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Abstract

Context: By providing timely services at all steps along the continuum of the early hearing
detection and intervention (EHDI) process, providers may be able to lessen potential adverse
effects of late identification of hearing loss on children’s language development.

Objective: To examine the timeliness of key events in the EHDI process from birth through
diagnosis of hearing loss among different populations.

Design: Retrospective, cross-sectional.

Setting: Data pooled from 9 states’ EHDI information systems were used to determine the extent
to which timely screening and diagnosis were achieved by 754 613 infants born in calendar
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year 2017. Enrollment into early intervention for children diagnosed is not examined here due to
incomplete data.

Participants: Nine state EHDI programs were selected to participate in this study for their
successful experience in using EHDI-IS to collect detailed child-level data.

Main Outcome Measures: Age of service, rate of service receipt.

Results: Median age of newborn hearing screening was 1 day, and median age of hearing

loss diagnosis was 68 days. Early completion of newborn hearing screening was associated with
maternal education, maternal race/ethnicity, and admission into a neonatal intensive care unit
(NICU). Receiving and completing follow-up diagnostic services were associated with maternal
education, maternal race/ethnicity, age of screening, and enrollment into the Women, Infants, and
Children program.

Conclusions: Timely completion of the newborn hearing screening is achieved by most of the
population among the participating states. Increased efforts may be considered by state EHDI
programs to provide additional follow-up and education to underrepresented racial/ethnic groups,
mothers with less education, and NICU infants and their families as these groups appear to be at
an increased risk for delayed diagnostic testing for hearing loss.
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Congenital hearing loss affects approximately 2 infants per 1000 live births and, if
undetected, can delay speech, language, and cognitive development.1=3 All US states now
have early hearing detection and intervention (EHDI) programs that work to ensure that all
infants who are deaf or hard of hearing receive timely diagnosis and early intervention (EI).
The cornerstone of EHDI programs is universal newborn hearing screening. Most states
have enacted legislation to ensure that all babies undergo hearing screening, typically before
hospital discharge.

Evidence of positive effects of universal newborn hearing screening on early hearing loss
identification and entry into El is well documented,*® which have both been linked with
improved language outcomes.®-8 These studies have laid the foundation for establishing
meaningful benchmarks to assess the effectiveness of EHDI programs. The EHDI 1-3-6
benchmarks (screening by 1 month, diagnosis by 3 months, and enroliment into El by 6
months of age) were initially introduced by the Joint Committee on Infant Hearing (JCIH)
in 2000° and re-endorsed in 2007.10 In the recent JCIH 2019 position statement, 11 it is
recommended that EHDI programs already meeting the 1-3-6 benchmarks consider setting
a new target of 1-2-3 (screening by 1 month, diagnosis by 2 months, and EI by 3 months of

age).

In the United States, every state EHDI program has implemented its own tracking and
surveillance information system, or EHDI-IS. These population-based systems collect and
consolidate data at different stages of the EHDI process to support effective tracking and
follow-up of hearing services for all infants. Each year, states submit data from their EHDI-
IS to the Centers for Disease Control and Prevention through the Hearing Screening and
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Follow-up Survey (HSFS). The HSFS provides data aggregated at the state level to assess
the nation’s progress toward the EHDI 1-3-6 benchmarks.1213 However, such aggregate
data cannot be used to identify the determinants of failing to meet the benchmarks. Even
with an overall national screening rate well above 90%, several recent studies showed that
geographic, racial, and socioeconomic disparities exist in the provision of newborn hearing
screening and diagnostic services.14-17 In addition, the HSFS can provide only binary
measures to assess the receipt and timeliness of EHDI services. For example, to measure
progress toward meeting the 1-3-6 benchmarks, the result was recorded simply as “Yes” or
“No.” This does not provide the range of ages for services across the continuum of care.

In this study, we used standardized, child-level data obtained from 9 states’ EHDI-IS to
evaluate the extent to which the national EHDI benchmarks for screening and diagnosis
were met for babies born in 2017. We were able to look beyond binary results, to assess
timeliness of services across the entire continuum of care, and thus to provide evidence
about feasibility of benchmark updating. We also discuss several clinical, socioeconomic,
and demographic contributors to disparities in order to identify areas for future program
improvements.

