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1 | INTRODUCTION

Background: As the workforce ages, occupational injuries from falls on the same level
will increase. Some industries may be more affected than others.

Methods: We conducted a cross-sectional study using data from the Bureau of Labor
Statistics to estimate same-level fall injury incidence rates by age group, gender, and
industry for four sectors: 1) healthcare and social assistance; 2) manufacturing; 3) retail;
and 4) transportation and warehousing. We calculated rate ratios and rate differences
by age group and gender.

Results: Same-level fall injury incidence rates increase with age in all four sectors.
However, patterns of rate ratios and rate differences vary by age group, gender, and
industry. Younger workers, men, and manufacturing workers generally have lower
rates.

Conclusions: Variation in incidence rates suggests there are unrealized opportunities
to prevent same-level fall injuries. Interventions should be evaluated for their
effectiveness at reducing injuries, avoiding gender- or age-discrimination and

improving work ability.
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are grouped into three categories: falls on the same level, falls to a

lower level, and slips or trips without a fall. The majority (63.8%) of

Falls are a leading cause of non-fatal workplace injuries that require
time away from work (“lost-time injuries”). During 2015, an estimated
309 060 lost-time injuries resulted from slips, trips, and falls, more than
resulted from contact with objects and equipment (n =269 910) and
nearly as many as resulted from overexertion (n = 376 190). Slips, trips,
and falls accounted for 26.8% of all lost-time injuries and illnesses
reported in the Bureau of Labor Statistics (BLS) Survey of Occupational
Injuries and llinesses (SOII) in 2015.% In the SOI, slips, trips, and falls

Institution at which the work was performed: Colorado School of Public Health,
Aurora, CO.

non-fatal slip, trip, and fall injuries are attributed to falls on the same
level.X

Federal agencies in the US have devoted considerable attention in
recent years to preventing fatal fall injuries from heights, including a
national public health campaign,? a smartphone application to promote
ladder safety,® and a recent occupational safety regulation.* Fall injuries
on the same level cause a much greater number of lost-time injuries but
have not received the same level of attention as falls from heights.

Researchers have documented for some time that there is a higher
frequency of same-level fall injuries at work among older workers

relative to younger workers.> 1! These data from occupational studies
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are consistent with an extensive literature on older adult fall injuries.*?
Physiological factors that influence fall injury risk change with age,
including balance, vision, and cognition.*® Falls are influenced by
environmental conditions, as well, including floor contamination,
clutter, lighting, walking surface irregularities, stairs, ice, and snow.*
Variation in the prevalence of these hazards would be expected to vary
considerably between industries and within industries due to the wide
variation in working conditions (e.g., indoor vs. outdoor). The
frequency of same-level fall injuries does vary considerably between
different industries, ranging from 7.1 lost-time injuries per 10 000 full-
time equivalents (FTE) in the professional, scientific, and technical
services sector to 51.4 among workers in the transportation and
warehousing sector during 2015.1 Industry-specific epidemiological

studies of slips, trips, and falls have been carried out in healthcare,1°

16

the postal service, construction,’” and restaurants,*® but little

research has quantitatively measured exposure to slip or trip hazards.
Work by Chang and coworkers is a notable exception.??~21

While a positive association between age and same-level fall
injury, as well as variation across industries, has been documented,
variation in the relationship between fall injury risk and age by
industrial sector and gender has not been adequately examined. It
might be riskier to be an older worker in certain industries and
occupations than others. Studies examining this possibility are scarce.
Kemmlert and Lundholm (2001) conducted a textual analysis of
approximately 1600 accident reports among workers in occupations at
high risk of a same-level fall injury. Their study found that proportions
of fall injuries attributed to particular risk factors (e.g., slip on snow or
ice) were comparable between workers <45 years and workers >45
years of age with the same occupation.®

Differences due to sex or gender may complicate the picture even
further. Punakallio studied balance ability among individuals grouped
by occupation and gender—male construction workers, male fire-
fighters, female nursing staff, and female homecare workers. Among
workers =50 years of age, the construction workers’ measure of
functional balance was better than that of firefighters; both of these
male groups outperformed the female groups.?? This evidence
suggests that if there are differences in fall risk within an age bracket
across industries, the difference may be due to the occupation and
gender mix in the industry, rather than just the industry itself.

