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Further Trends in Work-Related Musculoskeletal Disorders
A Comparison of Risk Factors for Symptoms Using Quality of Work Life Data

From the 2002, 2006, and 2010 General Social Survey

Robert B. Dick, PhD, Brian D. Lowe, PhD, Ming-Lun Lu, PhD, and Edward F. Krieg, PhD

Objective: To report trends for the risk of musculoskeletal disorders.
Methods: Three Quality of Work Life surveys examine the risk factors for
musculoskeletal disorders. Results: Findings similar for several risk factors,
but differences across the reporting years may reflect economic conditions.
Respondent numbers in 2010 were reduced, some risk factors had pattern
changes, and there were sex and age differences. Trend analysis showed most
significant changes were for the “work fast” risk factor. New 2010 “physi-
cal effort” item showed sex differences, and items reflective of total worker
health showed strong associations with “back pain” and “pain in arms.”
Conclusions: Intervention strategies should focus on physical exposures and
psychosocial risk factors (work stress, safety climate, job satisfaction, super-
visor support, work fast, work freedom, work time) that have been consis-
tently related to reports of musculoskeletal disorders. Economic conditions
will influence some psychosocial risk factors.

T his report continues the analysis of the National Institute for
Occupational Safety and Health (NIOSH) Quality of Work Life

(QWL) survey of risk factors for musculoskeletal disorders (MSDs).
The QWL data were collected as part of the General Social Sur-
vey (GSS). Previous analysis of risk factors in the 20021 and 20062

data collections has shown significant relationships with exposures
to physical and psychosocial factors and symptoms of MSDs. Using
data collected in 2010 and comparing the results with previous sur-
veys that used the same methodology provides a 10-year period for
evaluation of risk factors for MSDs.

Since the previous publication of the QWL data, additional
studies have appeared in the literature that continued to identify
significant risk factors for MSDs and extend the breadth of MSD
research to additional countries, occupations, and paradigms (eg,
absenteeism/presenteeism). Systematic reviews have also been pub-
lished that have evaluated intervention techniques/strategies to pre-
vent the occurrence of MSDs. Brief reviews of these studies are
presented below.

Kausto et al3 reported physical and psychosocial risk factors
for MSDs in a Finnish population of 2491 men and 2613 women as
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part of a survey conducted in 2000 to 2001. Men were more often
exposed to high physical workload factors and other co-occurring
workload factors than women, but there were also age differ-
ences. For men peak physical workload factors occurred before age
30 years, but for women after age 50 years. Younger ages in both men
and women were associated with low job control, and additionally
for women, low social support.

Eatough et al4 investigated the effects of psychological strain
(ie, individual maladaptive responses to environmental demands or
stressors that may have emotional components) on the reports of
work-related musculoskeletal symptoms using a web-based survey
from 277 full-time employees who worked primarily in retail/service,
professional (eg, nurse and teacher), and technical fields. High levels
of psychosocial work stressors (high role conflict, low job control,
and low safety-specific leadership) were associated with increased
psychological strain, which led to higher levels of work-related mus-
culoskeletal symptoms of wrist/hand, shoulder, and lower back.

Eltayeb et al5 conducted a prospective cohort study of Dutch
computer office workers to investigate associations of work-related
physical and psychosocial variables on neck, shoulder, and fore-
arm/hand complaints. Baseline data were collected on 268 respon-
dents, with follow-up data collected at 24 months on 98% of initial
respondents. Significant predictors for neck and shoulder complaints
were (1) irregular head and body posture, (2) task difficulty (job de-
mand), (3) number of working hours per day, and (4) history of
symptoms. Predictors for forearm/hand complaints were (1) time
pressure (job demands) and (2) history of symptoms.

Riley et al6 did not find any significant correlations between
task repetition (lifting/loading/unloading), low back pain, and 10
psychosocial factors in a study of parcel delivery drivers in Tai-
wan. The psychosocial factors were (1) quality of life, (2) physical
domain, (3) psychological domain, (4) social relationships, (5) envi-
ronmental domain, (6) job dissatisfaction, (7) lack of autonomy, (8)
lack of encouragement, (9) job stress, and (10) poor interpersonal
relationships.

Nordander et al7 reported results from studies (1986 to 2005)
that used similar exposure measurement methods on psychosocial
risk factors and musculoskeletal elbow and hand disorders. Eight
groups of male workers (n = 761) and 19 groups of female workers
(n = 1891) were in the combined data set. Final models showed wrist
angular velocity was the most consistent physical exposure variable
being associated with pain and discomfort complaints in the past
12 months and for diagnosed disorders (epicondylitis, and carpal
tunnel syndrome). Low job control was the most significant psy-
chosocial risk factor associated with complaints for both the past
12 months and within the past 7 days.

