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Occupational and non-occupational factors
associated with work-related injuries among
construction workers in the USA

Xiuwen Sue Dong, Xuanwen Wang, Julie A. Largay

CPWR - The Center for Construction Research and Training, Silver Spring, MD, USA

Background: Many factors contribute to occupational injuries. However, these factors have been compart-
mentalized and isolated in most studies.

Objective: To examine the relationship between work-related injuries and multiple occupational and non-
occupational factors among construction workers in the USA.

Methods: Data from the 1988-2000 National Longitudinal Survey of Youth, 1979 cohort (N=12,686) were
analyzed. Job exposures and health behaviors were examined and used as independent variables in four
multivariate logistic regression models to identify associations with occupational injuries.

Results: After controlling for demographic variables, occupational injuries were 18% (95% ClI: 1.04-1.34)
more likely in construction than in non-construction. Blue-collar occupations, job physical efforts, multiple
jobs, and long working hours accounted for the escalated risk in construction. Smoking, obesity/over-
weight, and cocaine use significantly increased the risk of work-related injury when demographics and
occupational factors were held constant.

Conclusions: Workplace injuries are better explained by simultaneously examining occupational and non-

occupational characteristics.

Keywords: Job exposures, Health behaviors, Multiple exposures, Occupational injuries, Workplace injuries

Background
The construction industry is a high-risk occupational
injury sector in the USA. Despite injury reductions
resulting from continuous intervention efforts, the
construction industry reported more fatalities than
any other industry in 2012." Although the nonfatal
injury rate in the US construction industry has
declined significantly over the past two decades, the
rate of injuries resulting in days away from work is
still 40% higher than the rate for all industries com-
bined.? In addition to the pain and suffering of injured
workers, work-related injuries pose huge financial
burdens on workers, their families, employers, com-
munities, and the economy. It is estimated that injuries
resulting from falls to a lower level in construction cost
$427 million annually (2005-2008 average) for medi-
cal care alone.® Therefore, to reduce traumatic injuries
and fatalities in construction is one of the strategic
goals of the National Occupational Research
Agenda.*

Many factors contribute to occupational injuries.
Most traditional research focuses on workplace
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factors. Studies have found that physically demand-
ing jobs®® and working long hours and shift
work® !° increase the risk of occupational injury.
Job tenure also plays a role in workplace injuries.>'®
An examination of construction occupations showed
that plumbers and electricians with five or less years
in their present job were significantly more likely to
experience a workplace injury than their more
tenured counterparts.'’

Researchers have also found disparities in injury risk
by race/ethnicity,'® 2" gender,'*'>!® age, !216:17.21-24
geographic region,”® and education.’ For example,
Hispanic construction workers have a higher rate of
occupational injuries than their non-Hispanic counter-
parts.”> Younger workers generally lack experience,
which may also increase the risk of injury on the
job.1621

Additionally, health behaviors have been linked to
workplace injuries. Several studies, including two in
construction, have shown that smokers have a higher
risk of occupational injury than non-smokers.!7?>2¢2
Alcohol, marijuana, cocaine, and other substance
abuse are associated with increased occupational
injury, with studies showing a dose-response relation-
ship.'**° A study of unionized construction workers in
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Washington State showed that among 25-30 year
olds, substance abusers were almost twice as likely to
incur a workplace injury when compared to non sub-
stance abusers.”® Another study in France found
smoking to be an injury risk factor for workers
under age 30.%’

Although these studies are useful in understanding
the risk factors of work-related injury, most have
been compartmentalized (Fig. 1a). Following research
patterns, injury prevention programs have typically
focused on safety and workplace health promotion
programs related to one off-the-job risk factor
(e.g. smoking cessation programs). Today, a growing
body of evidence supports the effectiveness of work-
place interventions that integrate health protection
and health promotion programs.®'* More research-
ers and policymakers have recognized that occupa-
tional and non-occupational factors may contribute
to worker safety and health simultaneously.***> In
response, the National Institute for Occupational
Safety and Health (NIOSH) launched the Total
Worker Health™ (TWH™) program.®® Given the
higher than average injury rates among construction
workers, further exploration of workplace injuries
using the TWH concept is necessary for targeting
effective mitigation strategies for this high-risk
worker group.
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Despite the importance of integration, the construc-
tion industry presents a challenge for occupational
safety and health research. The work environment
changes daily for individual workers as construction
progresses and the workers move from project to pro-
ject or company to company. As a result, many studies
with construction workers have relied on cross-sec-
tional data, were limited by small sample size, or
lacked statistical power,'6:!7:26:28