The workforce is aging rapidly in the US and in other countries.?
Workers 65 years and older are the fastest growing demographic
within the labor force and will continue to grow for at least the next
decade.?* Given their high risk for same-level falls, preventive
intervention is warranted, though the need for action may be more
urgent in some industries and among certain groups than others. In this
study, we present same-level fall injury counts and incidence rates
during the period 2011-2015 by age group and gender for selected
industrial sectors, using data from the Bureau of Labor Statistics. Age
group and gender-specific rate ratios and rate differences are
calculated for three high-level industrial sectors (healthcare & social
assistance, retail, and transportation & warehousing) in relation to
manufacturing, to describe the relationship between age group and
same-level fall injury by industry. Manufacturing was selected as a

reference group because it had the lowest industry-wide rate of same-

level fall injuries among the four selected sectors.

2 | | MATERIALS AND METHODS

This paper used unpublished data from the BLS SOIl for private, local
and state government combined. The BLS provided injury counts
estimated by age group, gender, and industry in aggregate form
without any identifiable information. These aggregate statistics
represent national estimates of the frequency and severity of nonfatal
lost-time injuries in US workplaces.

Approximately 230000 private industry establishments in 26
states are required by law to participate in the annual survey.
Participation among public sector establishments varies by state and is
voluntary. Participation among private sector establishments is
approximately 95% and among public sector establishments, approxi-
mately 80%, according to the BLS.2>2% The survey excludes self-
employed workers, private households, and agricultural operations
with 10 or fewer employees.

The SOIl sampling frame is developed from the BLS Quarterly
Census of Employment and Wages using a stratified sampling design,
in which employers are stratified according to North American
Industry Classification System (NAICS) codes. NAICS codes are a
system for organizing employers according to the activities in which
they are primarily engaged, with codes ranging from 2 to 6 digits, with
more digits providing greater specificity. States determine the level of
coding at which industries are sampled according to the relative
importance of different industries to a given state, so the stratification
approach varies by state. In general, states must estimate data at least
at the 2-digit NAICS code level.?® Final sample weights are calculated
based on the original sample weight, a non-response adjustment
factor, a re-aggregation factor, an outlier adjustment factor, and a
benchmarking factor. SOII uses a Taylor series linearization methodol-
ogy to develop standard error estimates, which are reported as relative
standard errors.?*

An establishment selected for the survey is notified of its selection
in the year prior to the survey year, and instructed to record work-
related injuries or illnesses that occur during the survey year.
Employers track injuries that result in lost workdays, job transfer,
restricted work, and particular cases reportable to OSHA.?® Partici-
pating establishments are asked to report information on each
qualifying case, including case characteristics, such as the nature of
injury, the part of body affected, and the event or exposure; and
demographic characteristics, including age, gender, and race/ethnicity.

Data for this study include injuries resulting in at least one lost
workday that occurred during 2011-2015 and were reported to SOII.
Industry was coded using two-digit NAICS codes. Relative standard
errors provided by the BLS were used to estimate variability about the
numerator. We followed common practice, in which certain 2-digit
NAICS codes are aggregated into a single category (e.g., NAICS codes
31-33 are grouped to represent the manufacturing sector).?” Variance
estimates for these pooled counts were calculated by pooling
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subgroup variance estimates, under the assumptions that the samples
were independent and the underlying variances were equal.2®

Denominator data—the total number of hours worked in primary
or secondary jobs by age group for each industry—were estimated
using the Current Population Survey (CPS). The CPS is administered
each month by the US Census Bureau to generate information on
employment and other characteristics of the US civilian non-
institutionalized population. The CPS collects monthly data from
about 72 000 occupied households that are drawn from a two-stage
probability sample including all 50 States and the District of Columbia.
The CPS follows a 4-8-4 rotation panel design in which a household is
surveyed four months in a row, ignored for 8, and surveyed again for 4
consecutive months. The CPS includes questions about hours worked
in a given week, and about the industry and occupation in which a
participant works. Due to the rotation panel design, standard error
estimates are difficult to calculate, so the CPS provides generalized
variance function parameters that can be used to estimate variance.?’
The parameters used in this analysis were for the US labor force as a
whole.®®

