scores.

Design: All participants completed the C-SSQ12 questionnaire and underwent the pure-tone audiometry.
Older subjects aged = 60years completed the HHIE-S questionnaire. The optimal cut-off value for the
C-SSQ12 as a hearing screening tool was calculated by comparing different cut-offs and hearing
thresholds.

Study sample: A total of 300 subjects were recruited.

Results: There was a negative correlation between C-SSQ12 scores and HHIE-S scores (r=—0.749).
C-SSQ12 scores were negatively correlated with PTA (r=-0.507; r=—0.542). The best cut-off value for
the C-SSQ12 was 6.0, with a sensitivity of 78.2%, specificity of 80.3%, positive predictive value of 63.7%
and negative predictive value of 97.0% (PTA > 40dBHL for bilateral ears).

Conclusions: Compared to mild hearing loss, the C-SSQ12 is a reliable and validated hearing screening
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tool with increased sensitivity for detecting moderate-to-severe hearing loss.

Introduction

Hearing impairment has gained widespread recognition as a
major public health issue globally. By 2021, it is anticipated that
over 5% of the global population will necessitate rehabilitation
to treat their disabling handicap in adult as per the World
Health Organisation (WHO)(World Report on Hearing 2021).
Furthermore, 80% of people with disabling hearing loss reside in
low- and middle-income countries. In China, the largest develop-
ing country, the hearing problem is even more pronounced and
serious. The number of people with hearing disorders in China
has shown a significant upward trend over the past 30 years, and
the burden of disease caused by handicap in adult may be heav-
ier in the lower age groups. Specifically, the number of cases
doubled in 2019 compared to 1990, with a substantial increase in
prevalence among those aged >50years, and 4.4% of the hearing
impaired population were under 15years old, with a higher pro-
portion of total hearing loss in the younger age cohorts than in
other age groups (“Hearing loss prevalence and years lived with
disability, 1990-2019: findings from the Global Burden of
Disease Study 2019,” GBD 2019 Hearing Loss Collaborators,
2021). Early detection, intervention and treatment of hearing loss
are therefore of paramount importance. The audiogram is widely

recognised as the gold standard for determining the severity of
hearing loss. However, conventional audiological evaluation
instruments typically gauge hearing ability in the clinic, often
measuring static, predictable indicators of the frequency range
and severity of hearing loss, and are severely limited by work-
place and test facilities. Moreover, widely used audiological
examinations pay little attention to the ecological intricacy of
hearing. More recently, an increasing number of audiological
scales for self-assessment of hearing performance have been
developed, such as the Speech, Spatial and Qualities of Hearing
Scale (SSQ)(Noble & Gatehouse, 2004), the Spatial Hearing
Questionnaire (SHQ)(Moulin & Richard, 2016b) and the
Hearing Handicap Inventory for the Elderly-Screening Version
(HHIE-S)(Arnold, Schwartz, Neil, Chisolm, & Sanchez, 2022).

In China, a significant number of older people suffer from
hearing loss without seeking medical intervention. In older
adults, handicap in adult not only affects the social communica-
tion but can also lead to cognitive impairment, dementia, or
depression (Lin et al., 2013). However, a study has shown that
older people tend to delay seeking medical help until they have
had hearing loss for about a decade (Simpson, Matthews,
Cassarly, & Dubno, 2019). Timely hearing screening can
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effectively detect hearing loss and improve the social participa-
tion and quality of life of older adults. The HHIE-S is currently
a widely used tool for large-scale hearing screening of older
adults. The HHIE-S comprises ten items and provides a numer-
ical score (Ventry & Weinstein, 1983). Scores in the range of 0
to 8 indicate that no hearing problems are present, while scores
falling between 10 to 24 suggest mild-to-moderate hearing dam-
age. The range of 26 to 40 signifies severe hearing impairment.
Multiple translations of the HHIE-S have been created for use in
older adult’s hearing loss screening (Ducheéne, Billiet, Franco, &
Bonnard, 2022). Jupiter et al. used the HHIE-S for hearing
screening in elderly Chinese Americans in 2001 and validated its
effectiveness (Jupiter & Palagonia, 2001), but it was not until 2014
that a true Chinese version of the HHIE-S was available for use in
the Chinese elderly population (Diao et al., 2014). The HHIE-S is
principally designed to appraise hearing impairment in subjects
over the age of 60 and is not applicable to all age groups.
Nevertheless, a research carried out in China indicated that the
HHIE-S was appropriate for identifying hearing loss among adults
above the age of 50 (Wang, Mo, Li, Zheng, & Qi, 2017).

