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Objectives The relationship between obesity and occupational injuries remains unclear in the literature due to
limitations in study design and sample composition. To better assess the contribution of obesity to occupational
injury, we used data from a nationally representative cohort, the National Longitudinal Survey of Youth 1979
(NLSY79) in 1988–2000.

Methods We hypothesized that obesity contributes to workplace injury and tested the hypothesis using logis-

tic regression with generalized estimating equations (GEE) and random-effects logistic regression. To ensure
temporal precedence of obesity, we used the obesity level in each previous wave and examined its association
with injury outcome in each wave from 1988–2000. Obesity was measured as body mass index (BMI) based on
self-reported height and weight.

Results The GEE analysis showed that obesity was associated with 25% higher odds of workplace injury [odds

ratio (OR) 1.25, 95% confidence interval (95% CI) 1.12–1.39; P<0.001). The random-effects regression indicated
that obese workers were associated with 29% higher odds of sustaining injuries than those of normal weight (OR
1.29, 95% CI 1.15–1.45; P<0.001).

Conclusions Obesity may predispose workers to work-related injury; further research is needed to elucidate
the mechanisms.

Key terms BMI; body mass index; overweight; workplace injury; work-related injury; NLSY

Occupational injuries pose a significant burden on the
workforce worldwide. Globally, occupational injuries account for a loss of 3.5 years of healthy life per
1000 workers each year (1). In 2009, the US Bureau
of Labor Statistics recorded nearly 3.3 million nonfatal workplace injuries among private industry, over
a half of which involved days away from work, job
transfer, or job restriction (2). In 2010, the direct workers’ compensation costs of disabling workplace injury
were estimated to be US$51 billion (3). In addition to
the direct medical costs incurred, injuries at work may
result in decline in workers’ long-term earnings (4) and
reduction in home activities (5). Leigh (6) estimated that
in 2007 the total cost (direct and indirect) of non-fatal
occupational injuries in the United States was US$186
billion, as large as the cost of cancer.

Obesity is a widely recognized public health problem. A significant proportion of populations in developed countries in Europe and North America are obese
(7), and obesity has also become more common in the
developing world (8). Obesity is known to increase the
risk of cardiovascular diseases and diabetes (8); lately
obesity has been suggested as a risk factor for occupational injury (9–12, 5). Despite such observations, obesity’s contribution to occupational injury risk remains
far from clear in epidemiological literature. A review
by Pollack & Cheskin (13) with respect to traumatic
workplace injury found that many of the estimates for
the relationship between obesity and workplace injury in
published papers were not statistically significant (14–
24). However, the review also noted that many of these
studies were limited by small sample sizes, inadequacies
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in addressing confounding, and/or lack of robustness in
statistical methods, hence inconclusive. Moreover, these
studies relied on cross-sectional data where it cannot be
determined whether exposure to excessive body weight
occurred before the incidence of injury.
A limited number of other studies based on longitudinal samples have reported an association between
obesity and workplace injury (20, 25, 26). While these
study designs were sound and robust, the samples were
restricted to certain industry groups. It remains unclear
whether the relationship observed in these studies could
have been driven by industry- or company-specific
factors. Therefore, to better assess the contribution of
obesity to occupational injury, we used data from a
nationally representative cohort: the National Longitudinal Survey of Youth 1979 (NLSY79). We hypothesized
that obesity contributes to workplace injury and tested
the hypothesis using logistic regression with generalized
estimating equations (GEE) and random-effects logistic
regression.

Methods
Data and sample
The NLSY79 sample was designed to represent the entire
population of youth aged 14–21 years as of 31 December
1978 and residing in the US as of January 1979 (27).
Since our focus was occupational injury in the civilian
labor force, we did not discuss or include the military
subsample of the NLSY79. In 1978, approximately 75
000 civilian housing units were selected through a multistage stratified area probability sampling for a “screening interview”, and interviewers went to these houses to
collect basic information such as house members’ age,
race, and poverty status (27). Black, Hispanic, and poorer
Caucasian American housing units were oversampled to
produce statistical efficiency for these subgroups. Based
on the screening interviews, those who were aged 14–22
years as of December 1978 in these 75 000 housing units
were asked to participate in the first NLSY79 interview.
In 1979, 14 574 people aged 14–22 years were
initially designated for interviewing; 12 686 actually completed the first interview (27). The NLSY79
re-interviewed these 12 686 people every year from
1979–1994 and every other year after 1994. During
1988–2000 (except 1991 due to budgetary limitations)
the NLSY79 administered a “workplace injury module”
for all respondents who had employment history since
the previous interview. Our study sample consisted of
those NLSY79 cohort participants who completed this
module in 1988–2000. The module has been used previously in other studies of occupational injury (28–31).

