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Children With Hearing Loss and 

Increased Risk of Injury

ABSTRACT
PURPOSE Few studies have tested the hypothesis that children with sensory dis-
abilities such as deafness may be at increased risk of injuries. To test this hypoth-
esis, this study compared rates of emergency department or hospital treatment 
for injury among Medicaid-insured South Carolina children with and without a 
diagnosis of hearing loss.

METHODS Medicaid billing data for 2002-2003 were obtained from the South 
Carolina Offi ce of Research and Statistics. International Classifi cation of Diseases, 
Ninth Revision, Clinical Modifi cation billing codes were used to identify children 
with and without hearing loss, and episodes of injury-related emergency depart-
ment or hospital treatment were compared for the 2 groups.

RESULTS Rates of injury treatment in children with hearing loss were more than 
twice that of the control group (17.72 vs 8.58 per 100, respectively). The rela-
tive rate (RR) remained signifi cantly higher (RR = 1.51, 95% confi dence interval, 
1.30-1.75) after adjusting for age, race, sex, and the number of hospital or emer-
gency department encounters for treatment of non–injury-related conditions. 
Children with hearing loss had signifi cantly higher treatment rates for every 
injury type, bodily location, and external cause, with a cell size suffi cient for valid 
comparison.

CONCLUSIONS Children with hearing loss may be at increased risk of injury. 
Additional study is needed to determine whether children with hearing loss are 
at increased risk (as opposed to simply seeking hospital care for injuries more 
often). If so, targeted injury prevention efforts for these children and their fami-
lies would be warranted.

Ann Fam Med 2007;5:528-533. DOI: 10.1370/afm.740.

INTRODUCTION

I
njury is the leading cause of death in children in the United States, 

accounting for more than 14,000 deaths in children aged 18 years or 

younger in 2004.1 It is estimated that more than 18 million nonfatal inju-

ries occur annually in Americans younger than 20 years, with 13 million of 

these occurring in children younger than 15 years.2 The estimated annual 

cost for medical care owing to injuries in children is approximately $17 bil-

lion; when estimated costs resulting from lost future work and loss in qual-

ity of life are included, the cost increases to more than $300 billion.2

It has been hypothesized that children with sensory disabilities (blind-

ness or deafness) may be at increased risk of injuries as a result of diffi cul-

ties identifying and responding to hazards in the environment.3 Although 

the prevalence of moderate to profound, bilateral, permanent hearing loss 

in newborns in industrialized nations is between 1 in 900 and 1 in 2,500,4 

at least some hearing loss may be found in as many as 11% of school-aged 

American children.5 There is a general lack of surveillance and research 

regarding injuries in children with disabilities,5 and we were able to iden-

tify only 1 article about the risk of injury in children with hearing loss. 

Roberts and Norton studied the risk of pedestrian–motor vehicle collisions 
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in children in New Zealand and found that the odds of 

death or hospitalization caused by such an injury was 

approximately twice as high in children with hearing 

loss.6 Research on occupational injuries in adults with 

hearing loss has shown an increased risk of approxi-

mately the same magnitude.7,8

This study is a fi rst effort to describe the rates of 

emergency department and hospital treatment for 

injury in American children with hearing loss and com-

pare those rates with the rates for a control group with 

no hearing loss.

METHODS
We measured injury frequency for 138,111 South 

Carolina children aged 1 through 18 years who were 

insured by Medicaid throughout the 12 months of 

2003. The data included both eligibility and claims 

data obtained from the South Carolina Offi ce of 

Research and Statistics. We also obtained 2002 billing 

data for all children included in the 2003 fi le.

Our research was broadly focused on children with 

a number of disabilities: mental retardation, develop-

mental delay, autism, spinal cord injury, cerebral palsy, 

hearing loss, and vision loss. We provided the South 

Carolina Offi ce of Research and Statistics (ORS) with 

a list of International Classifi cation of Diseases, Ninth Revision, 

Clinical Modifi cation (ICD-9-CM) codes for these condi-

tions. They then provided us with a fi le that included 

all the children with 1 of these diagnoses in 2003, 

plus an age-matched fi le of comparison children at a 

2-to-1 ratio. A linked fi le for 2002 was also provided. 

Records were obtained for approximately 46,000 chil-

dren with 1 of these diagnoses, in addition to 92,000 

children without 1 of the disabilities listed above. The 

data included demographic information (age, race, and 

sex), monthly eligibility information, diagnosis code 

and dates of admission to the hospital or emergency 

department, and E codes for external causes of injury. 