The SSQ evaluates various aspects of hearing and focuses on
the subject’s true hearing status in complex real-life scenarios and
the impact of hearing loss on the patient’s quality of life (Noble &
Gatehouse, 2004). The variety of questions on the SSQ scale is not
conducive to the need for rapid assessment of hearing. Several
simplified versions of the SSQ, including SSQ5(Noble, Naylor,
Bhullar, & Akeroyd, 2012), SSQ6(Demeester et al., 2012) and
SSQI12(Alkhodair, Mesallam, Hagr, & Yousef, 2021), have been
developed for clinical practice. The SSQ12 is a simplified version
created specifically for clinical research and rehabilitation therapy.
Its purpose is to represent a simplified format of the full SSQ scale
and is not designed for a specific target population. In comparison
to the SSQ, the SSQ12 emphasises the assessment of auditory abil-
ities in complicated surroundings. Twelve items were chosen by
physicians from three separate hearing research centres, based on
their prior experiences using the SSQ (Noble, Jensen, Naylor,
Bhullar, & Akeroyd, 2013). Representatives of each centre pro-
vided their rationales for selecting those items, with experts engag-
ing in discussions to finalise the SSQI12. Although multilingual
versions of the SSQ12 are clinically validated (Aguiar, Almeida, &
Miranda-Gonsalez, 2019; Canete, Marfull, Torrente, & Purdy,
2022), there is a strong need for self-report surveys that are con-
sistent with cross-lingual adaptation, as different cultural and eth-
nic backgrounds affect individuals’ daily activities.

Considering the immense Chinese-speaking population and
the availability of multiple language versions of the SSQ12, we
designed a Chinese version of the SSQI2. In order to ensure the
sustainable application of the C-SSQI12 for hearing rehabilitation,
it is important to assess the representation of hearing and dis-
ability within a relevant population sample using the scale. Noble
et al. showed that after 6 months of wearing bilateral hearing
aids, patients’ mean SSQ scores improved from 4.8 to 6.6. They
concluded that in a general population sample, those with mean
scores below 6.6 were likely to be hearing impaired, and defined
the cut-off value as < 6.5 (Noble et al., 2012), which was inevit-
ably somewhat imprecise.

The HHIE-S is a commonly used hearing screening scale for
older adults that correlates with the pure-tone average (PTA),
enabling the classification of hearing loss based on its scores
(Diao et al., 2014). The properties of SSQ12 questionnaire have
been thoroughly studied and are primarily used to assess rehabili-
tative outcomes in patients with hearing loss. However, fewer
studies have examined the correlation between SSQ12 scores and

measured hearing thresholds. Moreover, there are no relevant
studies to establish the cut-off value of the C-SSQ12 as a hearing
screening tool. Therefore, the objective of this study was to inves-
tigate the cut-off value, sensitivity, specificity, positive predictive
value, and negative predictive value for hearing impairment using
different screening criteria. The correlations of the C-SSQ12 with
the HHIE-S and pure-tone audiometry were analysed in order to
determine whether the C-SSQ12 could be used as a rapid method
for hearing screening, thus ensuring rational referral.