Overall, the NLSY79 has experienced a low degree
of sample attrition/non-response (32). As of 1988, 127
respondents were deceased. Response rates, defined as
the percentage of living and eligible respondents who
were interviewed, were 91% and 82% in 1988 and 2000,
respectively. Our pre-analysis showed that during 1988–
2000 non-response was associated with being male and
minority status, but not body mass index (BMI). In
1988, of the 10 234 interviews of the civilian NLSY79
sample, 8941 (87%) completed the injury module in that
year. The gap was the result of 1293 respondents who
lacked employment history since the previous wave. The
analysis also indicated that gender, minority status, or
being over- or underweight were associated with lack of
employment history.
Outcome and exposure
Our outcome variable was injury at work, analyzed as
a dichotomous variable, which we obtained from participant responses to the workplace injury module. In
this module, the NLSY79 interviewers started with the
question: “Since (date of the last interview), have you
had an incident at any jobs we previously discussed
that resulted in an injury or illness to you?” Then, the
survey focused exclusively on the most recent incident,
and interviewers went on to collect the characteristics of
the injured worker’s job, such as industry and wage. The
survey also differentiated injuries from illnesses by asking “Did the incident result in an injury or an illness?”
thus we were able to focus on injuries. Note that the
wording of the question in 1988 differed slightly from
other years; the timeframe used was “over the past 12
months” instead of “since the day of the last interview”.
Our exposure variable was obesity. We measured
obesity as BMI based on self-reported height and
weight. BMI is defined as weight divided by the square
of height (kg/m2). Using the definition published by the
US Center of Disease Control (33), we used the following classification: <18.4 (underweight), 18.5–24.9
normal weight, 25.0–29.9 (overweight), and ≥30 kg/m2
(obese). Between 1988–2000, 105 cases reported a BMI
<14 or >55 kg/m2, which we considered to be implausible and set as missing. Initial analysis suggested that
setting different cut-off points for implausible values did
not influence the study results. We used the weight in
each previous round to ensure the temporal precedence
of the exposure. For example, the weight in 1989 was
used to predict injury in 1990. The only exception was
1988; the NLSY79 did not record respondents’ weight
in 1987; thus weight in 1986 was used to predict injury
in 1988. Accordingly, there were nine measurements for
obesity level (’86, ’88, ’89, ’91, ’92, ’93, ’94, ’96, ’98)
and nine measurements for injury (’88, ’89, ’90, ’92,
’93, ’94, ’96, ’98, ’00).
Scand J Work Environ Health 2013, vol 39, no 3
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Covariates
We included the following covariates as controls or confounders: age, gender, race and ethnicity (indicators for
Black and Hispanic, respectively), education (in years),
worker’s weekly wage (in log scale), weekly working
hours, and industry indicators (1970 Census code). Similar to two previous studies (29, 30), we also constructed
two measures from the Dictionary of Occupational Title
(DOT) (34) to control for an occupation’s inherent risk
of injury. The first constructed measure, environmental
hazard, was the sum of six DOT items, each of which
ranged from 0–1: (i) extreme cold, (ii) extreme heat, (iii)
wet conditions, (iv) extreme noise, (v) other hazards,
and (vi) negative atmospheric conditions. The second
measure, physical demand, was the sum of four DOT
items, each of which ranged between 0–1: (i) climbing
and/or balancing, (ii) stooping, kneeling, crouching,
and/or crawling, (iii) reaching, handling, fingering, and/
or feeling, and (iv) seeing. We calculated the average
scores of the two DOT measures for males and females
in each occupation and then linked them to the main
NLSY79 data using gender and occupation.
Statistical analysis
To estimate the relationship between obesity and occupational injury, we first use logistic regression with GEE.An
approach often used to analyze binary outcomes in longitudinal data (35), GEE produces population-averaged
estimates (or marginal effects), ie, the changes in the
outcome’s population mean given changes in the covariates. This approach has an advantage that the marginal
effects can be estimated consistently even if the withinindividual correlation is not correctly specified (36). For
our analysis, an unstructured correlation was selected to
adjust for within-individual correlation because the data
were not evenly spaced in time and an autoregressive
structure might not have been appropriate.
Since obesity is often viewed as a risk factor attributable to individuals, it is desirable to obtain subject-specific estimates, ie, whether increases in given individuals’ BMI are associated with injury at work. To this end,
we supplemented the GEE analysis with random-effects
logistic regression (37, 38), which assumes the unobserved differences between individuals are represented
by a probability distribution (the random-effects). Note
that by nature, the estimates from GEE are different
from random-effects (39); one describes populationaveraged and the other subject-specific results. And
unlike the case of linear models – where estimates from
the two approaches tends to be similar – in the case of
logistic regression, estimates from a population-average
and subject-specific model may diverge because the link
function (ie, log) is not a linear transformation (36, 38).
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All data analyses were performed using Stata 11 (Stata
Corporation, College Station, TX, USA); P<0.05 was
considered statistically significant.

