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ABSTRACT

Background: This study examined age-group differences in the rate, severity, and cost of injuries among
construction workers to support evidence-based worker safety and health interventions in the con-
struction industry.
Methods: Ohio workers’ compensation claims for construction workers were used to estimate claim rates
and costs by age group. We analyzed claims data auto-coded into five event/exposure categories:
transportation incidents; slips, trips, and falls (STFs); exposure to harmful substances and environments;
contact with objects and equipment (COB); overexertion and bodily reaction. American Community
Survey data were used to determine the percentage of workers in each age group.
Results: From 2007—2017, among 72,416 accepted injury claims for ~166,000 construction full-time
equivalent (FTE) per year, nearly half were caused by COB, followed by STFs (20%) and overexertion
(20%). Claim rates related to COB and exposure to harmful substances and environments were highest
among those 18—24 years old, with claim rates of 313.5 and 25.9 per 10,000 FTE, respectively. STFs
increased with age, with the highest claim rates for those 55—64 years old (94.2 claims per 10,000 FTE).
Overexertion claim rates increased and then declined with age, with the highest claim rate for those 35
—44 years old (87.3 per 10,000 FTE). While younger workers had higher injury rates, older workers had
higher proportions of lost-time claims and higher costs per claim. The total cost per FTE was highest for
those 45—54 years old ($1,122 per FTE).
Conclusion: The variation in rates of injury types by age suggests that age-specific prevention strategies
may be useful.

© 2023 The Authors. Published by Elsevier B.V. on behalf of Occupational Safety and Health Research
Institute, Korea Occupational Safety and Health Agency. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

construction workers experienced a rate of 112.3 per 10,000 full-
time equivalent (FTE) nonfatal injuries, resulting in days away

In the United States (U.S.), construction is ranked among the from work [3]. The medical expenses of nonfatal construction in-
most hazardous industries and accounts for a disproportionately juries were more than $1.36 billion annually between 1996 and
large percentage of injuries, illnesses, and deaths [1,2]. In 2019, 2002, based on Medical Expenditure Panel Survey data [4].
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According to the U.S. Bureau of Labor Statistics, in 2015, the leading
causes of nonfatal injuries with days away from work among con-
struction workers were contact with objects and equipment (COB)
(33.2%); slips, trips, and falls (STFs) (29.9%); and overexertion and
bodily reaction (27.5%) [5]. Recent years have seen a significant
increase in people aged 55 and older working in the construction
industry, consistent with all other industries. The proportion of
workers in all industries aged 55 and older increased from 18.1% to
20.3% between 2015 and 2019 [6]. The average age of construction
workers increased from 36 to 42.5 years between 1985 and 2015
[7].

Given the increasing average age of construction workers and
the challenging work conditions of the industry, understanding the
health and safety needs of older workers is vital. A study by Dong
et al. [8] found that 38% of construction workers who turned 40
years old from 1996 to 2006 experienced injuries resulting in days
away from work before they turned 40. Those researchers also
found that a year after work injury, construction workers of all ages
often lost wages, worked fewer hours, or lost their jobs due to
worsened general health and more diagnosed conditions and
functional limitations [8].

With aging, some functional capacities needed to complete
certain tasks often decrease [9]. Muscle weakness and eyesight and
balance problems can make older workers more vulnerable to in-
juries, reducing their functional capacity and affecting their overall
ability to perform physically challenging tasks [10]. Research found
older workers (aged 55 and older) have lower injury rates; how-
ever, when they do get injured, their injuries tend to be more severe
and require longer recovery times than injuries of younger workers
[11,12]. The objective of this study was to utilize the most recent
Ohio’s workers’ compensation (WC) data to assess differences
among construction worker age groups in the claim rates, cost of
injury (an indicator of injury severity), and event/exposure types of
occupational injuries. This paper offers age-specific, evidence-
based recommendations that can mitigate the risk of workplace
injuries for construction workers.

