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Abstract

Background: Hearing loss is quite prevalent and can be related to people’s quality of life. To our knowledge, there
are limited studies assessing the efficacy of hearing interventions on quality of life in adults. Therefore, we aim to
conduct a randomized controlled trial (RCT) to determine the impact and cost-effectiveness of community-based
hearing rehabilitation on quality of life among Chinese adults with hearing loss.

Methods/design: In this two-arm feasibility study, participants aged 16 and above with some degree of hearing
loss (n = 464) will be recruited from Linyi City, Shandong Province. They are randomly assigned to the treatment
group or the control group. Those in the treatment group are prescribed with hearing aids, while those in the
control group receive no intervention. Reinstruction in use of devices is provided for the treatment group during
booster visits held 12 months post-randomization or unscheduled interim visits when necessary. Data are collected
at baseline and the follow-up 20 months later. The primary outcome is changes in quality of life over a 20-month
study period. Secondary outcomes include sub-dimensions in quality of life, physical functioning, chronic diseases,
cognitive function, depression, social support, hospitalizations, falls, and healthcare costs. Finally, we will evaluate
whether hearing aids intervention is cost-effective to apply in a large scale.

Discussion: The trial is designed to evaluate the impact and cost-effectiveness of a community-based rehabilitation
intervention on quality of life among Chinese adults with hearing loss. We hope that it would help improve the
well-being for Chinese adults and provide references in policy and practice for China and other countries.

Trial registration: Chinese Clinical Trial Registry ChiCTR1900024739. Registered on 26 July 2019.
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Background
Hearing is one of the basic means of perception and
communication. With the global aging, hearing loss is
the most common sensory dysfunction and is becoming
an increasingly serious public health issue [1]. It is said
that more than 90% of the hearing loss is related to
aging [2], most of which is irreversible [3]. In the USA,
nearly two thirds of people over age 70 had hearing loss
in 2015 [4]. In China, according to the Second National
Sample Survey on Disability in 2006, the prevalence rate
of hearing disability (mild or above) in older adults over
60 years old was about 11% [5], ranking the highest
among six categories of disability (hearing, visual, lan-
guage, physical, intellectual, and mental disabilities) [6].
Hearing loss can be associated with a series of health

problems, such as poor physical and mental health [7,
8]. Empirical studies have shown that hearing loss is re-
lated to the decline in quality of life, presenting as more
comorbid chronic diseases [9]; impaired physical func-
tioning [3, 10]; more depressive symptoms such as sad-
ness, despair, helplessness [9]; and accelerated cognitive
decline [9]. The underlying mechanism may be that
hearing loss impedes information exchange and social
participation, which further impairs active physical func-
tioning, increases psychological burden, and is associated
with poor health [3, 10].
Although there is a strong correlation between hearing

loss and health, it has not received enough attention from
the public. First, hearing loss usually has a slow onset and
gets worse progressively, which is difficult to detect in
time unless by audiometry tests [11]. Our previous study
proved that nearly half of the hearing-impaired people did
not find themselves suffering from hearing loss or were
not sure when the hearing loss occurred [12]. Second, a
large number of people regard hearing loss as a natural
aging process that can be disregarded [13]. What is more,
the huge costs of hearing treatment like wearing hearing
aids undoubtedly prevents the accessibility and utilization
of rehabilitation services [14]. All these factors contribute
to hearing loss becoming a widespread and undertreated
health problem [13].

The intervention of hearing aids use
The use of hearing aids is a main rehabilitation interven-
tion for people with hearing loss [15]. One study investi-
gating the predictors of rehabilitation intervention
decisions in hearing-impaired middle-age and older
adults found that hearing aids are more likely to be their
first choice under most circumstances [16]. People who
wear hearing aids have higher quality of life than those
who do not, as evidenced by improved social skills, bet-
ter self-care and mobility, lower levels of depression, and
better overall health [17, 18]. But the accessibility and
utilization rate of hearing aids are quite low [14].

Community-based surveys in developed countries have
demonstrated that the use of hearing aids for older
adults with hearing loss was around 10 to 20% from
1997 to 2005 [19–21]. Studies on hearing aids are scarce
in developing countries [22]. Our study conducted in
four provinces of China found that only 6.5% of the
older adults with hearing loss had hearing aids in 2014
to 2015 [23].
Given the high prevalence of hearing loss and low acces-

sibility of hearing aids, it is imperative to conduct high-
quality studies to figure out the efficacy of wearing hearing
aids. Systematic reviews on hearing and quality of life have
found that a majority of studies were cross-sectional and
only a few were conducted in developing countries [24]. Al-
though there is a general consensus that hearing aids are
beneficial for people with hearing loss, such as improving
social function in Short Form 36 Health Survey (SF-36)
[25], reducing risks of anxiety and depression in EuroQoL
5-Dimension (EQ-5D) [26], some studies suggest no evi-
dence linking hearing aids use to improved quality of life
[27, 28]. Besides, no randomized controlled trials (RCTs),
to our knowledge, have studied the effects of hearing aids
on exact health-related variables like depression, cognitive
function, or service utilization in developing nations. There-
fore, we supplemented these variables in our RCT as sec-
ondary outcomes to present more comprehensive quality of
life outcomes, so as to add more compelling clinical evi-
dence whether wearing hearing aids is cost-effective in de-
veloping countries like China.
In this protocol, we described the design of a random-

ized controlled trial to assess the impact and cost-
effectiveness of hearing aids intervention on 20-month
changes in quality of life. The study is expected to involve
464 Chinese adults aged 16 and older who have some de-
gree of hearing loss and are required to wear a hearing aid
by otologists. They are randomly assigned to the treat-
ment group of wearing hearing aids or the control group
with no intervention to determine the efficacy of hearing
aids in improving the quality of life and to move toward
early prevention and treatment of hearing loss.