The National Longitudinal Survey of Youth, 1979
cohort (NLSY79), a population-based longitudinal
study, provides a valuable opportunity to explore
several factors simultaneously for individuals with
multiple employers or transient/sporadic employment
patterns typical of construction work. Using the
NLSY79 to assess injury risk among all workers,
researchers have found an association between inju-
ries and education, overtime, race/ethnicity, gender,
marital status, and obesity.>*!®?!7 Within construc-
tion, overtime and shift work were found to be
associated with an increased risk of injury.” While
these study designs may be sound, they were
restricted to focus on one risk factor in one study.
It remains unclear whether factors observed separ-
ately contribute jointly to work-related injuries.
Therefore, to better measure the combined effects
of multiple factors on occupational injury, this
study concurrently examines how work-related

1b. Total Worker Health Model™
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injuries are affected by occupational and non-occu-
pational factors among construction workers using
the concept model illustrated in Fig. 1b. The model
is built upon existing research and the TWH concept
discussed above. It hypothesizes that job exposures,
health behaviors, and other personal characteristics
contribute jointly to work-related injuries. The
hypothesis was tested step-by-step using multivariate
logistic regression.

Methods
Data source and sample size

This study analyzed 1988-2000 data from the
NLSY79, a nationally representative longitudinal
survey sponsored by the US Burecau of Labor Stat-
istics.®® The initial sample contained 12,686 young
men and women aged 14 through 22 years old as
of January 1979. Participants were interviewed
annually from 1979 through 1994, and biennially
from 1996 through the present. The NLSY79 pro-
vides detailed information on demographics, employ-
ment history, socioeconomic characteristics, and a
variety of health behaviors. A work-related injury
module was introduced in 1988 and included through
2000. Between 1988 and 2000 (except in 1991), survey
respondents were asked whether they had experi-
enced a work-related injury since the last interview.
The information collected in the survey facilitated
the tracking of work histories, health behaviors,
and work-related injuries for the respondents.

The response rates of the NLSY79 were 91% and
83% in 1988 and 2000, respectively.*” Between 1988
and 2000, about 500-700 respondents per wave
reported their current or most recent primary job
(in any occupation) was in the construction industry.
Overall, 1,625 NLSY79 respondents reported work-
ing in construction as their current or most recent
primary job for at least one wave (1-2 years)
during the study period — a total of 5,287 obser-
vations. Those who were employed in other indus-
tries were referred to as non-construction workers, a
total of 65,751 throughout the 12-year period.
Those who were not in the labor force, or did not
report industry were excluded from this study.

Outcome measure

Work-related injury was the outcome measure. From
1988 to 2000, the NLSY79 respondents were asked,
“Since [date of last interview], have you had an inci-
dent at any job that resulted in an injury or illness to
you?” Following this question, the respondents were
asked whether they missed one or more work days
due to injury or illness since the last interview, not
counting the day of the incident. Because very few
incidents resulted in illness in construction, the term
“injuries” refers to “injuries and illnesses” in the
study. Injury incidence rates at each survey were
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calculated using the number of reported injuries in
the survey as the numerator and the number of
respondents who were employed and completed the
injury module in that survey year as the denomi-
nator. In multivariate regression models, a dichoto-
mous dependent variable was generated to
represent participants’ work-related injury status
(yes/no) in the survey reference period.