Incidence rates by two-digit industry, age group, and gender were
calculated by dividing the estimated counts by the estimated hours
worked. As a sensitivity analysis, to assess the robustness of our
findings, we also estimated annual counts and rates by sector and age
group for 2010. In order to test whether the age-related increase in fall
injury incidence is constant across industries, we compared age group-
specific incidence rates between workers in four large sectors:
manufacturing (NAICS: 31-33), retail trade (NAICS: 44-45), transpor-
tation & warehousing (NAICS: 48-49) and health care & social
assistance (NAICS: 62). We estimated rate ratios and rate differences
for workers within each age group, using workers employed by the
manufacturing sector as the reference category because manufactur-
ing had the lowest rate. Confidence intervals (Cls) about the rate
ratios?® and rate differences®® were calculated using standard
approaches. Constant rate ratios between industries and genders,
regardless of age group, were considered to indicate the absence of a
multiplicative interaction. Constant rate differences between indus-
tries, regardless of age group, were considered to indicate the absence
of an additive interaction. Heterogeneity in the relative and absolute
measures was assessed using the Mantel-Haenszel chi-square test.
Statistical analyses were performed in R.%2 We also estimated annual
counts and rates by sector, age group and gender for each year from
2011 to 2015, in order to assess whether these were consistent over

time.

3 | | RESULTS

Same-level fall injury incidence rates, aggregated by gender, are
presented by age group and sector in Figure 1. Incidence rates increase
with age group in all four sectors. The highest age-group- and sector-
specific incidence rates were among workers aged 65 years and older
in the healthcare & social assistance sector (39.9 injuries/10 000 FTE,
95%Cl: 37.5, 42.3), followed by workers aged 65 years and older in the
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retail trade sector (34.2 injuries/10 000 FTE, 95%Cl: 31.8, 36.6). The
lowest reported rate for same-level fall injuries was among workers
aged 25-34 years in the manufacturing sector (5.7 injuries/10 000 FTE,
95%Cl: 5.5, 5.9).

Counts and rates, stratified by gender, as well as industry and age
group are summarized in Table 1. Rates increase with age among males
and females. Incidence rates among females are consistently higher
than among males in similar age and sectoral categories, with two
exceptions (workers aged 16-19 years in retail and transportation &
warehousing). The rates in the manufacturing sector tended to be
lower across age/gender/sectoral combinations. Findings from the
analyses of 2010 data were comparable to results from 2011 to 2015
(not shown). Visual inspection of graphical representations of annual
counts and rates for each year, sector, age group and gender from
2011 to 2015 did not reveal any meaningful differences in magnitudes
or direction of the associations (not shown).

Age group-, gender-, and industry-specific rate ratios are
presented graphically in Figure 2, with manufacturing as the reference
group. Almost all rate ratios are greater than 1, indicating that in these
data, regardless of gender and age-group, the other three sectors tend
to have higher rates of same-level fall injuries compared to the
manufacturing sector. Females tend to exhibit higher rate ratios than
males in the healthcare & social assistance sector, as well as the retail
trade sector, though gender differences in the transportation &
warehousing sector are mixed. Patterns across age groups appear
somewhat complex. In the retail trade sector, rate ratios relative to
manufacturing increase with age, on average, among both men and
women. In the healthcare & social assistance sector, as well as
transportation & warehousing, workers in their 30s and 40s experience
relatively higher rates than workers of similar ages and genders in
manufacturing. In the transportation & warehousing sector, the
highest observed rate ratio was among female workers 45-54 years
of age (RR=2.8, 95%Cl: 2.7, 2.9). The rate ratios among female
workers 55-64 years of age and females 65 years of age and older are
progressively lower.

