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ABSTRACT

This study estimated the average annual number of U.S.
workers’ compensation (WC) claims for occupational hearing loss
(OHL) and their associated cost and identified the industry/occupation
classifications with the highest numbers of OHL claims. The most
recent U.S. cost estimate ($242 million) was based on data from one
state in 1 year (1991). WC data from the National Council on
Compensation Insurance, Inc. (35 states) and two additional individual
states were examined, incorporating data from 37 states and the District
of Columbia. Costs and numbers of claims were estimated for the 13
missing states to develop estimates for the United States. Sensitivity
analyses were also performed to develop ranges for the point estimates.
The estimated U.S. average annual OHL claim cost fell within the
range of $49 to $67 million during 2009–2013, with a point estimate of
$60 million (2013 dollars). The estimated average annual number of
OHL claims ranged from 4,114 to 5,986, with a point estimate of 4,965
claims. Based on data available from 36 states and DC, 18 of the 40
industry/occupation classifications with �50 OHL claims were in the
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manufacturing sector.WCdata underestimate the true burden ofOHL.
Most OHL cases are not compensated.WC laws, industry composition
and other factors vary widely by state, so estimates must employ data for
many states. This study incorporated data from most states and utilized
sensitivity and comparative analyses to obtain estimates. Workers in a
wide range of industry/occupation classifications need special attention
to prevent OHL.

KEYWORDS: occupational hearing loss, workers’ compensation,

National Council on Compensation Insurance, hearing loss claim,

claim cost, manufacturing, surveillance

In the United States, 12% of the working
population has reported hearing difficulty,1 but
amongworkerswho are exposed to noise that can
damage hearing, 23% have hearing difficulty.2

Thecosts of occupationalhearing loss (OHL) are
both intrinsic andmonetary. The intrinsic cost is
high. Hearing loss can greatly impact quality of
life, affecting communication and relationships
with family, friends, and co-workers, potentially
leading to social isolation, fatigue, and stress, and
it is strongly associated with depression and
depressive symptoms.3–6 It is also associated
with dementia and cognitive decline.4

Monetary costs forOHL include the cost of
hearing aids and clinical rehabilitation, higher
rates of absenteeism, reduced earnings, and an
association with an increased risk of accidents,
hospitalizations, and associated health care
costs.4,7 It is estimated that the economic impact
of hearing loss (both occupational and non-
occupational) due to lost productivity alone
was nearly $615 billion in 2013.7 Workers’
compensation (WC) systems provide some
medical care and partial wage replacement for
hearing loss among workers covered by WC
insurance. Payments for lost wages typically take
two forms. These include payments for tempo-
rary total disability (lost wages associated with
lost work-days) and permanent partial disability
(estimated future earnings lost due to im-
pairment). Benefits paid are typically designed
to compensate for two-thirds of lost wages and
are not taxed.8 It has been difficult to determine
the cost of U.S. WC claims for OHL, and
published estimates have been scarce.

The challenges for producing estimates
of U.S. WC claims for OHL and other types
of specific outcomes are due to several factors.

There is not a single source of national U.S.WC
claims data since the WC systems are state-
regulated, and federal workers are covered under
separateWCsystems.Access to state and federal
WC claims data systems is typically limited.
Although there are standards to reporting WC
claims, states and the federal systems vary in
terms of reporting requirements. As a result, the
detail and comprehensiveness of WC data also
differ by state and federal systems. Regulations
for coverage requirements, benefit levels, and
type of insurers also vary. For example, in most
states, insurance is provided by either private or
state-fund insurers and all but two states (North
Dakota and Wyoming) allow employers to self-
insure if fiscally able. For these reasons, any
attempt to produce national estimates of claims
or costs must rely on a number of assumptions,
and often this involves combining data from a
number of sources.

The most recent prior U.S. cost estimate
available was reported by the National Institute
for Occupational Safety and Health (NIOSH)
in 2001.9 It estimated that $242 million was
being spent in the United States each year on
OHL claims. However, this estimate was based
on data from one state in 1 year, specifically the
state of Washington in 1991. Daniell et al
reported that the State of Washington paid
$4.8 million that year in disability settlements
alone, with medical costs not included.10 This
estimate was then extrapolated to the entire
United States, assuming all states hadWC laws
identical to the State of Washington in 1991.
Washington may have had comparatively hig-
her claim costs. Ninety percent of 1991
Washington OHL claims included permanent
partial disability payments,10 and these
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payments became much less frequent after
Washington’s permanent partial disability
compensation criteria were tightened in
2004.11 WC laws vary widely by state12,13 and
some states have “no specific provisions” for
compensation.12 Industry composition and
other factors are also highly variable. In general,
a sharp decrease in reported illnesses and inju-
ries has been observed in the United States over
time.14–17 For example, the incidence count of
reported occupational injuries and illnesses de-
creased from 6,799,400 in 1992 to 2,814,000 in
2019.15,17 As such, the $242 million was likely
an overestimate of the actual annual cost for
OHL claims in the United States.4 A more
reliable and up-to-date estimate, incorporating
data for many states over several years and
incorporating sensitivity analyses, was needed.

A unique set of data from the National
Council on Compensation Insurance, Inc.
(NCCI) was used to develop this estimate.
NCCI is a private company that collects WC
claims data from 35 states and the District of
Columbia (DC) for companies covered by
private and state-fund insurance carriers. It
provides analysis of WC claim costs to inform
the setting of rates (premiums) by insurance
companies and rate regulation by state agen-
cies.18 Data include all claims in those states
except for workers employed by self-insured
companies. It is the most comprehensive
multistate WC dataset available. NCCI data
do not include data for California. California
has an independent WC rating bureau called
the Workers’ Compensation Insurance Rating
Bureau (WCIRB), which collects similar in-
formation. NCCI also does not include data
for Ohio, which is collected by the Ohio
Bureau of Workers’ Compensation
(OHBWC).19,20 Using primarily NCCI
data during 2009–2013, supplemented with
WCIRB and OHBWC data for California
and Ohio, the objectives of this study were to
(1) provide a more accurate and reliable esti-
mate and range of non-federal WC costs for
OHL in the United States and (2) identify the
industry/occupation classifications and associ-
ated NIOSH National Occupational Re-
search Agenda (NORA)21 industry sectors
with the highest numbers of hearing loss
claims.

METHODS

Study Design and Population

This was a cross-sectional study estimatingWC
claim counts (numbers of claims), costs, and
rates for OHL in the United States over 5 years.
It also identified the industry/occupation clas-
sifications with the highest numbers of claims.
Definitions and calculations for cost and rate
are provided in the Statistical Analysis section.
NCCI, OHBWC, and WCIRB claim data for
OHL that occurred in 2009–2013 were exam-
ined. These are claims covered under policies
issued by private and state-fund insurance car-
riers, which do not include federal employees.
Claim data for workers employed in self-in-
sured companies were estimated as no data from
these companies were available. The term
“companies” is used throughout to denote dif-
ferent types of employers, including state and
local governments. The 2009–2013 time period
was chosen since it was the most recent 5-year
period for which NCCI data were available
with sufficient cost information. Multiple years
were examined to obtainmore reliable estimates
of average annual claim counts and costs. Sup-
plemental data were obtained from OHBWC
for Ohio and from WCIRB for California
during 2009–2013. In all, data for 37 states
and DC were included in the study sample.

