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Abstract

Background: Quality-adjusted life years (QALY) provide a means to compare injuries using

a common measurement, which allows quality of life and duration of life from an injury to be
considered. A more comprehensive picture of the economic losses associated with injuries can be
found when QALY estimates are combined with medical and work loss costs. This study provides
estimates of QALY loss.

Methods: QALY loss estimates were assigned to records in the 2018 National Electronic Injury
Surveillance System-All Injury Program (NEISS-AIP). QALY estimates by body region and
nature of injury were assigned using a combination of previous research methods. Injuries were
rated on six dimensions, which identify a set of discrete qualitative impairments. Additionally, a
seventh dimension, work-related disability, was included. QALY loss estimates were produced by
intent and mechanism, for all ED-treated cases, by two disposition groups.

Results: Lifetime QALY losses ranged from 0.0002 to 0.388 for treated-and-released injuries,
and from 0.031 to 3.905 for hospitalized injuries. The one-year monetary value of QALY losses
ranged from $136 to $437,000 among both treated and released and hospitalized. The lifetime
monetary value of QALY losses for hospitalized injuries ranged from $16,000 to $2.1 million.

Conclusions: These estimates provide information to improve knowledge about the
comprehensive economic burden of injuries; direct cost elements that can be measured through
financial transactions do not capture the full cost of an injury. Comprehensive assessment of the
long-term cost of injuries, including quality of life losses, is critical to accurately estimate the
economic burden of injuries.
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BACKGROUND

In order to generate a more complete estimate of the economic burden of injuries, it is
necessary to include an estimate of the quality of life (QoL) lost as a result of injury. The
quality-adjusted life year (QALY) is a measure of disease or injury burden that captures both
the quality and the duration of life lived post disease or injury. QALYS, either monetized

or unmonetized, are used in studies of injury costs and of treatment and prevention benefits
from many perspectives including those of society, of victims and their families, and of the
health care system when analyzing its ability to cost-effectively produce and preserve health.
In analyses of preventive intervention, the expected QALY gain represents the unmonetized
or monetized value of injury risk reduction across a target population.

In 2013 it was estimated that nonfatal injuries accounted for over $456 billion in lifetime
medical and work loss costs in the United States.[1] In 2018 an estimated 23 million injuries
were seen in an emergency department (ED).[2] Injuries are classified by intent either

as unintentional, violence-related, or undetermined and have several mechanisms such as
poisoning, falls, and motor vehicle crashes (MVC).[3] The total lifetime economic burden
of injury differs by mechanism and intent. For example, in 2013 it was found that the total
lifetime costs of unintentional injuries were more costly than assault or self-harm injuries.[1]
Further, costs of injuries also differ at the per-event level by disposition (i.e., includes treated
and released vs. hospitalized). All types of injuries had a higher associated cost when they
occurred in visits with hospitalization.[1]

QALYs provide a means to compare different types of injuries using a common
measurement, which allows incorporation of the quality of life and duration of life from
an injury to be considered. When QALY estimates are combined with medical and work
loss costs they can help to provide a more comprehensive picture of the economic losses
associated with injuries. A QALY typically takes a value between 0 and 1, where 0
represents death and 1 represents perfect health. A loss of one QALY is the equivalent
of losing one year of life in perfect health.

There is limited literature on QALY losses for injuries comprehensively in the United
States (U.S.). Previously published literature identifies QALY's for traumatic brain injury
(TBI)[4] or road injuries.[5, 6] Additionally, there is research that identifies QALY losses
in European countries.[7] There is literature that identifies quality of life cost for hospital
treated non-fatal injuries, however it does not produce individual QALY loss estimates

for specific injuries.[8] The present study contributes to the literature in three key ways.
First, to our knowledge this is the first study in 25 years to produce QALY loss estimates
for non-fatal injuries by type of injury and the second study to estimate the QALY loss
associated with non-fatal injuries in the United States by mechanism, intent, and disposition,
classifications that are meaningful to U.S. injury public health. Additionally, this study uses
data on hospital ED visits from National Electronic Injury Surveillance System-All Injury
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Program (NEISS-AIP), which has a higher level of detail on injuries and uses trained coders
for injuries leading to better accuracy for diagnoses codes, allowing for greater precision in
matching with QALY values. Finally, this study provides contemporary estimates of QALY
loss with data from 2018. This study deals strictly with non-fatal injuries so its QALY do
not include mortality measure.

QALY loss estimates were assigned to records in the 2018 NEISS-AIP, the most recent year
of data available at the time of analysis. NEISS-AIP collects data on initial visits for non-
fatal injuries treated in a hospital ED. Visits were classified into two dispositions: treated
and released and hospitalized (which includes transfers). Visits classified as observations,
leaving against medical advice, or unknown were removed from the dataset.