Rate differences between manufacturing and the other three
industrial sectors (by age group and gender) are presented in Figure 3.
Rate differences increase with age in all sectors and are higher among
females than males. The largest observed rate difference, which had
wide confidence intervals, was between female workers aged 65 and
older in retail and manufacturing (24.1 per 10000 FTE, 95%Cl: 17.7,
30.5). In other words, in the retail trade sector, some 24 additional lost-
time fall injuries occurred per 10 000 full-time female workers aged 65
and older than would have occurred had the incidence rate been the
same as the rate in the manufacturing sector. Based on our CPS
employment estimates for retail workers, this translates to approxi-
mately 704 additional lost-time injuries each year (or 47.7% of same-
level falls among female retail workers 65 years and older). In the
transportation and warehousing sector, and the healthcare & social
assistance sectors, rate differences were similarly high among female
workers 65 years of age and older. Mantel Haenszel chi-square tests
demonstrated statistically significant (P <0.0001) heterogeneity of
rate ratios between industrial sectors across age groups.



SCOTT ET AL

114 AMERICAN JOURNAL
— - RN WILEY

40

w
S

Rate per 10,000 FTE
N
S

35.44 4554 55.64 65+
Age Group

Industrial Sector (2-Digit Code, North American Industry Classification System)
4 Health Care and Social Assistance # Manufacturin

<+ Retail Trade

OTransportatio% and Warehousing

FIGURE 1 Rates of same-level fall injuries in healthcare & social assistance, manufacturing, retail trade, and transportation & warehousing,

by Age Group: 2011-2015

4 | | DISCUSSION

This study found that, in the four industrial sectors investigated,
incidence rates of lost-time, same-level fall injuries increase with age.
This finding raises concerns for aging workers and their employers.
Additionally, these data indicate that rates are consistently higher
among women compared to men; and among workers who are not in
the manufacturing sector compared to those who are. Our estimated
rates appear comparable to those provided by the BLS.*

The patterns of rate ratios and rate differences across age groups
and gender were visually and statistically heterogeneous. Consistent
with BLS data showing that same-level falls are one of the few types of
occupational injury that occurs more frequently among women than
men,* our study found that incidence rates of same-level falls tended
to be higher among women than among men, regardless of age group
and industrial sector. The elevated likelihood of lost-time work-related
fall injuries among women could be due to differences in functional
ability,?2 physical activity,®® the likelihood of an injury after a fall, 3
patterns in the nature and circumstances of the injury,3® or gender-
based processes whereby women are more likely to enter certain jobs
than men (e.g., healthcare).

Heterogeneity might also be explained by the unequal distribution
of risk factors in the physical and social environment. A study of
limited-service restaurants by Verma et al., for example, reported an
increased likelihood of slipping associated with distraction (RR=1.7;
95%Cl = 1.5, 2.0) and rushing (RR = 2.9; 95%Cl = 2.5, 3.3), and a 14.6-
fold increased likelihood of slipping when walking on a floor that was
wet, oily or otherwise contaminated (95%Cl = 12.6, 17.0).%¢ Environ-
mental conditions that influence the likelihood of a slip or a trip, such as
ice, are well-established causal risk factors for falls.”

Shorter job tenure has also been associated with a higher likelihood
of workplace injury, even among older recent hires.*® Incidence rates in

sectors with high turnover may be somewhat elevated due to the shorter

average job tenure. Differences in injury incidence could also reflect the
distribution and effectiveness of safety programs and practices in a given
industrial sector. Sectors might value and practice safety differently, on
average, if targeted regulatory enforcement,®® differential insurance
premiums,* safety climate,*! average establishment size,*? or labor
union involvement in occupational safety*® are strong enough incentives
to influence sector-wide safety practices. It is possible that industries,
including manufacturing, with a history of readily apparent hazards likely
to cause premature death have, over time, developed hazard mitigation
strategies that include same-level fall prevention.

Reporting of same level falls may become more likely with
increasing age due to the higher likelihood of a severe injury or for
other reasons. If this were true of all injuries, a more consistently
positive relationship between all occupational injuries and age would
be expected. Injuries resulting from overexertion or contact with
objects and equipment do not exhibit the same positive association

with age as do same-level falls,”**

providing indirect evidence that
increases in injury incidence with age are not due to a general tendency
of older workers to report injuries more often. That said, researchers
have identified significant underreporting of occupational injuries in
SOIL,**** including differential reporting by workers’ race/ethnic-
ity.*>*” It would be valuable to explore whether SOII data accuracy
varies by age and gender, as well as race/ethnicity and industry.