The 13 states for which WC data were not
available wereDelaware, Indiana,Massachusetts,
Missouri, Minnesota, New Jersey, New York,
North Carolina, North Dakota, Pennsylvania,
Washington, Wisconsin, and Wyoming. How-
ever, limited information was available from
Massachusetts and Pennsylvania for comparison
to this study’s estimates. WC claims for OHL
were identified in the NCCI and WCIRB sys-
tems using nature of injury codes established by
the Workers’ Compensation Insurance Orga-
nizations (WCIO).22 TheseWCIOnature codes
included 31 traumatic hearing loss or impairment
and 72 cumulative loss of hearing.WC claims for
OHL were identified in the OHBWC system
using diagnoses that were assigned to each claim
and incident narrative information consistent
with the WCIO nature codes. Diagnoses were
based on the International Classification of
Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM).23No informationonworker’s age,
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gender, race/ethnicity, or educationwere available
in any of the claim data. This activity was
reviewed by the Centers for Disease Control
and Prevention (CDC) and was conducted con-
sistent with applicable federal law and CDC
policy (see, e.g., 45 C.F.R. part 46.102(l)(2), 21
C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C.
§552a; 44U.S.C. §3501 et seq.). Thismeans that
this study was determined to be surveillance and
not human subjects research.

Industry Sector Assignment

Claims from every industry sector were included
in the study. Claim data included industry/
occupation classification information and corre-
sponding NCCI insurance class codes.24

NIOSH NORA industry sector groupings21

were assigned by the authors, which are based
on the North American Industry Classification
System (NAICS).25 The first three study
authors independently assigned a primary indus-
try sector to each industry/occupation classifica-
tion, referencing information in the following
sources: a NCCI class code-NAICS crosswalk
from the International Risk Management Insti-
tute,26 NAICS and Standard Occupational
Classification (SOC) code descriptions,27 the
NCCI code manual,28 and OHBWC data with
the distribution of payroll amounts and numbers
of claims for each NCCI industry/occupation
classificationbyNAICScode. If all three authors
did not assign the same sector, additional re-
search was performed and there was discussion
until a consensus was reached.

Statistical Analysis

The primary independent variable was the
industry/occupation classification and assig-
ned industry sector. The primary dependent
variables were number of claims, claim rate,
and cost for OHL. Specifically, these in-
cluded total number of claims during 2009–
2013, average annual number of claims,
claim rate per 10,000 jobs (some workers
have more than one job), average annual cost
per claim, total claim cost during 2009–
2013, and average annual claim cost. Ranges
were also provided for the average cost per
claim, the average annual number of claims,
and the average annual cost for all OHL
claims, by calculating high and low alterna-
tive estimates for each, based on sensitivity
analyses. The term “cost” is used to denote
the total incurred costs, which include ev-
erything that has been paid to date on a
claim for medical treatments and lost wages,
plus reserves for future anticipated pay-
ments. Costs were valued based on the fifth
report of claim cost, which becomes avail-
able in the fifth year after the year of injury/
illness. The fifth report for 2009–2013
claims became available in 2014–2019, and
were chosen because they represent the most
fully developed costs that are available and
consistent for all claim years. The term
“rate” is the number of OHL claims per
10,000 jobs. The total number of U.S. OHL
claims and OHL claim costs were calculated
through a series of steps. Steps and calcula-
tions for estimating number of claims, total

Figure 1 Main steps for estimating the number of occupational hearing loss (OHL) claims, total claim cost,
and ranges for 37 states and the District of Columbia (DC).
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claim cost, and ranges are provided in the
subsequent sections (see sections for Steps 1
to 4 and Sensitivity Analyses and Compara-
tive Analyses) and in Fig. 1.

Using data from NCCI and OHBWC
only (36 states and DC), industry/occupation
classifications with 50 or more OHL claims
were identified, each with the associated class
code, assigned industry sector, and number of
claims. The WCIRB data for California were
not used for industry/occupation analyses
since the class codes used by WCIRB do
not always map to a single NCCI class code.
Complete denominator information was not
available for individual industry/occupation
classifications. For each of the industry/occu-
pation classifications with �50 claims, the
percent of OHL claims represented by each
reported industry/occupation classification
and the total OHL claim cost for each classi-
fication are provided, as well as information on
the distribution of claims among states. This
included the number of states with OHL
claims for each classification, the highest
percent of OHL claims for each classification
that occurred in a single state, and the state in
which the highest percent of OHL claims
occurred for each classification.

STEP 1: ESTIMATION OF THE NUMBER OF OHL

CLAIMS AND OHL CLAIM COST FOR SELF-

INSURED COMPANIES IN THE 37 STATES

AND DC

Since the available OHL claim data were for
claims covered under policies from private and
state-fund insurance carriers, the number of
OHL claims and costs for workers employed
by self-insured companies had to be estimated.
Published information from the National Acad-
emy of Social Insurance (NASI) was used.29–34

NASI provides the total benefits paid of all WC
claims (OHL and non-OHL) by insurance
arrangement and is the single best source of
nationalWC summary data. NASI total benefits
paid is ameasure of the cost of all claim payments
made in that year for all claims, regardless of the
year in which they were originally filed, and is
denoted in this study as “NASI cost.” NASI cost
is different from the total cost discussed earlier,
which includes reserves for future anticipated
payments. This information was used to obtain a

ratio of total NASI cost for self-insured
employers to total NASI cost for private and
state-fund insurance carriers inDCand the states
forwhich claimdatawere available.This ratio (an
overallWC benefit ratio) was then multiplied by
the number of private and state-fund insurance
claims for OHL (in each state and year) to
estimate the number of self-insured claims for
OHL in DC and the 37 states for which data
were available. The same overall WC benefit
ratio was alsomultiplied by theOHL claim costs
for private and state-fundWC insurance carriers
(in each state and year) to estimate the cost of
OHLself-insured claims inDCand the 37 states
forwhichdatawere available. This is expressed in
algebraic format below.

