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ABSTRACT

Background While global newborn hearing screening
programmes (NHSP) are far from the optimal level,

the combined hearing and genetic screening has
emerged as an innovative approach of early healthcare
interventions. There is a clear need for economic
evaluation to establish whether newborn deafness gene
screening (NDGS), currently mandated by many cities in
China, is a good investment.

Methods A decision-tree model was constructed to
simulate a hypothetical 10-million Chinese newborn
cohort over a lifetime with three strategies: (1) no
screening, (2) NHSP (standard screening) and (3)
NHSP+NDGS (combined screening). The presence of
permanent congenital hearing loss (PCHL) and genetic
mutation were assigned at birth and held constant for
all strategies. Input parameters were obtained from the
Cohort of Deafness-gene Screening study and literature
review. The government contract price for genetic
screening was US$77/child. Outcomes of interest
included the number of early diagnosed PCHL, prelingual
deafness, total deafness, special education referral,
incremental cost-effectiveness ratio (ICER) and benefit—
cost ratio (BCR).

Results Both standard and combined screening
strategies were more effective and more costly than
‘no screening’. Compared with standard screening,
combined screening led to 9112 (28.0%) more PCHL
cases early detected, avoiding 4071 (66.9%) prelingual
deafness cases and 3977 (15.6%) special education
referrals. The ICER and BCR for combined screening
were US$ 4995/disability-adjusted life-year (95%
uncertainty interval, 2963 to 9265) and 1.78 (1.19 to
2.39), from healthcare sector perspective. Combined
screening would dominate standard screening from
societal perspective. Moreover, it remained cost-effective
even in pessimistic scenarios.

Conclusions Our findings have particular implication for
the ‘scale-up’ of genetic screening at the national level
in China. The model may serve as a feasible example for
hearing screening strategies in other countries, as well
as genetic screening for other diseases.

,! On behalf of

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The global newborn hearing screening programmes
are far from the optimal level.

= Combined hearing and genetic screening has
emerged as an innovative approach of early health-
care intervention.

WHAT THIS STUDY ADDS

= We for the first time modelled the costs of imple-
menting a combined screening programme com-
pared with its potential to mitigate the long-term
impact of hearing loss.

= Combined screening strategy could be highly cost-
effective in China.

= Combined screening strategy remained the
most cost-effective even at higher price, lower
willingness-to-pay threshold or limited resource
allocation.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study has particular implication for the ‘scale-
up’ of genetic screening at national level in China.

= Our framework may provide valuable implications
for hearing screening strategies in other countries,
as well as genetic screening for other diseases.

INTRODUCTION

Given the auditory dominance of personal
communication, hearing health has impli-
cations for an individual’s well-being on the
socioecological levels. Hearing loss (HL) has
been ranked as the third-leading cause of
years lived with disability (YLD) in the Global
Burden of Disease Study 2019." WHO esti-
mated that approximately 430 million people
(5.5% of the world’s population, including
34million children) were living with disabling
HL.? Permanent congenital HL (PCHL)
affects 1-6 of every 1000 live born infants
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(pooled prevalence 2.21%o in a meta-analysis)’ and has
negative impacts on their quality of life, education and
employment, as well as the healthcare systems.” Life-
time costs for those with prelingual deafness exceeded
US$1million in the USA.® At least 50%-60% of the
newborns with PCHL have a genetic cause.’ Early diag-
nosis and audiologic intervention (eg, hearing aids (HA)
or cochlear implants (CI)) could mitigate the influence
of PCHL on developmental milestones such as speech
and language acquisition.” Special education has become
commonplace ways of providing curriculum to meet the
needs of children with disabling HL who may not benefit
from regular education.”

Current universal newborn hearing screening
programmes (NHSP or standard screening) have been
implemented successfully to reduce the age of diagnosis
and intervention of PCHL.>™!! However, the otoacoustic
emission (OAE)-based protocol is far from optimal. It
has relatively low sensitivity (detection rate) and does
not determine the aetiology of the HL. NHSP could
identify approximately 71%-92% of all children born
with PCHL."” Detection of deafness-associated gene
mutations has the potential to augment NHSP, by iden-
tifying additional PCHL cases.”” Understanding the
molecular aetiology of the newborn’s HL may encourage
timely follow-up and treatment. Moreover, recognition
of mitochondrial mutation (ie, mitochondrial encoded
ribosomal RNR 1, MTRNRI1) carriers has clinical implica-
tions for the prevention of aminoglycoside-induced HL
(ATHL).'"* Meanwhile, researches exploring the ethical
and social implications of clinical genetic screening are
ongoing."

Newborn deafness gene screening (NDGS) is not a
novel concept in China.'® Over the past decade, genetic
testing has become an integral diagnostic component
of paediatric medicine and been incorporated into
expanded NHSP in many cities (37 pilot cities in 22 prov-
inces, funded by the local government, online supple-
mental figure S1A).""%! As of the end of 2021, the number
of newborns screened by hereditary deafness genetic
testing products exceeded 10million in China (esti-
mated 5million with CapitalBio products, see https://
www.capitalbio.com/gxba/xwzx/gsxw/2020nsjd /28652.
shtml.htm; 5 million with BGI products, through commu-
nication with Dr Peng ZY from BGI Genomics, Shen-
zhen, China), but with uncertain benefits and costs. It
has been suggested that NDGS should be incorporated
the expanded NHSP, but there is still no consensus on
the national strategy in China. One of the most serious
barriers to the implementation of universal NDGS is
the enormous initial cost involved in such a large-scale
screening programme. Thus, there is a clear need for the
research on long-term costs and outcomes to establish
the cost-effectiveness of combined screening programme
in relation to the standard screening programme, and to
evaluate whether it is a good investment.

PubMed was searched for cost-effectiveness studies
of NDGS published up to 1 August 2023, using the

terms (“deafness gene” OR “GJB2” OR “SLC26A4”
OR “MTRNR1”) AND (“newborn” OR “neonatal”
OR “neonate” OR “infant”) AND (“screening” OR
“detection”) AND (“economic evaluation” OR “cost-
effectiveness” OR  “cost-utility” OR  “cost-benefit”).
The search returned zero results, indicating a lack of
economic evaluation of NDGS not only in China but
throughout the world. To address the evidence gap, we
aim to develop a decision-analytical model that incorpo-
rates the transition of HL statuses and makes extensive
cost-effectiveness estimates for the combined newborn
hearing and genetic screening programmes in China.*
This study may provide evidence-based policy recommen-
dations to the decision-makers.

METHOD

Data source and study design

The data source of this study included data collected from
previous studies conducted by the research team, such as
a city-level cohort study of combined newborn hearing
and genetic screening,” a national survey on the current
status of genetic screening,16 and an economic evaluation
for standard screening in eight provinces.** Additionally,
data from multiple sources, including published studies,
unpublished reports and expert opinions, were retrieved
for analysis.