For each record, there is 1 fi eld for primary diagnosis 

and 8 fi elds for secondary diagnoses; all 9 fi elds were 

used in identifying the children with hearing loss, as 

well as in defi ning the treatment of injuries.

The identifi cation of children with hearing loss was 

based on an ICD-9-CM code for hearing loss. These 

codes are 389.0 through 389.9. Of the 46,000 children 

with 1 disability listed above, 4,647 had a diagnosis of 

hearing loss in 2003. We further modifi ed the hearing 

loss group by requiring that the hearing loss diagnosis 

be found in both 2002 and 2003 for 2 reasons: fi rst, it 

increases the probability that the diagnosed hearing loss 

was long-term rather than transient; second, it permits 

prospective data analysis, because the hearing loss diag-

nosis had to be present in 2002, before the occurrence 

of injury treatment in 2003. Children with a diagnosis 

of hearing loss only in 2002 or 2003 were excluded 

from both the hearing loss and comparison groups.

To reduce confounding from coexisting disabilities, 

children were excluded from both the hearing loss and 

comparison groups if in 2003 they had an ICD-9-CM 

diagnosis of mental retardation, autism, cerebral palsy, 

or vision loss. Children with diagnosed developmental 

delay were excluded, except for children with develop-

mental speech or language disorder (ICD-9-CM code 

315.3) because delays in speech can result from hearing 

loss. Children with diagnosed spinal cord injuries in 

2002 were excluded, but spinal cord injury in 2003 was 

one of the outcomes of interest. After these exclusions, 

there were 1,010 children in the hearing loss group and 

91,591 in the comparison group.

We focused the analysis on the number of injury-

related episodes of emergency department or hospital 

care for children with and without hearing loss. Each 

episode of care was defi ned as an emergency depart-

ment visit or hospitalization, with an ICD-9-CM code 

indicative of injury, on a given day. Hospital treatment 

on consecutive days was considered a single episode 

of care. If a child received emergency department and 

hospital care on the same day, the visits were regarded 

to be only 1 episode of care.

We counted the total number of injury-related 

episodes of care for each child. The total number of 

injury treatment episodes for any cause was counted as 

1 outcome. For this overall rate, only 1 count per epi-

sode of care was included. For example, if a child was 

treated for a leg fracture and a traumatic brain injury 

on the same day, they were counted as only 1 episode 

of injury in the overall rate.

We also counted the number of episodes for each 

specifi c type (eg, fracture, dislocation, strain/sprain) or 

location (eg, upper extremity, lower extremity, face) of 

injury, according to the Barell Injury Matrix,9 which 

has 432 detailed injury categories. For simplicity, 

however, we collapsed the categories into 8 location 

groupings and 7 injury types. Each location or type 

of injury was counted independently, so that a count 

was given for a specifi c type or location of injury if 

the ICD-9-CM codes for that type or location of injury 

were found in an episode of care. For this outcome, 

the hypothetical child who experienced both a leg 

fracture and a traumatic brain injury on the same day 

would be counted in the outcome group for both 

leg fracture and traumatic brain injury. We also used 

E codes to evaluate the nature of the incident that 

caused the injury (eg, fall, poisoning). E codes were 

categorized based on the most recent National Vital 

Statistics report on mortality that used ICD-9-CM E 

codes for reporting injury deaths.10
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We modeled the number of emergency department 

or hospital encounters for injury using Poisson regres-

sion, adjusting for age, race, and sex. Poisson regression 

was selected because it is the most appropriate statistical 

method when the dependent variable is measured as a 

number of occurrences over a specifi c time. Treatment 

for any injury was modeled, as were specifi c injuries as 

identifi ed by injury type, bodily location, and external 

cause. Each emergency department or hospital encoun-

ter for injury was treated as a separate occurrence. To 

address the possibility that a few outliers could account 

for inordinate numbers of encounters, we also mod-

eled, using logistic regression, the odds of at least 1 

emergency department or hospital encounter caused 

by injury. The results were not substantially different, 

so we elected to report the Poisson regression results 

because that approach is the most straightforward.

RESULTS
Descriptive statistics for children with and without 

hearing loss are displayed in Table 1. Children with 

hearing loss were signifi cantly more likely to be white 

and male. They were also more likely to be at the 

younger or older end of the age range and less likely to 

be from 5 to 12 years old.