For each of the 37 states and DC for which
private and state-fund insurance claim infor-
mation is available, and for each individual year
during 2009–2013, and where SI¼ self-insured
companies and PSF¼ private and state-fund
insured companies:

These estimates were based on two assump-
tions. The first is that the costs of all individual
claims (OHL and non-OHL claims) are similar
for both the self-insured and the private and
state-fund insured. The second is that the
proportion ofOHL claims out of allWC claims
is also similar for both the self-insured and the
private and state-fund insured, even if the self-
insured have a higher or lower overall claim rate.
The first assumption is similar to one that was
used in a landmark study by Leigh (2011) that
produced an estimate of the national costs of
occupational injuries and illnesses35 that has
been relied upon by NIOSH and others as the
best available. Leigh’s study assumed that, for
all companies in all states, the average cost of
WC claims that paid only for medical care were
similar, and the average cost of WC claims that
paid for both medical care and lost earnings
were also similar. The second assumption of
similar proportions of OHL claims among both
self-insured companies and private and state-
fund insured companies is addressed by a pre-
liminary assessment of claims data from 35
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states performed by the Workers Compensa-
tion Research Institute (WCRI). It found that
the proportions of OHL claims out of all WC
claims (OHL and non-OHL) were similar
for self-insured companies (0.107%) and com-
panies with private and state-fund insurance
(0.118%), indicating that the assumption of
similar proportions of OHL claims was reason-
able (J. W. Ruser, personal communication,
August 18, 2021; J. W. Ruser, personal com-
munication, February 26, 2021).

STEP 2: TOTALING THE NUMBER OF OHL

CLAIMS AND OHL CLAIM COST FOR ALL

CLAIMS (PRIVATE AND STATE-FUND, AND

SELF-INSURED) IN THE 37 STATES AND DC

BY YEAR

The number of private and state-fund insured
OHL claims for each of the 37 states and DC
was added for each year. The number of self-
insured OHL claims for each of the 37 states
and DC was also added for each year. The two
sums for 2009, 2010, 2011, 2012, and 2013
were added to estimate the total number of
OHL claims for all types of insurance in the 37
states and DC for each year.

The cost of private and state-fund insured
OHL claims for each of the 37 states and DC
was added for each year. The cost of self-
insured OHL claims for each of the 37 states
and DC was also added for each year. The two
sums for 2009, 2010, 2011, 2012, and 2013
were added to estimate the total cost of OHL
claims for all types of insurance in the 37 states
and DC for each year.

STEP 3: ESTIMATION OF THE NUMBER OF OHL

CLAIMS AND OHL CLAIM COST FOR THE 13

MISSING STATES BY YEAR

The next step was to estimate the number and
cost of OHL claims from states for which data
were not available. The number of OHL claims
in the 37 states and DC for which data were
available was divided by the total NASI cost for
all WC claims in these states (OHL and non-
OHL), for each year during 2009–2013. These
five results were then multiplied each by the
NASI cost for all WC claims (OHL and non-
OHL) in the 13 missing states for the corre-
sponding year. This yielded the estimated num-
ber of OHL claims for the 13 missing states by

year. Similarly, the cost ofOHL claims in the 37
states and DC was divided by the total NASI
cost for allWC claims in these states (OHL and
non-OHL), for each year. These five results
were then multiplied each by the NASI cost
for all WC claims (OHL and non-OHL) in the
13 missing states for the corresponding year.
This yielded the estimated OHL claim cost for
the 13 missing states by year. The number of
claims and cost estimation calculations are
expressed in algebraic format below.

These estimates were based on two assumptions.
The first is that the average cost of all individual
claims (OHL and non-OHL) is about the same
for the 37 states and DC and for the 13 missing
states.A similar assumptionwas alsomade in the
Leigh study cited above.35The second is that the
proportion of OHL claims out of all WC claims
is also similar for both the 37 states and DC and
the 13 missing states. These assumptions imply
that the proportion ofOHLclaim costs out of all
WC claim costs and the ratio of OHL claims to
all WC claim costs are the same for the 37 states
and the 13 missing states. Sensitivity analyses
were performed to ensure that these assumptions
were reasonable and examine how estimates
would vary if these assumptions were changed
(see section Sensitivity Analyses and Compara-
tive Analyses).

STEP 4: ESTIMATION OF THE TOTAL NUMBER

OF OHL CLAIMS AND OHL CLAIM COST IN ALL

50 STATES

The total number of OHL claims for DC and
the 37 states for which data were available and
the total number of OHL claims for the 13
missing states as estimated in Step 4 were
summed for 2009, 2010, 2011, 2012, and
2013 to estimate the total number of OHL
claims in the United States by year. These five
estimates were summed to estimate the total
number of OHL claims for all 50 states during
2009–2013. This total number of claims was
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divided by 5 to estimate the average annual
number of OHL claims.

The total OHL claim cost forDC and the 37
states for which data were available and the total
OHL claim cost for the 13 missing states as
estimated in Step 4 were summed for 2009,
2010, 2011, 2012, and 2013 to estimate the total
OHLclaim cost in theUnitedStates by year.Each
of these annual figures were adjusted for inflation
to 2013 dollars using the gross domestic product
(GDP) deflator published by the Bureau of Eco-
nomic Analysis at the U.S. Department of Com-
merce.36 Then these five estimates were summed
to estimate the total OHL claim cost for all 50
states during 2009–2013. This total claim cost was
also divided by 5 to estimate the average annual
cost for allOHLclaims.Theaverage cost per claim
was calculated by dividing this total OHL claim
cost by the total number of claims.

The claim ratewas estimated by dividing the
total number of OHL claims for all 50 states
during2009–2013 by the total number of private,
local, and state government (non-federal) jobs
covered by WC insurance during those years.
The claim rate was expressed as the number of
OHL claims per 10,000 jobs. The number of
non-federal WC-covered jobs was estimated as
follows. First, the estimates of the total number
of WC-covered jobs from NASI29 for 2009,
2010, 2011, 2012, and 2013were added together.
This total includes federal jobs, which cannot be
included in the denominator for the non-federal
claim rate. In order to remove them, the numbers
of federal jobs in 2009, 2010, 2011, 2012, and
2013 reported by the Bureau of Labor Statistics
(BLS) Quarterly Census of Employment and
Wages (QCEW) were also added together and
then subtracted from the total number of WC-
covered jobs.37–39 The number of WC-covered
jobs was used in the denominator for the claim
rate rather than number of employees, because
someworkers havemore thanone job andmay be
covered in some jobs but not others. These
workers cannot be classified as covered or uncov-
ered by WC insurance.

SENSITIVITY ANALYSES AND COMPARATIVE

ANALYSES

Sensitivity and comparative analyses were per-
formed to produce ranges for the key estimates
and to ensure the reasonableness of all the

estimates. Estimates were based on assump-
tions that may not have been as accurate as
presumed, so sensitivity analyses were perfor-
med to provide insight into how much larger or
smaller the number of OHL claims and OHL
claim costs might have been in the 13 missing
states as compared with this study’s point
estimates. Alternative high and low estimates
were calculated for OHL claim cost, the num-
ber of OHL claims, and average cost per claim
as delineated below. Summary state WC data
used in these calculations are provided in Ap-
pendix A.