Objectives
The primary objective is to determine whether hearing
aids intervention is effective in improving the quality of
life in adults with hearing loss. The secondary objectives
are to determine whether hearing aids treatment is cost-
effective, including improving the health-related quality
of life, decreasing inpatient and outpatient visits, and re-
covering productivity.

Methods/design
Study design, participants, and setting
Our study is a randomized, controlled trial lasting 20
months with two parallel groups, the treatment group
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and the control group. According to a list provided by
the Hearing Center of Linyi Disabled Persons’ Feder-
ation, which records all the hearing-disabled people in
Linyi City, 464 people are randomly selected. Partici-
pants are prescreened by telephone and complete a
hearing screening at baseline (T0). Those in the treat-
ment group are prescribed with hearing aids and re-
ceive a post intervention of reinstruction in use of
hearing aids 12 months after T0, while the control
group receives no interventions. The follow-up sur-
veys are scheduled 20 months after T0 to trace
changes in health outcomes (Fig. 1).

Eligibility criteria
Eligibility criteria are designed to identify community-
dwelling adults with hearing loss who may possibly
benefit from hearing rehabilitation (Table 1).
To be included in the study, each person must meet

the following inclusion criteria: Participants are adults
aged 16 years and above with untreated bilateral hearing
loss and are required to wear a hearing aid by otologists.
Participants are community-dwelling and will remain in
the local area during the study period. They should be
fluent Chinese speakers.
Exclusion criteria include inability to read or write,

prior cognitive, mental, language or movement disability
diagnosis, medical contraindication to hearing treatment
(e.g., draining ear), untreatable conductive hearing loss
(difference in air audiometry and bone audiometry (“air-
bone gap”) > 15 dB in two or more contiguous frequen-
cies in both ears that cannot be medically resolved), or
unwillingness to regularly wear hearing aids.

Study interventions
Participants in the hearing treatment group are pre-
scribed with hearing aids at baseline, while the control
group with no interventions. Reinstruction in use of
hearing aids is prescribed during booster visits held 12
months and 20 months post-randomization. Unsched-
uled interim visits may also be sporadically required
(e.g., hearing aid malfunction). Participants in the con-
trol group will not have access to hearing aids. They will
be asked to attend twice for this project: baseline and
follow-up 20months later.

Modifications
Study participation and hearing intervention are ex-
pected to have a low risk of adverse events. But the
age of the participants may naturally lead to certain
deleterious health outcomes. In case of any accidental
injury, lack of efficacy, or withdrawal of participant
consent during the trial, investigators can modify or
discontinue the trial with the approval of the princi-
pal investigator (PI).

Adherence
Adherence to the study intervention will be assessed at
each study visit using questions designed to capture ad-
herence in both the treatment and control groups. Strat-
egies to promote adherence include:

� Individual assessment and instruction.
� Participants are asked to bring a communication

partner with them to the study visits.
� Participants who miss a scheduled meeting are

contacted by telephone by study staff to encourage
continued participation and to evaluate and
overcome barriers to participation.

For the treatment group, it additionally includes:

� Potential intervention benefits are structured given
the participant’s level of hearing loss in order to
ensure that participants’ expectations are reasonable
and realistic.

� Participants are informed that they are allowed to
keep the hearing aids for free if they complete all
study visits.

Outcomes measures
Primary outcome
The primary study outcome is the 20-month changes in
quality of life from the 2019 baseline to the 2021 follow-
up. Quality of life can be measured by standard tests of
Short Form 12 Health Survey (SF-12) [29] and EuroQoL
5-Dimension (EQ-5D) [30].

Secondary outcomes
Key secondary outcomes include changes in sub-scores
of SF-12 (physical and mental health) [29] and EQ-5D
(mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression) [30]. Other secondary outcomes are
health variables independently associated with hearing
loss, including physical functioning (ADLs, IADLs) [31],
chronic diseases, cognitive function (MMSE) [32], de-
pressive symptoms (CES-D) [33], social support (LSNS)
[34], hospitalizations, and falls, as well as the direct and
indirect medical costs and loss of productivity in the
study duration.

Hearing outcomes
Participants are required to receive pure tone audiom-
etry at the thresholds of 0.5, 1, 2, and 4 kHz to derive ac-
curate hearing data. Besides pure tone audiometry,
standardized questionnaires like Hearing Handicap In-
ventory for the Elderly—Screening version (HHIE-S)
[35], combined with participants’ self-reported hearing
status, will be gathered to supplement the objective
hearing data. For participants randomized to the hearing
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intervention group, audiologic outcomes to verify the
intervention effects, such as the International Outcome
Inventory for Hearing Aids (IOI-HA) [36], are gathered
semiannually post-randomization.