Regardless of the relative contributions of these various factors
toward the occurrence of falls and the heterogeneity between
industries, age groups and genders, our study suggests that there
are unrealized opportunities to prevent fall injuries among aging
workers. According to our study, if rates of same-level fall injuries in
healthcare & social assistance, retail trade, and transportation &
warehousing were as low as the rates in manufacturing, a considerable
number of injuries would be avoided. How those lower rates might be
achieved is an important question for future research and policy to
address.
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o
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16-19 20-24 2534 3544 4554 5564 65+
Age Group

Gender

—Female
~Male

FIGURE 2 Rate ratios of lost-time same level fall injuries by gender, age group, and sector, relative to manufacturing
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Age Group
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Age Group
Gender
—Female
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FIGURE 3 Rate differences of lost-time same level fall injuries by gender, age group, and sector, relative to manufacturing
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Researchers have identified a variety of interventions, including
physical activity programs and clinical services, which have been proven
effective at preventing falls among older adults.”® Intervening through
the workplace to address individual-level risk factors, be they related to
age or gender, may carry additional risks as well as potential for injury
prevention. Attempts to explicitly address age or gender disparities in
occupational fall injuries may result in high-risk workers (e.g., females,
older workers, workers with disabilities) being treated differently from
lower-risk workers. Interventions should, therefore, be designed in
accordance with laws that protect workers from discrimination by
gender,”* age,>? genetic information,”® health status,>*>> and disabil-
ity.> It should also be recognized that underlying health and functional
abilities that increase fall injury risk might themselves be influenced by
working conditions. A 2007 study by Verma et al. identified an
association between physical work demands and claims for same-level
falls resulting in fractures among female workers 50 years of age and
older.5” It cannot be assumed, given the current scientific evidence, that
differencesin same-level fall injury incidence by demographic character-
istics or functional abilities are unrelated to work.

The between-industry differences we observed in rate ratios and rate
differences suggest that the physical and social work environment play an
important role at all ages. Interventions modifying the physical work
environment have been tested and found to be beneficial for preventing
same-level fall injuries.!* Environmental interventions may be especially
beneficial for older adults who are, on average, less able to recover from a
perturbation in gait, such as tripping over a cord.”® The principles of
universal design offer guidance for creating age-friendly workplaces.>”
Decades of research on work ability®® also underscore the view that the
promotion of healthy aging at work requires a broad definition, including
an appreciation of older workers’ value among organizational leaders and
enhanced training opportunities for workers to develop new skills, as well

as modifications to the physical environment.%*

4.1 | Limitations and strengths

The SOII excludes self-employed workers, who are more likely to be
older, as well as the military, private household workers, workers on
small farms and Federal workers, limiting the generalizability of our
results. Further, as stated earlier, significant undercounting of both
diseases and injuries has been reported in the peer-reviewed literature.
This could influence internal validity if undercounting differs by
industrial sector.

Rate ratios and rate differences were estimated in order to assess
whether working conditions could contribute to the occurrence of
same-level falls, after controlling for gender and age group. There is
likely substantial variation in individual workers’ exposure to same-
level fall hazards within industrial sectors, even among age and gender
strata. It is therefore difficult to identify, from these data, which
particular exposures or conditions may explain differences observed
between sectors. That there are such notable differences between
sectors’ same-level fall incidence rates after controlling for two
important potential confounders (age group and gender) is an
important finding. Additional research could explore why these
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differences exist, as well as how they might guide further prevention
strategies. It is also important to note that, as with any measure of
relative or absolute risk, these rate ratios and rate differences are
relative to the specific reference group that was selected; in this case,
manufacturing workers. The rate ratios and rate differences would
likely differ had a different reference group been selected.

This study is strengthened by the fact that it is based on a
nationally representative dataset that is widely used in national
policymaking. SOII, while limited in important ways as noted, offers the
best available evidence in the US on the national incidence of various
occupational injuries.