The distribution of hearing loss ICD-9-CM codes is 

displayed in Table 2. Almost three-fourths of the chil-

dren had only 1 code for hearing loss; most of whom 

(41% of the total) had sensorineural hearing loss or 

combined conductive and sensorineural hearing loss 

diagnosed (ICD-9-CM 389.1 or 389.2). Of the 26% of 

children with more than 1 hearing loss code assigned 

at some point in 2002 and 2003, a great majority had 

at least 1 code indicative of sensorineural 

hearing loss. Thus, almost two-thirds of 

the 1,010 children with loss of hearing had 

at least some component of sensorineural 

hearing loss. This fi nding is consistent 

with our efforts to limit our analyses as 

much as possible to children with serious, 

long-term hearing loss, which is most often 

sensorineural.11,12

The rates of overall injury treatment and 

treatment for specifi c categories of injury 

in children who have hearing loss and com-

parison children are displayed in Table 3. 

The overall rate of emergency depart-

ment or hospital treatment for injury was 

17.72 per 100 episodes for children with 

hearing loss and 8.58 per 100 episodes for 

comparison children. The probability of 

experiencing at least 1 episode of injury 

was similarly elevated: 15.4% vs 7.1%. In 

the Poisson regression model predicting overall injury 

treatment rates, male sex, older age, and white race 

were all signifi cant predictors of increased injury treat-

ment rates. Children with hearing loss had signifi cantly 

higher injury treatment rates after controlling for these 

demographic variables (relative rate [RR] = 1.98; 95% 

confi dence interval [CI], 1.71-2.30) (Table 4).

Regression analyses predicting specifi c types of 

injury were conducted only on categories with at least 

10 observations for each group. The results are dis-

played in Table 4. For each injury category with enough 

counts to be adequate for modeling, children with hear-

ing loss experienced signifi cantly higher rates of injury 

treatment. In each case, the relative rate was around 2.0, 

and each relative rate was highly signifi cant (P <.01).

Table 1. Demographic Characteristics of Children 
With Hearing Loss and Comparison Group

Characteristics

Hearing 
Loss Group

Comparison 
Group

No. % No. %

Age*

1-4 years 190 18.8 14,762 16.1

5-12 years 552 54.7 58,007 63.3

13-18 years 268 26.5 18,822 20.6

Sex†

Male 541 53.6 45,918 50.1

Female 469 46.4 45,673 49.9

Race*

African American 415 41.1 48,309 52.8

White 510 50.5 37,900 41.4

Other 85 8.4 5,382 5.9

* P = <.001.
† P = <.05.

Table 2. ICD-9-CM Codes for Hearing Loss and Children 
With Diagnosis 

Number of Codes ICD-9-CM Code

Children 
With Code
No. (%)

1 code (n = 747, 74.0%) 389.0 (conductive hearing loss) 243 (24.1)

 389.1 (sensorineural hearing loss) 393 (38.9)

 
389.2 (mixed conductive and 

sensorineural hearing loss)
15 (1.5)

 389.9 (unspecifi ed hearing loss) 96 (9.5)

2 codes (n = 211, 20.9%) 389.1 & 389.9 101 (10.0)

 389.0 & 389.1 41 (4.1)

 389.0 & 389.9 30 (3.0)

 Other 2-code combinations 39 (3.9)
3 or more codes 

(n = 52, 5.1%)
389.0, 389.1, and 389.9

33 (3.3)
Other combinations of 

3 or more codes  19 (1.9)

ICD-9-CM = International Classifi cation of Disease, Ninth Edition, Clinical Modifi cation. 
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Rates of injury by external cause (E codes) are 

shown in Table 5. E code data were available for 77% 

of encounters both with and without hearing loss. 

Only 4 categories of E codes had adequate counts in 

both groups to allow Poisson regression modeling: cut 

or pierce, fall, struck by or against, other specifi ed and 

unspecifi ed. For each of these specifi c categories of 

injury causation, the rate of treatment was signifi cantly 

higher in children with hearing loss.

We were concerned that the elevated rates of injury 

treatment among children with hearing loss could be 

due to an increased propensity to pursue emergency 

or hospital treatment. To address these concerns, we 

calculated rates of emergency department or hospital 

treatment for any reason other than injury. Adjusting 

for age, race, and sex, children with hearing loss used 

emergency department or hospital care 

at a markedly elevated rate (RR = 4.26; 

95% CI, 4.07-4.46). We reran the model 

predicting injury treatment, controlling 

for the number of non–injury-related 

emergency department or hospital 

encounters in addition to age, race, and 

sex. After controlling for non–injury-

related emergency department or hospi-

tal utilization, children with hearing loss 

still had increased rates of injury treat-

ment (RR = 1.51; 95% CI, 1.30-1.75).