Covariates
Sociodemographic factors such as age, gender, residency,
family information, socioeconomic status, and other

clinical factors are collected at baseline and the follow-
up survey.

Sample size
Power calculations showed that 404 (202 in each group)
participants are required in each group to obtain 80%
statistical power with a 5% significance level and to de-
tect a 0.28-SD difference in the mean change from

Fig. 1 Participants screening and randomization. Note: Strata defined by severity of hearing loss
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baseline in quality of life score to 20-month follow-up
[37]. To account for drop-in (uptake of hearing aids in
the control group) and drop-out (discontinuation of
hearing aid use in the treatment group), 464 persons are
included, of which 232 are in the intervention group and
232 in the control group.

Recruitment
Our recruitment will last 1 month, from July 1 to 31,
2019. Adults with untreated hearing loss will be re-
cruited according to the list of people with hearing loss
provided by the hearing center of Linyi Disabled Per-
sons’ Federation. Informed, written consent is obtained
from all participants prior to participation.

Randomization
Participants are randomized stratified by severity of
hearing loss, so as to avoid uneven distribution of partic-
ipants. A researcher who is not involved in data collec-
tion or analysis will use a random sequence generator
(http://www.random.org) to allocate participants in a
random sequence to the treatment or control group. In
a separate room after completion of the baseline mea-
surements, an independent researcher will tell partici-
pants to which group they have been allocated, thereby
ensuring concealment of the identity and characteristics
of participants.

Blinding
Neither study participants nor researchers collecting
outcome data can feasibly be blinded to randomization
status. Precautions to minimize potential bias resulting
from the lack of blinding include (1) blinding of partici-
pants to the study hypothesis, (2) use of standardized
protocols for training of data collectors and assessment
of study outcomes, and (3) masking of field working staff

to block size, to avoid unintentional and possibly uncon-
scious bias by study staff during data collection.

Data collection
Standardized data forms or tablets are used to collect
data with paper back up available in case of tablet fail-
ure. Participants will fill in all questionnaires in a separ-
ate room. To ensure that appropriate help and guidance
can be given when needed, one of the researchers will
present. Meanwhile, communication partners who com-
municate with participants on a daily or near-daily basis
(e.g., spouse) are often a key to getting accurate results.
Therefore, accompanying adults are also invited to join
the study and contribute to the data.
To minimize data-entry errors, the questionnaires

have inbuilt check-and-skip rules. And the question-
naires were tested on four participants beforehand, who
found the questions understandable and possible to
complete in 30–45 min. For participants who withdraw
from the trial, any data collected up to the withdrawal
date will be retained and included in the analyses. Data
are collected at the local field prior to randomization
(baseline T0), after 12 months (post intervention T1)
and 20months after baseline (follow-up T2). A SPIRIT
flow diagram illustrates the data collection in the inter-
vention group and control group (Table 2) [38].

Data management
The data entry is double-checked for errors or omissions
by an investigator blinded to the participants’ group allo-
cation. For data coding, some measures such as range
checks in data values are conducted. Then data shall be
filed and stored in categories, and have multiple backups
on different disks or recording media.

Table 1 Inclusion and exclusion criteria

Criteria Description

Inclusion • Age 16 years old and above

• Diagnosed with some degree of hearing loss and are required to wear a hearing aid

• Plans to stay in the geographic area for study duration

• Community-dwelling

• Fluent Chinese speaker

Exclusion • Inability to read or write

• Cognitive, mental, language, or movement disability diagnosis

• Self-reported use of a hearing aid in the past 1 year

• Unwilling to wear hearing aids on daily basis

• Medical contraindication to use of hearing aids (e.g., draining ear)

• Conductive hearing loss with air-bone gap > 15 dB in two or more contiguous frequencies
in both ears that cannot be resolved
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Statistical analysis
In the statistical analysis, intention-to-treat (ITT)
principle is applied with conservative estimates of miss-
ing data [39]. Participants’ characteristics will be summa-
rized using descriptive statistics (mean, standard
deviation, frequency). Analysis of variance or t tests are
performed to compare means; Mann-Whitney U tests
are used to compare variables with non-normal distribu-
tion. Baseline data will be used to investigate the charac-
teristics of participants who discontinue or deviate from
the trial and/or intervention. The magnitude of changes
over time across study groups will be examined by a

multiple imputation analysis of covariance model, so as
to evaluate the intervention effect.
In addition, some variables such as socioeconomic sta-

tus and social support may potentially affect the
utilization of hearing rehabilitative services, so the inter-
action between socioeconomic status or social support
with the hearing intervention can be analyzed to gain
further results. The cost-effectiveness analysis is based
on the cost of the intervention, effects in improving
health-related quality of life, decreasing inpatient and
outpatient visits, and saving healthcare costs and recov-
ering productivity. By these means, we aim to explore

