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Abstract

Background: Newborn hearing screening (NHS) can reduce the economic and social burden of hearing
impairment. To track the progress of the goal set by the National Program of Action for Child Development (NPAC
D) and to estimate the detection rates of hearing impairment, the present study examined NHS coverage in 2008—
2010 and 2016 and the detection of hearing impairment across China in 2016.

Methods: Licensed medical institutions across China were surveyed in 2012 and 2018 by the National Center for
Birth Defects Monitoring of China to collect data for the 2008-2010 period and for 2016 on live births, initial
screening rates (total and referral), secondary screening rates (total and referral), and rates of hearing impairment
diagnosis among infants who were referred in the secondary screening. To calculate universal newborn hearing
screening (UNHS) coverage, the number of newborns who received NHS within 4 weeks after birth was divided by
the number of live births. The detection rate of hearing impairment was calculated by combining referral rates on
primary and secondary screening with the rate of diagnosis.

Results: National UNHS coverage increased from 29.9% in 2008 to 86.5% in 2016, with different regions showing
different increases. During this period, the number of provinces with UNHS coverage over 90.0% increased from 2
to 17, with UNHS coverage in 2016 being substantially higher in eastern provinces (93.1%) than in western
provinces (79.4%). In 2016, the detection rate of hearing impairment across the country was 0.23% (95% Cl 0.15-
0.25%), and it varied from 0.17% in western provinces to 0.22% in central provinces and 0.28% in eastern provinces.
The lowest rate was 0.02% in Heilongjiang Province and the highest rate was 0.63% in Hainan Province.

Conclusions: National UNHS coverage increased substantially from 2008 to 2016, although provinces and regions
still showed differences. The detection rate of infant hearing impairment in China is comparable to that in other
countries. A national individual-level information system is urgently needed in China to facilitate the integration of
screening, diagnosis and treatment of infant hearing impairment, which may also lead to a more accurate estimate
of the detection rate.

Keywords: Universal newborn hearing screening, Detection rate, Congenital hearing impairment, National

* Correspondence: lixiaohong82@scu.edu.cn; hanmin@vip.163.com

"Xuelian Yuan and Kui Deng are the co-first authors who contributed equally
to this work.

°National Center for Birth Defect Monitoring of China, West China Second
University Hospital, Sichuan University, Chengdu, Sichuan, China
3Department of Pediatrics, West China Second University Hospital, Sichuan
University, Chengdu, Sichuan, China

Full list of author information is available at the end of the article

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12887-020-02257-9&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:lixiaohong82@scu.edu.cn
mailto:hanmin@vip.163.com

Yuan et al. BMC Pediatrics (2020) 20:360

Background

Hearing impairment in children is a serious obstacle
to their development and education: it has been asso-
ciated with delayed development of speech and lan-
guage and cognitive skills, as well as with slow
learning and difficulty in school [1]. According to the
World Health Organization, impaired hearing affects
34 million children worldwide [2], including 0.5-5 of
every 1000 newborns and infants [1]. In the US, hear-
ing loss is associated with education costs of $115,600
per child [3].

Newborn hearing screening (NHS) can effectively
enable the diagnosis of hearing impairment and inter-
vention during the first 6 months, ensuring better out-
comes for children [1, 4, 5]. Such screening may
reduce special education costs by up to 37%, saving
children from the need for up to 12years of special
classes for deaf children [6]. Starting with the work of
Marion Downs in 1964 [7], the concept of universal
newborn hearing screening (UNHS) has taken root in
many developed countries [8-10], where UNHS
coverage in 2016 was as high as 98.0% [9, 10]. NHS
lags behind in many developing countries [11],
reflecting a lack of financing for equipment; a lack of
audiologists and newborn health workers, especially in
rural areas; families’ concern over costs, which leads
them to refuse NHS for their infants or refuse follow-
up when indicated; and the discharge of neonates in
less than 24 h, which prevents timely NHS [11].