2. Material and methods

For this study, 2007—2017 data for Ohio WC claims from state-
insured, single- and multiple-location employers, including some
self-employed workers,* were used. Ohio is the largest of four states
(North Dakota, Ohio, Washington, and Wyoming) with exclusively
state-run WC systems. Ohio insures about two-thirds of the state’s
workforce; only larger employers (generally with 500+ employees)
self-insure if fiscally able. Both accept lost-time (LT) claims (those
with 8 or more days away from work) and medical-only claims
(only medical treatment expenses paid and <7 lost workdays).
Ohio Bureau of Workers’ Compensation (OHBWC) data include
information on employer, worker’s age and gender, claim cost, lost
workdays, and a free-text narrative describing how the injury/
illness occurred. OHBWC collects an administrative dataset that
lacks certain demographic information such as race/ethnicity.”

The North American Industry Classification System classifies the
construction industry with code 23. Claims submitted to OHBWC
are auto-coded, using methods described previously [13], into
these Bureau of Labor Statistics Occupational Injury and Illness
Classification System (OIICS) event or exposure categories: (1)
violence and other injuries by person or animal; (2) transportation
incidents; (3) fires and explosions; (4) STFs; (5) exposure to
harmful substances and environments (EHS); (6) COB; (7)

2 Not all self-employed workers are covered by OHBWC. Coverage is optional for
sole proprietorships and partnerships.

overexertion and bodily reaction. For the sake of clarity, we refer to
categories 2, 4, 5, 6, and 7 as event/exposure categories of interest.
We excluded categories 1 and 3 due to an insufficient number of
claims for age-related analysis. The auto-coder also assigns a score
value indicating the confidence level in its prediction. LT claims
with an auto-code score in the bottom quartile or with high costs
were manually reviewed to verify the assigned event/exposure. We
defined percent LT claims as the percentage of total claims that
were LT. We analyzed claims to compute rates of allowed claims
and claim cost by age group. The American Community Survey of
the U.S. Census Bureau was used to determine the proportion of
construction workers in each age group® in Ohio [14]. These pro-
portions were applied to the total employee counts for the insured
construction companies in the claims data. Employee counts by
individual employers were obtained by OHBWC from state unem-
ployment insurance records. Employee counts in each age group
were translated into FTEs using information on hours worked in the
construction industry by age group in the American Community
Survey, thus providing estimated age group denominators for claim
rates (one FTE = 40 hours per week) [13].

2.1. Costs

OHBWC uses a factor-adjusted® valuation method to estimate
ultimate total claim costs [15] of large groups of claims in a given
policy year, including all projected future costs. Factor-adjusted
costs include additional costs of claims from an insured popula-
tion that cannot be predicted based on individual claim charac-
teristics. Factor-adjusted costs are appropriately used only to
represent costs of groups of claims of several hundred or more as is
done here. However, for analysis, OHBWC provided estimates of
factor-adjusted costs of individual claims, reporting indemnity
payment costs (to partially replace wages) and medical costs
separately. Percent cost indemnity was defined as the percentage of
total factor-adjusted cost that was indemnity cost.

Some claims (12%) used in these analyses resulted in zero cost
for OHBWC. This might have occurred due to OHBWC programs
that allow employers to directly pay medical costs up to $15,000
and indemnity payments without appearing in OHBWC records. A
sensitivity analysis was conducted in which claims associated with
these programs were removed. In addition, some zero-cost claims
may occur if no medical treatment beyond first aid was provided
and no indemnity payments were made [13,15].

2.2. Human subjects

This activity was reviewed by the Centers for Disease Control
and Prevention and conducted consistent with applicable federal
law and Centers for Disease Control and Prevention policy (see, e.g.,
45 C.ER. part 46; 21 C.ER. part 56; 42 U.S.C.§241(d), 5 US.C. §552a,
44 US.C. §3501 et seq).

2.3. Statistical analysis

All analyses were conducted using R statistical software [16].
Basic summary statistics on claim costs, including mean, median,

b We assumed that the age distribution of construction workers insured by
OHBWC was the same as the distribution for the overall Ohio construction industry,
excluding those who are self-employed who may purchase but are not required to
purchase WC insurance.

¢ Most employers and researchers do not have access to factor-adjusted costs.
Nonfactor-adjusted costs are better for representing the expected cost of individual
claims. Factor-adjusted costs represent a more accurate estimate of costs for large
groups of claims.