Results
Sample description
Table 1 presents the number of participants in each
round from 1988–2000, the number of respondents who
reported having been injured at work since the previous wave, and the distribution of weight status in each
previous wave. The number of injuries dropped from
752 in 1988 to 447 in 2000; the corresponding weighted
percentages were 8.7% and 6.9%, respectively. Overall,
the NSLY79 respondents were gaining weight steadily,
from 35.2% being obese or overweight in 1987 to 59.7%
in 1998.
Table 2 presents other characteristics of those who
completed the injury module in 1988. On average,
respondents were 27.5 years old, had completed 13.2
years of education, and had spent 40.6 hours at work per
week. We further broke down the incidence of injury by
industry. Table 3 indicates that while injuries occurred in
all industries (716 cases reported in total), the majority
clustered in manufacturing (189 cases) and wholesale
and retail (170 cases).
Table 4 presents the GEE and random-effects estimates of the logistic regression controlling for other
covariates. The GEE analysis shows that obesity was
associated with a 25% higher odds of workplace injury
[odds ratio (OR) 1.25, 95% confidence interval (95%
CI) 1.12–1.39; P<0.001]. Overweight was marginally
significant (OR 1.08, 95% CI 1.00–1.18; P=0.06) but
underweight status was not statistically significant.
While both occupational hazard indicators were associated with increased risk of injury, females and minorities
had lower odds of injury at work. Workers in all other
industries had higher odds of occupational injury than
the referent, ie, the finance, insurance, and real estate
industry group. The results of random-effects regression were similar to those of GEE. Obese workers
were associated with a 29% higher odds of sustaining
injuries than those of normal weight (OR 1.29, 95% CI
1.15–1.45; P<0.001).

Discussion
We assessed the relationship between obesity and occupational injury using the NLSY79. Results of the statistical analysis indicated that obese workers were more
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Table 1. Number of participants, injuries, and distribution of weight status in the National Longitudinal Survey of Youth 1979 (NLSY79)
in 1988–2000.
Year

1988
1989
1990
1991 b
1992
1993
1994
1996
1998
2000
a
b

Number of
observations

Number reporting having
been injured at work since
previous wave

8941
8906
8833
N/A b
7491
7407
7418
7444
7316
7051

752
554
540
515
393
415
543
495
447

Weight status in the previous wave
Underweight (%)

Overweight (%)

Obese (%)

3.3 a
3.5
3.0

61.4 a
57.9
56.5

26.1 a
27.8
29.2

9.1 a
10.9
11.3

2.4
2.3
2.0
1.8
1.7
1.3

51.6
48.5
47.4
45.5
41.8
39.0

31.8
33.0
33.6
34.6
36.1
36.6

14.2
16.1
17.0
18.2
20.4
23.1

The NLSY79 did not record respondents’ weight in 1987; thus weight in 1986 was used.
In 1991, the NLSY79 did not administer the injury module, and no observations in that year were eligible for our analysis.

Table 2. Characteristics of National Longitudinal Survey of Youth
1979 participants who completed the workplace injury module in
1988. [SD=standard deviation; N=8941 a].
Variable
Demographic profile
Female
Black
Hispanic
Age
Education (in year)
Job characteristics
Hours worked per week
Hourly wage (log scale)
Physical demand
Environmental hazards
Industry
Finance, insurance, real estate
Agriculture, forestry, fisheries
Mining
Construction
Manufacturing
Transportation, communications
Wholesale and retail trade
Business and repair services
Personal services
Entertainment & recreation
Professional & related services
Public administration
a

Normal weight (%)

Mean

%
47.8
12.8
6.1

27.5
13.2
40.6
2.1
1.5
0.4

SD
0.50
0.33
0.24
2.27
2.34

Range
0–1
0–1
0–1
24–31
1–20

11.60
1–96
0.6 -4.6–10.2
0.87
0–4
0.63
0–4.1
6.9
2.6
0.9
7.4
18.7
5.8
20.5
7.6
4.6
2.0
18.1
4.9

0.25
0.16
0.10
0.26
0.39
0.23
0.40
0.27
0.21
0.14
0.38
0.22

0–1
0–1
0–1
0–1
0–1
0–1
0–1
0–1
0–1
0–1
0–1
0–1

8941 is the number of subjects who completed the injury module, and
most variables in the table have missing values except age, race and
ethnicity, and gender. Education is missing for 39 cases, working hour
132, wage 397, occupational hazards 187, and industry 183.

