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Abstract

Objective. To evaluate the association between race/ethnicity and
insurance status on the access to early cochlear implantation.

Study Design. Population-based retrospective analysis of
pediatric cochlear implantation procedures.

Setting. State Ambulatory Surgery and Services Databases of
Florida from 2005 to 2017.

Methods. All children aged 18 years or younger in the state of
Florida undergoing cochlear implantation were identified. The
outcome measures were access to early cochlear implantation
(before 1 and 2 years of age). Descriptive and multivariate
logistic regression analyses were conducted.

Results. Among 1511 pediatric cochlear implantation proce-
dures with complete data, 65 (4.3%) procedures were per-
formed by 1 year of age and 348 (23.0%) by 2 years of age.
Black children (odds ratio [OR], 0.44; 95% CI, 0.28-0.70),
Hispanic children (OR, 0.70; 95% CI, 0.52-0.94), and chil-
dren with Medicaid (OR, 0.64; 95% CI, 0.48-0.84) were sig-
nificantly less likely to be implanted before 2 years of age.
Even when insured by private insurance, black and Hispanic
children were still less likely to be implanted before 2 years
of age compared to white children with private insurance.
Greater racial and insurance disparities existed in access to
cochlear implantation before 1 year of age compared to
implantation before 2 years of age.

Conclusion. Racial/ethnic and insurance disparities in pediatric
cochlear implantation can be observed at the population
level. To address these racial and insurance inequalities, a
multidisciplinary care team is needed and priorities should
be given to research endeavors and policy interventions that
target these disparities.
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H
earing loss is the most common congenital defect,

with about 2 out of every 1000 children in the

United States born with confirmed hearing loss.1

Profound, early onset sensorineural hearing loss is present in

4 to 11 per 10,000 children, and greater than 90% of these

children are born to hearing parents.2,3 This places these

children at a higher risk for social isolation and more limited

opportunities for educational advancement and/or employ-

ment possibilities.4

Cochlear implantation is an important treatment option

for children with severe to profound hearing loss and has

revolutionized the speech and language outcomes in this

demographic. Children undergoing cochlear implantation at

a young age, specifically before 2 years of age, can achieve

normal peer-appropriate developmental milestones.5 Early

implantation is associated with higher auditory performance

scores, greater quality-of-life improvements, increased main-

stream classroom placement, and higher educational and

employment levels.6-9 As the child ages and the period of

auditory deprivation increases, the neuroplasticity decreases

and, with it, a consequential reduction in ability of auditory

association areas to process sound stimuli.10,11 It is this

principle—substantiated by superior performance outcomes

and the growing evidence for safety in implanting in

infancy—that is supporting the growing practice of pediatric

implantation within the first 2 years of life.12,13

Unfortunately, all children do not have equal access to

early cochlear implantation. Previous studies have found that

children in certain social groups are less likely than others to

receive cochlear implantation early in life. For example,

children living in rural locations and having public insurance

or no insurance at all have been identified at a higher risk of
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delay in receiving cochlear implantation compared with

those from urban/suburban areas.14,15 Additional evidence

exists that median household income, racial/ethnic heritage,

and primary payer status can affect access to implantation in

this pediatric demographic.16,17 However, these studies are

all single-site studies and based on small study samples size

ranging from 40 to 133 children.14-17 Using a population-

based large administrative database, this study represents the

largest study of its kind to evaluate the effects of race/ethni-

city, insurance status, and the combined effect of race and

insurance on access to early pediatric cochlear implantation.

We hypothesized that there would be racial and insurance

inequalities in access to early pediatric cochlear implanta-

tion. In addition, we hypothesized that there would be a

combined effect of race and insurance on access to early

pediatric cochlear implantation.

Methods

This study was a cross-sectional analysis of pediatric

cochlear implantation performed in the outpatient setting.