Occupational factors

Occupational factors included blue-collar (e.g. car-
penter, roofer, laborer) or white-collar (e.g. manager,
professional, administrative) occupation; number of
jobs held in the calendar year before the interview;
and hours worked per day and weeks worked per
year in the current or most recent job. Occupational
factors also measured physical effort on the job (ran-
ging from “all/most of the time,” to “none/almost
none of the time”); and whether the job required lift-
ing heavy loads/stooping/kneeling/crouching was
categorized as “most/all of the time/5-7 days a
week,” “moderate amount/some of the time/l—
4 days a week,” and “rarely/none of the time/less
than 1 day a week.” Job-required physical activities
were composed of nine dichotomous (yes/no)
measures: walk around; use hands or fingers; reach
for supplies; lift up to 10 pounds; lift over 10
pounds; stoop/kneel/crouch; stand for long periods;
use stairs/inclines; and hear special sounds (e.g. sig-
nals, directions). These nine measures were combined
into a physical activity index ranging from zero to
nine. Physical effort information was only collected
in 1998 and 2000. Assuming exposures were similar
for the same occupation over time, the value of
physical activity was estimated by occupation and
assigned to individuals based on their occupation
for the years when physical activity information
was not collected.

Non-occupational factors

Body mass index (BMI), smoking status, drinking
status, lifetime marijuana use, and lifetime cocaine
use were defined as non-occupational factors. Respon-
dents’ BMI in each wave was categorized as normal
weight (BMI=18.5-24.9), overweight (BMI=25.0-
29.9), or obese (BMI>30). Very few respondents
were underweight and they were excluded from the
estimations. Smoking status, lifetime marijuana use,
and lifetime cocaine use were not collected in every
wave; therefore, measures from the previous wave
were used when the information was not collected.
Smoking status included “never smoker” (fewer
than 100 cigarettes in their lifetime); “former
smoker” (at least 100 cigarettes in their lifetime, but
were not currently smoking); and “current smoker”
(smoked at least 100 cigarettes and were still smok-
ing). Drinking status was only available in 1988,
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1989, and 1994. “Heavy drinker” was defined as six
or more drinks on one occasion at least four times
in the past 30 days; “light drinker” included former
drinkers and those who drank less than heavy drin-
included those who

kers; and “never drinker”

reported drinking no alcohol in the past 30 days.

Data analysis

Rate of work-related injury was stratified by sub-
groups and measured by number of incident injuries
per 100 observations. Unadjusted injury rates were
only estimated for subgroups among construction
workers. To compare differences in injury rates
among these subgroups, Chi-square tests were con-
ducted with significance defined at the P <0.05 level.
The study hypothesis was tested in four steps using
multivariate logistic regression models to determine
whether factors in each of the models affected work-
related injuries independently or jointly: Model 1,
“Industry” as an independent exposure variable;
Model 2, occupational factors; Model 3, non-occu-
pational factors; and Model 4, combination of occu-
pational and non-occupational factors. All models
were adjusted for control variables identified from
descriptive analysis, including gender, race/ethnicity,
education, geographic region, and survey year. Odds
ratios and 95% confidence intervals (CI) were tabu-
lated from the regression and presented in the tables.
All respondents who were ever employed during the
study period were included in the models. The
Hosmer—Lemeshow test was applied to assess good-
ness-of-fit for the logistic regression models. Sampling
weights from the survey were used so that the esti-
mates could better reflect the population represented
by the NLSY79. SAS SURVEY procedures* were
employed for the data analyses.

Dong et al. Work-related injuries among construction workers

Results

Table 1 summarizes the number of respondents and
work-related injuries reported in construction and
non-construction in each wave between 1988 and
2000. The injury incidence rate (per 100 obser-
vations) among construction workers was 14.2%
compared to 9.3% among non-construction workers
in 1988. However, the incidence rates show a decline
over the years as the cohort aged. During the 12-year
study period, the unadjusted incidence rate for con-
struction workers was approximately 52% higher
than that for non-construction workers on average
(10.8% versus 7.1%).

Injury incidence rates by demographics and non-
occupational factors among construction workers
are presented in Table 2. Male workers had a signifi-
cantly higher injury rate than females (11.1% versus
7.7%). Hispanic workers accounted for less than 6%
of the construction cohort and their injury rate was
similar to that for white, non-Hispanic workers
(12.8% versus 11.2%), but higher than that for
black workers (6.2%). Workers with a high school
education or less accounted for about three-quarters
of the cohort and had a significantly higher injury
rate compared to those with a higher education
(11.8% versus 7.7%).