In Nantong, a city in east China near Shanghai,
combined newborn hearing and genetic screening, was
mandated by the local authority in 2014. As part of the
government programme, the research team conducted
the Cohort of Deafness-gene Screening (CODES)
study. This study was retrospectively registered on
https://register.clinicaltrials.gov with the ID number
NCT06133946. Infant participants were screened for
15 variants in four genes (GJB2, SLC26A4, MT-RNR1
and GJB3) from January 2016 to December 2020. The
MT-RNRI1 gene mutation served as a genetic biomarker
which helps in making informed decisions regarding
the use of aminoglycoside antibiotics. The proportion
of pathogenic mutations within the three other genes
(GJB2, SLC26A4 and GJB3) was used to determine the
sensitivity and specificity of the combined screening
programme. These infants were followed up for at least 2
years. Among the total of 39923 infants screened, 35920
infants completed the follow-up and were included in
the analysis. The study map and workflow diagram are
reported in online supplemental figure S1B,C.

The research team sent a ‘newborn deafness gene
screening questionnaire’ to 41 institutions in eastern,
central and western China. The questionnaire aimed to
collect information on the status, methods, total number
and positive detection of genetic screening conducted
from January 2016 to December 2017. The responses
to the questionnaire were summarised in one of the
research team’s previous studies.'®

For the economic evaluation study, a decision-tree
model-based simulation, was performed using data from

2

Shu J-T, et al. BMJ Public Health 2024;2:¢000838. doi:10.1136/bmjph-2023-000838


https://dx.doi.org/10.1136/bmjph-2023-000838
https://dx.doi.org/10.1136/bmjph-2023-000838
https://www.capitalbio.com/gxba/xwzx/gsxw/2020nsjd/28652.shtml.htm
https://www.capitalbio.com/gxba/xwzx/gsxw/2020nsjd/28652.shtml.htm
https://www.capitalbio.com/gxba/xwzx/gsxw/2020nsjd/28652.shtml.htm
https://register.clinicaltrials.gov
https://dx.doi.org/10.1136/bmjph-2023-000838

BMJ Public Health

Early diagnosed | Figure
within 3-m S4.1
PCHL . Late diagnosed| Figure ;
; Misdiagnosed at 2-y S4.2 5
No screenin g
: Non-carriers No-HL 4 5
No-PCHL! Carrier No-AIHL :
i \(of MT-RNRI mutation i
o\ 3\ A | Fleure
: S4.3
. Early diagnosed | Figure
within 3-m S4.4
PCHL - L e e
Late diagnosed| Figure : " |
Misdiagnosed at 2-y S4.1 : ! : L
Newborns | NHSP : + Economic evaluauon:
Non-carriers No-HL < ! oo
Carrier No-AIHL
(of MT-RNR1 mutation Figure
; AIHL i
S4.3 !
Early diagnosed | Figure
; within 3-m | s4.5 5
PCHL Late diagnosed| Figure
Misdiagnosed at 2-y S4.1 l
NHSP+NDGS : 5
Non-carriers No-HL 4
No-PCHL! Carrier i
. \(of MT-RNR1 mutation) | No-ATHL L
L prewaming =
Figure 1 Flow chart illustrating the economic evaluation simulation of newborn hearing screening strategies. The decision-

tree models were used to project the outcomes of diagnosing permanent congenital hearing loss (PCHL) early, within 3months,
or later, at the age of 2 years, as well as aminoglycoside-induced hearing loss (AIHL). Detailed visuals of the tree models can be

found in online supplemental figure S4.

the cohort study and literature review. The flow chart
of the study design is presented in online supplemental
figure S2.

Decision model

TreeAge Pro 2022 (TreeAge Software, Williamstown,
Massachusetts, USA) was employed to construct a
decision-tree model. This model was designed to project
the progression of HL in a hypothetical 10million
newborn cohort in China. As per the data from the
National Bureau of Statistics for 2021, the number of
births was recorded at 10.62million. The following three
strategies were assessed: (1) no screening, (2) NHSP
(standard screening, which is currently the policy in
China) and (3) NHSP+NDGS (a combination of the
standard screening and genetic screening). Under the
‘no screening’ strategy, the identification of HL could
happen by chance, such as when parents notice hearing
problems in their child and seek testing. However, selec-
tive screening strategies targeting high-risk groups were
not considered in this study because they are generally
not favoured when universal screening is an option.
The core structure of the model is depicted in figure 1,
with the assumptions for model parameters detailed in

table 1 and online supplemental table S2. A conceptual
outline representing the screening strategies, treatment
options and monitoring within the model is found in
online supplemental figure S3. Detailed referral path-
ways leading to all possible outcomes (terminal nodes)
within the model are illustrated in online supplemental
figure S4 and described in online supplemental table
S1. During the model development process, a panel of
experts with diverse specialisations—including otology,
paediatrics, genetics, health economics and statistics—
reviewed the model, contributing their expertise to its
refinement.

The model considered the entire lifespan as its time
frame. The model assigned the probability of PCHL at
birth and intervention courses following a diagnosis. The
baseline incidence rates of PCHL (0.45%) and carrier
status for genetic mutations like the MT-RNRI1 carrier
rate (0.29%) were consistent across all strategies. Early
diagnosis was categorised as PCHL detected within
the first 3months after birth, while a late diagnosis was
defined as identification at 2 years of age. The NHSP and
NHSP+NDGS strategies had early diagnosis rates of 72.4%
and 92.6%, respectively, while the ‘no screening’ strategy
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Table 1 Key input parameters used in the simulation of three strategies for newborn hearing screening
Base-case Range for 1000 Range for sensitivity
Input value simulations analysis Data source
Population simulated
Cohort size 10000000
Prevalence of PCHL 0.0045 0.0039-0.0053 0.0005-0.005 CODES study, ref*’
Prevalence of MT-RNR1 carrier 0.0029 0.0023-0.0034 0.0014-0.007 CODES study, ref®®
Screening strategies
Detection rate
NHSP 0.724 0.649-0.791 0.65-0.80 CODES study
NHSP+NDGS 0.926 0.887-0.996 0.80-1.0 CODES study
No screening (opportunistic) 0.2 0.1-0.2 0.1-0.3 %
Cost of procedures (US$)
OAE (first stage of NHSP) 20 +20% CODES study, ref*
AABR (second stage of NHSP) 40 +20% CODES study, ref*®
ABR+ASSR (third stage of NHSP or
diagnosis) 32 +20% CODES study, ref*®
NDGS (government contract price) 77 0-150 CODES study
Interventions
Coverage
Hearing aid (HA) 0.7 0.2-1 CODES study, ref?® 4°
Cochlear implant (Cl) 0.5 0.1-1 CODES study, ref?® 4°
Cost of procedures (US$)
HA equipment 3000 +20% CODES study, ref*® 4°
HA maintenance (including annual
fitting, rehabilitation) 300 +20% CODES study, ref?? 4
Cl surgery (including device) 30000 +20% CODES study, ref?® 4
Cl maintenance (including annual
fitting, rehabilitation) 500 +20% CODES study, ref?® 4
HL follow-up (per visit) 32 +20% CODES study, ref*
Disability weight
Mild to moderate 0.027 0.015-0.042 !
Moderately severe 0.092 0.064-0.129 !
Severe to profound 0.204 0.134-0.288 !