Study population

The patient cohort for this study comprised 754 613 infants who were born January 1, 2017,
through December 31, 2017, as documented in 9 participating states” EHDI-IS. The 9 states
were selected for their successful experience in using EHDI-IS to collect detailed child-level
data.

Data collection

Measures

Child-level demographic, newborn hearing screening, follow-up screening, diagnostic
evaluation, El enrollment, and other clinical care and service data items used in this study
(see Supplemental Data Content Appendix A, available at http://links.lww.com/JPHMP/
A691) were extracted by each state program from its EHDI-IS and exported into a comma-
separated vector (csv) file. The privacy of the patients’ records was maintained by removing
personally identifiable information, such as names and street addresses, from each record
before submission. The state project staff ensured records were deduplicated and coded
consistently according to a standard specification using a validation software tool designed
for this study. Once validated, the data files were transmitted via a secure data transport
service available to each participating state.

Screening: Newborn hearing screening is the first step in the EHDI process. The result of
a hearing screening could be either pass or refer. Babies who do not pass the initial screening
at birth are typically referred for rescreening or further testing.
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Final screening is defined as the most recent hearing screening documented in the state
EHDI-IS at the time of data submission. If a child received more than 1 screening, the
outcome (pass or refer) is determined by the result of the final screening.

Age of screening: For children who had more than 1 screening and had passing results,
the age of screening is defined as the earliest age (in days) of the child when he or she
received the screening. For all other cases, age of screening is defined as the age of the final
screening in days.

Diagnostic evaluation is also known as a diagnostic test. It refers to a series of diagnostic
procedures used to determine the type, degree, and configuration of hearing loss and is
typically performed by an audiologist. The result of a diagnostic evaluation could be one of
the following: (1) a confirmed diagnosis that the patient has normal hearing; (2) a confirmed
diagnosis that the patient has permanent hearing loss; (3) the patient has transient hearing
loss and should be evaluated again; or (4) the patient’s condition cannot be determined and
should be evaluated again.

Diagnosis is defined as either normal hearing or permanent hearing loss. Transient hearing
loss cases and undermined results of diagnostic evaluation were considered as no diagnosis.

Rate of diagnosis is defined as the percentage of children who have received a diagnosis
among all children in the pooled data set who were referred to diagnostic evaluation on their
final hearing screening.

Age of diagnosis is the age of the child, in days, when a diagnosis was first made.

Socioeconomic status (SES): Since family income and parent’s occupational data
were not requested from the participating states in this study, we used maternal education
level as the primary indicator of the family’s SES. In addition, we used whether the

family participated in the Special Supplemental Nutrition Program for Women, Infants, and
Children (WIC) as a secondary SES indicator, as there is an income limit for WIC eligibility.

Concentration curve and concentration index (Cl) as measures of health
inequalities: Wagstaff et al'8 argued that Cl is the most appropriate measure of health
inequality. As shown in the Figure, the Cl is defined as twice the area between the
concentration curve and the diagonal, ranging from -1 to +1. The sign of Cl indicates

the direction of any relationship between the health variable and the position in the SES
distribution, and its magnitude, reflects both the strength of the relationship and the degree
of variability in the health variable. The larger the absolute value of Cl, the greater

the inequality. Cl equals zero when the concentration curve coincides with the diagonal,
indicating there is no socioeconomic inequality in the health outcome. In this study, we
define 2 health variables: screening by 30 days of age, and diagnosis by 90 days of age. If
the curve lies above the diagonal (Cl < 0), this indicates that meeting the screening by 30
days or diagnosis by 90 days benchmark is more concentrated among low-SES groups. If
the concentration curve lies below the diagonal line (Cl > 0), indicating that meeting either
benchmark is more concentrated in high-SES groups.
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Data were combined across 9 states for analysis. We compared the screening and diagnostic
evaluation processes based on birth admission (neonatal intensive care unit [NICU] vs well-
baby nursery), demographic (maternal race/ethnicity), and socioeconomic (WIC, maternal
education) status. Descriptive analysis consists of group frequencies for discrete variables
and means, standard deviations, and intermediate percentiles for continuous variables.
Inferential analysis consists of a series of univariate analyses including XZ tests, logistic
regression, and linear regression. Using maternal education level for SES, we calculated
overall CI and group-specific Cls, stratified by maternal race/ethnicity using the method
described by the World Bank.1® The ttests were conducted to determine whether these
indices were significantly different from zero and to test the difference among group-specific
Cls. SAS statistical software (version 9.4; SAS Institute) was used for the analyses. If

more than 5% of data on a specific variable were missing or unknown, the missing data
were listed as a separate category. Otherwise, the missing data were excluded from the
corresponding analysis.

