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ABSTRACT
Background This study aimed to assess the medical 
costs, and the combined costs of fatal firearm injury 
and fatal falls during a 5 year period. While fatal firearm 
injury represents a significant public health concern, 
the healthcare community is faced with the significant 
challenge of fatal falls, particularly in light of the elderly 
population growth.
Methods Data were exported from the Web- based 
Injury Statistics Query and Reporting System database for 
fatal firearm and falls in patients aged between 15–85 
years- old. The primary outcome was medical cost and the 
secondary outcome was combined costs (combination of 
medical costs and value of statistical life).
Results The medical cost of fatal falls was significantly 
higher in 2015–2020 in all age groups. The combined 
cost was significantly higher in fatal firearm injury 
overall. We found the combined cost was higher in fatal 
falls after 2019 for patients in the 45–85+ age range. 
During 2015–2019, the percentage of fatal falls had a 
significant increase in all age ranges, with a rise in the 
slope in 2019 for patients over 65 years. The annual 
percent change (APC) for the proportion of fatal falls 
increased from 2015 to 2020, there was a significant 
increase in the slope after 2019 (2.81% APC before 
2019 vs 6.95% after 2019).
Conclusion Geriatric fatal falls have significantly 
higher medical costs compared with fatal firearm 
injury. The combined cost for fatal falls exceeded fatal 
firearm injury after 2019 which highlights the increasing 
socioeconomic burden of an aging population.
Level of evidence Level III retrospective study.

INTRODUCTION
Falls among older adults are a significant public 
health issue, affecting millions of individuals 
each year. A fall can have a significant impact on 
the quality of life of an elderly person, leading to 
injury, disability, and even death.1 Geriatric falls are 
particularly concerning due to the vulnerability of 
older adults to injury, and the increasing risk of falls 
as people age.2 Understanding the causes, conse-
quences, and prevention of geriatric falls is crucial 
to maintaining the health and well- being of the 
elderly population.3

The WHO reports that falls are the second 
leading cause of accidental or unintentional injury 
deaths worldwide, with adults over 65 years- old 
being particularly vulnerable. Falls are respon-
sible for approximately 20% of all injury- related 
hospital admissions and are a leading cause of trau-
matic brain injuries.4 5 Falls can lead to fractures, 

particularly of the hip, wrist, and spine, which can 
result in significant disability, chronic pain, and 
loss of independence. Additionally, falls can have 
psychological consequences such as anxiety, fear of 
falling, and social isolation.6

The economic burden of geriatric falls is a signif-
icant concern for individuals, families, and society. 
Falls among older adults can result in substantial 
medical expenses, decreased productivity, and 
diminished overall quality of life.7 According to the 
Centers for Disease Control and Prevention (CDC) 
the direct medical costs associated with falls among 
older adults in the USA exceeded $50 billion in 
2015,8 9 encompassing expenses for hospitalization, 
rehabilitation, and long- term care. The economic 
burden of geriatric falls extends beyond the health-
care system to include lost wages.

Conversely, the economic burden of firearm 
injury- related deaths is also significant and far- 
reaching.10 11 The cost of firearm- related injuries 
and deaths extends beyond the immediate medical 
expenses and includes long- term costs associated 
with disability, lost productivity, and decreased 
quality of life.12 Although the cost of firearm- related 
injuries and deaths is a significant public health 
issue, it is often perceived as a more acute problem 
due to its association with intentional injuries.

Both firearm injuries and falls have been shown 
to be responsible for the most years of potential 
life lost (YPLL). Firearm injuries disproportionately 
affect younger populations, leading to a higher 
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YPLL and value of statistical life (VSL) compared with falls. 
Consequently, the combined cost, which incorporates YPLL, is 
anticipated to be greater for fatal firearm- related injuries overall. 
However, with the growing geriatric population and the dynamic 
population pyramid – due to increased quality of medical care 
and life expectancy – these trends and burdens could change.13

Understanding the economic impact of firearm injuries and 
geriatric falls can provide valuable insights for policymakers 
and healthcare professionals in prioritizing resources and devel-
oping effective strategies to mitigate these risks. This study aims 
to calculate the associated medical costs and combined costs of 
fatal firearm and fall- related injuries and to report the alterations 
in these parameters based on age ranges over a 5 year period in 
the USA.