AABR, automated auditory brainstem response; ABR, auditory brainstem response; ASSR, auditory steady state response; CODES, Cohort
of Deafness-gene Screening; MT-RNR1, mitochondrial encoded ribosomal RNR1; NDGS, newborn deafness gene screening; NHSP, newborn
screening programme; OAE, otoacoustic emissions; PCHL, permanent congenital hearing loss.

had an assumed opportunistic detection rate of 20%.%
The frequency of severe or profound (S/P) HL differed
under each strategy and was portrayed in online supple-
mental figure S4. Although individuals can be exposed to
aminoglycosides at any age, the model assumed the first
exposure at an average age of 6 years, with a risk of expo-
sure at 7.3%.”® Recognising mitochondrial mutations
may help bypass AIHL. Review of literature and expert
opinion, due to a paucity of direct data, aided in esti-
mating the probabilities of transition between hearing
statuses. It was postulated that children identified with
mild or moderate PCHL have a 50% likelihood of their
condition worsening to S/P HL by 6 years of age.?” The

status of moderately severe HL. would develop only with
audiologic procedures such as HA or CI. Referrals to
special education depended on thorough audiologic and
language assessments as outlined in online supplemental
table S1.

The main health outcomes investigated were the count
of early diagnoses and interventions, the frequency of
prelingual and overall deafness, and referrals to special
education programmes.

Cost and economic analyses
An evaluation of costs was performed from two perspec-
tives: the healthcare sector (covering only direct medical
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expenses) and the broader societal perspective (encom-
passing direct medical, direct non-medical and indirect
costs). Costs were expressed in 2021 US dollars, with the
exchange rate being US$1 to CN¥6.5. Estimates were
primarily drawn from the CODES study, comprising
screening and healthcare services expenses. The costs
associated with the standard screening programme
were fairly modest, as outlined in table 1. This could be
attributed to several factors: (1) equipment portability
and user-friendly design; (2) lower equipment costs and
minimal space requirement; (3) training simplicity and
scalability; (4) use of existing staff and potential for task
sharing and (5) integration into routine care.”® The
government contract price of US$77 per child for genetic
screening was made up of several components, including
US$40 for the deafness genetic screening test kit, US$6
for blood sample collection, US$2 for the DNA extrac-
tion, US$9 for equipment utilisation and depreciation,
US$10 for quality control, US$10 for report and genetic
counselling (table 1). Recurring expenses linked to HAs,
CI procedures, fittings and subsequent rehabilitation
were gleaned from the cohort investigation and supple-
mentary external research.’® From societal perspective,
we considered the travel costs and productivity loss borne
by parents. Calculations for lost productivity costs of the
HL patients accounted for in-depth understanding of
language, as well as medical and educational outcomes,
as illustrated in online supplemental table S3. Health
outcomes and the burden of illness were quantified in
terms of disability-adjusted life-years (DALYs), with the
DALYs attributed to HL determined by adding the YLDs
to the average lifespan expectation of 78 years, given that
HL is notlethal. Both the costs and DALYs were subjected
to an annual discount of 3%.

In our cost-effectiveness analysis (CEA), we calculated
two types of cost-effectiveness ratios anchored in distinct
health outcomes: (1) average cost-effectiveness ratios
(ACERs), which quantify the average cost of screening
for each additional case of effectiveness, calculated by the
screening cost for each child multiplied by the number
needed to screen (NNS) to detect one more case of PCHL,
avoid an instance of deafness or circumvent a special
education referral; (2) incremental cost-effectiveness
ratios (ICERs), determined by the incremental cost per
one DALY prevented. The willingness-to-pay (WTP)
threshold was established as US$12 458—equivalent to
China’s gross domestic product per capita in 2021—for
each DALY averted. A screening method was termed
‘dominant’ if it managed to prevent more DALYs at a
reduced overall cost.

Cost—benefit analysis (CBA) was also carried out to eval-
uate the economic viability and appeal of the proposed
screening strategy. This process entailed tabulating
crucial financial figures like the benefit, the net benefit
(NB) and the benefit-to-cost ratio (BCR). Concrete valu-
ations were assigned to these benefits, reflecting both
treatment cost reduction and the monetised value of
averted DALYs. The NB was ascertained by subtracting

the augmented screening costs from the accumulated
benefits. To calculate the BCR, the projected benefits
were divided by the projected costs.

The documentation of this economic assessment
adhered to the Consolidated Health Economic Evalua-
tion Reporting Standards.*

Uncertainty analyses

In order to address uncertainty, we ran 1000 simu-
lations where each parameter was selected from its
respective probability distribution, and we presented
the 95% uncertainty interval (UI) for all the base-case
outcome measures. The sensitivity analyses included (1)
one-way sensitivity analysis depicted through a tornado
diagram that emphasised the 10 variables with the most
impact; (2) two-way sensitivity analysis illustrated using
a contour plot and (3) probability sensitivity analysis
(PSA) displayed through a scatter plot alongside cost-
effectiveness acceptability curves.

Scenarios analyses

We designed three scenarios to represent a range of
less advantageous economic and clinical situations. The
initial scenario was one where the costs were elevated,
assuming a market price of US$105 per child for genetic
screening. In the second scenario, we adopted a reduced
WTP approach, setting the WIP threshold at 0.63 times
the national gross domestic product (GDP) per capita,
taking into account the trade-offs with other health
needs.” The final scenario depicted a situation with
constrained resources, characterised by reduced availa-
bility of HA, for instance, at 50% coverage, and CI, at
around 30% coverage.