Human participant compliance statement

Results

The information cited in this article is based on data reported by state programs and does not
involve medical records or human tissues.

In this sample, more than 97% of newborns met the timely screening benchmark of
screening by 30 days of age (Table 1). However, this high proportion was heavily influenced
by passes: almost all met the benchmark, with 95% screened within 1 week of birth. On

the contrary, less than 90% of babies who did not pass newborn hearing screening met the
timely screening benchmark and approximately 5% did not receive their final screening until
over 2 months after birth.

About two-thirds of the babies who did not pass screening underwent diagnostic evaluation,
a little over half (55.8%) received a diagnosis of normal hearing or permanent hearing loss,
and even fewer (41.6%) achieved the timely diagnosis benchmark of diagnosis by 90 days of
age. Among all babies diagnosed with permanent hearing loss, less than two-thirds (62.6%)
met the timely diagnosis benchmark. The median age of diagnosis for babies with normal
hearing was 44 days and 68 days for those diagnosed with permanent hearing loss.

Approximately 80% of babies who have spent time in NICU nurseries met the timely
screening benchmark as compared with more than 98% for infants in the well-baby
nurseries. NICU babies also lag babies in the well-child nurseries in meeting the timely
diagnosis benchmark. However, regardless of the timeliness of the service, NICU babies
were more likely to receive a diagnostic evaluation than babies in the well-child nursery
(X21’8820 =51.30, P<.01). Ultimately, there was no significant difference in the eventual
rate of diagnosis between the 2 groups (X21,8820 =0.17, P=0.68).

Among all listed racial/ethnic groups, infants born to non-Hispanic Black mothers had
the lowest rate of meeting the screening benchmark (Table 2). Non-Hispanic Black and
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American Indian/Alaska Natives were the 2 groups that had the lowest rates of receiving
diagnostic evaluation and meeting the timely diagnosis benchmark and the highest median
age of diagnosis. A little over half (54.4%) of babies born to non-Hispanic Black mothers
underwent diagnostic evaluation after not passing their final hearing screening, and less than
one-third of these babies (30.5%) met the timely diagnosis benchmark compared with babies
born to non-Hispanic White mothers where nearly three-fourths (73.1%) of the babies were
evaluated and half of them (48.9%) were diagnosed before 90 days of age. The median

age of diagnosis with permanent hearing loss for babies born to American Indian/Alaska
Native mothers was 115 days, nearly 2 months later than babies born to non-Hispanic White
mothers (62 days).

The rate of meeting the timely diagnosis benchmark was lower among babies who were
enrolled in the WIC program than in those babies not enrolled in the WIC program. The
rates of both the timely screening and diagnosis increased with higher maternal education
level. Less than 30% of babies born to mothers with less than high school education met the
timely diagnosis benchmark compared with nearly 60% (57.1%) for babies born to mothers
who have completed college. We computed the CI to further quantify relative inequality in
meeting these benchmarks among children of mothers with different education levels. For
screening, the result (CI = 0.004, SE = 0.001, P< .01) indicated that timely screening was
slightly concentrated among higher-SES populations. On the contrary, a Cl of 0.13 (SE =
0.007, P<.01) confirmed that meeting the timely diagnosis benchmark was more heavily
concentrated among economically better-off families.

We also compared the Cls across different racial/ethnic groups (see Supplemental Digital
Content Appendix B, available at http://links.lww.com/JPHMP/A692). The Cls for children
with non-Hispanic Black and non-Hispanic White mothers were positive (P< .01),
indicating that meeting the timely diagnosis benchmark was more concentrated in the
higher-SES non-Hispanic families. The CI for children with Hispanic mothers was also
positive but smaller than that of the other 2 groups (£ = .15), indicating that among the
Hispanic population there was no strong socioeconomic inequality in relation to receiving
diagnosis by 90 days. There was also no significant difference between Cls for the non-
Hispanic Black and White groups (P = .87).