The primary data source was the State Ambulatory Surgery

and Services Databases (SASD) of Florida from 2005 to

2017, with the study sample consisting of cochlear implanta-

tion procedures performed on patients aged 18 years or

younger (Current Procedural Terminology [CPT] code

69930, Implant cochlear device). The SASD are compiled

by the Healthcare Cost & Utilization Project (HCUP) and

sponsored by the Agency for Healthcare Research and

Quality (AHRQ).18 The SASD provide publicly available,

deidentified data, including discharge information for

patients, regardless of payers, who receive surgical proce-

dures performed in hospital outpatient departments or free-

standing surgical centers. The study was exempt from the

University of Central Florida’s Institutional Review Board

approval. Per the Data Use Agreement with HCUP/AHRQ,

individual cell counts of less than or equal to 10 were

replaced with the term DS in tables in this study to preserve

patient confidentiality.

Variables from the SASD included patient demographic

characteristics, including race/ethnicity, International Class-

ification of Diseases (ICD) diagnosis codes, CPT codes,

discharge status, expected payment sources, and the identi-

fier of the facility in which the patient received treatments.

Currently, 35 states participate in SASD, including

Florida.18

Access to early cochlear implantation, as the primary out-

come variable, was operationalized as a binary variable

(cochlear implantation before 2 years of age, yes/no). A sec-

ondary outcome variable was created to examine whether

the procedure was performed during infancy (cochlear

implantation before 1 year of age, yes/no). The main inde-

pendent variables included race/ethnicity (non-Hispanic

white, non-Hispanic black, and Hispanic) and insurance

status (private insurance, Medicaid, and self-pay). The hand-

ful of cases associated with other racial/ethnical (ie, Asian or

Pacific Islander, Native American, or other) and insurance

groups (ie, Medicare or other) were excluded from analysis

due to relatively small numbers. To examine the combined

effect of race/ethnicity and insurance, a categorical variable

was created to stratify patients into 9 groups: privately

insured non-Hispanic white patient, privately insured non-

Hispanic black patient, privately insured Hispanic patient,

non-Hispanic white patient with Medicaid, non-Hispanic

black patient with Medicaid, Hispanic patient with Medicaid,

self-pay non-Hispanic white patient, self-pay non-Hispanic

black patient, and self-pay Hispanic patient.

Secondary independent variables examined included

patient sex (male/female), median household income state

quartile calculated based on patient ZIP code (first through

fourth quartiles), and patient location (large metropolitan

area with at least 1 million residents, small metropolitan area

with fewer than 1 million residents, micropolitan area, or

rural area). We created an additional variable, high-volume

hospital, to indicate whether the procedure was performed at

one of those medical centers accounting for a cumulative

80% of the cochlear implantation volume over the study

period.

Descriptive statistics, including counts and percentages

by cochlear implantation before 1 and 2 years of age, were

used to describe patient characteristics and access to early

cochlear implantation. Chi-square test was used to assess the

statistical significance of differences across groups with or

without access to early cochlear implantation. We conducted

multivariate logistic regression analyses to investigate the

effects of race/ethnicity, insurance status, and the combined

effect of race and insurance on access to early pediatric

cochlear implantation, controlling for patient characteristics.

While the total number of surgeries during the study period

was identified, those with missing data for any of the above-

mentioned variables were not included in the final statistical

analysis. Sensitivity analyses using all available cases

revealed no substantial differences in bivariate analysis;

therefore, results based on cases with complete data were

presented. All statistical tests were 2-sided, with a signifi-

cance level of P � .05. Data management and statistical

analyses were performed in SAS software, version 9.4 for

Windows (SAS Institute).

Results

Between 2005 and 2017, a total of 1965 cochlear implanta-

tion procedures received by children 18 years of age or

younger were identified in the SASD of Florida. After

review of the data, 454 cases were eliminated for missing

values of sex, race/ethnicity, insurance status, income quar-

tile, or urban/rural location. Table 1 describes race/ethnicity

and insurance status of the study population of the remaining

1511 procedures.

Sixty-five procedures (4.3%) were performed in children

before their first year of life, and 348 procedures (23.0%)

were performed before their second birthday. Approximately

50% of the procedures were performed in children 3 years of

age or younger with an overall median of 3 years and mean

of 5.12 years at time of implantation (Figure 1). The

number of cochlear implantation procedures in children
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under 2 years of age increased during the study period, but

the proportion of those being implanted at earlier ages was

not statistically different (Figure 2).