Materials and methods
Patient population

A total of 300 subjects who completed the pure-tone audiometry
at the outpatient clinic of the Affiliated Hospital of Guizhou
Medical University from September 2018 to June 2019 were ran-
domly recruited. The participants included both normal-hearing
and hearing-impaired individuals. Subjects were required to be
able to understand the questionnaires and to complete them vol-
untarily and independently. None of the participants had previ-
ously worn hearing aids or cochlear implants. The questionnaires
on paper were supplemented by face-to-face interviews during
the visit to ensure that there were no missing items in each sur-
vey. Of the participants, 130 were male and 170 were female.
Subjects were divided into three groups according to age (<35,
n=120; 35-59, n=129; >60, n=>51). In addition, participants
were categorised into three subgroups based on years of educa-
tion (6-9, n=102; 10-15, n=100; >16, n=98). All participants
underwent the pure-tone audiometry and completed the C-SSQ12
questionnaire. The HHIE-S questionnaire was also completed
by subjects aged > 60years. A total of 51 individuals aged
> 60years, of whom 20 scored 0-8 on the HHIE-S, 18 scored
10-24, and 13 scored 26-40. According to the Hughson-
Westlake procedure, Measurement of the pure-tone audiometry
was carried out utilising an Astera hearing instrument (Natus,
Middleton, United States) and performed by two trained audiolo-
gists. All audiological tests were conducted in a soundproof
room, with a surrounding noise level of less than 30dBL. The
pure-tone average (PTA) was used to determine the degree of
hearing loss and included hearing tests at four frequencies
—0.5kHz, 1kHz, 2kHz and 4 kHz. Participants in this study were
divided into a no hearing loss group (PTA < 25dBHL), a mild
hearing loss group (25 <PTA < 40dBHL), and a moderate-to-
severe hearing loss group (PTA > 40dBHL) (Wang, Mo, Li,
Zheng, & Qi, 2017). All participants signed the informed consent
forms. The Ethics Review Committee of the Affiliated Hospital of
Guizhou Medical University approved the protocols and proce-
dures for this study.

C-55Q12

The C-SSQ12 comprised 12 questions aligning with the compre-
hensive version of the SSQ, covering the speech (#1, #4, #10, #11,
#12), spatial (#6, #9, #13) and quality (#2, #7, #9, #14). Each item
was rated on a scale of 0-10. A score of 0 denoted patients” inabil-
ity to complete the description in the item. A score of 10 indi-
cated the subjects’ full capability of performing or encountering
what was specified in the question. If the question did not apply
to the current situation, the patients marked the ‘not applicable’
option. The C-SSQ12 was previously translated and validated,
with strict adherence to guidelines for cross-cultural applicability
of self-assessment scales (Hall et al., 2018). Overall, the translation



of the questionnaire consisted of four parts. A. Initial translation:
The English version of the SSQ12 was translated into Chinese by
a pair of bilingual translators, consisting of a high school English
teacher and an otolaryngologist. The translators employed simple
vocabulary to ensure accessibility for individuals with low levels of
education. A professor of Chinese language was subsequently
requested to review the Chinese version to eliminate grammar
issues and to evaluate the educational level at which the scale’s
content could be comprehended. B. Re-translation: Two university
professors specialising in English translated the Chinese version of
the SSQI2 back into English and compared their final translation
with the original scale. They had not seen the original English
scale before the translation process. C. Expert review: Two audi-
ology professors compared the Chinese translation of SSQ12 with
its English version, and established the final C-SSQI2 affirming
the statements’ clarity and simplicity, and the equivalence of the
concepts. D. Testing the final version: Ten participants were ran-
domly selected to complete the final version of the C-SSQ12 ques-
tionnaire, and final adjustments were made on the basis of their
comments.

HHIE-s

According to current research, the HHIE-S was a widely used
and available instrument for large-scale hearing screening of
senior citizens. The scale comprised ten items that were investi-
gated via patient self-completion or tester-guided method. Based
on the emotional and social dimensions, the HHIE-S was pri-
marily a reflection of the hearing and verbal communication of
older adults. The HHIE-S exhibited high reliability and validity
and correlated with the pure-tone audiometry (Chang, Ho, &
Chou, 2009). It was extensively utilised in English and other lan-
guage countries and was advocated by the American Speech
Language Hearing Association (ASHA) as one of the screening
techniques for adults with hearing loss (ASHA 1997). There were
ten items in the HHIE-S test, which were rated on a scale of 0,
2, and 4, indicating whether subjects did not, sometimes, or did
exhibit what was described in the items. A score between 0 and
8 denoted no hearing loss, while scores of 10-24 and 26-40 rep-
resented mild-to-moderate or severe hearing loss, respectively.
The ASHA hearing screening guidelines stipulated that a score of
greater than 8 on the HHIE-S suggested the presence of hearing
impairment and could be utilised as a criterion for hearing
screening (“Guidelines for the identification of hearing impair-
ment/handicap in adult/elderly persons,” American Speech
Language Hearing Association, 1989).