HIGH/LOW ALTERNATIVE ESTIMATES FOR

AVERAGE ANNUAL OHL CLAIM COST

It was observed that most of the individual
states in the group of 13 states were relatively
large and represented an aggregate amount of
WC costs much larger than any single state.
While such a large aggregation of states might
have had a different ratio of OHL claim cost to
total WC claim cost (NASI cost), it was not
likely to have an extremely high or low OHL
claim cost ratio as compared to the national
average or the 37 states and DC. The inherent
variability among states and probability for
inaccuracy would have been far greater if trying
to estimate the claim cost for individual states
rather than for a grouping of states. Therefore,
using the data for the 37 states and DC, two
groups of states were selected, both with about
the same total WC costs (OHL and non-
OHL) as the 13 missing states. The first group
included the states with the highest OHL claim
cost ratios and the second included the states
with the lowest OHL claim cost ratios. To
identify these groups of states and calculate the
alternative high and lowOHL claim cost ratios,
the 37 states andDCwere ranked by the ratio of
their OHL claim cost to total WC claim cost
(proportion of OHL claim cost out of all WC
claim cost in that state). Total WC claim costs
were reported by NASI, as defined earlier
(NASI cost). The NASI cost was adjusted for
each state in each year to 2013 levels.

The first group of states with the highest
OHL claim cost ratios were identified by star-
ting with the highest OHL claim cost ratio state
and proceeding down the list to add additional
states until the total WC claim costs of the first
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group approximately equaled the total WC
claim costs of the 13 missing states. The
OHL claim costs for this first group of states
were added together so that the OHL claim
cost ratio could be calculated. This ratio was
then used to calculate the alternative high
estimate of the average annual OHL claim
cost for all 50 states. The same procedure was
followed to identify the second group of states
with the lowest OHL claim cost ratios, starting
at the bottom of the list with the lowest OHL
claim cost ratio state and proceeding up the list
to add additional states until the total WC
claim costs of the group approximately equaled
the total WC claim costs of the 13 missing
states. The OHL claim cost ratio for the second
group was then used to calculate the alternative
low estimate of the average annual OHL claim
cost for all 50 states. Since the total WC cost of
the missing 13 states was quite large, the first
group with the highest OHL claim cost ratios
and the second group with the lowest OHL
claim cost ratios overlapped by one state (Cali-
fornia), with 21 states in the high OHL claim
cost ratio group and 18 states in the low OHL
claim cost ratio group. The estimated ratio of
OHL claim costs to all WC claim costs for the
37 states and DC was 0.099%, the high alter-
native ratio estimate was 0.134%, and the low
alternative ratio estimate was 0.045%.

HIGH/LOW ALTERNATIVE ESTIMATES FOR

AVERAGE ANNUAL NUMBER OF OHL CLAIMS

Alternative high and low estimates for the U.S.
average annual number of OHL claims were
obtained in a similar manner to the average
annual OHL claim cost. High and low number
of claim groups of states with approximately the
same total NASI cost as the 13 missing states
were identified. The NASI cost was first ad-
justed for each state in each year to 2013 levels.
Then for each state, the numbers of claims for
all 5 years were combined and divided by the
sum of adjusted NASI cost for all 5 years. This
yielded a ratio of number of claims per dollar of
NASI cost for each state so that the 37 states
andDC could be ranked from highest to lowest.
The first group of states with the highest ratios
were identified by starting with the highest ratio
state and proceeding down the list to add
additional states until the total WC claim costs

of the first group approximately equaled the
total WC claim costs of the 13 missing states.
The same procedure was followed to identify
the second group of states with the lowest
ratios, starting at the bottom of the list with
the lowest ratio state and proceeding up the list
to add additional states until the total WC
claim costs of the group approximately equaled
the total WC claim costs of the 13 missing
states. After the high and low number of claim
state groups were identified, the total number of
claims per dollar of NASI cost for each state
group was calculated, yielding a high and low
ratio. The first group with the highest number
of OHL claims to NASI cost ratios included 27
states and the second group with the lowest
number of OHL claims to NASI cost ratios
included 11 states. The estimated ratio of
number of OHL claims to NASI cost for the
37 states and DC was 8.57 E-08; the high
alternative ratio estimate was 1.37 E-07 and the
low alternative ratio estimate was 4.32 E-08.
These two ratios were then multiplied by the 5-
year NASI cost for the 13 missing states. This
yielded the estimated high and low number of
claims for the 5-year period for the 13 missing
states, and the high and low average annual
number of claims after dividing by 5. These
estimates were combined with the number of
claims in the 37 states and DC to calculate the
alternative high low estimates of the average
annual number of claims for all 50 states.

HIGH/LOW ALTERNATIVE ESTIMATES FOR

ANNUAL COST PER CLAIM

Alternative high and low estimates for average
cost per OHL claim were also obtained follow-
ing a similar procedure. The OHL claim cost
was adjusted for each state in each year to 2013
levels. Then for each state, data were combined
across years to obtain an overall cost per claim
over the 5-year period. These state costs per
claimwere used to rank the 37 states andDCand
identify the group of high cost per claim states
and the group of low cost per claim states, each of
which had a total NASI cost similar to the 13
missing states. The overall costs per claim for the
high cost per claim group and the low cost per
claim group were calculated. The high and low
average costs per claim for the United States for
the 5-year period were estimated by calculating
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the average, weighted by total NASI cost, of the
cost per claim for the missing 13 states and the
other 37 states and DC.

These analyses indicated that the estimates
of the average annual OHL claim cost, average
annual number of OHL claims, and average
cost per OHL claim for all 50 states did not vary
greatly when using the alternative high or low
OHL claim cost ratios as compared with the
point estimates from the calculations in steps 1
to 4. Developing estimates for a grouping of
states, rather than for individual states, lowered
the impact of state-to-state variability and
allowed for more reliable estimates.

Additional analyses were performed to
compare this study’s results to those based on
separate methods and data sources, to identify
any potential errors of magnitude or direction.
Analyses were also performed to determine the
sensitivity of this study’s results to outliers. This
study’s results were compared to recent available
state-produced estimates with partial informa-
tion for California,40 Massachusetts,41 and
Pennsylvania (not a public report), which in-
cluded some combined estimates for both self-
insured companies and companies covered by
private and state-fund insurance.

To further validate the study results,
a second method was also used to estimate the
number of OHL claims and OHL claim costs
using NASI payroll estimates instead of NASI
total costs. Total payroll is used by the WC
industry to measure the size of insured worker
populations, project claim costs, and determine
premiums. NASI provided this study’s authors
with state payroll information separately for self-
insured companies and companies with private
and state-fund insurance. The ratios of the
number of OHL claims and OHL claim costs
for the 37 states and DC to the total payroll for
companies with private and state-fund insurance
in those states was calculated by state and year
during 2009–2013 and multiplied by the payroll
for self-insured companies in those states. These
ratios were then multiplied by each year’s total
payroll for the group of 13 missing states. After
the total number of claims and OHL claim cost
for all years were added, the average annual
number of claims and costs were obtained. Costs
for years 2009–2012 were adjusted to 2013
dollars.