Bivariate analysis revealed access to early cochlear

implantation differed significantly among different groups.

Significant associations were seen on bivariate analysis

between race/ethnicity and insurance status and access to

early cochlear implantation. While 6.4% and 27.4% of non-

Hispanic white children received a cochlear implant before 1

and 2 years of age, none of the non-Hispanic black children

received the procedure before 1 year and 12.7% before 2

years of age (P \ .001). The number for cochlear implanta-

tion before 2 years of age was 19.4% among Hispanic chil-

dren. Among children with private insurance, 6.9% and

27.5% received a cochlear implant before 1 and 2 years of

age while only 17.2% of children with Medicaid received

the procedure before 2 years of age (P \ .001). When com-

bining race/ethnicity and insurance, 30.3% of non-Hispanic

white children with private insurance received a cochlear

implant before 2 years of age, following by Hispanic chil-

dren with private insurance (22.8%), white children with

Medicaid (21.0%), black children with private insurance

(17.3%), Hispanic children with Medicaid (16.8%), and

black children with Medicaid (10.2%, P \ .001). Similar

patterns were observed across different racial and insurance

groups in the percentage of cochlear implantation before 1

year of age. Moreover, children with higher median house-

hold income quartile at the ZIP code level were significantly

more likely to receive implantation before both 1 year of age

(P = .001) and 2 years of age (P = .022). Five hospitals

accounted for 81% of the pediatric implantation procedures

over the study period and were categorized as high-volume

hospitals. In 2005, these hospitals implanted 69 of 79

(87.3%) children, but this percentage decreased over the

study period to 100 of 158 (63.9%) children in 2017. The

percentages of children receiving cochlear implantation

before 1 year and 2 years of age in high-volume hospitals

were not significantly different from those percentages in

other hospitals. Patient sex and urban/rural location were not

significant factors (Table 2).

Multivariable logistic regression analyses identified sig-

nificant associations between race/ethnicity, insurance

status, and access to early cochlear implantation. Compared

to white children, black children (odds ratio [OR], 0.44; 95%

CI, 0.28-0.70; P \ .001) and Hispanic children (OR, 0.70;

95% CI, 0.52-0.94; P \ .018) were significantly less likely

to be implanted before 2 years of age. Compared to children

with private insurance, children with Medicaid were less

likely to be implanted before 2 years of age (OR, 0.64; 95%

CI, 0.48-0.84; P \ .002). Controlling for insurance type,

black and Hispanic children were still less likely to be

implanted before 2 years of age compared to their white

counterparts. Even greater racial and insurance disparities

were observed when examining access to cochlear implanta-

tion before 1 year of age (Table 3).

Table 1. General Demographics for Pediatric Cochlear Implantation in Florida 2005-2017.a

Year No. of procedures White, No. (%) Black, No. (%) Hispanic, No. (%) Private, No. (%) Medicaid, No. (%)

2005 79 62 (78.5) DS DS 53 (67.1) 22 (27.9)

2006 117 84 (71.8) 13 (11.1) 20 (17.1) 82 (70.1) 28 (23.9)

2007 94 67 (71.3) DS DS 64 (68.1) 24 (25.5)

2008 109 78 (71.6) DS DS 79 (72.5) 26 (23.9)

2009 112 66 (58.9) 18 (16.1) 28 (25.0) 57 (50.9) 53 (47.3)

2010 112 74 (66.1) DS DS 58 (51.8) 51 (45.5)

2011 99 55 (55.6) 16 (16.2) 28 (28.3) 53 (53.5) 46 (46.5)

2012 91 47 (51.7) 20 (22.0) 24 (26.4) 45 (49.5) 44 (48.4)

2013 127 59 (46.5) 21 (16.5) 47 (37.0) 63 (49.6) 64 (50.4)

2014 138 66 (47.8) 24 (17.4) 48 (34.8) 72 (52.2) 65 (47.1)

2015 132 72 (54.6) 12 (9.1) 48 (36.4) 74 (56.1) 58 (43.9)

2016 143 59 (41.3) 21 (14.7) 63 (44.1) 79 (55.2) 64 (44.8)

2017 158 73 (46.2) 30 (19.0) 55 (34.8) 77 (48.7) 78 (49.4)

aNumbers reflect data inclusive only of cases with complete demographic variables. DS indicates data suppressed due to a cell size less than or equal to 10

per the Data Use Agreement with the Healthcare Cost & Utilization Project/Agency for Healthcare Research and Quality.