Statistical analysis

The Statistical Package for the Social Sciences (SPSS) 22.0 was used
for all statistical calculations. Pure-tone audiometry results, C-
SSQ12 scores, and HHIE-S scores were in accordance with a nor-
mal distribution. Correlations of clinical data were analysed using
the Pearson test (Pripp, 2018). The Student’s t test was used for
comparison of differences between two groups. One-way Analysis
of Variance (ANOVA) was utilised to compare differences between
multiple groups (Vrbin, 2022). The ages and years of education of
the subjects conformed to a non-normal distribution and were stat-
istically analysed using Kruskal-Wallis test. The receiver operating
characteristic (ROC) curve (Obuchowski & Bullen, 2018) and the
Youden index (Lai, Tian, & Schisterman, 2012) were performed for
the calculation of the relevant cut-off values. A p-value of less than
0.05 was considered statistically significant.
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Table 1. Number of cases with C-SSQ12<6.5 in different genders, ages and
education levels.

Number of cases with

Group Number of cases C-SSQ12<6.5 P value
Age
<35 120 51 0.072
35-59 129 56
>60 51 26
Gender
Male 130 63 0.081
Female 170 70
Year of education limit
6-9 102 58 0.348
10-15 100 46
>16 98 29

C-S5Q12: the Chinese version of short form of Speech, Spatial and Qualities of
Hearing Scale.

Results
Analysis of basic clinical characteristics

A total of three hundred participants were categorised based on
their age, gender, and years of education (Table 1). The age dis-
tribution of all subjects ranged from 12 to 86 years, with a mean
age of 42years. With regard to the mean scores for C-SSQ12,
there was no significant difference between >and < 60 years old
(3.63+1.67 vs 4.02+1.86; p=0.342). In our study cohort, 43% of
the participants were male while 57% were female. Additionally,
among the individuals with C-SSQ12 scores < 6.5, the propor-
tions of females and males were 53% and 47%, respectively
(p=0.081). Education levels of the participants were classified
into primary (6-9years), secondary (10-15years), and tertiary
(>16years), with 34%, 33.3%, and 32.7%, respectively. In terms
of the hearing loss, 105 patients had PTA > 25dBHL on the bet-
ter ear and 58 had > 40dBHL. In this case, 67.7% of the partici-
pants were considered to have no hearing deficit, but in fact
20.7% of them had unilateral hearing damage. In addition, hear-
ing loss was defined as the worse ear PTA > 25dBHL and
40dBHL in 195 (65.0%) and 129 (43.0%) individuals, respectively.

Comparison of C-SSQ12 scores, HHIE-S scores and hearing loss

The mean score of C-SSQI12 for the 300 subjects was 6.58 +2.77.
When used as hearing screening tools, the C-SSQI12 and
the HHIE-S were associated with the severity of hearing loss
(Figure 1). Based on the HHIE-S scores grouping (mild: 0-8;
moderate: 10-24; severe: 26-40), the C-SSQ12 scores for the
various subgroups showed significant statistical differences after
comparison (p < 0.001). Through the application of Pearson cor-
relation analysis, a strong negative correlation was demonstrated
between the HHIE-S scores and the C-SSQ12 scores (r = —0.749;
p <0.001; Figure 2). Mean scores on the C-SSQI2 and its three
subscales decreased as hearing impairment worsened. The slopes
of decline for all four curves were similar (Figure 3). In compari-
son to the speech and spatial scores, there was a slightly quicker
decline in the quality score with hearing loss. Grouping was
determined according to 10dBHL intervals. The C-SSQ12 and all
three subscales showed noteworthy reductions in mean scores
when PTA = 54-65dBHL (Figure 3). When the better ear PTA
was less than 55dBHL, the C-SSQ12 score decreased on average
by 0.69 for every 10dBHL increase. Nevertheless, with a better
ear PTA ranging from 54dBHL to 65dBHL, the C-SSQ12 score
exhibited a significant decrease of 2.74. The correlation
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Figure 1. Comparison and distribution of C-SSQ12 scores between different HHIE-S subgroups. C-SSQ12, the Chinese version of short form of Speech, Spatial and
Qualities of Hearing Scale; HHIE-S, the Hearing Handicap Inventory for the Elderly-Screening Version; SD, standard deviation.