408 Saf Health Work 2023;14:406—414

and 99th percentiles, were calculated and presented by age group
and event/exposure categories. Claims related to fatal injuries were
also assessed. To assess the uncertainty of these measurements,
bootstrapping was performed to calculate 95% confidence intervals.
Bootstrapping involves randomly sampling with the replacement of
the observed data and recalculating the summary statistics. For this
analysis, the data were re-sampled 1,000 times, resulting in the
calculation of 1,000 sets of summary statistics. The 2.5th and 97.5th
percentiles of each statistic were obtained to represent the 95%
confidence interval of that statistic.

Cost data are known to be positively skewed. To investigate the
influence of high-cost claims, analyses were rerun after dropping
the top two and then the top five highest-cost claims. To assess the
severity of injuries, we used the percentage of claims that were LT
claims and the percentage of total claim cost represented by in-
demnity payments for lost wages during lost work time. Further-
more, descriptive analysis was performed to determine the
percentage of STFs injuries by age group that were due to falls to a
lower level versus falls to the same level. For this study, we used
five age categories: 18—24, 25—34, 35—44, 45-54, and 55—64
years. We defined workers aged 55 and above as older workers and
those aged 18—24 as young workers. All the data presented in the
figures are included in Appendix Tables C and D.

3. Results

From 2007 to 2017, 72,416 WC claims were accepted by OHBWC
for construction workers (see Table 1). During this period, OHBWC
accepted 87% of claims filed across all industries. Of the accepted
claims for construction workers, 71,134 (98%) were related to OIICS
event/exposure categories 2, 4, 5, 6, and 7; 63,901 (88%) were
nonzero-dollar claims and 119 (0.16%) were fatalities. Of these
accepted claims, 34.9% were from people who filed more than one
claim during our study period. Of the 57,704 individual claimants
(zero-dollar or nonzero-dollar claims), 3,501 (6%) had claims in
more than one age group (i.e., some claimants moved from one age
category to another during the study period).

3.1. Rate of claims for OIICS event/exposure categories

As shown in Table 1, the claim rate for all OIICS event/exposure
categories was 395.9 per 10,000 FTE. Overall, 50% of claims were
related to COB, 30% to STFs, and 20% to overexertion. The claim rates
of COB- and EHS-related injuries were highest among those aged
18—24 years, with claim rates of 313.5 per 10,000 and 25.9 per

10,000, respectively (Fig. 1). In contrast, STFs tended to increase
with age, with the highest claim rate of 94.2 per 10,000 FTE for
those aged 55—64. The percentage of STF claims that were same-
level falls was highest among those aged 55—64 (38.7%), while the
percentage of STF claims that were lower-level falls was highest
among young workers (52.7%) (Fig. 2). In the case of overexertion
injuries, claim rates tended to increase and then decline with age,
with the highest claim rate among those 35—44 (87.3 per 10,000
FTE). We saw no major differences in claim rates by age for
transportation-related injuries among construction workers.

3.2. Injury severity

The severity of injuries for all event/exposure categories of in-
terest was highest for those 45—64 years old, as measured by both
severity metrics: percentage of claims classified as LT and per-
centage of total claim cost that was indemnity payments (Fig. 3).
The percentage of claims that were LT was highest for
transportation-related injuries in all age groups: 47.2% for 55—64
years old, 46.4% for 45—54, and 42.9% for 35—44.

The total cost per FTE and medical cost per FTE for occupational
injuries in all OIICS event/exposure categories among construction
workers were $846 and $371, respectively (see Table 1). The event/
exposure category with the highest cost per FTE was STFs (Fig. 4),
and for this type of injury, the cost was highest among those 55—64
years old at $432. Costs of STFs per FTE were slightly lower for ages
45—54 ($419) and 35—44 ($385), but much lower (under $200) for
ages 25—34 and 18—24 (Fig. 4). This pattern was driven largely by
differences in cost per STF claim by age group rather than differ-
ences in STF claim rate by age group. The cost per STF claim for the
three oldest age groups was $48,000 to $52,000, but only $23,000
to $29,000 for the two youngest age groups (Fig. 6).