Figure 1. The distribution of age at cochlear implantation in
Florida.
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Discussion

Thirty years ago, cochlear implantation in children received

US Food and Drug Administration (FDA) approval. The

adaptation of this neuroprosthetic has transformed the lives

of thousands of children and their families globally, espe-

cially in industrial, developed countries. This is certainly

true in the United States where, as of December 2012,

38,000 implants in pediatric population were reported.19 Yet

the performance of a society’s health system should not be

measured solely by its innovation and technologic achieve-

ments (of which pediatric cochlear implantation is a prime

example) but also by the equitable distribution of those

achievements to individuals of need in their society. For the

prelingually deaf child, early access to sound by cochlear

implantation is crucial to maximizing the greatest benefit

from this medical innovation.

Our study represented the first population-based study

that systematically examined racial and insurance disparities

in access to early cochlear implantation. A study by Stern

et al20 and a recent follow-up by Tampio et al21 identified

children who underwent cochlear implantation in the HCUP

Kids’ Inpatient Database and estimated the racial disparities

in receiving cochlear implantation before 18 years of age.

However, these 2 studies did not further investigate dispari-

ties in access to early implantation within the first 2 years of

life. Huang et al22 examined the 2011 SASD of 5 states,

including Florida; however, their study only compared the

racial makeup and payer mix of cochlear implantation recipi-

ents across different states. Using a large administrative

database of Florida from 2005 to 2017, we identified 1511

cochlear implantation procedures and documented racial and

insurance disparities in access to early cochlear implantation

at the population level. Our findings confirmed that race/eth-

nicity and insurance were independent factors for receiving a

cochlear implant before 2 years of age, as documented by

some single-center studies.14-17 With a relatively large

sample, we were able to examine the combined effect of

race and insurance and found that even with the same type

of insurance, racial/ethnic minorities were much less likely

to receive a cochlear implant before 2 years of age. Finally,

while traditional clinical practice guidelines recommend

cochlear implantation to be performed in patients ages 12 to

24 months or older, a substantial number of patients received

this procedure before 1 year of age throughout the study

period. We observed greater racial and insurance disparities

when examining access to cochlear implantation before 1

year of age compared to implantation before 2 years of age.

Increasingly more attention has been directed to health

care inequities in the United States.23,24 Gaps in access

to hearing health care and rehabilitation based on socio-

economic factors are realities specifically recognized in

the national disparity conversation. Healthy People 2020

(HP2020), a national framework with benchmarks, included

in their report several objectives relative to this patient popu-

lation, namely, a 10% increase relative to universal newborn

hearing screening (NBHS) projections and an increase in the

number of new cochlear implants provided to individuals

who are deaf and hard of hearing.25 In 2005, Stern et al20

published the first article examining disparities in pediatric

cochlear implantation in the United States; this was preceded

a few years earlier by Fortnum et al26 in the United

Kingdom, arriving at similar conclusions. Since that time,

other distinguished teams have written on the topic, examin-

ing the effect of geography, race, socioeconomic status,

insurance, and primary spoken language on access to/

achievement of cochlear implantation in the children of this

country.14-16,21,22,27,28 Our study, building on these earlier

studies, focused on disparities in access to cochlear implan-

tation within the first 2 years of life.

In our study, an average of 41.2% of children had

Medicaid insurance with the percentage increasing from
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Figure 2. Access to early cochlear implantation in Florida, 2005-2017.