-
N

C-SSQ12 Scores >

HHIE-S Scores

12+ r=-0.569
P <0.001
n =300

C-SSQ12 Scores X

Better Ear PTA

Figure 2. Correlation between C-SSQ12 scores with HHIE-S scores (A) and better ear PTA (B). C-SSQ12, the Chinese version of short form of Speech, Spatial and
Qualities of Hearing Scale; HHIE-S, the Hearing Handicap Inventory for the Elderly-Screening Version; PTA, pure-tone average.

coefficient between C-SSQ12 score and better ear PTA was
—0.569 (p < 0.001; Figure 2). Besides, the correlation coefficients
of C-SSQI2 scores with left and right ear PTA were —0.507 and
—0.542, respectively (p < 0.001; p < 0.001; Table 2).

Determination of the cut-off values

In this study, firstly, better ear PTA > 40dBHL, worse ear PTA
> 40dBHL and binaural ear PTA > 40dBHL were used as screen-
ing criteria for hearing impairment. ROC curves were constructed
from the C-SSQI2 scores and used to analyse the predictive value
for diagnosing hearing loss (Figure 4). If the definition of the hear-
ing loss was considered to be PTA > 25dBHL on the binaural ear,
the AUC was 0.813. The maximum Youden Index point was a
threshold of 6.5. The 83.9% specificity was reached with a

threshold of 6.5, with 65.9% sensitivity. If the definition of the
hearing loss was considered to be PTA > 25dBHL on the worse
ear, the AUC was 0.780. The maximum Youden Index point was a
threshold of 5.8. The 92.4% specificity was reached with a thresh-
old of 5.8, with 49.7% sensitivity. If the definition of the hearing
loss was considered to be PTA > 25dBHL on the better ear, the
AUC was 0.750. The maximum Youden Index point was a thresh-
old of 6.4. The 72.8% specificity was reached with a threshold of
6.4, with 69.5% sensitivity. If the definition of the hearing loss was
considered to be PTA > 40dBHL on the binaural ear, the AUC is
0.841. The maximum Youden Index point was a threshold of 6.0.
The 80.3% specificity was reached with a threshold of 6.0, with
78.2% sensitivity. If the definition of the hearing loss was consid-
ered to be PTA > 40dBHL on the worse ear, the AUC is 0.824.
The maximum Youden Index point was a threshold of 6.5.
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Figure 3. Distribution of C-SSQ12 mean scores and three subscale scores based on the better ear PTA. PTA, pure-tone average; SEM, standard error of the mean.

Table 2. Correlation between C-SSQ12 scores and PTA.

Left PTA Right PTA C-SSQ12 scores
Correlation coefficient —0.507** —0.542%* -
Mean +SD 34.757 £26.075 32.857 £26.367 6.582+2.769
P value < 0.001 < 0.001 -

PTA: pure-tone average; SD: standard deviation; **, p < 0.01.