Table 2 Schedule of enrollment, interventions, and assessments

Timepoint Study period

Enrollment −T1
−30 to −1 day

Allocation T0
day 0

Post-allocation T1
12months

Close-out T2
20months

T a C b T a C b T a C b T a C b

Enrollment

Eligibility screen × ×

Informed consent × ×

Allocation × ×

Intervention × × ×

Assessments

Socio-demographic data × × × × × ×

Hearing outcome

Pure tone audiometry × × × ×

HHIE-S score × × × ×

Self-reported hearing × × × ×

IOI-HA score × ×

Quality of life (primary outcome)

SF-12 score × × × ×

EQ-5D score × × × ×

Secondary outcomes

Sub-dimension of SF-12 × × × ×

Sub-dimension of EQ-5D × × × ×

Physical functioning (ADLs) × × × ×

Physical functioning (IADLs) × × × ×

Chronic diseases × × × ×

Cognitive function (MMSE) × × × ×

Depression (CES-D) × × × ×

Social support (LSNS) × × × ×

Hospitalizations × × × ×

Falls × × × ×

Medical costs × × × ×

Loss of productivity × × × ×

Abbreviations: T, treatment group; C, control group; HHIE-S, Hearing Handicap for the Elderly-Screening Version; IOI-HA, The International Outcome Inventory for
Hearing Aids; SF-12, Short Form 12 Health Survey; EQ-5D, EuroQoL 5-Dimension; ADLs, activities of daily living; IADLS, instrumental activities of daily living; MMSE,
Mini-Mental State Examination; CES-D, Center for Epidemiologic Studies-Depression; LSNS, Lubben Social Network Scale
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the most cost-effective intervention strategy to improve
the quality of life for people with hearing loss.

Data monitoring
The principal investigator (PI) is responsible for the
quality and integrity of data collected. During the period
of recruitment, interim analyses will be supplied in strict
confidence, which may include analyses of data from
other comparable trials. In the light of these interim ana-
lyses, the PI will advise if the intervention has been
proved, or different from expected. Then the PI will de-
cide whether or not to modify the trial. Unless this hap-
pens, however, study staff will remain ignorant of the
interim results.

Adverse events
In our study, adverse events will be collected and re-
corded after participants have provided consent and en-
rolled, until the end of the study. If a participant
experiences an adverse event after the informed consent
is signed (entry) but the participant has not started to
receive study intervention, the event will be reported as
not related to our intervention. An adverse event that
meets the criteria for a serious adverse event (SAE) will
be reported to the institutional review board (IRB). And
study personnel will document the circumstances.

Auditing and inspecting
PI will permit study-related monitoring, audits, and in-
spections by the IRB of all study related documents (e.g.,
source documents, regulatory documents, data collection
instruments, study data). PI will ensure the capability for
inspections of applicable study-related facilities.

Patient and public involvement statements
This trial is carried out without patient or public in-
volvement. Neither patients nor the public are involved
in the development of the objective, design, or imple-
mentation of this trial. Patients will not be invited to de-
velop patient-relevant outcomes or interpret the results,
or to participate in the writing or editing of the final
manuscript for readability or accuracy.

Ethics/dissemination
Ethics approval and protocol amendments
The study was approved by Peking University’s Institu-
tional Review Board (IRB00001052-19046). Any modifi-
cations to the protocol which may impact on the study,
or the potential benefit and safety of the participants, in-
cluding changes of study objectives, study design, partic-
ipants, sample sizes, study procedures, or significant
administrative aspects, will require a formal amendment
to the protocol. Such amendment will be approved by
the IRB prior to implementation.

Consent and confidentiality
Investigators will introduce the trial to participants in
light of the information provided in the information
sheets. Participants will then be able to have an informed
discussion with the investigator. Investigators will obtain
written consent from willing participants. For confidenti-
ality, each participant will be given a unique identifica-
tion number. Other identification information such as
names, mobile phone numbers, and addresses will not
be recorded in the same form as sensitive data. In case
of any accidental injury during the trial, medical treat-
ment and economic compensation will be provided ac-
cording to the laws and regulations of China.

Dissemination
PI will be given access to the cleaned data sets. Results
will be disseminated in the clinical and scientific com-
munities and also to the population with hearing loss via
peer-reviewed research publications both online and in
print, conference and meeting presentations, posters,
newsletter articles, website reports, and social media. Re-
sults will be reported according to the Consolidated
Standards of Reporting Trials (CONSORT) guidelines
[40]. Important protocol modifications will be reported
when findings are disseminated.