RESULTS

Improved outcomes in early detection and prevention of
prelingual deafness with combined screening strategy

Both the standard and the combined screening
approaches were found to be more efficacious than no
screening at all, as depicted in figure 2 and outlined in
online supplemental tables S4 and S5. With the standard
screening, 32576 cases of PCHL—which is roughly 3.6
times the number identified without any screening—
were diagnosed early, with a 95% UI between 27005 and
38869 cases. Furthermore, when compared with standard
screening, combined screening identified an additional
9112 PCHL cases (95% UI 5717 to 12 748), resulting
in an increase of 28.0% (95% UI 16.7% to 42.6%) in
early detections. Early treatment following diagnosis was
more common in the screening strategies, with 78.9%
receiving early HA and 60.3% receiving early CI in the
standard screening strategy, and these proportions were
even higher in the combined screening strategy at 94.4%
for HA and 81.9% for CI. In contrast, the no-screening
strategy showed only 18.4% for HA and 19.1% for CI.
Subsequently, the combined screening strategy prevented
4071 cases of prelingual deafness (95% UI 2924 to 5296),
which is a 66.9% reduction (95% UI 54.0% to 76.8%)
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Figure 2 Projected health outcomes from the newborn hearing screening strategies. The modelling study simulated

the progression of hearing loss and the resulting health outcomes for a hypothetical 10 million newborns in China under
three different strategies. The main health outcomes examined were the number (and proportion) of early diagnoses and
interventions (A), the occurrence of prelingual and total deafness, and the number of special education referrals (B). AIHL,

aminoglycoside-induced hearing loss; Cl, cochlear implant; HA,

hearing aid; NDGS, newborn deafness gene screening; NHSP,

newborn hearing screening programmes; PCHL, permanent congenital hearing loss.

compared with standard screening alone. It also reduced
the incidence of total deatness by 1168 cases, indicating
a reduction of 6.9% (95% UI 4.0% to 9.9%). Moreover,
combined screening substantially reduced the number of
students who needed special education, with the number
dropping to 21461 (95% UI 18240 to 24 830), compared
with 25438 (95% UI 21764 to 29 322) for those who
received standard screening.

Economic value of combined screening strategy

For the combined screening method, the NNS to iden-
tify one additional case of PCHL by 3 months old was
1097 (95% UI 784 to 1749). We calculated the cost-
effectiveness ratios of different screening strategies.
The ACERs indicated that it cost US$84469 (95% UI
US$60366 to US$134692) to detect an additional early
case of PCHL, US$189112 (95% UI US$145372 to
US$2 169 013) to prevent a case of prelingual deafness,
US$898513 ((95% UI US$613975 to USHIL 635 051) to
prevent a case of deafness in general, and US$193578
((95% UI US$146217 to US$277002) to avoid a referral
for special education (online supplemental table S6).
From the healthcare sector perspective, both screening
strategies were more efficacious and costlier than no
screening, resulting in ICERs of US$135 (95% UI -
US$14 to US$314) and US$1239 (95% UI US$870 to
US$1674) per DALY averted for standard and combined
screening, respectively. Furthermore, when compared
with standard screening, the ICER for the combined
strategy was US$4995 (95% UI US$2963 to US$9265) per
DALY averted (table 2), with assumed genetic screening
costs of US$77 per child. Additionally, adopting the soci-
etal perspective, both screening strategies were favoured
over no screening due to cost savings. Combined
screening, compared with standard screening, saved
costs amounting to US$35 522635 (95% UI US$3481110
to US$69 584 767) and prevented 8618 (ranging from

5132 to 12 278) DALYs (considered dominant, online
supplemental table S7).

CBA was also applied for decision-making. From the
healthcare sector perspective, combined screening
avoided 8619 (95% UI 5104 to 12 299) DALYs, with the
benefits and NBs totalling US$146.59 million (95% UI
US$98.01 to US$195.97million) and US$64.42 million
(95% UI US$15.87 to US$113.80million), respectively,
in comparison with standard screening. The BCR for the
combined screening programme was 1.78 (95% UI 1.19
to 2.39) relative to standard screening (table 2). Further-
more, from the societal perspective, the combined
screening provided greater benefits and NBs than stan-
dard screening and yielded a higher BCR of 2.74 (95%
UI 1.81 to 3.67) (online supplemental table S7).

Implications of sensitivity and scenario analyses

We performed various sensitivity analyses to determine
how changes in certain parameters might influence the
ICERs. The tornado diagram revealed that the ICERs
for the combination screening strategy were notably
affected by several factors, including the cost of genetic
testing, the detection rate, the prevalence of PCHL and
gene mutations, and the use rates of HA and CI; these
factors consistently figured among the 10 most impactful
variables (figure 3A and online supplemental figure
S5). Through the tornado diagram, we determined that
the combined screening strategy would retain its cost-
effectiveness so long as the genetic screening cost did not
exceed US$140.1 per child, beyond which the standard
screening strategy would be the favoured choice. More-
over, it is essential to keep three additional factors—the
discount rate applied to utility and cost, the sensitivity
of combined screening, and the prevalence of PCHL—
within a certain scope. Should substantial fluctuations
occur in any of these parameters, it might additionally
influence the comparative analysis of cost-effectiveness
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Table 2 Cost and economic analyses of the screening strategies, from healthcare sector perspective

No screening

NHSP NHSP+

Intermediate outcomes
C (total cost, US$ million)
Ccreening (SCTEENING COSY)*
Cremen (treatment cost)t

DALY

1168.34 (1002.61-1341.36)
0.22 (0.19-0.24)

1168.12 (1002.41-1341.12)
135657 (116472-156354)

NHSP versus no screening

AC (incremental cost) 3.96 (-0.49-7.65)

_(incremental
screening

screening cost) 22.59 (22.47-22.72)

AC, ..o (treatment cost
reduction) 18.63 (14.91-23.09)
AE (DALY averted) 29334 (24230-35693)

Results of cost-effectiveness analysis
ICER (AC/AE) 135 (-14-314)
Results of cost-benefit analysis

AB(AC,.,,... + ME: 384.07 (316.93-467.89)
NB (AB-AC,...) 361.48 (294.33-445.24)
BCR (AB/AC,,..) 17.00 (14.02-20.66)

1172.30 (1010.48-1340.44)
22.81 (22.67-22.94)
1149.49 (987.72-1317.66)
106323 (91016-122664)

NHSP+NDGS versus no
screening

46.91 (36.54-56.32)

1215.25 (1051.99-1384.37)
104.98 (104.83-105.12)
1110.27 (947.25-1279.23)
97705 (83212-112588)

NHSP+NDGS versus NHSP

42.95 (32.86-51.51)
104.76 (104.62-104.90) 82.17 (81.98-82.34)

57.85 (48.41-68.27)
37952 (32539-44382)

39.22 (30.69-49.30)
8618 (5132-12278)
1239 (870-1674) 4995 (2963-9265)
530.66 (457.55-616.77)

425.90 (352.94-512.02)
5.07 (4.37-5.89)

146.59 (98.01-195.97)
64.42 (15.87-113.80)
1.78 (1.19-2.39)

Cohort size: 10million infants. Costs and DALYs were discounted at 3% per year.