5 | CONCLUSION

Using national surveillance data from the United States, we have found
that age-related patterns in the rates of same-level falls, a leading
cause of lost-time workplace injuries, differ across different industrial
sectors. As the workforce ages certain industries will likely experience
anincrease in numbers of same-level falls that outpaces those of other
industries. The patterns we identified in our study may be explained by
a combination of factors, including sex and gender differences in
certain industries, differences in job tenure, differential exposure to
physical hazards, the social conditions at work, information bias, and
other factors. Intervening to prevent these common and costly injuries
should take into account both the effectiveness of the possible
interventions, as well as potential unintended consequences such as
discrimination in employment. A broad view that focuses on universal
design and promoting work ability is likely the best approach for
supporting healthy aging at work.

AUTHORS’ CONTRIBUTIONS

This work was a component of the lead author's dissertation. All other
authors were committee members who participated in all stages of the
process including conception, analysis, interpretation, writing, ap-

proval, and accountability.

ACKNOWLEDGMENTS

None.

FUNDING

The authors report that there was no funding source for the work that
resulted in the article or the preparation of the article.

INSTITUTION AND ETHICS APPROVAL AND INFORMED
CONSENT

IRB approval was not required as the data used in this research are
made publicly available by the Bureau of Labor Statistics and the US



118 AMERICAN JOURNAL
—L - WILEY

SCOTT ET AL

Census Bureau. The data are provided in aggregate and do not contain

identifiable information.

DISCLOSURE (AUTHORS)

The authors declare no conflicts of interest.

DISCLOSURE BY AJIM EDITOR OF RECORD

Rodney Ehrlich declares that he has no conflict of interest in the review

and publication decision regarding this article.

DISCLAIMER

None.

ORCID

Kenneth A. Scott

Emile Tompa

http://orcid.org/0000-0002-2192-5526
http://orcid.org/0000-0002-9851-3853

REFERENCES

1.

10.

11.

12.

13.

14.

Bureau of Labor Statistics (BLS), DOL. Nonfatal Occupational Injuries
and llinesses Requiring Days Away from Work, 2015.

. Announcement: National Campaign to Prevent Falls in Construction—

United States, May 2-6, 2016. MMWR. Morb Mortal Weekly Rep.
2016;65:403.

. Hsiao H. Fall prevention research and practice: a total worker safety

approach. Ind Health. 2014;23.

. Occupational Safety and Health Administration (OSHA), DOL.

Walking-working surfaces and personal protective equipment (fall
protection systems). Final rule. Fed Regist. 2016;81:82494-83006.

. Fan J, McLeod CB, Koehoorn M. Descriptive epidemiology of serious

work-related injuries in British Columbia, Canada. PLoS ONE. 2012;7:
e38750.

. Kemmlert K, Lundholm L. Slips, trips and falls in different work groups-

with reference to age and from a preventive perspective. Appl Ergon.
2001;32:149-153.

. Kossoris MD. Relation of age to industrial injuries. Monthly Labor Rev.

1940;51:789-804.

. Laflamme L, Menckel E. Aging and occupational accidents—a review of

the literature of the last three decades. Safety Sci. 1995;21:145-161.

. Root N. Injuries at work are fewer among older employees. Monthly

Labor Rev. 1981;104:30-34.

Scott K, Newman L. The aging healthcare workforce: employment and
occupational injuries among workers in US private hospitals during
2010. AOHP J. 2013.

Wouellner SE, Walters JK, Louis St, et al. Nonfatal occupational injuries
and illnesses among older workers—United States. MMWR. Morb
Mortal Weekly Rep. 2009;60:503-508.

Speechley M. Unintentional falls in older adults: a methodological
historical review. Canad J Aging. 2011;1-12.

Deandrea S, Lucenteforte E, Bravi F, Foschi R, La Vecchia C, Negri E.
Risk factors for falls in community-dwelling older people: a systematic
review and meta-analysis. Epidemiology. 2010;21:658-668.

Bell JL, Collins JW, Wolf L, et al. Evaluation of a comprehensive slip,
trip and fall prevention programme for hospital employees. Ergonom-
ics. 2008;51:1906-1925.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Bell JL, Collins JW, Tiesman HM, et al. Slip, trip, and fall injuries among
nursing care facility workers. Workplace Health Saf. 2013;61:147-152.
Haslam RA, Bentley TA. Follow-up investigations of slip, trip and fall
accidents among postal delivery workers. Safety Sci. 1999;32:33-47.
Lipscomb HJ, Glazner JE, Bondy J, Guarini K, Lezotte D. Injuries from
slips and trips in construction. Appl Ergon. 2006;37:267-274.