Discussion
The quality of life is associated with individuals’ physical
health, psychological experience, and social relations
[24]. It is relevant to multiple physical and mental dis-
eases and social care systems [41]. Improvements in
quality of life are important outcome measures for hear-
ing treatment, both clinically and for researchers [42].
This paper describes a protocol for an RCT to evaluate
the impact and cost-effectiveness of a community-based
hearing aids intervention on quality of life among
Chinese adults with untreated hearing loss.
This will be the first RCT accessing the efficacy of

hearing aids intervention on quality of life among
Chinese adults. Strengths of this study include the ro-
bust randomized controlled trial design, with
randomization stratified by hearing loss severity to re-
duce contamination, the inclusion of follow-up mea-
sures, and the rigorous economic evaluation. This study
will contribute to building the evidence base around the
effectiveness of interventions to improve the well-being
for Chinese adults and provide references for other
countries.
We should note some weaknesses in the design of the

trial. First, participants in the control group might also
undergo changes in quality of life, which may conceiv-
ably be induced by questions about their health behav-
iors. It has been shown that participants’ behaviors can
be increased or changed simply if questions are asked
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about their behaviors [43]. In our study, there is thus
a chance that the effects of asking people about their
behaviors will reduce any differences between the
intervention and the control groups and thereby the
possibility of finding a significant effect. The second
limitation is that most data will be self-reported
which are prone to bias. Therefore, we will design
several corresponding questions in the questionnaires
or conduct pre-test and post-test to avoid subjective
bias. For example, the question about self-rated health
is asked twice to verify the potential mistakes. Finally,
this study is limited by being adaptable to the prag-
matic realities of multi-country projects while main-
taining scientific integrity, such as understanding how
different health organizations work, how to observe
ethics processes, how to get accurate translation of
questionnaire scales, or how to gain permissions and
copyright in different countries.
To conclude, whether hearing treatment and rehabili-

tation can delay quality of life decline in at-risk adults is
lacking compelling evidence, but could have substantial
clinical, social, and public health impacts for people with
hearing loss. When completed in 2021, our study should
provide definitive evidence of the cost-effectiveness of
hearing aids treatment on quality of life in community-
dwelling Chinese adults with hearing loss.

Trial status
The current protocol is version 2, dated July 26,
2019. It took quite a few months to select journals
and submit the protocol for review. Recruitment of
patients began on July 1 and ended on July 31, 2019.
The data collection ran until all participants com-
pleted the survey. Follow-up will be conducted after
20 months to test whether the effects of the interven-
tion are still present. The study is expected to run
until the end of March 2021. Until then, the interven-
tion effects are unknown.

Abbreviations
RCT: Randomized controlled trial; SF-36: Short Form 36 Health Survey; EQ-
5D: EuroQoL 5-Dimension; PI: Principal investigator; SF-12: Short Form 12
Health Survey; ADLs: Activities of daily living; IADLs: Instrumental activities of
daily living; MMSE: Mini-Mental State Examination; CES-D: Center for
Epidemiologic Studies-Depression; LSNS: Lubben Social Network Scale; HHIE-
S: Hearing Handicap for the Elderly-Screening Version; IOI-HA: The
International Outcome Inventory for Hearing Aids; ITT: Intention-to-treat;
SAE: Serious adverse event; IRB: Institutional review board;
CONSORT: Consolidated Standards of Reporting Trials; SPIRIT: Standard
protocol items: recommendation for interventional trials

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13063-021-05228-2.

Additional file 1. Trial Registration Data.

Additional file 2. Informed Consent Forms.

Acknowledgements
The authors would like to thank National Natural Science Foundation of
China for the funding. We thank Linyi Disabled Persons’ Federation and Linyi
Center for Disease Control for their assistance and all staff and participants in
our survey for their important contributions.

Authors’ contributions
XY and DZ contributed equally to this paper. PH is the program leader. DZ
and XS are the study coordinators. PH and DZ conceptualized and designed
the field trial. XY had primary responsibility for writing the paper. SC is the
research assistant. RG, JW, HZ, and MZ provided support in the field trial. All
authors were involved in critical revision of the manuscript and approved
the final version.

Funding
This work was supported by National Natural Science Foundation of China
(No. 71874005) and Peking University’s Start-up Fund (No. BMU2018YJ004).
Funders played no role in study design; collection, management, analysis,
and interpretation of data; writing of the report; and the decision to submit
the report for publication.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
The study was approved by Peking University’s Institutional Review Board
(PKU IRB) (no. IRB00001052-19046). Potential participants will undergo verbal
consent prior to preliminary telephone eligibility. Those meeting preliminary
eligibility requirements will sign full written consent prior to final eligibility
assessment and randomization.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1School of Public Health, Peking University, Beijing, China. 2China Center for
Health Development Studies, Peking University, Beijing, China. 3School of
Management, Beijing University of Chinese Medicine, Beijing, China.
4National Institute of Chinese Medicine Department and Strategy, Beijing
University of Chinese Medicine, Beijing, China. 5China Rehabilitation Research
Center for Hearing and Speech Impairment, Beijing, China. 6Linyi Center for
Disease Control and Prevention, Linyi, Shandong, China. 7Linyi Rehabilitation
Hospital, Linyi, Shandong, China.

Received: 14 April 2020 Accepted: 27 March 2021

References
1. Looi LM, Ganten D, McGrath PF, Gross M, Griffin GE. Hearing loss: a global

health issue. Lancet. 2015;385(9972):943–4. https://doi.org/10.1016/S0140-
6736(15)60208-2.

2. Feigin V. Global, regional, and National Incidence, prevalence, and years
lived with disability for 310 acute and chronic diseases and injuries, 1990-
2015: a systematic analysis for the global burden of disease study 2015.
Lancet. 2016;388(10053):1545–602.