4 Otolaryngology–Head and Neck Surgery



27.9% to 49.4% over the study period, which is similar to

the numbers reported by others.21 During the study period,

the percentage of private insurance declined from 67.1% to

48.7%. Insurance status is a dominant factor for the care of

pediatric cochlear implant recipients, influencing not only

access to surgical intervention but also postimplantation

speech and language development.16,27-31 While children

from families with private insurance face financial and logis-

tic challenges (eg, out-of-pocket expenses for hearing

aids and caregiver job restrictions),16 the barriers to care in

those with no insurance or public insurance seem to be even

more insurmountable. The literature consistently identifies

and our study supports the lack of private insurance as a

negative determinant in the timing of appropriate surgical

intervention.16,27

The combined effect of insurance and race/ethnicity is

noteworthy. Using this large study population, we uncovered

that race, especially being black, had a more consequential

impact on access to early cochlear implantation than

insurance status. For example, 0% of black children in our

study received a cochlear implant before 1 year of age.

Furthermore, white children with Medicaid or self-pay both

were more likely than black children with private insurance

(21.0% and 23.1% vs 17.3%, P \ .001) to receive a cochlear

implant before 2 years of age. These findings are consistent

with those of Stern et al,20 who examined large population

Table 2. Descriptive Statistics of the Study Population by Timing of Cochlear Implantation (Younger Than 1 Year and 2 Years).a

Characteristic All patients, No.

Age at implantation \1 year Age at implantation \2 years

Count % P value Count % P value

Sex

Male 793 32 4.04 .5916 178 22.45 .5705

Female 718 33 4.60 170 23.68

Race/ethnicity

Non-Hispanic white 862 55 6.38 \.0001 236 27.38 \.0001

Non-Hispanic black 205 0 0.00 26 12.68

Hispanic 444 DS DS 86 19.37

Insurance status

Private insurance 856 59 6.89 \.0001 235 27.45 \.0001

Medicaid 623 DS DS 107 17.17

Self-pay 32 DS DS DS DS

Insurance status and race/ethnicity

Privately insured non-Hispanic white patient 584 51 8.73 \.0001 177 30.31 \.0001

Privately insured non-Hispanic black patient 75 0 0.00 13 17.33

Privately insured Hispanic patient 197 DS DS 45 22.84

Non-Hispanic white patient with Medicaid 252 DS DS 53 21.03

Non-Hispanic black patient with Medicaid 127 0 0.00 13 10.24

Hispanic patient with Medicaid 244 DS DS 41 16.80

Self-pay non-Hispanic white patient 26 DS DS DS DS

Self-pay non-Hispanic black patient DS 0 0.00 0 0.00

Self-pay Hispanic patient DS 0 0.00 0 0.00

Median household income state quartile for patient ZIP code

First quartile 350 DS DS .0010 72 20.57 .0215

Second quartile 313 DS DS 60 19.17

Third quartile 391 17 4.35 89 22.76

Fourth quartile 457 33 7.22 127 27.79

Patient location

Large metropolitan area with at least 1 million residents 1028 45 4.38 .2838 239 23.25 .7809

Small metropolitan area with less than 1 million residents 407 20 4.91 93 22.85

Micropolitan area 46 0 0.00 DS DS

Rural area 30 0 0.00 DS DS

High-volume hospital

Yes 1225 54 4.41 .6732 286 23.35 .5462

No 286 11 3.85 62 21.68

aDS indicates data suppressed due to a cell size less than or equal to 10 per the Data Use Agreement with the Healthcare Cost & Utilization Project/Agency

for Healthcare Research and Quality.
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data, but differ from studies such as Armstrong et al,16 who,

in publishing single-center outcomes, reported a difference

in age of implantation related to insurance status but not

race.

High-volume hospitals were identified in this study to

query variation in practice pattern related to institutional

characteristics. While 5 centers accounted for 81% of the

pediatric implantation procedures during the study period,

there were no statistically significant differences in the per-

centages of children implanted before 1 or 2 years of age

based on this volume stratification. Our study does not

address surgical outcomes, and these data should not be

interpreted to suggest parity in the patient experience or clin-

ical outcomes when comparing high- and low-volume

implantation centers, especially the more complex cases.

However, this finding may suggest that there is little differ-

ence either in what is believed to be an acceptable age for

implantation, or there are remarkably similar challenges and/

or checkpoints that must be negotiated regardless of the

implantation center’s volume and experience.