METHODS
We exported data from the Web- based Injury Statistics Query 
and Reporting System database (WISQARS), which is an inter-
active, online database that provides fatal and nonfatal injury, 
violent death, and cost of injury data from the CDC.14 WISQARS 
is an interactive database developed and maintained by the CDC 
and provides data on fatal and nonfatal injuries, violent deaths, 
and cost of injuries in the USA. This database contains informa-
tion regarding more than 20 causes of injury among different 
populations and geographic locations and is considered to be 
a valuable resource for researchers, policymakers, public health 
officials, and the general public who are interested in under-
standing and preventing injuries and violence.14 The key features 
of WISQARS are:

 ► Fatal Injury Data: Provides data on deaths resulting from 
various types of injuries.

 ► Nonfatal Injury Data: Provides data on nonfatal injuries 
treated in hospital emergency departments in the USA.

 ► Violent Death Data: Contains data on violent deaths 
collected through the National Violent Death Reporting 
System (NVDRS).

 ► Cost of Injury Reports: Estimates the economic burden of 
injuries, including medical costs and lost productivity.

It should be noted that this study was exempt from Institutional 
Review Board (IRB) review due to secondary analysis of publicly 
available data.

Using the WISQARS data, we examined patients between the 
ages of 15 and 85+. For each injury, we collected the number of 
fatal cases, including unintentional injuries, homicide, suicide, 
legal intervention, and undetermined cases. We also gathered 

data on the total number of the population in the USA and the 
YPLL for both firearm injuries and falls. The medical costs of 
both types of injuries were then assessed and compared, along 
with the average medical costs for each injury.

Furthermore, we assessed the combined cost of injuries, which 
is defined as a sum of VSL (according to YPLL) and medical costs 
for CDC fatal injuries.15 For both falls and firearms, all costs 
are expressed in 2021 US dollars.16 It should also be noted that 
according to the CDC, the average life expectancy at birth in the 
USA in 2019 was 78.8 years.17 Because WISQARS only allows 
choosing a YPLL calculation cut- off of 75 or 80 years, we used 
“80 years” for this calculation as it is closer to 78.8 years.

We should explain that VSL is a monetary estimate of the 
collective value placed on mortality risk reduction as derived 
in research studies through revealed preferences (eg, observed 
wage differences for dangerous occupations) or stated pref-
erences from surveys of an individuals’ willingness to pay 
for mortality risk reduction, and is typically 10 times higher 
than mortality cost estimates based on foregone employment 
compensation. For 2021 US dollar values published currently 
on the WISQARS Cost of Injury website, VSL estimates were 
assigned by decedent age to WISQARS records as follows15 18: 
0–17 years, US$ 16.9 million; 18–65 years, US$10.7 million and 
values descending from US$6 million (aged 66 years) to US$410, 
000 (aged ≥100 years), reflecting the estimate for persons aged 
18–65 years adjusted for older adults’ decreasing general life 
expectancy, baseline quality of life.

The combined costs of the fatal injuries were compared in 
all ages. Furthermore, we identified the age range in which an 
extreme change in the combined cost of both injuries could be 
observed. All data are presented in 2021 US dollars, adjusted for 
inflation.

We also assessed the annual percent change (APC) in the 
affected populations of fatal firearm or falls according to the 
age range, in which the combined cost of both injuries crossed.

Temporal trends in the data were analyzed using the JoinPoint 
Program (Version 4.7.0.0). We used JoinPoint regression analysis 
and the Monte Carlo Permutation method to assess the data. To 
determine the changes in the fatal injuries for the affected popu-
lation, we calculated the percentage and standard errors by age 
group and mechanism of injury for each year.

RESULTS
In the five year period between 2015–2020, a total number of 
1 454 007 people died of injury in the USA. Of them, 230 663 

Figure 1 Total and average medical costs of fatal falls and gunshots in all age groups. (A) Total medical costs. (B) Average medical costs per patient.
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cases (15.8%) were due to falls (193 643 cases >65 years- old) 
and 239 352 deaths (15.5%) were due to firearm injury (39 980 
>65 years- old). The YPLL of fatal falls in between 2015–2020 
was 1 500 900 years while the YPLL for firearms was 8 909 758 
years.

On evaluating the medical cost of fatal falls and firearms from 
2015 to 2020 across the entire study population of 15 to 85+, 
we found that the total medical costs of fatal falls were signifi-
cantly higher than firearms in patients. During 2015 to 2020, 
the mean total medical costs for fatal falls was $1 427 773 589 
and the mean medical costs for fatal firearms was $246 456 666.