3. Arlinger S. Negative consequences of uncorrected hearing loss—a review.
Int J Audiol. 2003;42(sup2):17–20.

4. GBD 2015 Disease and Injury Incidence and Prevalence Collaborators.
Global, regional, and national incidence, prevalence, and years lived with
disability for 310 diseases and injuries, 1990–2015: a systematic analysis for
the Global Burden of Disease Study 2015. Lancet. 2016;388(10053):1545–602.

5. National Bureau of Statistics of the People’s Republic of China. The main
data bulletin of the second national sampling survey for the disabled
(Number 2). http://www.gov.cn/fuwu/cjr/2009-05/08/content_2630949.htm.
Published 2009. Accessed 17 July 2019.

Ye et al. Trials          (2021) 22:258 Page 8 of 9

https://doi.org/10.1186/s13063-021-05228-2
https://doi.org/10.1186/s13063-021-05228-2
https://doi.org/10.1016/S0140-6736(15)60208-2
https://doi.org/10.1016/S0140-6736(15)60208-2
http://www.gov.cn/fuwu/cjr/2009-05/08/content_2630949.htm


6. Zheng X. Research on disability prevention in China. Beijing: Huaxia
Press; 2008.

7. West JS. Hearing impairment, social support, and depressive symptoms
among U.S. adults: a test of the stress process paradigm. Soc Sci Med. 2017;
192:94–101. https://doi.org/10.1016/j.socscimed.2017.09.031.

8. World Health Organization. Deafness and Hearing Loss. https://www.who.
int/news-room/fact-sheets/detail/deafness-and-hearing-loss. Published 2020.
Accessed 16 Nov 2020.

9. Kramer SE, Kapteyn TS, Kuik DJ, Deeg DJ. The association of hearing
impairment and chronic diseases with psychosocial health status in older
age. J Aging Health. 2002;14(1):122–37. https://doi.org/10.1177/0898264302
01400107.

10. Dalton DS, Cruickshanks KJ, Klein BE, Klein R, Wiley TL, Nondahl DM. The
impact of hearing loss on quality of life in older adults. Gerontologist. 2003;
43(5):661–8. https://doi.org/10.1093/geront/43.5.661.

11. Chew H, Yeak S. Quality of life in patients with untreated age-related
hearing loss. J Laryngol Otol. 2010;124(8):835–41. https://doi.org/10.1017/
S0022215110000757.

12. Hu X, Zheng X, Ma F, Long M, Han R, Zhou LJ, Wang F, Gong R, Pan T,
Zhang SX, du B, Jin P, Guo CY, Zheng YQ, Liu M, He LH, Qiu JH, Xu M, Song
L, Xu XH, Liu XW, Wang SP. Prevalence of hearing disorders in China: a
population-based survey in four provinces of China. Chin J Otorhinolaryngol
Head Neck Surg. 2016;51(11):819–25. https://doi.org/10.3760/cma.j.issn.1673-
0860.2016.11.004.

13. Davis A, McMahon CM, Pichora-Fuller KM, et al. Aging and hearing health:
the life-course approach. Gerontologist. 2016;56(Suppl 2):S256–67. https://
doi.org/10.1093/geront/gnw033.

14. Perez E, Edmonds BA. A systematic review of studies measuring and
reporting hearing aid usage in older adults since 1999: a descriptive
summary of measurement tools. PLoS One. 2012;7(3):e31831. https://doi.
org/10.1371/journal.pone.0031831.

15. Laplante-Lévesque A, Hickson L, Worrall L. Rehabilitation of older adults
with hearing impairment: a critical review. J Aging Health. 2010;22(2):143–
53. https://doi.org/10.1177/0898264309352731.

16. Laplante-Lévesque A, Hickson L, Worrall L. Predictors of rehabilitation
intervention decisions in adults with acquired hearing impairment. J Speech
Lang Hear Res. 2011;54(5):1385–99. https://doi.org/10.1044/1092-4388(2
011/10-0116).

17. Bridges JA, Bentler RA. Relating hearing aid use to well-being among older
adults. Hear J. 1998;51(7):39–42. https://doi.org/10.1097/00025572-1
99807000-00002.

18. APPOLLONIO I, CARABELLESE C, FRATTOLA L, TRABUCCHI M. Effects of
sensory aids on the quality of life and mortality of elderly people: a
multivariate analysis. Age Ageing. 1996;25(2):89–96. https://doi.org/10.1093/a
geing/25.2.89.

19. Hartley D, Rochtchina E, Newall P, Golding M, Mitchell P. Use of hearing
aids and assistive listening devices in an older Australian population. J Am
Acad Audiol. 2010;21(10):642–53. https://doi.org/10.3766/jaaa.21.10.4.

20. Chien W, Lin FR. Prevalence of hearing aid use among older adults in the
United States. Arch Intern Med. 2012;172(3):292–3. https://doi.org/10.1001/a
rchinternmed.2011.1408.

21. Chang H-P, Chou P. Presbycusis among older Chinese people in Taipei,
Taiwan: a community-based study. Int J Audiol. 2007;46(12):738–45. https://
doi.org/10.1080/14992020701558529.