likely to sustain injury at work than workers of normal
weight. In both models, we controlled for potential
confounders such as industry, work hours, and occupational hazards, in addition to typical demographic characteristics. The demographic profile of the sample was
similar to the 1988 national distribution (40), except for
a lower percentage of those who were of Hispanic origin
in the sample (6% versus 8%) and a lower proportion
of females (47.8% versus 49.8%). The prevalence of

Table 3. Number of respondents reporting workplace injury in
1988 by industry, National Longitudinal Survey of Youth 1979.
Industry

Finance, insurance, real estate
Agriculture, forestry, and fisheries
Mining
Construction
Manufacturing
Transportation, communication,
Wholesale and retail trade
Business and repair services
Personal services
Entertainment & recreation services
Professional and related services
Public administration
Total

Have you been injured at work
over the past 12 months?
No

Yes

551
226
59
549
1473
469
1632
639
433
136
1480
420
8067

12
25
9
75
189
54
170
33
21
16
82
30
716

overweight and obese was comparable to findings based
on other population studies (41).
Our result is consistent with prior studies based on
smaller longitudinal samples (20, 25, 26) and crosssectional population studies that address adults’ injuries and are not limited to the workplace (42–45).
Overall, these findings suggest that obese workers
(BMI ≥30 kg/m2) are at increased risk of injury with
an OR range of 1.2–1.8. Additionally, the association
for overweight workers (25.0–29.9 kg/m2) attained
marginal significance, which suggests that a potential
relationship between overweight status and occupational injury cannot be ruled out. Our results also agree
with the broader literature regarding the adverse impact
of excessive weight on workers. Obesity is associated
with workplace disability (45, 46), long-term sick
leave (47), and the cost of worker’s compensation
claims (26).
Scand J Work Environ Health 2013, vol 39, no 3
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Table 4. Multivariable generalized estimating equations (GEE) and
random-effects logistic regression showing the association between
weight status and workplace injury, National Longitudinal Survey
of Youth 1979 (NLSY79) in 1988–2000. [OR=odds ratio; 95%
CI=95% confidence interval; number of observations = 62 311;
Wald chi-square = 783 (GEE) and 801 (random effects); var(random
effects)=1.33]
GEE
Weight status (in
previous wave)
Normal
Underweight
Overweight
Obese
Demographic controls
Black
Hispanic
Female
Age
Education (in year)
Job characteristics
controls
Hours worked per week
Hourly wage (log scale)
Physical demand
Environmental hazards
Industry controls
Finance, insurance,
real estate
Agriculture, forestry,
fisheries
Mining
Construction
Manufacturing
Transportation,
communications
Wholesale and retail
trade
Business and repair
services
Personal services
Entertainment &
recreation
Professional & related
services
Public administration

OR

95% CI

Random-effects
OR

Referent
Referent
0.91
0.68–1.22
0.89
1.08
1.00–1.18
1.09
1.25
1.12–1.39
1.29

95% CI

0.65–1.22
0.99–1.19
1.15–1.45

0.71
0.75
0.87
0.99
0.90

0.64–0.78
0.67–0.84
0.79–0.96
0.99–1.00
0.88–1.92

0.69
0.75
0.86
1.00
0.89

0.62–0.77
0.66–0.85
0.78–0.96
0.99–1.01
0.87–0.91

1.01
1.00
1.11
1.30

1.01–1.01
0.94–1.06
1.05–1.17
1.22–1.39

1.01
0.99
1.12
1.36

1.01–1.02
0.93–1.06
1.06–1.19
1.27–1.46

Referent

Referent

1.68

1.21–2.33

1.75

1.24–2.48

2.45
1.88
2.60
2.60

1.55–3.86
1.42–2.49
2.01–3.36
1.98–3.42

2.65
2.03
2.82
2.79

1.59–4.43
1.53–2.71
2.17–3.66
2.10–3.70

2.26

1.74–2.92

2.43

1.87–3.15

1.56

1.18–2.07

1.60

1.20–2.13

1.43
2.66

1.04–1.96
1.84–3.84

1.43
2.84

1.03–1.99
1.92–4.21

2.01

1.55–2.61

2.13

1.64–2.78

2.49

1.87–3.32

2.66

1.98–3.58

Despite the strong documented associations, the
mechanism of how excessive body weight relates to
occupational injury remains unclear; future studies
should examine possible pathways through which
increased body weight affects workplace safety. For
example, obesity is associated with many chronic conditions such as sleep apnea (48) and osteoarthritis (49)
that may bring about sleepiness or physical limitations,
potentially leading to a higher risk of workplace injury.
Excessive body weight may alter the body’s biomechanics (50) resulting in postural instability (51) and weak
balance (50), and conceivably increasing the likelihood