Several limitations are evident in this study. First,

we examined the data from 1 state. Nevertheless, our

population-based study sample consisted of 1511 cochlear

implantation procedures over a 13-year period, which to our

knowledge represents the largest sample of cochlear implan-

tation procedures. Florida has the fourth largest pediatric

population in the country, averaging over 219,000 live births

yearly over the past decade,29 and 255 newborns (range:

192-315) were screened positive for permanent hearing loss

during 2006 to 2016.32 Second, this study was limited to the

variables included in the SASD. While we reported on what

has happened, this administrative database prevented us

from determining the age of hearing loss identification (ie,

the when). It is therefore impossible to know if differences

in the timing of cochlear implantation were secondary to

delayed identification in the first place or perhaps even a

difference in the incidence of delayed onset hearing loss in

the varying populations. Health care professionals’ bias—

including racial bias—could be a contributing factor to

delayed utilization, as has been recognized with overutiliza-

tion (eg, hysterectomy) and underutilization (eg, thromboly-

sis) among racial/ethnic minority groups.33,34 In addition,

other patient/parent characteristics such as educational level

and social support may play an important role. In the

absence of individual patient data, we could not pinpoint

with certainty what barriers contributed to untimely implan-

tations. Finally, we included only data from cochlear implan-

tation cases where complete demographic data were

available. This resulted in 454 procedures during the study

period being excluded. This decision certainly affected the

sample size. However, as noted previously, including these

additions did not substantively change the results reported

above.

Conclusion

Racial and insurance disparities in pediatric cochlear implan-

tation can be observed at the population level. Children from

racial/ethnic minority groups and those with Medicaid

appear to be at an increased risk for delay in cochlear implan-

tation in the management of their sensorineural hearing loss.

Children at the intersection of some racial and insurance

groups (ie, black children with Medicaid) are more disadvan-

taged than others in access to early cochlear implantation.

These racial and insurance inequalities emphasize the need

for multidisciplinary care teams—comprising otolaryngolo-

gists, pediatricians, audiologists, speech-language pathologists,

Table 3. Risk-Adjusted Odds Ratio (OR) of Early Cochlear Implantation (Before 1 or 2 Years of Age) by Race/Ethnicity, Insurance Status,
and Race/Ethnicity and Insurance Status Combined.a

Characteristic

Age at implantation \1 year Age at implantation \2 years

OR (95% CI) P value OR (95% CI) P value

Race/ethnicity (reference: Non-Hispanic white)

Non-Hispanic black — — 0.44 (0.28-0.70) .0005

Hispanic 0.48 (0.24-0.98) .0426 0.70 (0.52-0.94) .0177

Insurance status (reference: Private insurance)

Medicaid 0.13 (0.04-0.36) \.0001 0.64 (0.48-0.84) .0016

Self-pay 0.86 (0.20-3.77) .8425 0.56 (0.23-1.40) .2152

Insurance status and race/ethnicity (reference: Privately insured non-Hispanic white patient)

Privately insured non-Hispanic black patient — — 0.49 (0.26-0.93) .0286

Privately insured Hispanic patient 0.44 (0.20-0.96) .0386 0.68 (0.46-0.99) .0449

Non-Hispanic white patient with Medicaid 0.09 (0.02-0.39) .0012 0.63 (0.44-0.90) .0109

Non-Hispanic black patient with Medicaid — — 0.26 (0.14-0.49) \.0001

Hispanic patient with Medicaid 0.09 (0.02-0.37) .0010 0.47 (0.32-0.70) .0002

Self-pay non-Hispanic white patient 0.89 (0.20-3.90) .8721 0.66 (0.26-1.68) .3864

Self-pay non-Hispanic black patient — — — —

Self-pay Hispanic patient — — — —

aSome odds ratios are missing due to the absence of cases in certain outcome categories.
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psychologists, nurses, social workers, and educators—to

address the full spectrum of the social and medical determi-

nants of health in children with hearing loss. Priorities should

be given to research endeavors, policy interventions, and inno-

vative care delivery models that target these disparities to

ensure equitable access to pediatric cochlear implantation.
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