The number of OHL claims and OHL
claim cost for each state, year, and class code
were analyzed to identify outliers. Estimates
were calculated with and without these outliers
to detect their impact on the combined estima-
tes. Claim data for Tennessee in 2010 were an
extreme outlier. The 2009–2013 claim data for
the State of Tennessee were included in the
estimates for the 37 states and DC, but the
Tennessee data for 2010 were not used when
developing estimates for self-insured compa-
nies and estimates for the 13 missing states.
Instead, the average of the 2009 and 2011 years
for Tennessee data was used as an imputed value
for Tennessee in 2010. Also, the State of Texas
does not require the reporting ofWCIO nature
of injury codes, whichmeans that the number of
OHL claims and the OHL claim cost for Texas
could be underestimates. Since Texas represents
a large portion of the data, sensitivity analyses
were performed by calculating results with and
without Texas to assess the impact on the
combined estimates. The Texas data were ulti-
mately retained.

RESULTS
Data for 12,708 WC claims were available for
examination. These included 10,464 claims
from NCCI during 2009–2013, 1,966 claims
from WCIRB during 2009–2013, and 278
claims from OHBWC during 2009–2013. No
age, gender, race/ethnicity, or education infor-
mation were available for claims.

Table 1 (left side) provides the estimated
number of U.S. WC claims for OHL in all 50
states during 2009–2013, along with estimates
of the total number of jobs covered by WC
insurance, OHL claim rate, total OHL claim
cost for all 5 years, average cost per OHL claim,
and the high and low alternative estimates
(range) for the average cost per OHL claim.
All costs were expressed in 2013 dollars. The
average cost per claim fell between $10,806 and
$12,896, with a point estimate of
$12,051. Table 1 (right side) provides U.S.
average annual estimates based on the 5-year
estimates. The estimated average annual num-
ber of OHL claims ranged from 4,114 to 5,986,
during 2009–2013, with a point estimate of
4,965 claims. The average annual OHL claim

420 SEMINARS IN HEARING/VOLUME 44, NUMBER 4 2023 # 2023. THE AUTHOR(S).



cost fell in the range of $49 to $67 million
during 2009–2013, with a point estimate of $60
million. The second NASI WC payroll-based
method produced similar estimates (data not
shown).

Table 2 provides information on the 40
industry/occupation classifications that had 50
or more OHL claims out of the 10,742 claims
from 36 states and DC. WCIRB data for
California were not included. All but two
classifications had a single primary industry
sector (NIOSH NORA industry sector group-
ing). The Clerical Office Employees—Not
Otherwise Classified (NOC) classification
was distributed across many industry sectors
and was designated as MULTI (multiple), and
Automobile Service or Repair Center and Dri-
vers had two primary industry sectors (Services
and Wholesale and Retail Trade). Every classi-
fication had claims represented in one or mul-
tiple states, with a range of 1 to 35 states (36
being the maximum possible number of states
for this table). Eighteen of these classifications
had a large percentage of their claims in one
state (�40%). The percent of the 10,742 claims
that fell within a single classification ranged
from<1 to 9%, and 61% of the claims occurred
within the 40 classifications.

Among the 40 industry/occupation classi-
fications, 18 were in Manufacturing; 5 were in
Transportation, Warehousing, and Utilities; 3
were in Construction; and 3 were in Services.
The other industry sectors had two or fewer
classifications represented. The industry/occu-
pation classifications with the highest numbers
of claims were Aviation—All Other Employees
and Drivers (922), Coal Mining—NOC (715),
Coal Mining—Surface and Drivers (347),
Clerical Office Employees—NOC (347), Fur-
niture Manufacturing—Wood—NOC (328),
and Upholstering (295).

DISCUSSION
This study found that the average annual cost of
WC claims for OHL was in the range of $49 to
$67 million, far lower than the most recent
estimate of $242 million. The $242 million
estimate relied on data from one state and
1 year, without the benefit of sensitivity or
comparative analyses.9 That estimate filled aT
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critical void at the time, as there were no
available estimates for OHL claim costs for
all 50 states, and there is value to making a cost-
based argument for hearing loss prevention.
However, the $242 million estimate failed to
take account of the high variability among
states—their WC laws, industry composition,
enforcement of safety standards, and other
factors—resulting in a highly inflated number
indicating that far more workers were being
compensated, and at higher levels of compen-
sation, than in actuality.

This study demonstrated that it is critical to
employ data from many states and that exten-
sive analyses are necessary to verify the reason-
ableness of both themethodology and estimates
to approach the “true” number of OHL claims
and OHL claim cost in the United States.
Without complete WC data in every state,
even a well-conceived estimate will only be in
the vicinity of the true value, and while point
estimates are useful and necessary, it is impor-
tant to focus more on the ranges around the
point estimates. These ranges are not synony-
mous with confidence intervals where one can
state with certainty that the interval will contain
the parameter 95 or 99% of the time. Rather,
they are based on high and low alternative
estimates that very likely encompass the
“true” number.

This study found that the average annual
number of claims during 2009–2013 fell in the
range of 4,114 to 5,986 claims. In 2014, ap-
proximately 18.5 million U.S. civilian workers
reported that they had hearing difficulty.1

Among noise-exposed workers that year, there
were 9.2 million cases of hearing difficulty, with
5.3 million cases directly attributable to occu-
pational noise exposure.1 These numbers are for
perspective and not directly comparable to the
number of OHL claims because (1) most OHL
is permanent; so, a worker would report hearing
loss every year after diagnosis but would likely
have only oneWC claim at onset and (2) not all
hearing losses reported by workers are work-
related, although this would not apply to the 5.3
million cases mentioned earlier. Amore directly
comparable example would be the annual num-
ber of recordable “standard threshold shifts”
(significant losses in hearing) among noise-
exposed workers deemed work-related and

recorded on the Occupational Safety and
Health Administration (OSHA) 300 log42,43

or similar mechanism for the Mine Safety and
Health Administration (MSHA). These inci-
dence counts are collected by the BLS Survey of
Occupational Injuries and Illnesses (SOII).37

The number of work-related significant losses
in hearing were 21,700, 21,100, 20,700, 21,000,
and 21,200 in years 2009, 2010, 2011, 2012,
and 2013, respectively.44–48 Even though BLS
SOII incidence statistics likely underestimates
the true incidence of work-related hearing loss
by an order of magnitude,4 they are still far
higher than the estimated annual number of
OHL claims.