Joling et al8 using electronic questionnaires analyzed MSD
complaints from a longitudinal three-phase study of Dutch workers
over a 3-year period (2004 to 2006). Questionnaires rated pain or
discomfort in neck, shoulders, elbows, wrists, hand, and back in
the previous 12 months. Psychosocial risk factors included work
dedication, decision latitude, coworker support, supervisor support,
quality of communication, and job demands. Strongest predictors of
the MSD risk were the existence of disorders during the previous
year and quality of communication.
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Articles relating MSDs to work productivity effects have also
appeared. Absenteeism refers to lost work time. Presenteeism refers
to presence at work but not at full capacity. Canjuga et al9 reported
work-related MSDs and absenteeism (ie, sick leave) from 2849 work-
ers who participated in face-to-face interviews in German-speaking
countries. Sick leave was determined by responding to the question,
“Over the past 12 months, how many days in total were you absent
from work for reasons of health problems?” Work-related backache
and/or muscular pain in shoulders, neck and/or upper/lower limbs
were selected outcome measures. Twenty percent of responders re-
ported MSDs in the past 12 months, but only 7% attributed absences
related to MSDs. Risk factors with the strongest relationships were
“tiring or painful working position” and ability to “choose or change
the speed or rate of work.” Shiri et al10 compared workers who were
on either full- or part-time sick leave. The part-time sick leave was
considered an intervention and workload was reduced by restrict-
ing work time by about half. The full-time sick leave group did
not work. The outcome measures were (1) pain intensity, (2) body
region-specific disability, (3) general health, (4) quality of life, (5)
depression, (6) sleep disturbance, and (7) productivity loss. Results
showed that the two groups did not differ on reports of pain inten-
sity, pain interference with work and sleep, body region disability,
productivity loss, depression, or sleep disturbance. The intervention
(part-time sick leave) group reported better self-rated general health
and health-related quality of life. Campo and Darragh11 studied the
effects of work-related MSDs on presenteeism. Members from the
American Physical Therapy and American Occupational Therapy
Associations who were currently working and reporting a work-
related musculoskeletal disorder (WMSD) within the past 4 weeks
were selected for the study. Questionnaires measured pain intensity
for nine body regions and were dichotomized into minor and moder-
ate for comparison on the presenteeism measures. Presenteeism was
measured using the Stanford Presenteeism Scale, which provides
a Work Output Score and a Work Impairment Scale. Work-related
musculoskeletal disorders were significantly associated with reduc-
tions in both measurements of presenteeism. Body regions most
affected were neck, wrist, hand, and low back.

A study that evaluated technical and administrative changes at
the worksite as an effective intervention for upper extremity disorders
was reported by Martimo et al.12 Workers (n = 177) were randomly
assigned to either the intervention or control group. Initial baseline
interviews established worksite physical exposures, and question-
naires evaluated job strain, medical history, physical activity, fear
avoidance, and smoking history. Assessments by an occupational
physiotherapist specified the interventions. The primary outcome
measure (self-assessed productivity loss at work) was assessed with
specific questions designed to evaluate the effect of upper extremity
symptoms on work performance. Results showed that productivity
losses were lower in the intervention group at both the 8- and 12-week
periods but only statistically significant at 12 weeks. Pain intensity
showed no differences between the two groups at 12 weeks.

In recent years, systematic reviews, which apply inclu-
sion/exclusion criteria to select high-quality studies for review, have
appeared in the literature. The da Costa and Vieira13 review was in our
previous publication (Waters et al1) and reported the biomechanical
and psychosocial risk factors with reasonable evidence for a causal
relationship with MSDs. Three other recent systematic reviews are
summarized below.

Two systematic reviews from Germany reviewed only longi-
tudinal studies for evidence of significant physical exposures (Mayer
et al14) and psychosocial risk factors (Kraatz et al15) associated with
development of neck and shoulder disorders. Twenty-one articles
were located for extensive review in the Mayer study and 18 in the
Kraatz study. Levels of evidence (eg, strong, moderate, and insuffi-
cient) were assigned on the basis of the number of studies reporting
similar findings and the methodological quality of the studies. For
the physical exposure study, strong evidence was reported for neck

and shoulder complaints with (1) manual material handling, (2) rep-
etition, (3) trunk flexion, (4) working with hands above shoulder
level, (5) awkward postures, and (6) vibration. Insufficient evidence
was reported for sitting, neck flexion, and neck rotation. In the psy-
chosocial risk factors study, results showed strong evidence for neck
and/or shoulder complaints with (1) job demand, (2) job control, (3)
job strain, and (4) social support. Insufficient evidence was deter-
mined for job satisfaction, mental stress, and other organizational
work factors. Combining risk factors the findings showed that high
job demands, low job control, low social support, and high job strain
(high job demand/low job control) showed strong evidence of effects
on neck and/or shoulder disorders.