Among babies who did not pass newborn hearing screening, the increased likelihood

of being diagnosed with normal hearing or permanent hearing loss was independently
associated with maternal education and WIC receipt (Table 3). The odds of receiving a
diagnosis were 40% higher for children who received WIC services than those who were
not in the program. The odds of being diagnosed for children in the highest-SES group
(maternal education was bachelor’s degree or higher) were nearly 4 times (odds ratio = 3.58)
than those in the lowest-SES group (mother had not completed high school). Children in the
highest-SES group were diagnosed more than 3 weeks earlier than those in the lowest-SES
group. Babies born to Black or Hispanic mothers were diagnosed approximately 2 weeks
later than their White peers. Finally, with all other factors being equal, age of screening was
associated with both the receipt and timeliness of diagnosis: for every 7-day increase in age
of final screening, there was a 2% increase in the odds of being diagnosed and nearly 5-day
increase in age of diagnosis.
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Discussion

This study revealed that more than 98% of reported newborns were screened, with more
than 97% screened before 30 days of age, exceeding the initial JCIH benchmark of 95%.
Diagnostic data were less encouraging: less than half of the at-risk babies were documented
as meeting the timely diagnosis benchmark. However, around two-thirds of babies who did
not pass their final screening received a diagnostic evaluation. Among those who completed
their diagnostic process, more than half of them were diagnosed before 2 months of age and
nearly 75% by 3 months. This suggests that the timely diagnosis benchmark is achievable
for the majority of babies who are able to start the diagnostic process right after screening.
For these children, setting the timely diagnosis benchmark to 2 months of age may be
feasible.

On the contrary, these established national benchmarks for screening and diagnosis may

not be realistic for certain populations such as NICU babies. NICU babies are at high risk
of having congenital hearing loss20; yet, they are most likely to be delayed in the EHDI
process. Their period of hospitalization may extend beyond the timely screening benchmark,
and the delayed screening timeline subsequently affects the timeliness of diagnosis. In
addition, given that many NICU babies were born prematurely, some of the differences

in their meeting the timely service benchmarks can likely be attributed to the differences

in gestational age compared with term babies. Gestational age was not reported in this
study, and its impact on EHDI service timeliness and/or results is a subject for future
investigation. Despite the differences in the timeliness of services, there was no difference
when comparing the rate of diagnosis between the babies in the NICU and those in well-
baby settings. If we examine the rate of receiving an /nitial diagnostic evaluation rather than
a completed diagnosis, those in NICU had higher odds of receiving an initial test than well
babies. This suggests that more babies in the NICU never received a confirmatory diagnosis
after starting their diagnostic process. This could be due to other health problems these
babies may have, which might impede the completion of the hearing-related diagnostic tests.

The associations we found between meeting the EHDI benchmarks and maternal education
and race/ethnicity highlight a need to improve screening and diagnosis of hearing loss for
children of non-Hispanic Black mothers and mothers without college degrees. This may
help minimize delay in the receipt of critical diagnostic and EI services. Using CI, we were
able to quantify the degree to which the EHDI benchmarks were disproportionately achieved
among higher-SES groups. Future research on health inequality issues related to EHDI could
compare this measure across different states and over time.

Past research has shown that WIC participation among children was associated with

an increased use of preventive care and increased diagnosis and treatment of common
childhood illnesses.?1:22 In this study, analysis of association between WIC status and
receipt of hearing loss diagnosis yielded additional findings of interest: when WIC status
was examined alone, patients not enrolled in WIC were more likely to receive a diagnosis
than patients enrolled in the WIC program. However, controlling for other child and family
factors, the opposite pattern was found: compared with children not enrolled in WIC,
children enrolled in the WIC program had 40% #higher odds of receiving a diagnosis. Since
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both WIC and maternal education level are indicators of SES, these results suggest that the
WIC program may aid in reducing health inequality by helping economically disadvantaged
families obtain recommended diagnostic services.

Analysis of screening and diagnosis data showed that among those children who did not pass
their final screening and subsequently received a diagnosis, early screening predicts early
diagnosis. However, many who finished screening with a referral to diagnostic evaluation
never had a documented diagnosis and those who completed their screening later were more
likely to receive a diagnosis.