This discrepancy between the number of
cases in the BLS SOII and claims in the WC
system may be due to a combination of factors.
The annual process that identifies significant
losses in hearing to be recorded on an OSHA
300 log or equivalent (BLS SOII cases) is
required for noise-exposed workers by federal
regulation in most industries. This process has
no connection to the WC system, and an
identified significant loss in hearing does not
trigger a WC claim. There is also no regular
process for identifying workers with hearing
losses severe enough to meet state WC claim
requirements.Hearing loss is an invisible disease
which is often not recognized by the workers
themselves or is accepted as an expected part of
the job. Workers may not recognize the need to
seek treatment or require time off the job to
recover, and thusmay not see a need to file aWC
claim. State WC claim requirements also vary
widely, and some states have no specific provi-
sions for OHL compensation (although they do
have OHL claims and some OHL claim cover-
age). Some states may have fewer claims due to
laws versus fewer actual OHL cases.

However, there are company incentives to
underreporting both significant losses in hear-
ing on the OSHA 300 log (BLS SOII cases)
and to discourage or contest WC claims.6,49,50

More claims can lead to higher insurance
premiums and too many entries on the
OSHA 300 log can lead to inspections and
fines. Being able to tout a better or “perfect”
safety record can attract new customers and
better candidates for open positions, and also
improve performance evaluations for managers.
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In both instances, companies have significant
influence in what losses are reported on the
OSHA log and what claims are
submitted.6,49,50

This study’s results indicate that WC esti-
mates are a poor measure of the true magnitude
and burden of OHL, and that most occurrences
of OHL in the United States are not compen-
sated by WC insurance. OHL cases for which
noWC claim is filed, or that are not recognized
as work-related, may be treated outside theWC
system. Treatment of such cases may be paid for
by a combination of private health insurance,
Medicare and Medicaid, and/or the workers
themselves. Since coverage of hearing loss by
other forms of insurance is inconsistent andmay
be inadequate, the lack of WC may contribute
to a lack of treatment and missed opportunities
to improve quality of life and overall health.
Treatment, including clinical rehabilitation,
can be greatly beneficial to workers with hearing
loss. This could include fitting hearing aids,
learning how to lip read and use other strategies
to compensate for diminished hearing,51 and,
more rarely after a catastrophic loss, cochlear
implant surgery and follow-up care.52 Workers
with hearing impairment lose healthy years of
life (disability-adjusted life years) during the
working years, and, left untreated, this can
culminate to the loss of many more years of
healthy life during retirement.53 It follows that
it is important that the amount of compensation
is sufficient for adequate treatment. As an
example, the cost of a pair of hearing aids can
easily exceed $5,000 and one pair does not last a
lifetime. The NCCI claim data indicate that for
“all” compensated OHL claims (traumatic and
cumulative loss), the range of compensation was
<$100 to >$800,000 (one claim). However,
63% of OHL claims was�$5,000 and 89% was
�$30,000. Most of the claim cost came from
those few claims at the top of the compensation
scale. The 63% of OHL claims compensated
�$5,000 represented only 5% of costs and the
89% compensated �$30,000 represented only
37% of costs.

Nearly half of the 40 industry/occupation
classifications with the highest numbers of
OHL claims were in the Manufacturing sector.
This was not surprising. Manufacturing has
consistently been one of the top three sectors

(along withMining and Construction) for high
burden and risk of hearing loss.4,54 Eighteen
percent of all Manufacturing workers report
hearing difficulty.1 Among those Manufactur-
ing workers exposed to occupational noise, the
prevalence of a material hearing impairment,
which is a hearing loss severe enough to impact
the understanding of speech, is 20% overall,
with the highest prevalences in Petroleum and
Coal Products Manufacturing (24%), Primary
Metal Manufacturing (24%), Leather and
Allied Product Manufacturing (24%) and
Machinery Manufacturing (24%). About 46%
of Manufacturing workers are exposed to occu-
pational noise.1 However, 28% of those exposed
also report not wearing their hearing protec-
tion.55 More work is needed to safeguard the
hearing of these workers, and to identify and
treat their hearing losses early.

Most of the other identified industry/occu-
pation classifications were in line with hearing
loss risks observed elsewhere in the literature.
However, there were a few that could have been
perceived as “low risk,” including the following:
Clerical Office Employees—NOC; College—
Professional Employees andClerical; Hospital –
Professional Employees; Store – Retail – NOC;
and Salespersons or Collectors – Outside. There
has been some research indicating higher than
expected risks for hearing loss in less recognized
or unrecognized industries. These include health
care and professional industries such as Finance
and Insurance, Real Estate, Education Services,
and Professional, Scientific and Technical Ser-
vices.4 Hearing losses in these groups typically
occurred among the small proportions of noise-
exposed workers.4 However, the industry/occu-
pation classifications identified here, especially
ClericalOfficeEmployees –NOC,Store –Retail,
and Salespersons or Collectors – Outside, are
very large, employing many millions of workers.
Themoreworkerswho fall in these classifications,
the more likely there will be more WC claims.
Since complete denominator data were not avail-
able for these classifications, the effect of the
classification size cannot be isolated.

Beyond these specific classifications, in
addition to a lack of denominator data, some
industry/occupation classifications and associ-
ated class code definitions are very complex, and
more information would be needed beyond
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what is available in the WC data for a complete
understanding. There can also be significant
variations among states in how certain class
codes are defined. More broadly, there are
additional deficiencies in the available OHL
claim information that prevent a clear under-
standing of the nature and cause of events and
the severity of the hearing loss. Research is
needed to better comprehend and categorize
the “types” of OHL claims (e.g., single event or
chronic exposure, sources of causation).

Limitations and Strengths

This study had limitations. OHL claim data for
federal workers, which represent about 2% of
the workforce, were not available and are not
included in this study’s estimates. Other types
of workers that are typically not required to be
covered under WC insurance comprise nearly
15% of the workforce. The largest group among
these potentially uninsured workers are the self-
employed. Other groups include some domestic
and farm positions paying less than a threshold
amount; some local and state jobs (e.g., elected
positions); and positions in some nonprofit
organizations (e.g., religious organizations in
some states). Non-covered workers do not have
the opportunity to submit WC claims. All
states except Texas and Wyoming require
WC insurance coverage,29 though the majority
of companies in these states do maintain cover-
age. For example, in 2020, 71% of Texas private
sector companies had WC coverage, represen-
ting 81% of the Texas workforce.56 Railroad
workers are covered under a separate program
under the Federal Employer’s Liability Act
(FELA) and longshore and harbor workers
are covered separately under the Longshore
and Harbor Workers’ Compensation Act, and
this study did not have access to these data.