In terms of non-occupational factors, approxi-
mately 47% of construction workers in this cohort
were current smokers and 17% were former smokers
(Table 2). Current smokers had the highest injury
incidence rate (13.1%) compared to former smokers
(9.3%) and never smokers (8.6%). Those who had
used cocaine also had a higher rate compared to
those who never used cocaine. Variation was found
among workers with different BMI and drinking
status, but the difference was not statistically
significant.

Table 1 Observations, work-related injuries, and injury incidence rate, construction versus non-construction, 1988-2000

Construction Non-construction

95% ClI 95% ClI

Survey Incidence Incidence
year Observations  Injuries rate® Lower Upper Observations Injuries rate® Lower Upper
1988 652 85 14.2% 10.8% 17.6% 8,341 754 9.3% 8.5% 10.0%
1989 706 65 9.2% 6.6% 11.8% 8,344 547 6.6% 6.0% 7.3%
1990 681 67 9.7% 7.0% 12.4% 8,215 548 6.4% 5.7% 7.0%
1992° 536 57 10.9% 7.8% 13.9% 7,100 505 7.5% 6.8% 8.3%
1993 587 57 9.7% 6.9% 12.4% 6,970 390 5.8% 51% 6.4%
1994 482 48 10.9% 77% 14.2% 6,194 411 6.9% 6.2% 7.7%
1996° 555 60 11.8% 87% 149% 6,989 544 7.8% 7.0% 8.5%
1998 536 57 12.3% 9.0% 155% 6,917 498 7.2% 6.5% 7.9%
2000° 552 49 9.0% 6.3% 11.8% 6,681 457 6.7% 6.0% 7.4%
Total 5,287 545 10.8% 9.8% 11.8% 65,751 4,654 71% 6.9% 7.4%

Note: ?Injury incidence rate=number of injuries per 100 observations.

b Injury rates represent 2-year recall period.
Percentages are weighted.
No injury data were collected in 1991.
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Injury incidence rates by occupational factors in
construction are reported in Table 3. Workers in
blue-collar occupations and those with three or more
jobs per year had higher injury rates than their
counterparts, respectively. The relationship between
injuries and hours or weeks worked was not linear;
however, those who worked longer days and more
weeks per year had a higher injury rate in general.
Construction workers who expended physical effort
all or most of the time on the job also had a higher
injury rate than those without such efforts.

Table 4 presents the results from four logistic
regression models using observations in all industries.
The Hosmer—Lemeshow test indicated that all four

models fit the data, but Model 3 was the poorest fit
(P=0.071) and Model 4 was the best fit (P=0.9006).
Controlling for demographics, construction workers
were approximately 18% more likely to incur a
work-related injury than their non-construction
counterparts (Model 1). After occupational factors
were taken into consideration, the industry differential
disappeared, but all the occupational factors were sig-
nificantly associated with work-related injury (Model
2). When examining non-occupational factors after
controlling for demographics, the injury risk was
14% higher for construction workers compared to
non-construction workers (Model 3). Obese/over-
weight, smoking, and cocaine use were risk factors

Table 2 Work-related injuries in construction, by demographics and non-occupational factors, 1988-2000