Verma SK, Chang WR, Courtney TK, et al. A prospective study of floor
surface, shoes, floor cleaning and slipping in US limited-service
restaurant workers. Occup Environ Med. 2011;68:279-285.

Chang WR, Huang YH, Way Li K, Filiaggi A, Courtney TK. Assessing
slipperiness in fast-food restaurants in the USA using friction variation,
friction level and perception rating. Appl Ergon. 2008;39:359-367.
Chang WR, Li KW, Filiaggi A, Huang YH, Courtney TK. Friction
variation in common working areas of fast-food restaurants in the
USA. Ergonomics. 2008;51:1998-2012.

Gronqvist R, Chang WR, Courtney TK, Leamon TB, Redfern MS,
Strandberg L. Measurement of slipperiness: fundamental concepts
and definitions. Ergonomics. 2001;44:1102-1117.

Punakallio A. Balance abilities of different-aged workers in physically
demanding jobs. J Occup Rehabil. 2003;13:33-43.

Loeppke RR, Schill AL, Chosewood LC, et al. Advancing workplace
health protection and promotion for an aging workforce. J Occup
Environ Med Am Coll Occup Environ Med. 2013;55:500-506.

Toossi M. Labor force projections to 2024: the labor force is growing,
but slowly. Monthly Labor Rev. 2015.

Selby PN, Burdette TM, Huband EM. Overview for the Survey of
Occupational Injuries and llinesses Sample Design and Estimation
Methodology. pp. 1337-1344.

Wiatrowski WJ. The BLS survey of occupational injuries and ilinesses:
a primer. Am J Ind Med. 2014;57:1085-1089.

BLS. 2015. Chapter 9. Occupational safety and health statistics.
Statistics Bol, Labor USDo, eds. BLS Handbook of Methods.
Washington, D.C.: U.S. Government Printing Office.

Rosner B. 2011. Fundamentals of biostatistics, 7th ed. Boston: Brooks/
Cole, Cengage Learning.

Cheng Y. 2012. Overview of current population survey methodology.
Demographic Statistical Methods Division. Washington, D. C.: US
Census Bureau.

Cook KJ. 2010. Employment & earnings. Statistics BoL, ed. Vol. 57.
Department of Labor: Washington, D.C. p. 240.

Szklo M, Nieto FJ. 2007. Epidemiology: Beyond the Basics, 2nd ed.
Sudbury, MA: Jones and Bartlett Publishers.

R: A language and environment for statistical computing. [computer
program]. Vienna, Austria: R Foundation for Statistical Computing;
2012.

Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M.
Physical activity in the United States measured by accelerometer. Med
Sci Sports Exercise. 2008;40:181-188.

National Research Council, Institute of Medicine 2004. Health and
Safety Needs of Older Workers. Washington, DC: Division of Behavioral
Sciences and Education National Academies Press.

Verma SK, Lombardi DA, Chang WR, Courtney TK, Brennan MJ.
A matched case-control study of circumstances of occupational same-
level falls and risk of wrist, ankle and hip fracture in women over
45 years of age. Ergonomics. 2008;51:1960-1972.

Verma SK, Lombardi DA, Chang WR, et al. Rushing, distraction, walking
on contaminated floors and risk of slipping in limited-service restau-
rants: a case-crossover study. Occup Environ Med. 2011;68:575-581.
Rothman KJ, Greenland S, Lash TL. 2008. Modern epidemiology, 3rd ed.
Philadelphia: Wolters Kluwer Health/Lippincott Williams & Wilkins.
Morassaei S, Breslin FC, Shen M, Smith PM. Examining job tenure and
lost-time claim rates in Ontario, Canada, over a 10-year period, 1999-
2008. Occup Environ Med. 2013;70:171-178.