In China, NHS was first adopted for high-risk neo-
nates in Beijing in 1989, and UNHS was initiated in May
1996 in a few provinces [12]. In 1999, UNHS was incor-
porated into the lists of routine examinations of mater-
nal and child health (MCH) care [12]. However, there
were great disparities in the coverage of UNHS among
the provinces, varying from 0 to 86% in 2004—2005, as
published data show, mainly due to differences in eco-
nomic development and people’s acceptance of hearing
screening [12]. To promote the UNHS nationwide, a
goal of UNHS >60% by 2020, which was one of the im-
portant contents of government performance appraisal,
was set in the National Programme of Action for Child
Development of China (NPACD) issued by the State
Council in 2011 [13]. However, China has not yet estab-
lished a regular reporting mechanism for hearing screen-
ing data yet, so the progress of national and subnational
coverage of UNHS cannot be tracked and evaluated. In
addition, the detection rate of hearing impairment in
China remained unknown, resulting in the deficiency of
evidence-based health resource allocation and planning.

With the aims of tracking the progress of the goal
set by the NPACD and the estimation of detection
rates of hearing impairment, the National Center for
Birth Defects Monitoring of China (NCBDMC)
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conducted two surveys authorized by the National
Health Commission of China (NHCC) in 2012 and
2018. Therefore, the baseline of the coverage of
UNHS in 2008-2010 and its mid-term status were
obtained, while the national and subnational detection
rates of hearing impairment were estimated based on
the survey in 2018.

Methods

This study used a cross-sectional survey to collect the
tabulated data on NHS and diagnosis, which were imple-
mented in 2012 and 2018, respectively, by the medical
institution. The data in the 2012 survey covered the
period from 2008 to 2010, and the data in the 2018 sur-
vey covered the year 2016.

The two surveys were legal and mandatory data collec-
tions with the permission of the NHCC, and all the ori-
ginal data were tabulated data that did not involve
individual information. The publication of the study has
received permission from the NHCC. It meets the condi-
tions of ethical exoneration according to the Council for
International Organizations of Medical Sciences [14].

Subjects

The two surveys included all licensed medical institu-
tions providing NHS or a diagnosis of congenital hearing
impairment in China. According to the Regulation of
Neonatal Disease Screening promulgated by NHCC in
2009 [15], all the medical institutions providing NHS or
hearing impairment diagnosis should be licensed by the
provincial health administrative department. The li-
censed NHS institutions are responsible for the primary
screening and secondary screening of newborns who
were referred in the primary screening, and the referral
of newborns who were referred in the secondary screen-
ing. However, licensed hearing impairment diagnosis in-
stitutions are responsible for those who were referred in
the secondary screening. The process of hearing screen-
ing or diagnosis of hearing impairment should conform
to the national technical guidelines for neonatal disease
screening issued by the NHCC in 2010 [16]. The oper-
ation process specified by the technical guidelines can be
seen in Additional file 1.

The 2012 survey included 3148 institutions that pro-
vided NHS and 95 that diagnosed infant hearing impair-
ment, which were located in 30 provinces comprising
1657 districts/counties. The 2018 survey included
11661 institutions that provided NHS and 214 that diag-
nosed impairment, located in 31 provinces comprising
2664 districts/counties (Additional file 2).

Data collection
This study collected the tabulated data from the two
types of institutions using two unified questionnaires.
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The data on the number of live births, initial screening
rates (total and referral), and secondary screening rates
(total and referral) were collected from the licensed
NHS institutions; data on rates of hearing impairment
diagnosis among infants who were referred in the sec-
ondary screening were collected from the licensed hear-
ing impairment diagnosis institutions.

The questionnaires were released to provincial, muni-
cipal and county health administrative departments step
by step, and ultimately to the licensed medical institu-
tions. The staff in charge of the data management (usu-
ally the nurse) at each institution were responsible for
completing the questionnaire. Then, the health adminis-
trative department at each level authorized the MCH
hospital/station at the corresponding level to collect and
audit the questionnaire (Fig. 1).

Quality control

According to the requirements of the Regulation of Neo-
natal Disease Screening [15], all licensed institutions are
responsible for routine data collection, although there is
no need to report regularly. To ensure the accuracy of
the data, hierarchical data auditing was implemented by
a multilevel MCH hospital/station. This means that the
county-level authorized MCH hospital/station should
audit the data from the institutions in the jurisdiction,
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and municipal and provincial institutions and the
NCBDMC audit the data step by step (Fig. 1). NCBDMC
interviewed staff members cmpleting the questionnaires
at 45 medical institutions in 3 provinces (Guangdong,
Chongqing, and Shaanxi provinces) to further confirm
the accuracy of the data.