The second most costly event/exposure category was over-
exertion, which had similar age group patterns as STFs (Figs. 4 and
5). The cost per FTE of the three highest age groups was $215—$283
(peaking at $283 for those 45—54 years old) compared with $108
for those aged 25—34 and $30 for those 18—24. Again, this pattern
was driven mostly by differences in cost per claim, which was
approximately $27,000 to $36,000 for the three oldest age groups,
compared with $16,000 for those 25—34 and $5,000 for those 18—
24 (Fig. 6).

The third most costly event/exposure category was COB, for
which there were much smaller differences by age group. The 45—
54 age group had the highest cost per FTE due to having the highest
cost per claim and a higher claim rate than the oldest age group.

Table 1
Age-specific rates of claims for work-related injuries in all OIICS event/exposure categories and associated costs among Ohio construction workers, 2007—2017 combined
Total cost per claim’ Cost per FTE
Age group FTEs' N Claims* Claim rate’ Mean Median Total Medical %LT! %Cost
(per 10,000 FTE) indemnity
18-24 193,702 9,723 502.0 $7,810 $575 $342 $211 9.2% 38.3%
25-34 463,026 18,563 400.9 $15,996 $675 $567 $266 14.3% 53.2%
35-44 476,862 18,648 391.1 $25,877 $832 $909 $412 20.0% 54.7%
45-54 460,729 16,676 361.9 $33,865 $1,070 $1,122 $457 24.5% 59.2%
55-64 234,751 7,764 330.7 $33,976 $1,226 $1,033 $417 21.0% 59.4%
Overall* 1,829,070 72,416 395.9 $23,797 $793 $846 $371 18.6% 56.1%

* Excluding zero-dollar claims.
" Sum of annual FTEs 2007—2017.

* Total claims from 2007-2017. Including all event and exposure categories, including those of interest: Contact with object and equipment (6), Exposure to harmful
substances (5), STFs (4), overexertion (7), and transportation (2), as well as the other, smaller categories (violence and other injuries by persons or animals (1) and fires and

explosions (3)).
% Claim rate per 10,000 FTE.
II' Lost-time claims.
Y Including 1,024 claims of an unknown age group.
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Fig. 2. Percentages of falls to lower level, to same level, and other, by age group among construction workers, 2007—2017 combined.

The cost per FTE of transportation-related claims rose with age due
to increases with age in the cost per claim (Figs. 4 and 5). Costs per
FTE of claims related to EHS were similar for age groups from 25
through 64 but were much lower for those 18—24 due to a much
lower cost per claim. For most event/exposure categories, the cost
per claim was highest among those 45—54 or 55—64, but for STFs,
cost per claim was highest among those 35—44 ($52,426; Fig. 6).
This exception was driven by a small number of high-cost claims.
After removing the top 2 and 5 most expensive STF claims, cost per
claim for the 35—44 group was lower than the older age groups
(data not shown). Sensitivity analyses removing claims associated

with OHBWC programs had little effect on the results (data not
shown).

4. Discussion

This study examined WC claims in Ohio among state-insured,
single- and multiple-location employers, including some self-
employed workers, to estimate claim rates, cost of injury, and
injury severity by age group. We found that irrespective of the type
of event/exposure, the severity of the injury was highest for those
aged 45 and older (Fig. 3). Among workers aged 45 and older, 46.4%
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of injuries related to transportation resulted in LT claims, followed
by STFs (36.6%), overexertion (34.9%), EHS (16.7%), and COB (11.8%).
The higher percentage of LT claims in the 45—64 age group suggests
that as workers age, injuries might be more severe in the sense that
it may take longer to recover than younger workers [17]. The total
medical and indemnity cost per claim also tends to be higher for
workers aged 45 and older (see Fig. 6 and Appendix Tables A, B).
The higher indemnity costs among older workers could be partly
due to more days away from work, suggesting injury severity, and
partly due to higher wages. Unfortunately, data on days away from
work were insufficient for directly measuring severity.