*The screening cost encompassed expenses for both screening and diagnostic processes.

TThe treatment cost comprised expenses for treatment and rehabilitation (table 1).

FThe AAE represented the monetised averted DALY benefit, with A denoting the threshold of willingness-to-pay set at 1xnational per capita

gross domestic product of US$12458.

BCR, benefit-cost ratio; DALY, disability-adjusted life-year; ICER, incremental cost- effectiveness ratio; NB, net benefit; NDGS, newborn

deafness gene screening; NHSP, newborn screening programme.

between combined and standard screening strategies
(figure 3A). According to the two-way sensitivity analysis
contour plots, there were several conditions under which
combined screening would be preferable: (1) if the
combined screening’s detection rate went up as the cost
for genetic screening went down (figure 3B); (3) if there
was a higher prevalence of both PCHL and the MT-RNR1
gene mutation (figure 3C); or (4) if the coverage levels for
both HA and CI improved (figure 3D). The PSA showed
that the probabilities of combined screening being cost-
effective at a threshold of 1xpGDPor 0.63xpGDP were
78.5% and 66.7%, respectively, compared with standard
screening (figure 3E,F). Sensitivity analysis from the
broader societal perspective corroborated these findings
(online supplemental figures S6 and S7).

We also modelled less optimistic scenarios with assump-
tions less favourable for certain variables. When we intro-
duced a higher genetic screening price, a lower WTP
threshold or constraints on resource availability, the optimal
screening strategy remained unaltered (online supple-
mental table S8). Additionally, we assessed the combined
and standard screening strategies in terms of costs and
benefits under these pessimistic conditions. The results,
which showed NB greater than 0 and BCR above 1 for all
scenarios, indicated that the advantages of the combined

screening strategy surpassed the costs, making it the strategy
of choice (online supplemental table S9).

DISCUSSION

Childhood HL constitutes a significant public health chal-
lenge. The standard screening programme is relatively cost-
effective, primarily due to the portability of the equipment,
its affordability, streamlined training, assimilation into
existing staff roles and incorporation into routine health-
care. Although NHSP using instrumentbased audiologic
methods have been established as cost-effective in many
countries,” ® * there are ongoing concerns, particularly
regarding the limitations of these methods in the early
detection of mild HL as well as late-onset or progressive
forms of HL.. Advances in precision medicine may present
solutions to these issues.'® At the same time, the critical role
of genetic testing in paediatric medicine is increasingly
acknowledged. Genetic testing provides valuable insights
that support prompt and precise diagnoses, along with early
interventions. Due to its practical nature and the increasing
maturity of its training and implementation, it encourages
broad adoption and cost-effectiveness in various healthcare
contexts, ultimately improving the health outcomes for chil-
dren with HL.
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Figure 3

Sensitivity analyses for the newborn hearing screening strategies. (A) One-way sensitivity analysis presented with

tornado diagram of ten most influential factors. Two-way sensitivity analyses presented with contour plots for the prices of

genetic screening and sensitivity of combined screening (B), t

he prevalence of PCHL and MT-RNR1 mutation (C), treatment

coverage levels of hearing aids and cochlear implants (D). The circles mark the base-case outcomes. Probability sensitivity
analyses presented with scatter plot (E) and cost-effectiveness acceptability curve (F). DALY, disability-adjusted life-year; ICER,
incremental cost-effectiveness ratio; MT-RNR1, mitochondrial encoded ribosomal RNR1; NHSP, newborn hearing screening
programme; NDGS, newborn deafness gene screening; PCHL, permanent congenital hearing loss; WTP, willingness-to-pay.

Principal findings

To the best of our knowledge, this study accomplished the
first national estimate for economic benefits of NDGS.
The principal findings of CEA reveal that, from the
healthcare sector perspective, standard and combined
screening strategies for newborns were both more
effective and more costly than opting for no screening
at all, with the standard screening costing US$135 per

DALY averted and combined screening costing US$1239
per DALY averted. Crucially, the combined screening
approach illustrated a higher ICER of US$4995 per
DALY averted when directly compared with the standard
screening. However, from a societal perspective, both
screening strategies were not only more cost-effective
but also cost saving in comparison to no screening, with
combined screening showing superior cost savings and
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DALYs averted. In terms of CBA, the combined screening
averted more DALYs with significant NBs and a favour-
able benefit-cost ratio (BCR) of 1.78, indicating it is a
more economically advantageous approach compared
with standard screening. These outcomes suggest that
the combined screening strategy offers a valuable health
investment, yielding cost savings and health benefits
when viewed from a broader societal perspective.

Gomparison with other studies

Our findings for the current universal NHSP are in
agreement with those of previous studies conducted
in various areas. For instance, in Thailand and Taiwan,
the ICERs for OAE-based NHSP were estimated to be
US$3702 and US$3284 per QALY gained, respectively, as
reported in the literature."" * Furthermore, we incorpo-
rated the initial parameters from these studies into our
model and recalculated relevant indicators such as cost
and effectiveness. The results demonstrated an ICER
for standard screening versus no screening of US$3284
and absolute dominance, respectively; these findings
are consistent with our estimates. Additionally, the liter-
ature from Thailand offers a systematic approach for
conducting cost-effectiveness analyses.”” We integrated
the initial parameters from our study into the model.
From a societal perspective, the ICER for NHSP was
estimated at US$4287 per QALY gained, which suggests
cost-effectiveness (see online supplemental table S10). By
comparing our findings with those of other studies and
applying model adaptions, we have shown the robustness
and reliability of our modelling results. The comparative
analyses of cost-effectiveness should be interpreted with
caution given the variation in costs across settings.

In recent years, clinical genetic testing and counselling
services have been introduced in low-income and middle-
income countries, usually through research initiatives or
international partnerships. Clinicians in some of these
countries have begun to approach genetic counselling as
a means to reduce birth defects and deleterious genes
among the population, an attitude described as having
eugenic tendencies.*

The rapid developments in precision medicine have
led to increased expectation and optimism among the
public attitude towards genetic testing.”” An array of
genetic sequencing tools has become available to clini-
cians with the advent of next-generation sequencing,
including panel-based gene sequencing and whole exome
sequencing. Our decision model framework may provide
valuable insights for hearing screening strategies in other
countries, as well as for genetic screening for other genet-
ically predisposed diseases. The cost of genetic testing
continues to fall, but the prices for testing a panel of
deafness genes still exceed US$500. Furthermore, the
heterogeneity of HL, hundreds of deafness-associated
genes, and variable penetrance associated with mutations
would make the result interpretation difficult, perhaps
‘the US$1000 genome, the US$100 000 analysis’."” Even if
screening large scale populations may be technically and

financially feasible, the additional cost associated with
statistical analysis, interpretation and counselling may be
burdensome and prohibit the universal application. On
the other hand, gene therapy is an important consider-
ation of HL treatment research. Identifying the specific
genetic mutation and affected cell type is paramount in
gene therapy. The use of CIs could be expanded to serve
as a potential vehicle for the delivery of gene therapy,
through viral or non-viral vectors or gene silencing tech-
niques as with CRISPR/ Cas9."”