Injury incidence rate®

95% ClI
Characteristics % of sample Point estimate Lower Upper P value®
Demographics
Gender 0.045
Male 90.8% 11.1 10.1 12.2
Female 9.2% 7.7 4.9 10.4
Race/ethnicity <0.001
Hispanic 5.6% 12.8 10.2 15.5
Black 10.1% 6.2 4.7 7.7
White, non-Hispanic 84.3% 1.2 10.1 12.4
Birthplace 0.495
Foreign-born 3.5% 12.3 7.7 17.0
Native-born 96.5% 10.8 9.7 11.8
Education 0.001
High school or less 75.9% 1.8 10.6 12.9
Some college or above 24.1% 7.7 58 9.5
Geographic region 0.002
Northeast 18.5% 9.5 7.4 1.7
Midwest 26.5% 13.6 11.5 15.8
South 35.3% 8.9 7.4 10.4
West 19.8% 11.6 9.3 13.9
Non-occupational factors
BMI° 0.926
Obese 15.6% 11.1 8.5 13.7
Overweight 41.4% 10.9 9.3 12.6
Normal weight 43.1% 10.6 9.1 121
Smoking <0.001
Current smoker 46.5% 13.1 1.4 14.8
Former smoker 16.6% 9.3 6.7 11.8
Never smoker 36.9% 8.6 7.1 10.1
Drinking 0.415
Heavy drinker 19.4% 12.2 9.9 14.5
Light drinker 59.1% 10.5 9.2 11.7
Never drinker 21.5% 10.6 8.4 12.7
Lifetime marijuana use 0.041
11+ occasions 43.3% 12.5 10.8 14.2
1-10 occasions 31.8% 9.7 8.0 11.5
Never 24.9% 10.0 8.0 12.0
Lifetime cocaine use 0.031
11+ occasions 20.7% 12.9 10.4 15.3
1-10 occasions 20.1% 12.4 9.9 14.8
Never 59.1% 9.8 8.5 11.1
Total 100% 10.8 9.8 11.8

Note: ?Injury incidence rate=number of injuries per 100 observations.

b P.value represents chi-square tests comparing differences in injury rates by characteristics.

®Workers with underweight BMI are excluded.
Numbers are weighted.
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for work-related injuries; however, drinking and mar-
jjuana use were not significant.

Model 4 accounted for both occupational and
non-occupational factors while controlling for demo-
graphic characteristics. No significant difference was
found between construction and non-construction
workers in the fully adjusted model, but risk factors
identified from Models 2 and 3 remained statistically
significant and results were robust. Blue-collar
workers were 63% more likely to be injured on the
job when compared to white-collar workers; workers
who spent all or most of the time expending physical
efforts, and held five or more jobs per year at least
doubled their likelihood of a work-related injury
compared to their corresponding counterparts. Cur-
rent smokers had a 38% higher risk of work-related
injury than those who never smoked. When com-
pared to workers with normal weight, injury risk
was 34% and 13% higher for obese and overweight
workers, respectively. Any cocaine use increased the
risk of injury by about 16% compared to individuals
who never used cocaine.

Dong et al. Work-related injuries among construction workers

Discussion

This study analyzed work-related injuries among
construction workers during a 12-year period using
data from the NLSY79. On average, construction
workers in this cohort were 52% more likely to
experience occupational injury compared to non-con-
struction workers (Table 1). However, the industrial
difference was reduced after controlling for demo-
graphics, and negated when occupational factors
were considered. The results support the study
hypothesis that work-related injury is associated
with both occupational and non-occupational factors
after controlling for demographics. Although non-
occupational factors alone may not be sufficient to
predict work-related injuries, the study suggested
that including non-occupational factors may explain
work-related injury risk to a greater extent.

The findings show that job exposures were major
determinants of work-related injuries, consistent
with previous studies in different settings.® 114716
In addition to the factors that have been studied in
prior research (i.e. occupation, job physical demands,
and hours worked),®? 11134142 this study found that

Table 3 Work-related injuries in construction, by occupational factors, 1988-2000