The 78.2% specificity was reached with a threshold of 6.5, with
73.1% sensitivity. If the definition of the hearing loss was consid-
ered to be PTA > 40dBHL on the better ear, the AUC was 0.851.
The maximum Youden Index point was a threshold of 6.4. The
69% specificity was reached with a threshold of 6.5, with 91.3%
sensitivity. The proportion of subjects with a C-SSQ12 score < 6.4
in our study population was 42.67%. The corresponding sensitivity,
specificity, positive predictive value and negative predictive value
for better ear PTA > 40dBHL and C-SSQI12 score < 6.4 were
shown in Table 3. We summarised the sensitivity, specificity, posi-
tive predictive value, negative predictive value and 95% confidence
interval (CI) corresponding to the various cut-off values for the dif-
ferent hearing loss screening criteria (Table 4). When the C-SSQ12
score was < 6.4 and the better ear PTA was > 40dBHL, the sensi-
tivity was 91.4% (95% CI: 83.9%-98.2%) and the specificity was
69.0% (95% CI: 63.1%-74.9%). Furthermore, when the C-SSQ12
score was < 6.0 and binaural PTA was > 40dBHL, the sensitivity
was 78.2% (95% CI: 69.7%-86.9%) and the specificity was 80.3%
(95% CI: 74.8%-85.7%).

Discussion

Most hearing tests only evaluate the severity of hearing impair-
ment, but a good hearing assessment tool should not only identify
the presence or absence of hearing loss in the subject population,
but should also reflect hearing ability in a real-world environment.
Currently, hearing assessment scales used in clinical practice focus
less on these aspects. The SSQI2 fulfils the same objective as the
SSQ for evaluating varied hearing capacity in challenging real-life

contexts, but is comparatively more user-friendly and has been
implemented in clinical settings (Peetermans et al., 2022). It has
been suggested that SSQ12 scores are approximately 0.37 points
lower than SSQ scores and that the SSQ12, like the SSQ, is sensi-
tive to temporal changes in the assessment of hearing capacity
(Wyss, Mecklenburg, & Graham, 2020). However, the SSQ12 is
mainly used to assess rehabilitation outcomes and is rarely used as
a hearing screening tool (Sanchez-Cuadrado et al, 2021).
Therefore, the main objective of this study was to investigate the
effectiveness of the C-SSQ12 as a screening tool and to establish
its cut-off values for early and targeted intervention for people
with hearing impairment.

The HHIE-S was an initial screening diagnostic scale for hear-
ing loss, and the correlation coefficient between the Chinese ver-
sion of HHIE-S and the better ear PTA was 0.745(Diao et al.,
2014). In our study, C-SSQ12 scores were correlated with HHIE-
S scores and the correlation coefficient was —0.749 (P < 0.001).
One study confirmed that the correlation coefficient between the
SSQ12 and the original rating scale ranged from 0.37 to 0.79(Ou
& Kim, 2017). The cronbach’s alpha for the C-SSQ12 was 0.94
and item-total correlation for all items were 0.68-0.85, suggesting
that the C-SSQ12 had good reliability. However, the absence of
reproductibility evaluation was an important limit. C-SSQ12
scores decreased with increasing hearing impairment, but this
correlation was not significant in patients with normal hearing
or mild hearing loss, which was consistent with findings from
other language versions of the SSQI12(Canete et al, 2022;
Moulin, Vergne, Gallego, & Micheyl, 2019). In the current inves-
tigation, a decrease of 0.69 in C-SSQ12 scores was observed for
every 10dBHL increase when the PTA was < 55dBHL, surpass-
ing the reduction of 0.43 for every 10dBHL increase reported by
Akeroyd for SSQ (Akeroyd, Guy, Harrison, & Suller, 2014).
However, this was in close accord with the decline of 0.69
reported by Annie Moulin (Moulin & Richard, 2016a), and
slightly less than the decrease of 0.75 per 10dBHL in the original
version of the SSQI12(Noble et al., 2013). There were several
plausible reasons for the disparity in findings across the various
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Figure 4. Receiver operating characteristic curves for C-55Q12 scores when worse (A) and better (B) ear PTA > 40dBHL were used as the screening criteria for hearing
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Table 3. Sensitivity, specificity, positive predictive value, negative predictive value and 95% Cl of the C-SSQ12 when using a cut-off value of 6.4 and a better ear

PTA > 40dBHL as hearing screening criteria.