Statistical analysis

UNHS was defined as well-born babies who received
NHS before discharge and babies in the neonatal inten-
sive care unit who received hearing screening based on
the results of an automatic auditory brainstem response
test before discharge [17]. Diagnosis of hearing impair-
ment was defined as well-born babies who were referred
in the secondary NHS and were diagnosed with hearing
impairment within 3 months after birth, and babies in
the neonatal intensive care unit who are referred in the
auditory brainstem response screening and were imme-
diately diagnosed with hearing impairment.

To calculate UNHS coverage, the number of newborns
who received NHS within 4 weeks after birth was di-
vided by the number of live births. The detection rate of
hearing impairment was calculated by combining the
rates of primary and secondary screening referral with
the rate of newborns who were referred in the secondary
screening and were later diagnosed with hearing
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impairment (Additional file 3). This aggregate approach
to calculating the detection rate was necessary because
individual-level data on detection were unavailable. This
aggregate detection rate does not take into account neo-
nates admitted to the intensive care unit after birth.

Data were analysed for all 31 provinces in China,
which were stratified into three geographic areas based
on social and economic development [18]: eastern prov-
inces included Beijing, Tianjin, Liaoning, Shanghali,
Jiangsu, Zhejiang, Fujian, Shandong, and Guangdong;
central provinces included Hebei, Shanxi, Jilin, Heilong-
jiang, Anhui, Jiangxi, Henan, Hubei, Hunan, and Hainan;
and western provinces included Inner Mongolia,
Guangxi, Chongqing, Sichuan, Guizhou, Yunnan,
Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang, and Tibet.
All data were entered into Epidata 3.0 (The Epidata As-
sociation, Odense, Denmark) and analysed using R ver-
sion 3.6.1 (R Foundation for Statistical Computing,
http://www.r-project.org).

Estimated detection rates of hearing impairment in
our study were calculated based on data from the 2018
survey. Rates were calculated for all provinces except
Chongqing and Tibet, because data were unavailable on
the number of Chongqing newborns diagnosed with
hearing impairment among newborns who were referred
in the secondary screening, and only 1979 of 50,896 live
births received NHS in Tibet in 2016. National detection
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rates were estimated together with 95% confidence inter-
vals (CIs), which were calculated by performing multiple
sampling 1000 times based on provincial detection rates.

Results
UNHS coverage
National UNHS coverage increased from 29.9% in 2008
to 86.5% in 2016, and substantial increases occurred in
eastern provinces (66.0 to 93.1%), central provinces (11.2
to 84.9%), and western provinces (6.8 to 79.4%) (Fig. 2).
In 2008, 5 central provinces and 10 western prov-
inces had UNHS coverage of less than 10%, and
coverage in 13 of these provinces increased to at least
70% in 2016. In the same year, only two provinces,
both in the eastern region, had UNHS coverage of
more than 90%. In 2016, 17 provinces had UNHS
coverage over 90.0%, comprising 8 eastern, 5 central,
and 4 western provinces. Nevertheless, UNHS cover-
age remained lower for western provinces than for
eastern provinces. In 2016, Guizhou had the lowest
UNHS coverage of 46.1%, though that of Tibet was
probably much lower (Table 1).

Detection rate

In 2016, a total of 28,167 cases were diagnosed as con-
genital hearing impairment by NHS, and the national
detection rate of hearing impairment was 0.23% (95% CI
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Fig. 2 Universal newborn hearing screening (UNHS) coverage by region in China from 2008 to 2016. *Regions are defined in Methods
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Table 1 Number of newborns receiving hearing screening (n) and the corresponding universal newborn hearing screening
coverage by region and province of China in 2008 and 2016