Despite the effectiveness of NDGS in identifying the
infants with PCHL and the gene mutation carriers suscep-
tible to AIHL, the integration of genetic screening into
standard hearing screening might raise new ethical chal-
lenges and controversies.'” The concerns include risks of
discrimination or stigmatisation, respect for an individu-
al’s autonomy to make his/her own decisions and undue
parental anxiety for their children’s health. It is essen-
tial to ensure establishment of legal, ethical, privacy and
security regulations or frameworks and mechanisms for
population genetic screening.

Strengths and limitations
The assessment boasts several notable strengths. First, it
uses real-world data derived from a local cohort study to
model the costs associated with a combined screening
programme relative to its ability to reduce the long-term
consequences of HL, yielding more grounded economic
projections for both NHSP and genetic screening. The
substantial sample size and robust outcome assessment
provide ample power to substantiate the advantages of
the proposed screening approaches. Second, the eval-
uation incorporates not only audiological outcomes to
calculate DALYs but also evaluates linguistic outcomes
to understand their influence on education and employ-
ment prospects. Assessing language development is key
to comprehending how early detection of HL might
enhance overall learning and job skills.*® Third, the study
uses extensive sensitivity analyses with varying distribu-
tions rather than fixed figures to ensure the reliability
of its conclusions. It also makes comparisons with other
studies to verify the rationality of the model. Lastly, the
evaluation aligns with the WHO’s advocacy for enhancing
hearing-related healthcare services. While this study
concentrates on the Chinese population, the benefits of
combined newborn hearing and genetic screening could
extend to other ethnic groups. Despite the heterogeneity
in the genetic landscape of deafness among ethnici-
ties,” shared pathogenic variants do exist, suggesting the
importance of validating combined screening in various
countries through panels tailored to specific population-
related genetic variations. Additionally, this study, while
focused on deafness prevention and management, may
also offer a blueprint for economic evaluations of other
disease screenings.

Admittedly, this study has certain limitations. Initially,
while the majority of the modelling parameters were
drawn from a local cohort study and existing literature,
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some inputs relied on insights from experts, reflecting
the scarcity of extensive long-term cohort studies. While
our model provides insights into potential trends and
outcomes, the lack of direct comparison with empirical
outcome data means these model-generated predictions
should be interpreted with caution. Additionally, real-
life application of NHSP often suffers from a higher rate
of participants not returning for follow-up, which could
mean that the actual detection rates for both standard
and combined screenings, as projected from one study,
may be overly optimistic. Lastly, the model does not take
into account the nuanced dynamics of social interac-
tions within the hearing community. For instance, the
integration of genetic screening in newborn hearing
programmes could have broader implications on family
dynamics, such as influencing family planning decisions
on identifying siblings and other relatives as carriers of
deafness genes.

Policy implications

Based on the findings of the study, several policy impli-
cations can be identified. First, the results highlight the
effectiveness of NDGS as a method for early diagnosis
and intervention for children’s HL. Therefore, policy-
makers should consider implementing or expanding
such screening programme as part of comprehensive
NHSP. Second, the study demonstrates that a combined
screening strategy is more cost-effective than standard
screening. This underscores the importance of prior-
itising and investing in newborn genetic screening
programme. Governments and healthcare authorities
should allocate resources and provide necessary funding
and support for the implementation and scalability of
combined screening programmes. Third, the study’s
implications extend beyond China, as the research model
and findings can serve as a valuable example for hearing
screening strategies in other countries. Policy-makers
in various national contexts can draw insights from this
research to develop and implement effective screening
programmes tailored to their specific healthcare systems
and populations. Last but not least, the research high-
lights the potential for genetic screening as a tool for
early detection and intervention for other diseases, indi-
cating the need for further exploration and considera-
tion of broader genetic screening policies.

CONCLUSIONS

Deafness gene screening presents a compelling and
financially viable strategy for alleviating the impacts of
childhood HL. The economic data from our research
offers solid evidence to support policy decisions in favour
of'its large-scale promotion. We believe that as the costs of
testing decrease and the accuracy of diagnoses improves,
the cost-effectiveness of deafness gene screening could
be enhanced even further. Crucially, our approach could
be considered a practical model for analogous screening

programmes in other countries and for other genetic
diseases.

Author affiliations

'Joint Division of Clinical Epidemiology, Affiliated Hospital of Nantong University,
School of Public Health of Nantong University, Nantong, China

2Macquarie University Centre for the Health Economy, Macquarie Business School
& Australian Institute of Health Innovation, Macquarie University, Macquarie Park,
New South Wales, Australia

3Department of Internal Medicine, Medical School of Nantong University, Nantong,
Jiangsu, China

“Department of Otorhinolaryngology Head and Neck Surgery, Beijing Tongren
Hospital, Capital Medical University, Beijing, China

®Beijing Institute of Otolaryngology, Beijing, China

®Key Laboratory of Otolaryngology Head and Neck Surgery, Ministry of Education,
Beijing, China

"Department of Epidemiology and Biostatistics, School of Public Health of Nantong
University, Nantong, Jiangsu, China

8Department of Paediatrics, Affiliated Hospital of Nantong University, Nantong,
Jiangsu, China

®Department of Medical Genetics, Nantong Maternal and Child Health Care
Hospital, Nantong, Jiangsu, China

'%Department of Otolaryngology, Affiliated Hospital of Nantong University, Nantong,
Jiangsu, China

Contributors GQ, L-HH and Y-HJ conceived and designed the research. J-TS,
P-YZ, CW, MQ, Y-JW, Q-WZ and Y-HJ collected the data for analysis. J-TS, Y-YG,
CW, P-YZ, XZ, SJ and X-MW carried out the statistical analysis. J-TS and P-YZ
wrote the first draft of the manuscript. GQ, L-HH and Y-YG made the key revision.
GQ is the guarantor of the manuscript. All authors contributed to the scientific
discussions and approved the final draft. The corresponding authors attest that all
listed authors meet authorship criteria and that no others meeting the criteria have
been omitted.

Funding L-HH acknowledges support from the National Natural Science
Foundation of China (grants 82071064 and 81870730) and the National Research
and Development Program of China (grant 2018YFC1002200). GQ and L-PZ
acknowledge support from the Jiangsu Provincial Key Research and Development
Programme (grants BE2015655 and BE2022764). Y-HJ acknowledges support from
the Science and Technology Project of Nantong City (grant MS22022086).