This study found that the injury rates and the associated costs
varied by age group and type of event/exposure category. For
instance, injury rates due to COB and EHS were highest among
young workers aged 18—24 and lowest among older workers.
However, the cost per claim of injuries tended to be higher among

older workers. Injuries related to COB and EHS might be more
common among young workers because they may have limited or
no experience or receive little to no training doing required tasks
[18]. Also, prior research shows that even when aware of the dan-
gers, younger workers may take risks to get the job done or find it
difficult to refuse unsafe working conditions. Their motivation may
stem from peer pressure, desire to fit in, or perceiving refusal as a
sign of weakness [19,20]. Conversely, older workers have more
skills and experience with equipment so may be less likely to get
injured [21]. Older workers also might move to less dangerous
positions or have less exposure to tools and equipment that would
result in injury [22]. However, when older workers do get injured,
the injuries tend to be more severe and costly.

From 2007 to 2017, 28.4% (2,212/7,764) of claims filed by con-
struction workers aged 55 and older were STFs, which is slightly
higher than the 22% reported by Rosecrance et al. in a study
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examining Colorado WC data from 1998—2008 [23].¢ The claim rate
of STFs, as well as the associated cost per FTE, was highest among
those 55—64 years old (94.2 claims per FTE; $432 per FTE). In
addition, the percentage of total claim cost related to indemnity
cost for STFs increased with age, consistent with previous studies
[23]. Of all the STF-related claims filed by 18—24-year-olds, 52.7%
were related to falls to lower levels or falls from height, and 30.5%
were related to falls to the same level. For those aged 55—64, 41.1%

4 We calculated the percentage of claims associated with STFs for ages 55 and
older from Table 4 in the Rosecrance et al. paper.

of STFs claims were related to falls to lower levels and 38.7% were
related to same-level falls. Fall injuries might be more common
among older workers due to aging-related issues such as worsening
vision and hearing impairment, musculoskeletal disorders, and
reduced physical functioning. Moreover, with aging, joint mobility
decreases with a loss in elasticity of tissue and overall strength,
putting older workers at increased risk of STFs [24,25].

The study’s findings related to overexertion injuries were
consistent with previous reports [26]. This study’s results show that
the rate of overexertion injuries increases with age up to ages 45—
54 and then declines. Two plausible reasons for the lower rate
among 55—64 year-olds compared with 45—54 year-olds are that
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older workers with severe pain move out of their jobs, leaving
behind a healthy cohort (selective survival bias), or older workers
move to tasks with reduced risk of work-related musculoskeletal
disorders-painful conditions of muscles, tendons, and nerves
caused by overexertion [26].

4.1. Prevention strategies

All injury prevention strategies will tend to benefit most of
those workers who are most likely to suffer injuries. A key
strategy at the top of the hierarchy of controls is Prevention
through Design [27]. This approach emphasizes the incorporation
of occupational safety and health considerations in the design of
work facilities, processes, equipment, tools, work methods and
work organizations. For example, building designers can provide
for guardrail supports and roof anchors embedded in concrete
building elements to facilitate guardrail and fall restraint instal-
lation [28]. Other design approaches involve the use of ergonomic
or mechanized tools and equipment, incorporating automation for
repetitive and strenuous tasks like laying bricks, overhead drilling,
and lifting [29]. Accommodating the limitations of injured
workers is another basic prevention strategy. Unfortunately,
injured construction workers often have limited opportunities to
modify their tasks or duties to sustain employment [30]. Job
rotation or modifications are likely to benefit all age groups but
may particularly allow older workers to continue to work and stay
in the workforce.

Some prevention strategies can be tailored to different age
groups. For example, successful programs like the Fall-Safe part-
nership could be enhanced and adjusted specifically to the needs of
older workers [31]. As individuals age, changes in vision become a
common occurrence, making it essential to provide better lighting
in work areas for older workers [32]. Also, training modification
may be necessary. For example, older workers may learn more
effectively in hands-on training sessions rather than computer-
based or virtual training [33].

Young or inexperienced workers may benefit from mentoring or
pairing opportunities with more skilled and experienced older
workers. Reverse mentoring may also benefit older workers since
younger workers can teach older workers how to use modern
technology [34]. Additionally, employers can provide regular
training related to the safe use of tools and equipment and to the
prevention of workplace injuries, especially for young and inex-
perienced workers. Implementation of fall prevention training
programs that target inexperienced residential construction
workers has been shown to result in positive changes in appren-
tices’ fall prevention knowledge, safety behaviors, and perception
of the risk posed by fall hazards [35].