OHL claim data were not available for 13
states, although limited information was avail-
able for Massachusetts41 and Pennsylvania (not
a public report) for comparison with this study’s
estimates. The estimated counts ofOHL claims
for these states were similar to the numbers
reported in these sources. Extrapolating WC
cost data from the grouping of 35 NCCI states
and DC to other states has established prece-
dent.35 The use of the ratios of OHL claims

cost and counts to NASI total WC costs was a
novel approach to extrapolation, but a separate
payroll-based method produced similar estima-
tes. Sensitivity analyses were also used to gen-
erate alternative high and low estimates. In
addition, this study developed estimates for a
grouping of states, thereby avoiding larger
errors that would be associated with developing
estimates for individual states whose OHL
claim rates vary widely. However, this cannot
completely eliminate the possibility that miss-
ing data for states with very high or low rates
may have led to error. In addition, since Texas
does not require the reporting ofWCIO nature
of injury codes, the number of OHL claims and
OHL claim cost for Texas may be underesti-
mated. Also, outliers were identified and one
was removed and replaced with an imputed
value for the development of estimates for self-
insured companies and the 13 missing states
(2010 claim data for Tennessee). Although the
majority of the missing states were from the
Midwest (5) and Mid-Atlantic region (4),
which may tend to be more highly industrial,
this should have not biased the results for
several reasons. First, regional differences are
likely due to a number of factors including
industry mix and stateWC differences. Second,
the Southwest, South, and West Regions actu-
ally had higher ratios of OHL claim cost and
counts compared to NASI cost in the Midwest
and Mid-Atlantic regions in the NCCI data.
Finally, sensitivity analyses were performed to
account for potential differences in the NCCI
data and missing state data.

A lack of claim data for self-insured com-
panies contributed to uncertainty in the estima-
tes. The NASI cost ratio, which is the ratio of
self-insured to private and state-fund insured
costs for allWC claims in each year, was used to
represent the ratio of self-insured to private and
state-fund insured OHL claim costs occurring
in the same year. This method takes account of
the possibility that self-insured companies may
have a greater general capacity to control WC
costs but assumes that any such differential
would apply equally to OHL claims and other
types of claims, and that the percentage of WC
claims related to OHL is similar among self-
insured and private and state-fund insured
companies. The average ratio of self-insured
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to private and state-fund insured NASI costs
was 0.34 during 2009–2013; so self-insured
costs were estimated to be 34% as large as the
private and state-fund insured costs for OHL
claims. As noted previously, the assumptions
for this calculation had empirical support from a
preliminary analysis indicating that the ratio of
OHL claims to all WC claims was similar for
self-insured and private and state-fund insured
companies. However, this analysis did find that
the percentage of WC OHL claims was 9.3%
lower among self-insured companies (J. W.
Ruser, personal communication, August 18,
2021; J. W. Ruser, personal communication,
February 26, 2021). It is also not known
whether the cost per OHL claim for self-
insured and private and state-fund insured
companies differ. However, even if the cost of
self-insured OHL claims was actually lower
than the cost of private and state-fund insured
claims by twice that percentage (18.6%), this
would be equivalent to an alternative ratio of
0.2768. This lower ratio yields a cost estimate
for the United States that is only $2.83 million
(4.7%) lower than the point estimate of $60
million.

Another limitation is related to the use of
NASI cost to measure the relative amount of
total costs of private and state-fund insured
companies and self-insured companies and to
measure the relative amount of total costs in the
states with and without available OHL claim
data. See Appendix B for a discussion of
potential inaccuracy due to nonequivalence of
NASI cost (paid cost for all claims to date
within a calendar year) and cost (incurred cost
for all claims for injuries or illnesses occurring in
a calendar year). This study was limited to
estimating the claim cost paid to OHL clai-
mants (benefits paid). Additional costs associ-
ated with WC claims are difficult to measure.
These include administrative costs for proces-
sing claims, the cost of underwriting, risk
control services, and other costs of the WC
insurance system. These additional costs are
estimated by one study to be equal to 48% of the
size of actual benefits paid for all WC claims.35

Study estimates also do not include the entire
amount of lost earnings, much of which is borne
by the injured worker.57 WC payments for lost
wages can include those for temporary total

disability and permanent partial disability as
described earlier. However, research has indi-
cated that the actual percentage often falls
substantially below that57,58 because (1) benefits
are capped at 100 to 200% of the state average
weekly wage and (2) there are long-term decli-
nes in earning ability that are not captured as
lost work time. Some reductions in productivity
associated with OHL are also likely to be borne
by companies, but there is little research avail-
able to quantify this cost. This study also
employed data from the fifth report of claim
cost, which becomes available in the fifth year
after the year of injury. Later reports incorpo-
rate more information on actual costs and tend
to result in upward revisions of estimates of
total cost. Although the time period used
(2009–2013) spans the Great Recession, the
potential impacts of the economic recession on
the analysis appears minimal. The NASI cost
for all claims varied only slightly during this
period, ranging from $59 billion in 2009 to $60
billion in 2013.

No demographic information for OHL
claims was available for analysis. The combined
industry/occupation classifications had some
limitations. Separate industry and occupation
information is the gold standard for identifica-
tion and surveillance purposes, although these
classifications were fairly detailed. Industry/
occupation classifications were assigned by
companies and insurance carriers based on state
law, which can vary. For example, NCCI allows
states to create state-specific industry/occupa-
tion classifications. Companies and insurers can
make mistakes in classification, and there is
some incentive for companies to classify them-
selves into industries with lower WC costs in
order to pay lower insurance premiums. While
this study’s authors took great care to assign
NIOSH NORA industry sectors based on the
industry/occupation classifications and associ-
ated information available, sector misclassifica-
tion was also possible.

The industry/occupation classifications
presented in Table 2 are only those with claim
counts �50. This is numerator information.
Complete denominator information was not
available by industry/occupation classifications.
Thus, large classifications that occur in most
industries, such as clerical, may have higher
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counts, in part, due to having a larger denomi-
nator rather than a higher risk for OHL. There
were some OHL claims (2%) for which no
industry/occupation classification was available,
preventing identification of potential exposures
for this small percentage of workers. Narrative
event descriptions were not available for NCCI
and WCIRB claims, which included nearly all
of the claims analyzed in this study. Narratives
were available only for OHBWC claims. These
narratives provided only limited information
such that the events leading to each hearing
loss could not be precisely determined or the
severity of the hearing loss in most cases. If such
information had been available, it may have
enabled more accurate identification and char-
acterization of OHL claims. Instead, nature of
injury codes were generally relied upon.

Despite these limitations, this study was
the only recent one to incorporate data from
most states (37 and DC) to estimate the total
number of OHL claims and the OHL claim
cost for all 50 states. The last study that did this
was published in 1979.59 These data were not a
sample, but rather complete data for all claims
from private and state-fund insured companies
in these states and DC. This is also the first
study to provide ranges for key OHL claim
estimates based on alternative high and low
estimates. Five years of data were used to
strengthen the reliability of the estimates.
Both sensitivity and comparative analyses
were employed to support the validity of the
assumptions for estimates and the accuracy of
the estimates themselves.