22. Barnett M, Hixon B, Okwiri N, Irungu C, Ayugi J, Thompson R, Shinn JB, Bush
ML. Factors involved in access and utilization of adult hearing healthcare: a
systematic review. Laryngoscope. 2017;127(5):1187–94. https://doi.org/10.1
002/lary.26234.

23. He P, Wen X, Hu X, Gong R, Luo Y, Guo C, Chen G, Zheng X. Hearing aid
acquisition in Chinese older adults with hearing loss. Am J Public Health.
2018;108(2):241–7. https://doi.org/10.2105/AJPH.2017.304165.

24. Nordvik Ø, Heggdal POL, Brännström J, Vassbotn F, Aarstad AK, Aarstad HJ.
Generic quality of life in persons with hearing loss: a systematic literature
review. BMC Ear Nose Throat Disord. 2018;18(1):1.

25. Joore MA, Brunenberg DE, Chenault MN, Anteunis LJ. Societal effects of
hearing aid fitting among the moderately hearing impaired: Efectos sociales
de la adaptación de auxiliares auditivos en pacientes con impedimentos
auditivos moderados. Int J Audiol. 2003;42(3):152–60. https://doi.org/10.31
09/14992020309090424.

26. Joore MA, Potjewijd J, Timmerman A, Anteunis L. Response shift in the
measurement of quality of life in hearing impaired adults after hearing aid

fitting. Qual Life Res. 2002;11(4):299–307. https://doi.org/10.1023/A:101
5598807510.

27. Stark P, Hickson L. Outcomes of hearing aid fitting for older people with
hearing impairment and their significant others. Int J Audiol. 2004;43(7):390–
8. https://doi.org/10.1080/14992020400050050.

28. Valentijn SA, Van Boxtel MP, Van Hooren SA, et al. Change in sensory
functioning predicts change in cognitive functioning: results from a 6-year
follow-up in the Maastricht Aging Study. J Am Geriatr Soc. 2005;53(3):374–
80. https://doi.org/10.1111/j.1532-5415.2005.53152.x.

29. Collins MP, Liu C-F, Taylor L, Souza PE, Yueh B. Hearing aid effectiveness
after aural rehabilitation: Individual versus group trial results. J Rehabil Res
Dev. 2013;50(4):585–98. https://doi.org/10.1682/jrrd.2012.03.0049.

30. Carlsson P-I, Hjaldahl J, Magnuson A, Ternevall E, Edén M, Skagerstrand Å,
Jönsson R. Severe to profound hearing impairment: quality of life,
psychosocial consequences and audiological rehabilitation. Disabil Rehabil.
2015;37(20):1849–56. https://doi.org/10.3109/09638288.2014.982833.

31. Chen DS, Genther DJ, Betz J, Lin FR. Association between hearing
impairment and self-reported difficulty in physical functioning. J Am Geriatr
Soc. 2014;62(5):850–6. https://doi.org/10.1111/jgs.12800.

32. Acar B, Yurekli MF, Babademez MA, Karabulut H, Karasen RM. Effects of
hearing aids on cognitive functions and depressive signs in elderly
people. Arch Gerontol Geriatr. 2011;52(3):250–2. https://doi.org/10.1016/
j.archger.2010.04.013.

33. Boi R, Racca L, Cavallero A, Carpaneto V, Racca M, Dall' Acqua F, Ricchetti M,
Santelli A, Odetti P. Hearing loss and depressive symptoms in elderly
patients. Geriatr Gerontol Int. 2012;12(3):440–5. https://doi.org/10.1111/j.144
7-0594.2011.00789.x.

34. Chi I, Yip PS, Chiu HF, et al. Prevalence of depression and its correlates in
Hong Kong’s Chinese older adults. Am J Geriatr Psychiatry. 2005;13(5):409–
16. https://doi.org/10.1097/00019442-200505000-00010.

35. Ventry IM, Weinstein BE. The hearing handicap inventory for the elderly: a
new tool. Ear Hear. 1982;3(3):128–34. https://doi.org/10.1097/00003446-1982
05000-00006.

36. Cox R, Hyde M, Gatehouse S, Noble W, Dillon H, Bentler R, Stephens D,
Arlinger S, Beck L, Wilkerson D, Kramer S, Kricos P, Gagné JP, Bess F,
Hallberg L. Optimal outcome measures, research priorities, and international
cooperation. Ear Hear. 2000;21(4 Suppl):106S–15S. https://doi.org/10.1097/
00003446-200008001-00014.

37. Chisolm TH, Johnson CE, Danhauer JL, Portz LJ, Abrams HB, Lesner S, McCarthy
P, Newman CW. A systematic review of health-related quality of life and
hearing aids: final report of the American Academy of Audiology Task Force
on the Health-Related Quality of Life Benefits of Amplification in Adults. J Am
Acad Audiol. 2007;18(2):151–83. https://doi.org/10.3766/jaaa.18.2.7.

38. Chan A-W, Tetzlaff JM, Gøtzsche PC, et al. SPIRIT 2013 explanation and
elaboration: guidance for protocols of clinical trials. BMJ. 2013;346(jan08 15):
e7586. https://doi.org/10.1136/bmj.e7586.