272

Scand J Work Environ Health 2013, vol 39, no 3

of a fall (52). Further, obesity may interact with occupational hazards (10), elevating injury risk. For example,
obese workers may find it hard to obtain appropriate personal protective equipment (25), increasing the chance
of injuries in hazardous environments.
In our sample, BMI was missing for 4.8% of the
observations between 1988–2002, with a high proportion of these being female (5.6%) and Hispanic (5.9%).
But those with missing values for BMI did not differ
significantly from those with BMI values in the proportion reporting injury. Thus missing values for BMI do
not seem to have seriously biased the obesity-injury relationship. Missing data due to attrition or non-response
is another source of concern. The random-effects model
has an advantage in this regard: under the assumption
of missing at random (ie, attrition depends on observed
data but not unobserved data), the random-effects estimates remains consistent if the model is correctly specified (36). We note that missing at random is the most
frequently invoked assumption in empirical analysis
(53), although it is impossible to test whether attrition
depends only on the observed variable or not; we do not
have data for those who were not observed. Assuming
that the missing-at-random assumption is reasonable,
and given that the random-effects estimates are close to
the GEE results, we feel confident that sample attrition
did not substantially bias our study results.
The observed relationship in our analysis may be
spuriously driven by other unobserved factors or biased
by poor measurements of the predictors. For example,
workers of lower socioeconomic status tend to have
worse health outcomes including excessive body weight
(54) and they are more likely to be involved with risky
tasks (55), both elevating the risk of injury. We have used
several variables to indicate a worker’s socioeconomic
status, such as education, hourly wage, and occupation;
still these variables may be far from complete, and the
problem of residual confounding due to other social factors exists. To partially address the residual confounding
problem, we conducted fixed-effects regression, which
focuses exclusively on within-individual differences
while controlling for all stable individual characteristics (56). The results from fixed-effects regression were
qualitatively similar to our analysis.
There are other limitations to our study. First, the
NLSY79 did not document a specific nature of injury
or contributing event (fracture, fall, burn, being struck
by an object), and we were therefore unable to conduct
a more fine-grained analysis on the relationship between
obesity and different types of occupational injury. Second, our outcome measure was self-reported, and individuals may have had varying definitions or thresholds
for reporting injury. Third, BMI is correlated with body
adiposity but does not directly reflect the proportion of
body fat. The same BMI may indicate different levels of
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body fat and result in misclassification of obesity (57).
Fourth, people tend to overstate their height and underreport their weight, which results in a self-reported BMI
lower than then actual, potentially biasing the results
toward the null.
Our study has several strengths. First, the current
findings are based on a representative sample with a
relatively large sample size, while most of the previous research used smaller company or industry-specific
samples (14–26). Second, the NLSY79 cohort has a
relatively high participation rate and low sample attrition, and the longitudinal nature of our sample allows us
to ensure temporal precedence of the exposure. Third,
we fit a population-averaged and subject-specific model;
results from both indicated that obesity was associated
with a greater risk of occupational injury. Fourth, a wide
array of controls was included, such as basic demographic profile, industry, and job characteristics.
Concluding remarks
Occupational injury continues to pose a significant burden on workers worldwide, and lately obesity has been
suggested as a risk factor for workplace injury. Many
previous studies have included obesity as a covariate in
their analysis, but the evidence regarding the relationship between obesity and workplace injury has been
mixed. We assessed this relationship using data from a
nationally representative cohort and found that obesity
is significantly associated with occupational injury.
Further research is needed to elucidate the mechanisms
through which excessive body weight contributes to
injury at the workplace, how obesity interacts with other
occupational hazards, and what interactions may pose a
hazard to workplace safety.

Acknowledgments
The authors appreciate the comments of Dr David A.
Lombardi and Mr Raymond McGorry. Preliminary findings were presented at the 2010 Annual Meeting of the
American Public Health Association. Dr Lin conducted
this work in part while pursuing his doctorate in the
Office of Population Research, Princeton University.
All authors approved the final version of the manuscript
and, to the best of the authors’ knowledge, there are no
potential conflicts of interests.

References
1.

Concha-Barrientos M, Nelson DI, Fingerhut M, Driscoll T,
Leigh J. The global burden due to occupational injury. Am
J Ind Med. 2005;48(6):470–81. http://dx.doi.org/10.1002/
ajim.20226.

2.

Bureau of Labor Statistics, US Department of Labor. News
Release: Workplace injuries and illnesses–2009. Washington,
DC: Bureau of Labor Statistics, 2011. (USDL-10-1451)

3.

Liberty Mutual Research Institute for Safety (LMRIS).
2012 Liberty Mutual Workplace Safety Index. Hopkinton,
MA: LMRIS; 2012. (http://www.libertymutualgroup.com/
omapps/ContentServer?c=cms_document&pagename=L
MGResearchInstitute%2Fcms_document%2FShowDoc&c
id=1138365240689) (Accessed Jan. 2013)

4.