Evaluation of average medical costs of fatal falls and fire-
arms per patient showed significantly higher costs in fatal 
falls compared with firearms. During 2015 to 2020, the mean 

average medical cost for fatal falls was $76 982±7818 and for 
firearms, it was $44 522±986, per patient. Figure 1 shows the 
total and average medical costs for all fatal injured patients based 
on mechanism of injury and year of event.

Evaluation of combined costs from fatal injuries showed that 
the total and average combined cost of firearm injuries exceeds 
falls overall. Figure 2 indicates total combined costs and average 
combined costs per patient based on mechanism of injury and 
year of event.

After categorizing the population into 10 year age ranges, we 
observed higher combined costs of falls compared with firearms 
in older age ranges. Following stepwise adding the age groups to 
the calculations, it was found that after 2019 patients aged 45 
to 85+ had higher fatal fall- related combined costs compared 

Figure 2 Total and average combined costs of fatal falls and gunshots in all age groups. (A) Total combined costs. (B) Average combined costs per 
patient.

Figure 3 Combined costs for fatal falls and firearms in the 45–85+age range.
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with fatal firearm- related combined costs. We observed that 
the combined costs of two injuries crossed in 2019 and after 
2019 the combined cost for falls remained progressively higher 
in the 45–85+ age group. Figure 3 is a line graph showing the 
combined cost for fatal falls and firearm injuries for adults aged 
45 to 85+ years old. We observed that total combined cost from 
fatal firearms were increasing with higher costs in the firearm 
group until 2019, falling in the following years.

From 2019 to 2021, the APC for the percentage of fatalities 
increased at a statistically significant level, with a significant 
change in the slope in 2019 for all in the 45 to 85+age range, as 
shown in figure 4.

DISCUSSION
In our retrospective study, we found that while combined costs 
of fatal firearm injuries still surpassed those of fatal falls overall, 
the combined cost of fatal falls for the 45–85 age group exceeded 
fatal firearm injuries. This finding is particularly important since 
it demonstrates how changing demographics affects the economic 
burden of healthcare in society. The medical costs associated 
with fatal falls remains significantly higher than those of firearm 
injuries across all age groups. This could be attributed to surviv-
ability bias, as victims of firearm injuries often die immediately, 
whereas victims of falls may endure prolonged hospitalization 
and rehabilitation therapy, leading to higher costs. Both geri-
atric falls and firearm injuries are pressing public health issues 
due to their significant impacts on quality of life, mortality, and 
economic burdens.

Before 2019 the combined costs of firearm injuries were 
significantly higher in all ages (regardless of grouping) due to a 
significant portion of the costs being attributed to value of statis-
tical life. We observed that the largest APC for the percentage of 

fatalities from falls increased after 2019 and was in the 75 and 
older age group in particular. A population- based longitudinal 
analysis conducted in China by Zhang et al., similarly found that 
fall mortality among the elderly was more prevalent in individ-
uals over 70 years of age and exhibited a sharp increase. The 
death rates and APCs were highest among the oldest age groups 
(aged ≥85 years).19 This variation likely stems from a multitude 
of factors, including environmental conditions, access to fall 
prevention activities and healthcare and social determinants of 
health. It is a known fact that the elderly population inherits 
multiple comorbidities and is susceptible to polypharmacy that 
makes them physiologically weaker.20 Additionally, an increasing 
number of elderly individuals living alone in the USA can lead 
to issues such as malnutrition, depression, neglect, and improper 
medication intake, further complicating their health status and 
increasing their risk for falls.21 However, the real reason for 
the observed change is likely related to demographic change. 
Between 2010 and 2020, the 65+ population experienced its 
fastest growth rate, increasing by 38.6% from 40.3 million to 
55.8 million.22 The older population reached 55.8 million or 
16.8% of the population of the USA in 2020. Specifically, the 
age group of 75 to 84 years consisted of 16.3 million individ-
uals in 2020, and this number is expected to rise as more baby 
boomers enter this age bracket. This demographic shift inher-
ently exposes a larger number of people to a heightened risk of 
falls, contributing to the increasing APC of fatalities. This change 
in demographics is likely to follow the shape of the population 
pyramid in coming years and thus invokes attention as this may 
change the equations in healthcare economics.