CONCLUSIONS
This study demonstrated that to develop a valid
and reliable estimate approaching the “true”
number of OHL claims and OHL claim cost
in the United States, it is critical to incorporate
data from many states and perform extensive
analyses to test the reasonableness of both the
methodology and estimates. States vary widely
in theirWC laws, mix of industries, claim costs,
and rates as shown in Appendix A, and other
factors. The prior estimate of annual OHL
claim cost in the United States ($242 million)
was an overestimate likely due to being based on

data for one state in 1 year. This study estimated
that the average annual OHL claim cost ranged
from $49 to $67 million and that the average
annual number of OHL claims ranged from
4,114 to 5,986 claims.

The average annual number of OHL
claims is very low compared to the number of
hearing loss cases identified in other worker
health surveillance sources such as CDC sur-
veys and the BLS SOII. This indicates thatWC
estimates do not provide an accurate picture of
the true burden of OHL in the United States
and significantly underestimate the problem. It
also indicates that most cases of OHL are not
being compensated through the WC system.
Most treatment would then need to be paid for
by the worker’s private health insurance, Medi-
care, Medicaid, or out of pocket. Insurance
coverage may be inadequate and workers may
not have the funds for such treatment; so, poor
WC insurance coverage or application may
contribute to fewer workers receiving medical
attention critical for preserving quality of life
and reducing years of healthy life lost.

Nearly half of the industry/occupation
classifications with the highest numbers of
OHL claims were in Manufacturing. Workers
in this industry and others who are at the
highest risk for hearing loss—those who are
noise-exposed—need special attention to pre-
vent OHL. Finally, additional research is need-
ed to better understand the events leading to
eachOHL claim, and the severity of the hearing
loss. The demographics of OHL claimants also
need to be explored. High-risk groups for OHL
are well-documented in the literature. Examin-
ing demographics among WC claimants could
elucidate whether there are similar patterns
among WC claimants.
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APPENDIX B: UNCERTAINTY ASSOCIATED WITH THE USE OF NASI COST
(PAID COST) RATIOS TO REPRESENT INCURRED COST RATIOS

In order to estimate OHL claim costs for self-
insured companies and the 13 states for which
data were unavailable, calculations relied upon
the observed ratios of “cost” (total incurred
OHL claim cost) to “NASI cost” (total paid
cost of all WC claims) among private and state-
fund insured companies in the 37 states andDC
for which data were available. In each of the 37
states and DC, this ratio was multiplied by the
NASI cost for self-insured companies to obtain
estimates of self-insured incurred OHL claim
costs. Similarly, for the 13 missing states, the
overall ratio for the group of 37 states and DC
was multiplied by the NASI cost for companies
in the 13 missing states to obtain estimates of
incurred OHL costs in these states. However,
there is a technical issue with this method that
arises because of the possible discrepancy be-
tween NASI paid costs and incurred costs. It
would have been natural to base calculations on
the ratio of the incurred cost of OHL claims to
the total incurred cost of all WC claims, but
total incurred cost of all WC claims in the years
of this study (2009–2013) was unavailable. This
led to the use of total NASI cost instead. But as
explained above in the Methods section, there
are important differences between NASI paid
cost and incurred cost. NASI costs paid in a year
are payments made on all open claims for
injuries and illnesses of past years as well as
the current year, while incurred cost refers to
costs incurred by injuries and illnesses occurring
in a single year and includes projected future
costs not yet paid. Thus, the relative amount of
NASI cost may not accurately represent the
relative amount of cost of self-insured compa-
nies versus private and state-fund insured com-
panies, or the relative amount of cost of the
states with and without available data.

To explore the impact of the possible non-
equivalence of NASI cost (paid) and cost (in-
curred) ratios on the estimates, an examination
can be made of changes over time in the relative
amount of NASI costs of two groups: compa-
nies for which data were available and compa-
nies for which data were not available. More

specifically, where SI¼ self-insured companies
and PSF¼ private and state-fund insured
companies:

The estimation of OHL costs among compa-
nies for which data ara unavailable depends in
part on the assumption that the NASI paid cost
ratio is equal to the ratio of incurred costs for
these two groups of companies, defined as:

If the NASI paid cost ratio is stable over time,
this suggests that the corresponding incurred
cost ratio is also stable and is similar. This is
because incurred cost ratios are actuarial pre-
dictions of paid cost ratios in the future after all
costs for a year’s claims are paid, and if these
predictions are approximately the same each
year, then each year’s cost ratio should be
approximately the same each year as well.
Incurred cost may not accurately predict future
NASI paid costs, but there is no known reason
why any bias in these predictions should be
different for the two large groups of companies
and thus cause a deviation of the incurred cost
ratio from the NASI paid cost ratio. If the
NASI paid cost ratio is not stable, and instead is
shifting significantly over time, this suggests
that each year’s incurred cost ratio is different
from the NASI paid cost ratio and is also
shifting each year so as to cause the NASI
paid cost ratio to adjust to include the costs of an
additional year of claims. The magnitude of any
variation in the NASI cost ratio thus suggests
the potential size of the difference between the
NASI and incurred cost ratios.

Fig. B.1 gives the NASI paid cost ratio of
companies without data to companies with data
over the 5-year study period and the following
6 years, based on pooled cost for all states. The
overall picture is one of fair stability. The NASI
paid cost ratio ranged between 1.025 and 1.067

WORKERS’ COMPENSATION COSTS FOR HEARING LOSS/MASTERSON ET AL 435



in 2009–2013, with an average ratio of about
1.05. There is some evidence of a downward
trend during 2011–2013, suggesting that the
incurred cost ratio may have been below the
NASI paid cost ratio in 2012–2013. An exam-
ple calculation can suggest the potential mag-
nitude of error. If the incurred cost ratio was the
same as the NASI paid cost ratio in 2009–2011
when the NASI paid cost ratio was steady, but
then fell below the observed paid cost ratio of
1.037 in 2012–2013 to an average of 1.01, then
the average incurred cost ratio in 2009–2013
would have been 1.04. Calculation with this
value would have decreased the estimate of
overall claim cost by about $0.31 million, a
decrease of 0.54% from the main point estimate
of $60 million. While the incurred cost ratio
could have been still lower than 1.01 in 2012–

2013, the subsequent upward trend from 2013
to 2019 suggests that any underestimate of the
ratio in 2012–2013 may be limited. This trend
implies that the incurred cost ratio was increas-
ing during 2014–2019. It also suggests that the
ratio of costs incurred during the study period
may have been higher than indicated by the
NASI paid cost ratios, since study period claim
costs are an important share of NASI cost
during 2014–2019 and especially in 2014–
2015. Thus, the evidence is somewhat mixed
on the question of whether the incurred cost
ratio may have been higher or lower than the
NASI paid cost ratio during 2009–2013. This,
along with the reasonable stability of the ratio,
suggests that there is likely to be a modest
difference between NASI paid and incurred
cost ratios.

Appendix Figure B.1 National Academy of Social Insurance (NASI) Cost Ratio of companies without data to
companiesQ3 with data.29–34
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