The point in time when an infant is considered to have completed the screening stage and
moves into the diagnostic stage could be affected by the screening protocol used. Many US
hospitals employ a 2-stage protocol that requires infants not passing their initial newborn
hearing screening to receive a follow-up outpatient screening before being referred for a
diagnostic evaluation. The 2-stage protocol can reduce unnecessary diagnostic tests due to
false-positives (ie, a child did not pass the screening but had normal hearing). However, for
true-positive cases (ie, a child did not pass hearing screening and had hearing loss), this may
delay the diagnostic process. The 2-stage protocol also creates another possible point where
a child may become lost to follow-up: either after the initial screening or after the outpatient
screening. This may occur for many reasons, such as a program being unable to contact the
family. Results from this study suggest that a child was more likely to be lost in the earlier
stage of the screening-diagnostic process. Whether and how the use of a 2-stage screening
protocol contributes to this effect is an area for further study.

In this study, we were not able to provide an accurate assessment of possible determinants
of receipt and timeliness of El enrollment, nor establish a connection between early
diagnosis and early entry into El. A recent survey (C. A. Mason, PhD, written/electronic
communication, November 14, 2019) found considerable variability among states in the
frequency with which they collect EI data, with some programs collecting data at least once
a month, whereas others only obtain this information once per year. Consequently, these
data are not always available for all children enrolled in El at the time of reporting. In this
study, more than 40% of patients diagnosed with permanent hearing loss did not have El
enrollment dates. It was unknown whether these children were not enrolled (ie, lost to follow
up) or whether this information was not available to their state’s EHDI program at the time
of data submission (ie, lost to documentation). In addition, children with hearing loss can
have other disabilities and/or medical conditions that made them eligible for E1,23:24 which
allows them to start El services for non—hearing loss-related conditions.2> Some of these
children may have been enrolled into EI before a hearing loss diagnosis was made. As a
result, connections between diagnosis date and entry into El can be difficult to establish.

There are at least 3 limitations of this study: First, data used in this study came from

the participating states’ EHDI-IS and some data were not available at the time of data
submission. WIC status and maternal demographic data were missing in more than 5% of
records. Loss to documentation also contributed to an unknown portion of missing data
in diagnostic information. All missing diagnostic data were treated as negative responses
(not diagnosed) and therefore the result is a lower-end estimate of the true diagnosis rate.
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Second, all analyses were conducted on the entire data set consisting of 9 participating
states. Each state has its own EHDI-1S, uses different tracking and surveillance methods, and
has different population characteristics. The findings from this analysis reflect an aggregated
effect rather than the distinct trends of any individual state. Third, only 1 year of newborn
data were available for this study, with the results providing a one-time shapshot of the status
of EHDI for the included population in 2017. Additional years of data and continued study
are needed to validate the findings and provide a complete assessment of the trends and gaps
in the EHDI follow-up and surveillance processes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Implications for Policy & Practice

Use of child-level data available from the state EHDI-IS allows for
understanding, at the national level, the hearing health of different populations
and makes it possible to identify both common challenges and issues unique
to each state.

To encourage continued improvements for states that have consistently met or
exceeded the current JCIH hearing screening benchmark (95% of newborns
screened by 1 month of age), a higher benchmark may be considered.

For states where most babies can start the diagnostic process right after failed
screening, moving up the timely diagnosis benchmark from current 3 to 2
months of age may be feasible.

State EHDI programs may consider providing additional follow-up and
education to underrepresented racial/ethnic groups and mothers with less
education. Pediatric audiologists and EHDI programs may also consider
developing or updating best practice guidelines specifically for NICU infants
and their families.

A new data collection and reporting mechanism may be needed in some states
to obtain more complete El information necessary to analyze trends and gaps
in this third stage of the EHDI process.
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FIGURE.

Concentration Curve of Audiological Diagnosis by 90 Days of Age, 9 States, 20172
Abbreviation: SES, socioeconomic status.

aThe dotted diagonal was defined as the “equality line,” where achieving the desired health
outcome (diagnosis by 90 days of age) or the burden of not achieving the desired health
outcome is equally distributed across SES levels indicated by maternal education. The solid
curve below the diagonal represents a progressive concentrative curve. It indicates that
achieving the desired health outcome is concentrated more heavily among the higher-SES

group.
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