Additionally, in 2019, Hartholt et al., evaluated the trends of 
geriatric falls in the USA from 2000 to 2016. Based on their 
evaluations, there was an increasing age- adjusted trend in 

Figure 4 Trend analysis of fatal fall injuries, in the 45 to 85+ age range, 2015 to 2021.
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mortality from falls among older US adults.23 Similarly, Zhang 
et al., reported an increasing trend in mortalities due to falls 
experienced by geriatric individuals in China.19 These studies 
suggest the findings of our study are part of a global and multi- 
year trend which is likely multifactorial and has roots in health-
care improvements, population growth, and increased longevity, 
among other reasons. With the geriatric demographic expanding 
at an unprecedented rate, this trend carries the potential for 
substantial challenges in the years ahead if appropriate policies 
are not proactively devised and implemented. It is crucial to 
align our approach with the changing demographics, ensuring 
that preventative measures and targeted interventions are in 
place to mitigate the potential repercussions of this concerning 
trend.

Our study showed that the total and average medical costs 
for fatal falls are markedly higher than those for fatal firearm 
injuries across all age groups during the 5 year study period. A 
comparison of the combined costs in people aged 45 to 85+ 
years- old caused by falls and firearms reveals a significant shift 
in the relationship over time. The firearm injuries in this demo-
graphic were predominantly of suicidal intent. While firearm 
injuries accounted for higher combined costs until 2019, fatal 
falls surpassed them in economic impact thereafter.

Falls and firearm injuries represent significant and escalating 
threats to both the community and the healthcare system. Despite 
their distinct natures, both mechanisms of injury have shown a 
consistent upward trend, impacting quality of life and overall 
well- being. While public discourse often places an emphasis on 
issues such as gun violence because of its acuteness, our study 
underscores the hidden economic burden of geriatric falls. It is 
noteworthy that geriatric falls not only result in physical harm 
but also lead to a cascade of medical expenses. From emergency 
room visits to hospital stays, surgeries, and post- treatment reha-
bilitation, the comprehensive healthcare journey following a fall 
can be extensive and costly. Moreover, falls can lead to chronic 
health conditions that require ongoing medical management, 
leading to a sustained financial burden on both individuals and 
healthcare systems.

We should also note that in our study, we utilized the 
combined cost of injuries, which is defined as a sum of VSL and 
medical costs. VSL provides a practical and standardized method 
for quantifying the benefits of risk reduction, commonly used 
in policy analysis. VSL also offers a consistent framework for 
comparing the economic benefits of different risk reduction 
strategies, crucial for evaluating the cost- effectiveness of inter-
ventions. Additionally, VSL reflects broader societal preferences 
for safety, making it a valuable tool for assessing the economic 
impact of fatal injuries and supporting the need for improved fall 
prevention policies.24 25

Furthermore, raising awareness about the economic burden 
of geriatric falls is paramount. Public perception plays a crucial 
role in shaping healthcare policies and resource allocation. By 
dispelling misconceptions and highlighting the true cost of falls, 
societies can foster a more informed discourse that prioritizes 
preventative strategies and long- term care for the elderly.

This shift in demographics should be a clarion call for poli-
cymakers.26 27 The data illuminates the need for comprehensive 
policies that cater to the unique healthcare needs of the elderly 
population. Public health strategies should be formulated to 
address fall prevention, promote active lifestyles, and provide 
adequate support for older adults. These policies can range 
from creating age- friendly environments to ensuring accessible 
healthcare services that can effectively address the growing 
demand.28

Our study had some limitations that need to be stated. One 
limitation was that we could not determine the total number of 
fall incidents based on the data presented in WISQARS. Further-
more, we should note that all numbers are accessible only as 
summary reports on the WISQARS database, and we do not 
have access to the actual crude numbers. Therefore, we cannot 
determine the normal distribution of the numbers. We also used 
value of statistical life and combined that with actual costs to be 
able to have a fair comparison between the two entities, whereas 
in reality, costs for fatal falls are actual and statistical value of life 
is potential. We recognize the presence of a survivability bias in 
our study as firearm injuries are far more prevalent in younger 
populations while falls are more common among the elderly. We 
also acknowledge that firearm injuries are often under- reported, 
and we have endeavored to interpret the data to the best of our 
ability. The increasing trends after 2019 can be attributed to the 
pandemic; however, as our study was conducted using data only 
up to 2020, we were unable to draw any conclusions regarding 
trends beyond that point. Another limitation was our inability 
to evaluate data on non- fatal firearm injuries, as WISQARS does 
not report the number or costs of such injuries.

CONCLUSION
The data and findings presented highlight the pressing need to 
address geriatric falls as a substantial economic burden. The 
increase in fatalities, shifting demographics, and stark economic 
comparisons between fatal falls and other causes of death under-
score the urgency of the issue. Policymakers must recognize 
geriatric falls as a critical public health challenge and implement 
proactive measures to prevent falls, provide specialized health-
care, and allocate resources strategically.
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