Map disclaimer The inclusion of any map (including the depiction of any
boundaries therein), or of any geographic or locational reference, does not imply the
expression of any opinion whatsoever on the part of BMJ concerning the legal status
of any country, territory, jurisdiction or area or of its authorities. Any such expression
remains solely that of the relevant source and is not endorsed by BMJ. Maps are
provided without any warranty of any kind, either express or implied.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and the Cohort of
Deafness-gene Screening (CODES) study, of which this study is a part, was approved
by the Ethics Committees of Nantong Maternal and Child Health Care Hospital
(ID: Y2015042). The CODES collaborative study group received permission for
anonymous analysis of the information collected from the cohort study. Participants
gave informed consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the
article or uploaded as online supplemental information.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

10

Shu J-T, et al. BMJ Public Health 2024;2:¢000838. doi:10.1136/bmjph-2023-000838



3 BMJ Public Health

20 Guo L, Xiang J, Sun L, et al. Concurrent hearing and genetic
screening in a general newborn population. Hum Genet
2020;139:521-30.

21 Chu C-W, Chen Y-J, Lee Y-H, et al. Huang H-M: government-
funded universal newborn hearing screening and genetic

analyses of deafness predisposing genes in Taiwan. Int J Pediatr
Otorhinolaryngol 2015;79:584-90.

Tang J, Liang Y, O’Neill C, et al. Cost-effectiveness and cost-utility of

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD 22

Gang Qin http://orcid.org/0000-0002-4363-2572

RE
1

FERENCES

GBD 2019 Hearing Loss Collaborators. Hearing loss prevalence
and years lived with disability, 1990-2019: findings from the Global
Burden of Disease Study 2019. Lancet 2021;397:996-1009.

23

24

25

population-based glaucoma screening in China: a decision-analytic
Markov model. Lancet Glob Health 2019;7:€¢968-78.

Zhu QW, Li MT, Zhuang X, et al. Assessment of hearing screening
combined with limited and expanded genetic screening for
newborns in Nantong, China. JAMA Netw Open 2021;4:e2125544.
Huang L-H, Zhang L, Tobe R-YG, et al. Cost-effectiveness analysis
of neonatal hearing screening program in China: should universal
screening be Prioritized BMC Health Serv Res 2012;12:97.

Keren R, Helfand M, Homer C, et al. Projected cost-effectiveness

2 World Health Organization. World report on hearing. Geneva, 2021. of statewide universal newborn hearing screening. Pediatrics
3 Bussé AML, Hoeve HLJ, Nasserinejad K, et al. Prevalence of 2002;110:855-64.
permanent neonatal hearing impairment: systematic review and 26 Wang X. Mutations in MT-R N R 1 gene among patients with drug
Bayesian meta-analysis. Int J Audiol 2020;59:475-85. deafness in Urumgi. Chinese Journal of Healthy Birth & Child Care
4 Lieu JEC, Kenna M, Anne S, et al. Hearing loss in children. JAMA 2014:20:298-302.
2020;324:2195-205. . 27 Gantt S, Dionne F, Kozak FK, et al. Cost-effectiveness of universal
5 {‘AOh" fPE' Zelr?m?” JIJ’ Dl{”?ﬁ" ‘ﬂ- _ft g’/-s;”][e sc;c;e}a;_cc;)stslcf\ severe and targeted newborn screening for congenital cytomegalovirus
O profoun earlrllg _OSS In the United states. int J fechnol Assess infection. JAMA Pediatr 2016;170:1173-80.
6 II;I/Ieérlfh Cgcr:e 5000'13\'/}; 2'\?_32' heari , Jont 28 Huang LH, Han DM. Forty-year history of newborn hearing screening
re\cl)olz?ion N Ear?gcﬁl Ved 26(\)%6(-);24-Sig?gesfreenmg“a stien program in China. Zhonghua Er Bi Yan Hou Tou Jing Wai Ke Za Zhi
: ; N o ) . 2023;58:729-37.
7 IKorvel{IAl\"/:I?H, SDr_nlt'E RJH, \éaq ;:-an G’ft al. Congenital hearing 29 Qiu J, Yu C, Ariyaratne TV, et al. Cost-effectiveness of pediatric
8 Vc\)/?;g I\E;It F:r:g 5 Sgren;fl egucé?ibr?ct)gdéy in China. In: Special cochlear implantation in rural China. Otol Neurotol 2017;38:e75-84.
L - L . s 30 Husereau D, Drummond M, Augustovski F, et al. Consolidated
Educal}gglntern;t/g?a{]p erip e{:tt' \(/jesz.&r Zf:ggeséggrgsés the globe. . health economic evaluation reporting standards 2022 (CHEERS
9 Sﬂq;ﬁa R rg:pY ;inlr?a llzgetlrar;l Xn‘econc;mic. evaI:Jati.on of 2022) statement: updated reporting guidance for health economic
- ’ N ’ ) : - evaluations. BMJ 2022;376:e067975.
':#:;?\ll':nsegs\g':;”;ge?’;?%lzz;ezegégg 4%':%5;;51_";'33 within-study cost- 31 Ochalek J, Wang H, Gu Y, et al. Informing a cost-effectiveness

10 Tobe RG. Mori R I):iua.ng L etfal Cost’-ef.fectivenéss analysis of a threshol_d.for health technology assessment in China: a marginal
national neonatal hearing screening program in China: conditions for 32 gr(_:li:lgctLljwtyKapHproacr.':Pf;ar;nzcoec?nlo;n/cs_ 2020‘38'?31_9_31" I
the scale-up. PLoS One 2013;8:€51990. MiE, Jus B, Messel k, et al. eonatal hearing screening: modeting

11 Chiou S-T, Lung H-L, Chen L-’S et al. Economic evaluation of long- cost and effectiveness of hospital- and community-based screening.
term impacts of universal newborn hearing screening. Int J Audiol B.MC Health St_-:-rv Res .2006;6:1 4.
2017:56:46-52. 33 Pltath_awatchal P, Ch_alchu_lee S, Wan_naro W, et al. Cogt- _

12 Wolff,R Hommerich J, Riemsma R, et al. Hearing screening in effectiveness analysis on implementing newborn hearing screening
newborns: systematic review of accuracy, effectiveness, and effects gg%%r_%r;_';’gss'g a low- to middle-income country. Int J Audiol
of interventions after screening. Arch Dis Child 2010;95:130-5. 4 7h ’ A D_ : B. Loi B | Ethical ial. and cul |

13 D’Aguillo C, Bressler S, Yan D, et al. Genetic screening as an adjunct 3 ‘ ong A, Darren ’ I0|seau ' eta ") thical, social, a}n ,Cu tura
to universal newborn hearing screening: literature review and |ssues.relate'd to clinical ge'netlc testing ar'1d coynsellng in low-
implications for non-congenital pre-lingual hearing loss. Int J Audiol and middle-income countries: a systematic review. Genet Med
2019:58:834-50. 2021;23:2270-80.