Boden LI, Galizzi M. Income losses of women and men injured
at work? Journal of Human Resources. 2003;38(3): 722–57.
http://dx.doi.org/10.2307/1558774.

5.

Boden LI. Running on empty: Families, time, and workplace
injuries. Am J Public Health. 2005;95(11):1894–7. http://
dx.doi.org/10.2105/AJPH.2005.062232.

6.

Leigh JP. Economic burden of occupational injury and illness
in the United States. Milbank Q. 2011;89(4):728–72. http://
dx.doi.org/10.1111/j.1468-0009.2011.00648.x.

7.

Kelly T, Yang W, Chen CS, Reynolds K, He J. Global burden
of obesity in 2005 and projections to 2030. Int J Obes (Lond).
2008;32(9):1431–7. http://dx.doi.org/10.1038/ijo.2008.102.

8.

Misra A, Khurana L. Obesity and the metabolic syndrome
in developing countries. J Clin Endocrinol Metab. 2008
Nov;93(11 Suppl 1):S9–30. http://dx.doi.org/10.1210/
jc.2008-1595.

9.

Schmier J, Jones ML, Halpern MT. Cost of obesity in the
workplace. Scand J Work Environ Health. 2006;32(1):5–11.
http://dx.doi.org/10.5271/sjweh.970.

10. Schulte PA, Wagner GR, Ostry A, et al. Work, obesity,
and occupational safety and health. Am Journal of Pub
Health. 2007;97(3): 428–36. http://dx.doi.org/10.2105/
AJPH.2006.086900.
11. Borak J. Obesity and the workplace. Occup Med (Lond).
2011;61(4):220–2. http://dx.doi.org/10.1093/occmed/
kqr030.
12. Lombardi DA, Wirtz A, Willetts J, Folkard S. Independent
effects of sleep duration and body mass index on the risk of a
work-related injury: evidence from the U.S. National Health
Interview Survey (2004-2010). Chronobiology International.
2012;29(5):556–64. http://dx.doi.org/10.3109/07420528.20
12.675253.
13. Pollack KM, Cheskin, LJ. Obesity and workplace
traumatic injury: does the science support the link? Inj
Prev. 2007;13(5):297–302. http://dx.doi.org/10.1136/
ip.2006.014787.
14. Becker J, Nora DB, Gomes I, Stringari FF, Seitensus
R, Panosso JS, et al. An evaluation of gender, obesity,
age and diabetes mellitus as risk factors for carpal
tunnel syndrome. Clin Neurophysiol. 2002;113:1429–34.
Scand J Work Environ Health 2013, vol 39, no 3

273

Obesity and non-fatal occupational injury

http://dx.doi.org/10.1016/S1388-2457(02)00201-8.
15. Nathan PA, Keniston RC, Myers LD, Meadows KD. Obesity as
a risk factor for slowing of sensory conduction of the median
nerve in industry: a cross-sectional and longitudinal study
involving 429 workers. J Occup Med 1992;34:379–83.
16. Lam N, Thurston A. Association of obesity, gender,
age and occupational with carpal tunnel syndrome.
Aust N Z J Surg.1998;68:190–3. http://dx.doi.
org/10.1111/j.1445-2197.1998.tb04743.x.
17. Roquelaure Y, Mariel J, Dano C, Fanello S, PenneauFontbonne D. Prevalence, incidence and risk factors of carpal
tunnel syndrome in a large footwear factory. Int J Occup Med
Environ Health. 2001;14:357–67.
18. Rosencrance JC, Cook TM, Anton DC, Merlino LA. Carpal
tunnel syndrome among apprentice construction workers.
Am J Ind Med. 2002;42:107–16. http://dx.doi.org/10.1002/
ajim.10093.

28. Dembe AE, Erickson JB, Delbos RG, Banks SM. Nonstandard
shift schedules and the risk of job-related injuries. Scand J
Work Environ Health. 2006;32(3):232–40. http://dx.doi.
org/10.5271/sjweh.1004.
29. Berdahl TA. Racial/ethnic and gender differences in individual
workplace injury risk trajectories: 1988-1998. Am J Public
Health. 2008;98(12):2258–63. http://dx.doi.org/10.2105/
AJPH.2006.103135.
30. Berdahl TA, McQuillan J. Occupational racial composition and
nonfatal work injuries. Social Problems. 2008;55(4):549–57.
http://dx.doi.org/10.1525/sp.2008.55.4.549.
31. Strong LL, Zimmerman FJ. Occupational injury and absence
from work among African American, Hispanic, and NonHispanic white workers in the national longitudinal survey of
youth. Am J Public Health. 2005;95(7):1226–32. http://dx.doi.
org/10.2105/AJPH.2004.044396.