39. McCoy CE. Understanding the intention-to-treat principle in randomized
controlled trials. West J Emerg Med. 2017;18(6):1075–8. https://doi.org/10.
5811/westjem.2017.8.35985.

40. Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated
guidelines for reporting parallel group randomised trials. BMC Med. 2010;
8(1):18. https://doi.org/10.1186/1741-7015-8-18.

41. Cieza A, Oberhauser C, Bickenbach J, Chatterji S, Stucki G. Towards a
minimal generic set of domains of functioning and health. BMC Public
Health. 2014;14(1):218. https://doi.org/10.1186/1471-2458-14-218.

42. Ciorba A, Bianchini C, Pelucchi S, Pastore A. The impact of hearing loss on
the quality of life of elderly adults. Clin Interv Aging. 2012;7:159–63.

43. Wilding S, Conner M, Sandberg T, Prestwich A, Lawton R, Wood C, Miles E,
Godin G, Sheeran P. The question-behaviour effect: a theoretical and
methodological review and meta-analysis. Eur Rev Soc Psychol. 2016;27(1):
196–230. https://doi.org/10.1080/10463283.2016.1245940.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ye et al. Trials          (2021) 22:258 Page 9 of 9

https://doi.org/10.1016/j.socscimed.2017.09.031
https://www.who.int/news-room/fact-sheets/detail/deafness-and-hearing-loss
https://www.who.int/news-room/fact-sheets/detail/deafness-and-hearing-loss
https://doi.org/10.1177/089826430201400107
https://doi.org/10.1177/089826430201400107
https://doi.org/10.1093/geront/43.5.661
https://doi.org/10.1017/S0022215110000757
https://doi.org/10.1017/S0022215110000757
https://doi.org/10.3760/cma.j.issn.1673-0860.2016.11.004
https://doi.org/10.3760/cma.j.issn.1673-0860.2016.11.004
https://doi.org/10.1093/geront/gnw033
https://doi.org/10.1093/geront/gnw033
https://doi.org/10.1371/journal.pone.0031831
https://doi.org/10.1371/journal.pone.0031831
https://doi.org/10.1177/0898264309352731
https://doi.org/10.1044/1092-4388(2011/10-0116)
https://doi.org/10.1044/1092-4388(2011/10-0116)
https://doi.org/10.1097/00025572-199807000-00002
https://doi.org/10.1097/00025572-199807000-00002
https://doi.org/10.1093/ageing/25.2.89
https://doi.org/10.1093/ageing/25.2.89
https://doi.org/10.3766/jaaa.21.10.4
https://doi.org/10.1001/archinternmed.2011.1408
https://doi.org/10.1001/archinternmed.2011.1408
https://doi.org/10.1080/14992020701558529
https://doi.org/10.1080/14992020701558529
https://doi.org/10.1002/lary.26234
https://doi.org/10.1002/lary.26234
https://doi.org/10.2105/AJPH.2017.304165
https://doi.org/10.3109/14992020309090424
https://doi.org/10.3109/14992020309090424
https://doi.org/10.1023/A:1015598807510
https://doi.org/10.1023/A:1015598807510
https://doi.org/10.1080/14992020400050050
https://doi.org/10.1111/j.1532-5415.2005.53152.x
https://doi.org/10.1682/jrrd.2012.03.0049
https://doi.org/10.3109/09638288.2014.982833
https://doi.org/10.1111/jgs.12800
https://doi.org/10.1016/j.archger.2010.04.013
https://doi.org/10.1016/j.archger.2010.04.013
https://doi.org/10.1111/j.1447-0594.2011.00789.x
https://doi.org/10.1111/j.1447-0594.2011.00789.x
https://doi.org/10.1097/00019442-200505000-00010
https://doi.org/10.1097/00003446-198205000-00006
https://doi.org/10.1097/00003446-198205000-00006
https://doi.org/10.1097/00003446-200008001-00014
https://doi.org/10.1097/00003446-200008001-00014
https://doi.org/10.3766/jaaa.18.2.7
https://doi.org/10.1136/bmj.e7586
https://doi.org/10.5811/westjem.2017.8.35985
https://doi.org/10.5811/westjem.2017.8.35985
https://doi.org/10.1186/1741-7015-8-18
https://doi.org/10.1186/1471-2458-14-218
https://doi.org/10.1080/10463283.2016.1245940

	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Background
	The intervention of hearing aids use
	Objectives

	Methods/design
	Study design, participants, and setting
	Eligibility criteria
	Study interventions
	Modifications
	Adherence
	Outcomes measures
	Primary outcome
	Secondary outcomes
	Hearing outcomes
	Covariates

	Sample size
	Recruitment
	Randomization
	Blinding
	Data collection
	Data management
	Statistical analysis
	Data monitoring
	Adverse events
	Auditing and inspecting
	Patient and public involvement statements
	Ethics/dissemination
	Ethics approval and protocol amendments
	Consent and confidentiality
	Dissemination


	Discussion
	Trial status
	Abbreviations

	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