 The ICD-9-CM coder’s manual13 

provides categories for “suicide and 

self-infl icted injury” and “homicide 

and injury purposely infl icted by other 

persons.” There were no children with 

hearing loss with intentional self-injury 

diagnosed and only 2 (0.002 per child) 

had intentional injury by others diag-

nosed. Nineteen comparison children (0.0002 per 

child) had self-injury diagnosed, and 145 (0.0016 per 

child) had intentional injury by others diagnosed. 

Poisson modeling was not performed for these out-

comes because of the small cell sizes in the hearing 

loss group.

DISCUSSION
Our analyses show that South Carolina children with 

hearing loss, insured by Medicaid, receive emergency 

department or hospital treatment for injuries at a 

signifi cantly higher rate than do children without a 

disability. The association was found for most types 

of injuries, most bodily locations, and most external 

causes, and it persists when controlling for emergency 

department or hospital visits for reasons other than 

injury. Thus, it appears to be quite robust.

The most important weakness of this study is its 

reliance on billing records, which allows us to comment 

only on the rates of injury treatment, not the actual 

rates of injury. Differences in the propensity of parents 

to pursue treatment for children’s injuries could infl u-

ence the fi ndings. Another weakness of using billing 

data is that these data are based on physician billing 

codes for outcome ascertainment and for the identifi ca-

tion of children with hearing loss. Iezzoni14 discusses 

at length the problems with using billing records to 

identify people with disabilities. Two primary problems 

apply to our study: (1) some children who have hearing 

loss were likely not identifi ed in the data, and (2) we 

do not have an objective measure of degree of hearing 

loss, so our analyses have necessarily lumped together 

children with a wide range of hearing impairment.

Table 3. Injury Rates in Children by Hearing Loss Status

Injury

Hearing Loss Group Comparison Group

No. Rate per 100 No. Rate per 100

Overall rate 179 17.72 7,863 8.58
Traumatic brain injury 1 0.10 87 0.09

Other head, face, and neck 49 4.85 2,125 2.32

Spinal cord injury 0 0.00 1 0.00

Vertebral column injury 2 0.20 278 0.30

Torso 9 0.89 510 0.56

Upper extremity 73 7.23 2,660 2.90

Lower extremity 50 4.95 2,214 2.42

Other and unspecifi ed 5 0.50 372 0.41

Fracture 26 2.57 1,054 1.15

Dislocation 3 0.30 137 0.15

Sprains and strains 29 2.87 1,394 1.52

Internal 1 0.10 98 0.11

Open wound 40 3.96 1,807 1.97

Contusion, superfi cial 72 7.13 2,738 2.99

Burns 5 0.50 275 0.30

Table 4. Poisson Regression, Adjusted Relative 
Rate of Injury Site and Type

Injury Category RR 95% CI χ2 P Value

Any injury 1.98 1.71-2.30 82.13 <.001
Other head, face, 

and neck 2.04 1.53-2.70 24.15 <.001

Upper extremity 2.28 1.80-2.87 47.99 <.001

Lower extremity 1.88 1.42-2.49 19.54 <.001

Fracture 2.02 1.37-2.99 12.61 <.001

Sprains and strains 1.64 1.14-2.38 7.02 .008

Open wound 1.92 1.41-2.63 16.75 <.001

Contusion, superfi cial 2.27 1.80-2.87 47.20 <.001

Note: Sex, age, and race are included as covariates in each model, and relative 
rates are for children with hearing loss compared to controls. Only outcomes 
with at least 10 occurrences in the hearing loss and comparison group are 
included.

RR = relative rate; CI = confi dence interval.
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E codes are also imperfect for assessing cause of 

injury, since they are open to the physician’s under-

standing of the situation, which may be incomplete. 

In addition, physicians may be reluctant to assign an 

E code indicative of intentional injury or abuse. A 

recent survey of pediatricians in Pennsylvania found 

wide variation in their opinions of what would consti-

tute reasonable suspicion of child abuse.15 Thirty-fi ve 

percent of those surveyed reported that for reasonable 

suspicion to exist, the probability of abuse needed to 

be 10% to 35%. Contrarily, 40% reported that the 

probability of abuse would need to be 60% or more to 

represent reasonable suspicion of child abuse. The low 

incidence of E codes indicating intentional injury by 

others in both the hearing loss and comparison groups 

may represent underreporting by physicians.