C-S5Q12 scores Positive Negative SE (%) SP (%) PPV (%) NPV (%)
Positive 53 5 91.3 69.0 4.4 97.1
Better Ear (83.9-98.8) (63.1-74.9) (32.8-50.0) (94.6-99.6)
>40dBHL
Negative 75 167

Cl: confidence interval; SE: sensitivity; SP: specificity; PPV: positive predictive value; NPV: negative predictive value.

Table 4. Sensitivity, specificity, positive predictive value, negative predictive value and 95% Cl of different C-SSQ12 cut-off values for mild and moderate-to-severe

hearing loss.
Cut-off value SE (%) SP (%) PPV (%) NPV (%)
5.8 (Worse ear) 49.7 92.4 924 49.7
(42.7-52.8) (87.2-97.5) (87.2-97.5) (42.7-52.8)
Mild 6.4 (Better ear) 69.5 72.8 57.9 81.6
(60.6-78.5) (66.5-79.1) (49.2-66.7) (75.8-87.4)
6.5 (Binaural) 65.9 83.9 83.1 67.3
(58.5-73.2) (77.7-90.2) (76.6-89.6) (60.2-74.4)
6.5 (Worse ear) 73.1 78.2 72.0 79.2
(65.4-80.8) (72.0-84.5) (64.2-79.7) (73.0-85.4)
Moderate-to-severe 6.4 (Better ear) 91.3 69.0 414 97.1
(83.9-98.8) (63.1-74.88) (32.8-50.0) (94.6-99.6)
6.0 (Binaural) 78.2 80.3 63.7 97.0
(69.7-86.9) (74.8.-85.7) (54.7-72.7) (84.8-93.8)

Cl: confidence interval; SE: sensitivity; SP: specificity; PPV: positive predictive value; NPV: negative predictive value.

studies. First of all, the majority of the randomly selected sub-
jects in this study were young people with a low degree of hear-
ing impairment and therefore low sensitivity to the perception of
hearing loss. In addition, due to the influence of traditional
Eastern culture, the Chinese tended to be conservative and most
people preferred to stay in familiar surroundings and were less
demanding in adapting to their environment, which also limited
the impact of hearing impairment (Wu et al., 2011).

Previous studies using different versions have reported mean
total SSQ scores ranging from 6.7 to 8.8 for normal-hearing par-
ticipants and from 4.1 to 7.7 for hearing-impaired patients, val-
ues that are confirmed by the results of the present study
(Moulin & Richard, 2016a). In our study, binaural ear PTA

> 40dBHL, worse ear PTA > 40dBHL and better ear PTA
> 40dBHL were used as screening criteria for moderate-to-severe
hearing loss in reference to the Ventry and Weinstein screening
criteria (Ventry & Weinstein, 1982). The AUCs for the binaural,
worse, and better ear in our study were 0.841, 0.824, and 0.851,
respectively. In Western countries, the SSQ12 scale is mostly
applied to assess the effectiveness of interventions in patients
with sensorineural deafness (Megha & Maruthy, 2019). In total,
there were 122 cases of sensorineural hearing loss in this study.
Compared to subjects without hearing loss, the cut-off value of
the C-SSQ12 score was 6.0, with a sensitivity of 85.7% and a spe-
cificity of 86.1%. Our experimental data were similar to those of
a previous study. They reported the AUC of 0.86 for the SSQ12,



and the sensitivity and specificity for symmetric hearing loss
were 89% and 86%, respectively (Kamerer, Harris, Kopun, Neely,
& Rasetshwane, 2022). This showed that the C-SSQ12 was feas-
ible for use in hearing screening for sensorineural deafness.
However, the current study aimed to evaluate the feasibility of
utilising a concise hearing assessment tool for the purpose of
screening, with consideration for various types of hearing loss
among the chosen participants. In this study, 28% of patients
had > 20dBHL difference between better and worse ear, showing
that those subjects had asymmetrical hearing loss. A previous
study showed that asymmetrical hearing loss can significantly
affect the spatial and quality scores of the SSQ (Noble &
Gatehouse, 2004). We found that the quality score was lower
than the spatial score for the same degree of hearing damage.