Area 2008 ° 2016 °
n Coverage © (%) n Coverage © (%)
National 4,200,725 299 15,264,841 86.5
Regional
Eastern 3,363,861 66.0 6,193,095 93.1
Central 584,198 1.2 5,301,210 84.9
Western 252,666 6.8 3,770,536 794
Provincial
Beijing 151,835 885 244,731 95.9
Tianjin 69,926 64.4 132,654 994
Liaoning 211,699 65.1 333,811 94.4
Shanghai 174,435 100.0 207,659 98.2
Jiangsu 655,967 83.1 939,898 98.2
Zhejiang 515,557 85.0 711,994 97.0
Fujian 242,036 60.0 554,845 924
Shandong 908,824 94.6 1,570,953 97.3
Guangdong 433,582 279 1,496,550 83.5
Hebei 132,157 157 923921 914
Shanxi 14,860 49 291,067 69.2
Jilin 12,029 57 183,103 94.1
Heilongjiang 57,676 228 197917 95.5
Anhui 68,943 1.0 672,544 86.9
Jiangxi 28,822 52 494,026 80.0
Henan 57,606 49 1,106,339 80.0
Hubei 131,553 258 478,441 730
Hunan 79,336 12.2 830,235 98.2
Hainan 1216 1.1 123,617 915
Inner Mongolia 18,632 94 169,299 73.1
Guangxi 46,361 6.3 783,560 934
Chongging 36,182 14.5 223,785 70.5
Sichuan 68,266 9.1 578,015 69.6
Guizhou 1790 05 227,496 46.1
Yunnan 8803 2.1 555,658 92.0
Shaanxi 35,801 13.1 458,343 89.1
Gansu 14,262 55 290,104 94.3
Qinghai 2122 2.7 42,144 683
Ningxia 4048 5.7 93,282 95.8
Xinjiang 16,399 56 346,871 86.5
Tibet 0 - 1979 39

@ There were 14,051,291 live births in 2008 in China, which was from the live births reported by midwives in each province
P There were 17,644,192 live births in 2016 in China, which was from the live births reported by midwives in each province
¢ Calculated as described in Methods

0.15-0.25%), which varied regionally from 0.17% (6186  eastern provinces. In that year, the highest detection rate
cases) in the western provinces to 0.22% (10,272 cases)  was 0.63% in Hainan Province, and the lowest was 0.02%
in the central provinces and 0.28% (11,709 cases) in the in Heilongjiang Province (Fig. 3, Additional file 3).
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Discussion

Our results provide the most detailed insights to date
into UNHS coverage and detection rates across China.
They also provide provincial and national estimates of
the detection rate of neonatal hearing impairment in the
country. Our analysis indicates that from 2008 to 2016,
the number of institutions providing UNHS and actual
UNHS coverage improved substantially, especially in the
central and western provinces. Nevertheless, different re-
gions of the country continue to show disparities.

UNHS coverage in the study could benchmark China
against other developing countries and potentially pro-
vide useful insights for UNHS improvement. UNHS
coverage in some Chinese provinces reached nearly
100%, similar to the high coverage reported for the USA
(98.0%) [9], UK (97.5%) [19], Poland (96.0%) [20] and
parts of Italy where UNHS has been incorporated into
law (99.3%) [21]. Such high coverage in developed coun-
tries has been attributed to programmes that subsidize
the costs of UNHS or even make it free [19], the exist-
ence of national NHS guidelines [22] and Ministry of
Health regulations, government funding for NHS to ma-
ternal and child health institutions, and productive col-
laboration among neonatologists, ear-nose-throat
specialists, audiologists, nurses, midwives and parents
[20]. Several of these factors may also help explain the
substantial increase in UNHS coverage in China. In
2010, the NHCC issued a national plan for neonatal dis-
ease screening to promote UNHS [23], which aimed to
reduce disparities in public health services [24]. In fact,
Shaanxi Province [25] and some areas in certain prov-
inces, such as Tianjin [26] and Beijing [27], began to
provide free NHS in order to increase its acceptance by

families. In addition, the NHCC launched a project in
2013 specifically aimed at neonatal disease screening in
poverty-stricken areas, which stipulated improving the
NHS network, training staff, subsidizing the NHS for
families, and assessing the quality of the NHS [28]. The
project was implemented in all central and western
provinces, excluding Hainan Province, which meant that
21 provinces and 200 counties were covered. By 2014,
the project had expanded to 364 counties [29]. The
UNHS coverage of the 21 provinces increased from
21.5% in 2010 to 82.4% in 2016. In general, all of the
above measures substantially contributed to the im-
provement of UNHS in China and the achievement of
the NPACD goal (UNHS coverage at 60% in 2020) ahead
of time.