Children with hearing loss are more likely to be 

poor, white, and male.16 One might suspect the rela-

tionship between hearing loss and injury to be con-

founded by demographics and socioeconomic status. 

We report rate ratios that are adjusted for age, sex, 

and race. We did not, however, have data on socio-

economic status. Although most children covered by 

Medicaid in South Carolina have family incomes of 

less than 150% of the poverty level, children with dis-

abilities who need institutional level care can qualify 

for Medicaid coverage without regard to the family’s 

income or assets—only the child’s personal income 

and assets are considered. We 

obtained information on whether 

the children in this analysis had 

qualifi ed for Medicaid on the 

basis of low income or disabil-

ity. Two percent of children in 

the comparison group qualifi ed 

because of a disability, compared 

with 29% of those with hearing 

loss. Thus, it appears that com-

parison children were more likely 

to be from low-income families. 

If low income is associated with 

a greater likelihood of emer-

gency department or hospital 

injury treatment, the actual 

effect of hearing loss may actu-

ally be greater than reported in 

this article.

Another potential confounder 

is that children with hearing loss 

may be at higher risk of other 

medical conditions or disabilities. 

For example, 30% of newborns 

with substantial hearing loss also 

have neurological disorders,8 and 

almost 40% have some comorbidity.9 For this study, 

children with any codiagnosis of mental retardation, 

learning disability, autism, cerebral palsy, spinal cord 

injury, or vision loss were excluded. There were, how-

ever, some children likely to have these potential con-

founders who were not identifi ed in the billing data. 

There may also have been other conditions that were 

more common among children with hearing loss and 

that accounted for some of the observed increase in 

injury treatment rates.

All these caveats aside, it is reasonable to believe 

that children with hearing loss may be at higher risk 

of injury. The most straightforward explanation may 

be reduced ability to recognize danger clues. In addi-

tion to diffi culty hearing the noise associated with 

hazards (eg, motorized vehicles, footsteps), children 

with hearing loss also may have diffi culty hearing a 

parent’s warning of impending danger. Further, because 

most children who are deaf or hard of hearing have 

parents without hearing loss, there may be underlying 

defi ciencies in anticipatory education about hazards if 

parent-child communication is suboptimal. Additional 

research would be needed to test this hypothesis.

In summary, South Carolina children with hearing 

loss, insured by Medicaid, receive emergency depart-

ment and hospital care for injuries at higher rates than 

children with no disability. Further study using direct 

measurement of hearing loss and of injury outcomes 

Table 5. External Causes of Injury in Children With and Without 
Hearing Loss

External Cause

Hearing 
Loss Group

Comparison 
Group

Hearing Loss vs 
Comparison Group

No. 
Rate

per 100 No. 
Rate 

per 100
Adjusted 

Rate Ratio* 95% CI

Fall 48 4.75 1,531 1.67 2.75 2.06- 0.67

Other specifi ed 32 3.17 1,378 1.50 2.02 1.42-2.87

Struck by or against 23 2.28 1,243 1.36 1.58 1.05-2.39

Cut or pierce 11 1.09 498 0.54 1.89 1.04-3.43

Motor vehicle 
traffi c, all

6 0.59 460 0.50   

Natural or 
environmental

6 0.59 402 0.44   

Pedal cyclist, other 5 0.50 242 0.26   

Fire or hot object 
or substance

3 0.30 93 0.10   

Poisoning 85 0.09   

Transportation, 
all other

3 0.30 83 0.09   

Firearm 35 0.04   

Suffocation 9 0.01   

Machinery 4 0.004   

Pedestrian, other 1 0.10 4 0.004   

Drowning 3 0.003   

* Adjusted for age, sex, and race.
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is needed. If additional research verifi es that children 

with hearing loss are indeed at higher risk of injury, 

efforts to develop injury prevention interventions 

designed specifi cally for these children and their fami-

lies would seem to be warranted. Meanwhile, clinicians 

should consider discussing injury prevention strategies 

with parents of children with hearing loss. A discussion 

of the implications of a child’s diminished ability to 

hear verbal or nonverbal warnings could be a central 

aspect of this counseling.

To read or post commentaries in response to this article, see it 
online at http://www.annfammed.org/cgi/content/full/5/6/528. 
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