It is important to note that the most effective way to reduce
injuries and related costs among older workers is to introduce in-
terventions while workers are younger [36]. Especially in the case
of overexertion-related injuries, workers might experience rela-
tively low levels of pain early on but have it worsen with age,
resulting in more days away from work. A study of roofers found
that the odds of leaving the trade were eight times higher for
workers with work-related musculoskeletal disorders than for
workers without such a disorder [37]. To provide a safe environ-
ment for workers and retain older workers, a job safety and health
analysis should be performed, keeping in mind the age and physical
capacity of the employee [38]. Functional capacity evaluations
should be used to fit the job to the worker and not the other way
around. Furthermore, rehabilitation services/interventions, such as
return-to-work programs and modified duty/activity adaptation,
may allow workers who have a temporary or permanent disability
to transition back to work [39].

4.2. Limitations

Some limitations should be considered when interpreting these
study results. First, the auto-coding methods used to identify claims
can result in misclassification. Misclassification is not expected to
vary by age if claim records are similar in completeness and accu-
racy across age groups. However, if misclassification varies by type
of event/exposure, this could bias the comparison of the mix of
event/exposure category by age group. Find more information on
auto-coding accuracy in Bertke et al. (2016) [40]. Second, work-
related injuries may not result in WC claims, and underreporting
may vary by age group. Significant underreporting of occupational
injuries has been described previously [41]. Research shows that
reporting increases with age, although older workers might accept
injuries as a normal consequence of work more often and have
more access to treatment through group health insurance, enabling
them to avoid the WC system [42,43]. Younger workers might be
less knowledgeable about their rights and the process to file a claim
and be afraid of reprisal [44]. Furthermore, there is evidence that
individuals of certain race/ethnicity are less likely to file a WC claim.
A study by Dong et al. [4] found that Hispanic workers are more
likely to have work-related injuries but less likely to receive WC
benefits [4]. Hispanic workers may not understand and exercise
their workplace rights due to cultural and language barriers,
immigration status, and fear of retaliation [4,45]. If the age distri-
bution of Hispanic workers differs from the age distribution of
other workers, this could affect the results.

A third limitation is that these data represent only insured
companies in Ohio, so it is uncertain how much these results can be
generalized. Fourth, the available claim data make it difficult to
determine the severity of injuries in terms of the time required for
recovery and return to work. It would be helpful to have more
direct metrics for pain and suffering, as they are crucial in assessing
severity and likely correlate with the number of days away from
work and indemnity payments received.

5. Conclusion

The construction work environment often involves hazards—
such as performing tasks in proximity to hazardous site condi-
tions, handling materials manually, using heavy equipment, or
working on uneven surfaces—that can pose serious risks to
workers [46]. This study used the most recent OHBWC data to es-
timate the rate of injury, injury severity, and costs by age group and
event/exposure among construction workers. Nearly 50% of injury
claims accepted by the OHBWC among construction workers in our
study data were related to COB, followed by STFs (20%) and over-
exertion (20%). Our findings suggest that overall claim rates and
severity of injuries vary by age and that injuries in event/exposure
categories vary by age in different ways. For instance, injuries
related to COB, EHS, and transportation are more common among
younger workers, while STFs are more common among older
workers. Moreover, overexertion-related injuries increase with age
and then decline.

Although young and inexperienced workers are more likely to
be injured, older workers may have more serious injuries or take
longer to recover based on the higher proportion of LT claims and
higher per claim costs associated with injuries. Older workers may
be disadvantaged performing certain tasks. However, they also tend
to be more experienced and skilled, less likely to be injured and to
have counterproductive work behaviors, and can mentor younger
workers in safe work practices [47,48]. For these reasons, workplace
policies, procedures, and practices should support retaining older
workers [49]. Incorporating safety, ergonomic, return-to-work,
reverse mentorship, and wellness programs that align with age
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patterns in work injuries might help address the unique needs of
both older and younger construction workers, enhance workplace
safety, and help keep older workers in the workforce.
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