OSHA. OSHA's National & Special Emphasis Program Index. 2016,
https://http://www.osha.gov/dep/neps/nep-programs.html


http://orcid.org/0000-0002-2192-5526
http://orcid.org/0000-0002-9851-3853
https://http://www.osha.gov/dep/neps/nep-programs.html

SCOTT ET AL

AMERICAN JOURNAL 119

WILEY OF

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Thomason T. 2005. Economic incentives and workplace safety. In:
Roberts K, Burton JF, Bodah MM, editors. Workplace Injuries and
Diseases: Prevention and Compensation. Kalamazoo, MI: W.E. Upjohn
Institute for Employment Research.

Smith GS, Huang YH, Ho M, Chen PY. The relationship between safety
climate and injury rates across industries: the need to adjust for injury
hazards. Accid Anal Prev. 2006;38:556-562.

Cunningham TR, Sinclair R. Application of a model for delivering
occupational safety and health to smaller businesses: case studies
from the US. Saf Sci. 2015;71:213-225.

Malinowski B, Minkler M, Stock L. Labor unions: a public health
institution. Am J Public Health. 2015;105:261-271.

Davis LK, Grattan KM, Tak S, Bullock LF, Ozonoff A, Boden LI. Use
of multiple data sources for surveillance of work-related amputa-
tions in Massachusetts, comparison with official estimates and
implications for national surveillance. Am J Ind Med. 2014;57:
1120-1132.

Dong XS, Fujimoto A, Ringen K, et al. Injury underreporting among
small establishments in the construction industry. Am J Ind Med.
2011;54:339-349.

Joe L, Roisman R, Beckman S, et al. Using multiple data sets for public
health tracking of work-related injuries and ilinesses in California. Am J
Ind Med. 2014;57:1110-1119.

Leigh JP, Du J, McCurdy SA. An estimate of the U.S. government's
undercount of nonfatal occupational injuries and illnesses in agricul-
ture. Annals Epidemiol. 2014;24:254-259.

Tak S, Grattan K, Boden L, Ozonoff A, Davis L. Impact of differential
injury reporting on the estimation of the total number of work-related
amputations. Am J Ind Med. 2014;57:1144-1148.

Woeuellner SE, Bonauto DK. Exploring the relationship between
employer recordkeeping and underreporting in the BLS Survey of
Occupational Injuries and llinesses. Am J Ind Med. 2014;57:
1133-1143.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

INDUSTRIAL MEDICINH]

Gillespie LD, Robertson MC, Gillespie WJ, et al. Interventions for
preventing falls in older people living in the community. Cochrane
Database Syst Rev. 2012;9:CD007146.

Title VII of the Civil Rights Act of 1964. Vol Pub.L. 88-352.

Age Discrimination in Employment Act of 1967. Vol Pub.L. 90-202.

Genetic Information Nondiscrimination Act of 2008. Vol Pub.L. 110-
233. 122 Stat. 881.

Health Insurance Portability and Accountability Act 0of1996. Vol Pub.L.
104-191, 110 Stat. 1936.

Patient Protection and Affordable Care Act 0f2010. 42 U.S.C. 18001
et. seq.

Americans with Disabilities Act 0f1990. Vol Pub.L. 101-336. 104 Stat.
328.

Verma SK, Sorock GS, Pransky GS, Courtney TK, Smith GS.
Occupational physical demands and same-level falls resulting in
fracture in female workers: an analysis of workers' compensation
claims. Inj Prev. 2007;13:32-36.

Fasano A, Plotnik M, Bove F, Berardelli A. The neurobiology of falls.
Neurol Sci. 2012;33:1215-1223.

Silverstein M. Meeting the challenges of an aging workforce. Am J Ind
Med. 2008;51:269-280.

limarinen J. Work ability—a comprehensive concept for occupational
health research and prevention. Scand J Work Environ Health.
2009;35:1-5.

limarinen JE. Aging workers. Occup Environ Med. 2001;58:546-552.

How to cite this article: Scott KA, Fisher GG, Barén AE,
Tompa E, Stallones L, DiGuiseppi C. Same-level fall injuries in
US workplaces by age group, gender, and industry. Am J Ind
Med. 2018;61:111-119. https://doi.org/10.1002/ajim.22796



https://doi.org/10.1002/ajim.22796