Injury incidence rate®

95% CI
Occupational factors % of sample Point estimate Lower Upper P value®
Occupation <0.001
Blue-collar 80.2% 11.9 10.7 13.0
White-collar 19.8% 6.6 4.8 8.4
Number of jobs per year (mean: 2.0 jobs) <0.001
1job 30.2% 10.5 8.7 12.3
2 jobs 50.5% 9.6 8.2 10.9
3-4 jobs 18.3% 14.6 11.9 17.2
5+ jobs 0.9% 22.4 8.9 35.9
Hours worked per day in primary job (mean: 8.7 hours) 0.003
<8 hours 62.9% 9.4 8.2 10.6
8.1-10 hours 28.5% 13.2 11.1 15.3
>10 hours 8.6% 12.7 8.9 16.4
Weeks worked per year (mean: 45.0 weeks) 0.019
<26 weeks 10.3% 9.8 6.9 12.7
27-48 weeks 21.7% 13.5 11.1 15.8
49-52 weeks 68.0% 10.1 8.9 1.3
Physical efforts 0.018
All or most of the time 68.9% 11.0 9.6 12.3
Some of the time 20.7% 10.6 8.1 13.1
None or almost none of the time 10.3% 5.7 3.1 8.2
Lifting/stooping/kneeling 0.070
Most/all of the time/5-7 days a week 59.7% 1.2 9.9 125
Moderate amount/some of the time/1-4 days a week 32.0% 10.7 9.0 124
Rarely/none of the time/ <1 day a week 8.3% 6.7 3.8 9.7
Job physical activity index (mean: 6.1) 0.027
0 10.6% 6.1 35 8.7
1-3 8.5% 8.6 5.1 12.2
4-6 17.7% 12.2 9.4 15.0
7-9 63.2% 10.8 9.4 12.2
Total 100% 10.8 9.8 11.8

Note: ®Injury incidence rate = number of injuries per 100 observations.
b P value represents chi-square tests comparing differences in injury rates by occupational factors.

Numbers are weighted.
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the injury risk doubled for workers holding five or
more jobs per year compared to those with one or
two jobs. This indicates that worksite inexperience
due to changing jobs frequently may be a risk
factor for work-related injuries. Considering that
the construction workforce is typically mobile,
enhancing safety and health training for new workers
should be a priority. This study also confirmed that
smoking, obesity/overweight, and cocaine use signifi-
cantly increased the risk of work-related injury when
demographics and occupational factors were held
constant.

There are several limitations that should be con-
sidered when interpreting the results of this study.
The reference period for injury information changed
during the study period, and was relatively long in
later survey waves. In addition, the respondents
were only asked whether they had a work-related
injury since their last interview, but were not asked
how many injuries they sustained during the recall
period. This has not only increased recall bias, but
also made it more difficult to tabulate injury rates.
The information about past substance use in this
cohort could be less accurate since the use of drugs
is illegal, and both alcohol and smoking are stigma-
tized, possibly leading to systematic biases in
responses.*> Moreover, while the NLSY79 provides
a detailed job history, the measurement of workplace
hazards that directly affect work-related injuries is
limited. Further research should investigate the
association between work-related injuries and specific
working conditions using different approaches.
Finally, this study only focused on the incidence of
work-related injuries; ongoing workplace influences
on chronic illnesses and the consequences of work-
related injuries were not considered. More studies
should be conducted using the NLSY79 or alterna-
tive data sources.

This study has several strengths. Work-related inju-
ries in the study were estimated from a nationally
representative data source. Using self-reported occu-
pational injury as the outcome measure may reduce
possible injury underreporting based on data from
employers and workers’ compensation.***> The
repeated measure is particularly valuable for safety
and health research on mobile construction workers.
In addition, the validity and reliability of the
NLSY79 have been tested by the NLS Technical
Review Committee,*® and the NLSY79 data have
been used in many published studies.”*”*® Moreover,
this study is one of few studies examining the rela-
tionship between work-related injuries and multiple
occupational and non-occupational risk factors simul-
taneously. The findings could enhance our under-
standing of the Total Worker Health™ concept — a
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strategy to prevent work-related injuries and illnesses
and advance worker health and well-being.*®

Conclusion

This study adds to research on workplace injuries in the
context of individual construction workers during a 12-
year period. The findings indicate that the difference
between industries is mainly explained by jobsite
exposures. Four occupational risk factors (i.e. blue-
collar occupations, job physical efforts, multiple jobs
per year, and longer working hours) accounted for the
elevated injury rate in the construction industry. The
results also suggest that smoking, obesity/overweight,
and cocaine use directly or indirectly increase the likeli-
hood of work-related injuries. Therefore, integrating
workplace injury prevention and health promotion
may be more effective than separate programs for
improving worker safety and health.
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