14 ngobe”o R. Shaw J ”g D, et al. Clinical PharmaCOgenOmiC 35 Sherburn IA, Flnlay K, Best S. How does the Genomic naive pUbllC
MT-RNR1 screening for aminoglycoside-induced ototoxicity perceive whole Genomic testing for health purposes? A scoping
and the post-test counseling conundrum. Clin Pharmacol Ther review. Eur J Hum Ge_net 2023;31:35-47. )
2023:114:262-5. 36 Sloan-Heggen CM, Bierer AO, Shearer AE, et al. Comprehensive

15 Rudman JR, Mei C, Bressler SE, et al. Precision medicine in hearing genetic testing in the clinical evaluation of 1119 patients with hearing
loss. J Genet Genomics 2018;45:99-109. loss. Hum Genet 2016;135:441-50. ,

16 Wen C, Huang L, Xie S, et al. Current status of newborn deafness 37 Neumann K, Chadha S, Tavartkiladze G, et al. Newborn and infant
gene screening in parts of China. Lin Chuang Er Bi Yan Hou Tou Jing hearing screening facing globally growing numbers of people
Wai Ke Za Zhi 2020;34:972-7. suffering from disabling hearing loss. Int J Neonatal Screen

17 Zhang J, Wang P, Han B, et al. Newborn hearing concurrent 2019?537- o . .
genetic screening for hearing impairment-a clinical practice in 38 Usami SI, Nishio SY. Nonsyndromic hearing loss and deafness,
58,397 neonates in Tianjin, China. Int J Pediatr Otorhinolaryngol mitochondrial. Adam MP, ed. 2004. Available: https://www.ncbi.nlm.
2013;77:1929-35. nih.gov/books/NBK1422/

18 Dai P, Huang L-H, Wang G-J, et al. Concurrent hearing and genetic 39 Jian_gsu Province M<_e<_:_|ical Services Price List (2022 Edition). 202?
screening of 180,469 neonates with follow-up in Beijing, China. Am J Available: https://ybj.jiangsu.gov.cn/module/download/downfile.jsp?
Hum Genet 2019;105:803-12. classid=0&filename=72b7222521cc4a2183cf7b2181ec0b07.pdf

19 Hao Z, Fu D, Ming Y, et al. Large scale newborn deafness genetic 40 Baltussen R, LiJ, Wu LD, et al. Costs of screening children for

screening of 142,417 neonates in Wuhan, China. PLoS ONE
2018;13:e0195740.

hearing disorders and delivery of hearing aids in China. BMC Health
Serv Res 2009;9:64.

Shu J-T, et al. BMJ Public Health 2024;2:¢000838. doi:10.1136/bmjph-2023-000838

11


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-4363-2572
http://dx.doi.org/10.1016/S0140-6736(21)00516-X
http://dx.doi.org/10.1080/14992027.2020.1716087
http://dx.doi.org/10.1001/jama.2020.17647
http://dx.doi.org/10.1017/s0266462300103162
http://dx.doi.org/10.1017/s0266462300103162
http://dx.doi.org/10.1056/NEJMra050700
http://dx.doi.org/10.1038/nrdp.2016.94
http://dx.doi.org/10.1097/AUD.0000000000001153
http://dx.doi.org/10.1371/journal.pone.0051990
http://dx.doi.org/10.1080/14992027.2016.1219777
http://dx.doi.org/10.1136/adc.2008.151092
http://dx.doi.org/10.1080/14992027.2019.1632499
http://dx.doi.org/10.1002/cpt.2910
http://dx.doi.org/10.1016/j.jgg.2018.02.004
http://dx.doi.org/10.13201/j.issn.2096-7993.2020.11.003
http://dx.doi.org/10.13201/j.issn.2096-7993.2020.11.003
http://dx.doi.org/10.1016/j.ijporl.2013.08.038
http://dx.doi.org/10.1016/j.ajhg.2019.09.003
http://dx.doi.org/10.1016/j.ajhg.2019.09.003
http://dx.doi.org/10.1371/journal.pone.0195740
http://dx.doi.org/10.1007/s00439-020-02118-6
http://dx.doi.org/10.1016/j.ijporl.2015.01.033
http://dx.doi.org/10.1016/j.ijporl.2015.01.033
http://dx.doi.org/10.1016/S2214-109X(19)30201-3
http://dx.doi.org/10.1001/jamanetworkopen.2021.25544
http://dx.doi.org/10.1186/1472-6963-12-97
http://dx.doi.org/10.1542/peds.110.5.855
http://dx.doi.org/10.1001/jamapediatrics.2016.2016
http://dx.doi.org/10.3760/cma.j.cn115330-2023-0313-00110
http://dx.doi.org/10.1097/MAO.0000000000001389
http://dx.doi.org/10.1136/bmj-2021-067975
http://dx.doi.org/10.1007/s40273-020-00954-y
http://dx.doi.org/10.1186/1472-6963-6-14
http://dx.doi.org/10.1080/14992027.2021.2014072
http://dx.doi.org/10.1038/s41436-018-0090-9
http://dx.doi.org/10.1038/s41431-022-01208-5
http://dx.doi.org/10.1007/s00439-016-1648-8
http://dx.doi.org/10.3390/ijns5010007
https://www.ncbi.nlm.nih.gov/books/NBK1422/
https://www.ncbi.nlm.nih.gov/books/NBK1422/
https://ybj.jiangsu.gov.cn/module/download/downfile.jsp?classid=0&filename=72b7222521cc4a2183cf7b2181ec0b07.pdf
https://ybj.jiangsu.gov.cn/module/download/downfile.jsp?classid=0&filename=72b7222521cc4a2183cf7b2181ec0b07.pdf
http://dx.doi.org/10.1186/1472-6963-9-64
http://dx.doi.org/10.1186/1472-6963-9-64

	Economic evaluation of newborn deafness gene screening as a public health intervention in China: a modelling study
	Abstract
	Introduction﻿﻿
	Method
	Data source and study design
	Decision model
	Cost and economic analyses
	Uncertainty analyses
	Scenarios analyses

	Results
	Improved outcomes in early detection and prevention of prelingual deafness with combined screening strategy
	Economic value of combined screening strategy
	Implications of sensitivity and scenario analyses

	Discussion
	Principal findings
	Comparison with other studies
	Strengths and limitations
	Policy implications

	Conclusions
	References