QALY estimates by body region and nature of injury were assigned in four stages using
previously published research methods.[5, 9] Stage 1 used the Hirsch et al.[10] ratings by
an expert panel of physicians who reported functional capacity losses over time for most
injuries listed in 7he Abbreviated Injury Scale, 1980 Revision (A1S-80).[11] The Hirsch
expert panel deliberately restricted its ratings to functional capacity losses, as those are
objective medical facts. The panel recognized that it did not have expertise on the effects
of injury on role function (usual activities) and that psychological impacts of injury were
determined by details of the injury event and the injury victim’s behavioral health and
resiliency pre-injury as well as the physical losses, meaning they were not predictable by
diagnosis. The panel rated physical impairment nature and duration by diagnosis along six
dimensions of functioning: mobility, cognitive, cosmetic, sensory, pain, and daily living.
Each dimension was defined by four levels of impairment — slight, moderate, severe, and
maximum or total. The panel described the typical recovery trajectory based on the time
spent at each level of impairment during the first year after injury, in years two through five,
and in year six onward. It also assessed variations in recovery trajectory by patient age.

AIS-1 injuries, which are the least severe injuries (e.g., contusions, abrasions),[10] and
non-traumatic injuries (such as non-severe and hospital-admitted burns, submersion, lead
poisoning, frosthite, and electric shock) were not mapped by Hirsch et al. AIS-1 injuries
were assigned impairments of 0 in this stage.[5] Other sources provided impairment ratings
for the non-traumatic injuries.[12-14] The Appendix gives further information and an
example.

The second stage added a seventh role-oriented dimension, work-related disability to the
six dimensions of physical functioning. This dimension was calculated using the same work
disability values previously used to estimate work loss for WISQARS.[15] Those values are
based on temporary and permanent disability data from more than 450,000 worker injuries.
This seventh dimension constitutes the only QALY loss estimated for AIS-1 injuries.

In the third stage, health-related utility weights were assigned to each level of each
dimension of functional capacity loss and to the work-related role loss. Those weights had
been determined through a systematic review of the utility-based QALY scoring literature.
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[6] The review determined medians of utility scores that preference-based questionnaires
assigned to the dimensions and functional loss levels included in the QALY assessment.

Because the WISQARS cost framework explicitly values the wage loss resulting from
nonfatal injury, to avoid double-counting, the utility weight associated with the percentage
of earning capacity lost to an injury was calculated net of earnings loss and represents

the value, e.g., of social interactions in the workplace and feeling productive. In removing
the income loss, the utility weight calculation for work disability relies on the value of
statistical life (VSL), which is the amount that a large group of people are willing to pay
in the expectation of saving one life. That value was calculated using the VSL prescribed
by the US Department of Health and Human Services of $9.6 million in 2014 dollars.[16]
Additional information and an example can be found in the Appendix, and elsewhere in
more detail.[14]

Finally, impairment estimates were merged with the 2018 NEISS-AIP data by admission
status (treated/released and hospitalized), NEISS injury diagnosis and body part,[17] age
group (0-15, 16-45, 46-65, >65), and three mechanism or intent categories: traffic,
violence, and all others. QALY estimates were calculated by intent and mechanism. Injuries
were grouped by intent (unintentional/unknown/undetermined and violence-related) where
violent intents were further classified into assault, self -harm, and legal intervention. QALY
losses were calculated using NEISS injury diagnosis, body part, and age group. Estimates
were produced by intent and mechanism, for all ED-treated cases, by two disposition
groups: treated and released, and hospitalized. Life expectancy was discounted by 3% and
based on life tables published by the National Center for Health Statistics.[18] QALYs
were calculated for one-year and lifetime loss. In addition, the QALY loss per injury was
monetized by multiplying by a value of $530,000 per QALY.[19] SAS version 9.4 (SAS
Institute Inc., Cary, NC, USA) was used to conduct all statistical analyses. The public was
not involved in the design of this secondary analysis of existing data sets.

RESULTS

Table 1 reports the average estimated QALY loss and cost per nonfatal injury by intent

and ED disposition. A person with an injury of unintentional /unknown /undetermined
intent who is treated and released is estimated to lose an average of 0.093 QALY during

the year following the injury. This first-year QALY loss is valued at almost $50,000.

Those with a violence-related injury who are treated and released had first-year QALY
losses between 0.018 and 0.155 years, with an estimated monetary value between $9,700
and $82,000. A similar pattern holds for those who are hospitalized as a result of their
injury. A person hospitalized with an injury of unintentional/unknown/undetermined intent
is estimated to lose an average of 0.241 QALY during the year following the injury, with

an estimated monetary value of almost $128,000. Those with a violence-related injury who
are hospitalized had first-year QALY losses between 0.045 and 0.255, with a monetary
value between $24,000 and $127,000. Lifetime QALY losses ranged from 0.033 to 0.300 for
treated-and-released injuries, and from 0.119 to 0.550 for hospitalized injuries. The lifetime
monetary value of QALY losses for hospitalized injuries ranged from $63,000 to $292,000.
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Table 2 reports the average estimated QALY loss and cost per nonfatal injury by mechanism
and ED disposition among all intents of injury. Among those who were treated and released,
one-year QALY losses ranged between 0.000 for drowning/submersion and 0.178 for falls.
The associated monetary losses ranged from $136 to $94,000. Similarly, lifetime QALY
losses among those treated and released ranged from 0.000 for drowning/submersion to
0.388 for falls, resulting in a monetary loss of $231 to $206,000. Among those hospitalized,
one-year QALY losses ranged from 0.018 for poisoning to 0.824 for drowning/submersion,
resulting in monetary losses of $9,400 to $437,000. Lifetime QALY losses for those
hospitalized ranged from 0.031 for poisoning to 3.905 for drowning/submersion; monetary
losses ranged from $16,000 to $2.1 million.