Therefore, in addition to the traditional hearing test criteria,
the screening criteria for hearing impairment used in this study
were PTA > 25dBHL and 40dBHL in the left, right, worse and
better ear. If the binaural PTA > 40dBHL was used as the hear-
ing screening criterion, the cut-off for the C-SSQ12 was 6.0. Our
experimental data were similar to the findings of von Gablenz
et al. who showed that a cut-off value of 6 points on the SSQ17
predicted the self-reporting of hearing difficulties on a chance
level (von Gablenz, Otto-Sobotka, & Holube, 2018). However,
Noble et al. suggested that SSQ scores < 6.5 should be defined
as the hearing deficit (Noble et al., 2012). When utilising PTA
> 40dBHL in the better ear as a criterion for hearing screening,
the C-SSQ12 exhibited a cut-off value of 6.4, a sensitivity of
91.3%, a specificity of 69.0%, a positive predictive value of
41.4%, and a negative predictive value of 97.1%. In this case,
however, there were only 58 subjects with a prevalence of 19.3%,
which was quite different from the real situation. The positive
predictive value was directly affected by the prevalence and was
therefore only 41.4%. A study demonstrated that the Portuguese
version of the SSQ5 had a cut-off value of 7.3 points, a sensitiv-
ity of 81.8%, a specificity of 78.3%, a positive predictive value of
78.3% and a negative predictive value of 81.8%, using the PTA
> 25dBHL as a screening criterion for hearing impairment
(Assef, Almeida, & Miranda-Gonsalez, 2022). In our results,
when binaural ear PTA > 25dBHL was taken as a screening cri-
terion in general population for hearing loss, the cut-off value of
the C-SSQ12 was 6.5 points, with a sensitivity of 65.9%, a specifi-
city of 83.9%, a positive predictive value of 83.1% and a negative
predictive value of 67.3%. Regarding the disparities in the find-
ings of the aforementioned results, it was hypothesised that
certain studies prioritised the detection of potential hearing
impairment through sensitivity, whereas others concentrated
more on specificity in normal hearing populations. Lower posi-
tive predictive values result in increased false positive rates. This,
in turn, leads to wastage of healthcare resources as subjects have
to undergo unnecessary hearing tests at hospitals. Hence, taking
into account the severity and type of hearing impairment, refer-
ral rates of C-SSQ12>6.0 (PTA > 40dBHL) and C-SSQ12 > 6.5
(PTA > 25dBHL) are deemed appropriate.

In this study, there were 51 participants aged > 60 years, and
the percentages of HHIE-S > 8 and C-SSQ12 < 6.5 were 60.78%
and 50.98%, respectively. Taking better ear PTA > 25dBHL as a
screening criterion and C-SSQI12 < 6.5 as the cut-off value, the
sensitivity, specificity, positive predictive value and negative pre-
dictive value were 91.3%, 66.9%, 39.8% and 97.0%, respectively.
HHIE-S scores were divided into three groups of 0-8, 10-24 and
26-40. There were statistically significant differences in C-SSQ12
scores between these three subgroups. These data suggested that
the grading of the degree of hearing impairment in the C-SSQ12
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could be analysed with reference to the grouping criteria of the
HHIE-S. However, the ability of the C-SSQI12 to further differen-
tiate the severity of hearing loss needed to be validated in a
larger clinical sample.

The C-SSQI12, based on a quantitative study design, focuses
on quantifying patients’ dynamic hearing abilities in daily com-
munication settings. It has also been shown to have excellent val-
idity and is ideal for comprehensive assessment of hearing
function in complex environments. The C-SSQ12 scale provides
clinicians with a relatively complete profile of a patient’s hearing
impairment. Moreover, the easy-to-use C-SSQ12 can bridge the
gap in the hearing care infrastructure and effectively address the
distance that patients often have to travel to and from the hear-
ing centre. The determination of the appropriate cut-off value
allows for an accurate referral service and the C-SSQI2 as a
hearing screening tool has important clinical applications in the
early detection, diagnosis and treatment of hearing impairment.
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