At the same time, several Chinese provinces, such as
Tibet and Guizhou, show quite low UNHS coverage, akin
to that of several developing countries [11]. This low
coverage has been attributed in some countries to lack of
funding and equipment in medical institutions, a lack of
medical personnel, and a generally low prioritization of
NHS [11, 30]. Data indicate that 8 medical institutions
provide NHS in Tibet and 155 in Guizhou; these numbers
correspond to rates of 1.6 and 3.1 institutions per 10,000
live births, respectively, which is far below the national
average of 6.6 per 10,000 across China as a whole, accord-
ing to our unpublished report. Unpublished reports of the
National Health Commission suggest that Guizhou has
undertaken several measures to promote NHS including
the acquisition and dissemination of NHS equipment and
free training for hearing screening professionals. These
measures may help explain why UNHS coverage in Gui-
zhou increased from 0.5% in 2008 to 71.4% in 2018.
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We report detection rates of neonatal hearing impairment
at the provincial and national levels in China. Since UNHS
coverage has reached 86.5%, our detection rates may be rea-
sonable estimates of the actual incidence of newborn hear-
ing impairment. We measured a national detection rate of
0.23% (95% CI 0.15-0.26%) in 2016. According to the data
we acquired from the survey conducted in 2018, only 72.7%
of neonates who were referred in the primary screening
underwent secondary screening (secondary screening rate),
and only 53.9% of neonates who were referred in the sec-
ondary screening were referred to medical institutions for
diagnosis (referral rate). Given the lack of a national,
individual-level information system, we had to collect all our
data from licensed medical institutions providing diagnosis,
which means that we missed patients who were diagnosed
at unlicensed places. Therefore, our estimated referral rate
may underestimate the true rate. Nevertheless, our estimate
falls within the global incidence of 0.05-0.5% among neo-
nates and infants [1]. This finding suggests that the data
analysed in the present study can provide a reasonable basis
for analysing neonatal hearing impairment in China, and it
suggests that the country has succeeded in improving
UNHS coverage and detection. On the other hand, the ob-
servation that rates of secondary screening and of diagnosis/
treatment are substantially below 100% indicates lagging in-
tegration of diagnosis and treatment. They also reflect the
urgent need for a national individual-level information
system to monitor and address this integration gap.
Province-level studies have confirmed that unified
individual-level information systems can ensure the avail-
ability of timely, accurate and comprehensive data [31-33].

Several limitations of the study should be noted. First,
although several methods of data quality control had
been carried out, the UNHS coverage was estimated
based on the tabulated data rather than individual-level
data, which may affect the accuracy of the data. There-
fore, we compared some provincial screening rates with
those of previous studies, such as the rates in Guang-
dong [34], Hubei [35], and Hunan [36] provinces. Sec-
ond, some inevitable factors could affect the accuracy of
the detection rate. One is the low UNHS coverage of the
year 2016 in some western provinces (such as Tibet and
Guizhou), which could affect the representativeness of
our estimated detection rate for the actual provincial de-
tection rate. Then, rates of secondary screening and re-
ferral less than 100% may cause system error between
estimated and actual detection rates. Cases attended sec-
ondary screening or referred to the licensed institutions,
and others who did not may have different risks of hear-
ing impairment, leading to different diagnostic rates, and
affecting the accuracy of the estimated detection rate. In
addition, although all the licensed medical institutions
are required to be equipped and to perform hearing
screening and diagnosis, in compliance with the national
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technical guidelines, the reported data could be affected
by various methods of screening and different levels of
operator experience.

Conclusion

National UNHS coverage in China increased substan-
tially from 2008 to 2016, which substantially contributed
to the achievement of goals set by the NPACD, but geo-
graphic disparities remain. The detection rate of infant
hearing impairment in China appears to be similar to
that in many other countries. A national individual-level
information system is needed to help integrate screen-
ing, diagnosis and treatment in China, which may also
help determine a more accurate detection rate.
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in national technical guidelines for screening of neonatal diseases.
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institutions providing diagnostic/treatment. # Referral rate of primary
screening was estimated from the formula: number of referral in primary
screening / NHS number *100. ° Referral rate of secondary screening was
estimated from the formula: number of referral in secondary screening /
number of secondary screens *100. © Diagnostic rate of hearing
impairment was estimated from the formula: number of referral in
secondary screening / number of cases diagnosed with hearing
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