Among those with unintentional injuries that were treated and released, one-year and
lifetime QALY losses were lowest for drowning, poisoning, foreign body, and inhalation/
suffocation (0.000-0.009) (Data not reported). Among those hospitalized, one-year QALY
losses were lowest for poisoning, inhalant, foreign body, and other specified (0.018-0.081)
and lifetime QALY losses were lowest for poisoning, foreign body, dog bite, and other
specified (0.027-0.148). The highest one-year treated-and-released QALY losses were for
pedal cyclist and fall (0.127-0.178), and lifetime QALY losses were highest for pedestrian,
other transport, and fall (0.246-0.388). The highest one-year hospitalized QALY losses were
for pedestrian, fall, and drowning (0.357-0.824), and lifetime QALY losses were highest for
pedestrian, fall, and drowning (0.753-3.906).

Among those with violence-related injuries that were treated and released, one-year and
lifetime QALY losses were lowest for drowning, poisoning, foreign body, and machinery
(0.000-0.005) (Data not reported). Among those hospitalized, one-year and lifetime QALY
losses were lowest for poisoning, natural/environmental, foreign body, and other specified
(0.014-0.078). The highest one-year and lifetime treated-and-released QALY losses were for
other transport and fall (0.200-0.446). The highest one-year and lifetime hospitalized QALY
losses were for pedal cyclist and drowning (0.825-3.885).

DISCUSSION

This study provides quality of life loss values and monetary valuations by both injury intent
and injury mechanism using the NEISS-AIP. These estimates are valuable for public health
approaches that address injuries by mechanism and intent—for example, self-harm and
suicide, homicide, falls, and motor vehicle injuries. Additionally, they provide information
to improve knowledge about the comprehensive economic burden of injuries; direct cost
elements that can be measured through financial transactions, such as medical care and

lost work productivity, do not capture the full cost of an injury. In addition, estimates by
injury type, can help to quantify per-person experiences with injuries over the long term,
contributing to expanded analysis opportunities to compare comprehensive long-term injury
costs to the cost of public health injury prevention efforts.

This study is subject to at least three limitations. First, these estimates are specific to an
important and long-standing nonfatal injury surveillance system, NEISS-AIP. This study’s
estimates will allow researchers to accurately and systematically describe the quantity and
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value of quality of life losses reported in that data source. Since NEISS-AIP is an ED-based
sample, it excludes injuries treated in non-hospital settings, such as doctor’s offices or urgent
care, and those admitted directly to a hospital without an ED visit. Thus, these estimates

do not include those treated outside the ED or who did not seek medical care. Second,
ideally the QALY losses over time for each of the hundreds of injuries assessed would

be determined by enrolling statistically valid patient samples by diagnosis and tracking

their recovery longitudinally. That effort would be prohibitively expensive and burdensome.
Instead, we built QALY losses by applying utility based QALY weights to physician reports
of objectively measurable functional losses and administrative data on work-related role
impairment. Those clinical reports of typical recovery arcs are several decades old;[10] they
might not accurately reflect current recovery arcs, given advances in medicine since 1983.
Although more recent studies of injury impairment have surveyed patients directly about
their experiences [20] or used general population surveys to rank impairment descriptions of
different health states,[21] these studies covered only modest numbers or broad categories of
injury. Preliminary comparisons of selected broad diagnosis groups, however, suggest that if
anything the clinical estimates of functional recovery were over-optimistic. Finally, only one
diagnosis per injury episode was taken into account in estimating QALY losses; in the case
of a person with multiple injuries, the estimates presented here likely undercount quality of
life losses

CONCLUSION

Quality of life losses are an important element in public health analysis of illness and
injuries. Estimates presented here indicate that the total cost of injuries extends beyond
direct costs such as medical care and lost work productivity. Comprehensive assessment
of the long-term cost of injuries, including quality of life losses, is critical to accurately
estimate the economic burden of injuries.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already known on this subject

. QALYs provide a means to compare different types of injuries, incorporating
of the quality of life and duration of life from an injury.

. The total lifetime economic burden of injury differs by mechanism and intent.
What this study adds

. This study uses data on hospital ED visits from National Electronic Injury
Surveillance System-All Injury Program (NEISS-AIP), allowing for greater
precision in matching with QALY values.

. This study produced contemporary QALY loss estimates for non-fatal injuries
in the United States by type of injury and by mechanism, intent, and
disposition.
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