19. Myers AH, Baker SP, Li G, Smith GS, Wiker S, Liang KY et
al. Back injury in municipal workers: a case-control study. Am
J Public Health. 1999;89:1036–41. http://dx.doi.org/10.2105/
AJPH.89.7.1036.

32. Bureau of Labor Statistics, US Department of Labor.
Retention & reasons for noninterview, NLSY79. Washington,
DC: Bureau of Labor Statistics; 2011. (http://www.nlsinfo.
org/nlsy79/docs/79html/79text/79sample/rni_1_5.html)
(Accessed July 12, 2012).

20. Froom P, Melamed S, Kristal-Boneh E, Gofer D, Ribak J.
Industrial accidents are related to body weight: the Israeli
CORDIS study. Occup Environ Med. 1996;53:832–5. http://
dx.doi.org/10.1136/oem.53.12.832.

33. Center of Disease Control, US Department of Health and
Human Services. Defining Overweight and Obesity. Atlanta,
GA: Center for Disease Control; 2010. (http://www.cdc.gov/
obesity/defining.html). (Accessed July 12, 2012).

21. Gauchard GC, Chau N, Touron C, Benamghar L, Dehaene
D, Perrin P, et al. Individual characteristics in occupational
accidents due to imbalance: a casecontrol study of employees
of a railway company. Occup Environ Med. 2003;60:330–5.
http://dx.doi.org/10.1136/oem.60.5.330.

34. Office of Administrative Law Judges, US Department of
Labor. Dictionary of Occupational Title Fourth Edition,
Revised 1991. Washington, DC: Department of Labor; 1991.
(http://www.oalj.dol.gov/libdot.htm ) (Accessed July 12,
2012)

22. Chau N, Gauchard GC, Siegfried C, Benamghar L, Dangelzer
JL, Français M et al. Relationships of job, age, and life
conditions with the causes and severity of occupational injuries
in construction workers. Int Arch Occup Environ Health.
2004;77:60–6. http://dx.doi.org/10.1007/s00420-003-0460-7.

35. Handley J, Negassa A, Edwardes MD, Forrester JE. Statistical
analysis of correlated data using generalized estimation
equations: an orientation. Am J Epidemiol. 2003;157:364–75.
http://dx.doi.org/10.1093/aje/kwf215.

23. Chau N, Gauchard GC, Siegfried C, Benamghar L, Dangelzer
JL, Français M et al. Relationships between certain individual
characteristics and occupational injuries for various jobs in
the construction industry: a case-control study. Am J Ind Med.
2004;45:84–92. http://dx.doi.org/10.1002/ajim.10319.
24. Brown ND, Thomas NI. Exploring variables among medical
center employees with injuries: developing interventions and
strategies. AAOHN J 2003;51:470–81.
25. Pollack KM, Sorock GS, Slade MD, Cantley L, Sircar K,
Taiwo O, et al. Association between body mass index and
acute traumatic workplace injury in hourly manufacturing
employees. Am J Epidemiol. 2007;166 (2): 204–11. http://
dx.doi.org/10.1093/aje/kwm058.
26. Østbye T, Dement JM, Krause, KM. Obesity and Workers’
Compensation: Results From the Duke Health and Safety
Surveillance System. Arch Intern Med. 2007;167(8):766–73.
http://dx.doi.org/10.1001/archinte.167.8.766.
27. Miller S. NLSY79 user’s guide: a guide to the 1979–2000
national longitudinal survey of youth data. Washington, DC:
US Department of Labor; 2001.

274

Scand J Work Environ Health 2013, vol 39, no 3

36. Rabe-Hesketh S, Skrondal A. Multilevel and longitudinal
modeling using Stata. 2nd ed. College Station, TX: Stata Press;
2008.
37. Carrière1 I, Bouyer J. Choosing marginal or random-effects
models for longitudinal binary responses: application to
self-reported disability among older persons. BMC Med Res
Methodol. 2002;2(15):1–10.
38. Hubbard AE, Ahern J, Fleischer NL, et al. To GEE or not to
GEE: comparing population average and mixed models for
estimating the associations between neighborhood risk factors
and health. Epidemiology. 2010;21(4):467–74. http://dx.doi.
org/10.1097/EDE.0b013e3181caeb90.
39. Subramanian SV, O’Malley JA. Modeling neighborhood
effects: the futility of comparing mixed and marginal
approaches. Epidemiology. 2010;21:475–8. http://dx.doi.
org/10.1097/EDE.0b013e3181d74a71.
40. Bureau of Census, US Department of Commerce. United
States Population Estimates, by Age, Sex, Race, and Hispanic
Origin: 1980 to 1988. Suitland, MD: Bureau of Census; 1990.
(Current Population Reports, Series P-25 n1045 Jan 1990).
41. Flegal KM, Carroll MD, Kuczmarski RJ, Johnson CL. Overweight

Lin et al

and obesity in the United States: Prevalence and trends, 19601994. Int J Obes Relat Metab Disord. 1998;22(1):39–47.
http://dx.doi.org/10.1038/sj.ijo.0800541.
42. Finkelstein EA, Chen H, Prabhu M, Trogdon JG, Corso PS.
The relationship between obesity and injuries among U.S.
adults. Am J Health Promot. 2007;21(5):460–8. http://dx.doi.
org/10.4278/0890-1171-21.5.460.
43. Matter KC, Sinclair SA, Hostetler SG, Xiang H. A comparison
of the characteristics of injuries between obese and non-obese
inpatients. Obesity (Silver Spring). 2007;15(10):2384–90.
http://dx.doi.org/10.1038/oby.2007.283.
44. Hu HY, Chou YJ, Chou P, Chen LK, Huang N. Association
between obesity and injury among Taiwanese adults. Int J
Obes (Lond). 2009;33(8):878–84. http://dx.doi.org/10.1038/
ijo.2009.122.
45. Claessen H, Arndt V, Drath C, et al. Overweight, obesity and
risk of work disability: A cohort study of construction workers
in Germany. Occup Environ Med. 2009;66(6):402–9. http://
dx.doi.org/10.1136/oem.2008.042440.
46. Soteriades ES, Hauser R, Kawachi I. Obesity and risk of
job disability in male firefighters. Occup Med (Lond). 2008
Jun;58(4):245–50. http://dx.doi.org/10.1093/occmed/
kqm153.
47. van Duijvenbode DC, Hoozemans MJ, van Poppel MN, Proper
KI. The relationship between overweight and obesity, and sick
leave:Asystematic review. Int J Obes (Lond). 2009; 33(8):807–16.
http://dx.doi.org/10.1038/ijo.2009.121.
48. Vgontzas AN, Papanicolaou DA, Bixler EO, et al. Sleep
apnea and daytime sleepiness and fatigue: Relation to
visceral obesity, insulin resistance, and hypercytokinemia. J
Clin Endocrinol Metab. 2000;85(3):1151–8. http://dx.doi.
org/10.1210/jc.85.3.1151.
49. Coggon D, Croft P, Kellingray S, Barrett D, McLaren M,
Cooper C. Occupational physical activities and osteoarthritis
of the knee. Arthritis Rheum. 2000;43(7):1443–9. http://

dx.doi.org/10.1002/1529-0131(200007)43:7<1443::AIDANR5>3.0.CO;2-1.
50. Menegoni F, Galli M, Tacchini E, Vismara L, Cavigioli M,
Capodaglio P. Gender specific effects of obesity on balance.
Obesity (Silver Spring). 2009;17(10):1951–6. http://dx.doi.
org/10.1038/oby.2009.82.
51. Błaszczyk JW, Cieślinska-Swider J, Plewa M, ZahorskaMarkiewicz B, Markiewicz A. Effects of excessive body
weight on postural control. J Biomech. 2009;42(9):1295–300.
http://dx.doi.org/10.1016/j.jbiomech.2009.03.006.
52. Wu X, Lockhart TE, Yeoh HT. Effects of obesity on
slip-induced fall risks among young male adults. J
Biomech. 2012;45(6):1042–7. http://dx.doi.org/10.1016/j.
jbiomech.2011.12.021.
53. Donders AR, van der Heijden GJ, Stijnen T, Moons KG.
Review: A gentle introduction to imputation of missing
values. J Clin Epidemiol. 2006;59(10):1087–91. http://dx.doi.
org/10.1016/j.jclinepi.2006.01.014.
54. Adler NE, Boyce T, Chesney MA, Cohen S, Folkman S,
Kahn RL. Socioeconomic status and health: the challenge
of the gradient. Am Psychol. 1994;49:15–24. http://dx.doi.
org/10.1037/0003-066X.49.1.15.
55. Evans GW, Kantrowitz E. Socioeconomic status and health:
the potential role of environmental risk exposure. Annu Rev
Public Health. 2002;23:303–31. http://dx.doi.org/10.1146/
annurev.publhealth.23.112001.112349.
56. Allison PD. Fixed effects regression models. Thousand Oaks,
CA: Sage Publication; 2005.
57. Burkhauser RV, Cawley J. Beyond BMI: The value of more
accurate measures of fatness and obesity in social science
research. J Health Econ. 2008;27(2):519–29. http://dx.doi.
org/10.1016/j.jhealeco.2007.05.005.

Received for publication: 13 August 2012

Scand J Work Environ Health 2013, vol 39, no 3

275