Long et al16 reviewed studies on the incidence and prevalence
of upper extremity MSDs among midwives, nurses, and physicians.
After applying inclusion/exclusion criteria and rating the studies
for quality, 29 met the full inclusion criteria. All but one study
used the Kuorinka-developed Standardized Nordic Musculoskeletal
Questionnaire. The median annual prevalence for work-related neck,
shoulder, and upper back MSDs ranged from 35% to 45%. The neck
(45%) was the body region with the highest rate.

Production techniques in relation to MSDs have not received
much attention, but a recent study by Brännmark and Håkansson17 on
lean production is interesting. Lean production refers to production
techniques that include Just-in-Time-production, 5S/housekeeping,
waste reduction, production balancing, standardization, reduced set-
up times, and continuous improvements. 5S refers to a workplace
organization approach that roughly translates (Japanese) to “sort,”
“straighten,” “shine,” “standardize,” and “sustain.” Twenty-three
publications were identified and WMSD measurements were in-
cluded in eight articles, and 18 publications included measurements
of WMSD risk factors. A small number of studies of varying quality
and with no standard definition of lean production made comparing
results difficult to draw conclusions. There was a tentative conclu-
sion that lean production may increase the risks of WMSDs and
that ergonomic interventions should be implemented that focus on
reducing monotony and repetitiveness.

The objective of this study continues the examination of risk
factors that have been related to the occurrence of upper and lower
extremity MSDs. The same questionnaire items (Waters et al,1,2)
used in the previous data collections (2002 + 2006) were adminis-
tered, but some additional items were added. The previous surveys
only rated the two exposure measures, “heavy lifting” and “hand
movement” with a dichotomous yes/no choice, making it difficult
to estimate a quantitative physical load. A new question has been
added that rates the physical effort at the job from very light to very
hard on a five-point Likert scale. Because this is a new question,
the responses are only available for the 2010 data collection. Three
additional responses on physical health days, mental health days, and
total health days have been added as indicators of total worker health.
These responses were available as part of the GSS core module, so
data from all three survey years are reported. All other questionnaire
items remain the same as appeared in the previous publications, and
the four new questionnaire items with response choices are shown
in Appendix 1. Tables 1 and 2 have the item questions abbreviated
in parenthesis after the risk factor.

MATERIALS AND METHODS
The 2010 QWL data were collected in the GSS. The GSS is a

sociological survey used to collect data on demographic character-
istics and attitudes of residents of the United States. The survey is
conducted face-to-face with an in-person interview (90 minutes) by
the National Opinion Research Center at the University of Chicago.
Similar to the previous surveys (2002 and 2006), the target popula-
tion is US adults older than 18 years, randomly selected, noninsti-
tutionalized, and capable of speaking English. Details regarding the
GSS methods are available on the web at http:www.norc.org/GSS+
website/. In addition to the GSS core module, the NIOSH has added
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a Quality of Work Life module since 2002, which is collected from
individuals who indicated they were employed or self-employed for
pay in the week before the survey (www.cdc.gov/niosh/topics/stress/
qwlquest.html). Individuals were required to be working more than
20 hours a week, and those currently missing work because of va-
cation, illness, or on strike were also included. Final sample size in
2010 was 1019, which was much lower than the previous surveys
(2002 = 1455; 2006 = 1537). The smaller sample may, in part, be
due to higher levels of unemployment during the recession that was
occurring when the 2010 sample was collected because the GSS
samples roughly the same number of respondents each year.

Selection of the individual, physical, and psychosocial vari-
ables from the core GSS and the QWL module remains the same
for the 2010 analysis as in the previous surveys, except for the item
additions listed in the introduction. Items with continuous distribu-
tions (eg, age, work hours, and years of employment) were recatego-
rized into smaller ranges. Two items with highly correlated response
choices were combined to create the risk factors “supervisor sup-
port” and “safety climate” to remain the same as in the previous
analysis. Pearson chi-square tests were used to compare the outcome
measures of arm and back pain for the occupational categories across
the survey years. Risk factor odds ratios (ORs) were calculated using
univariate logistic regression, and multivariate, stepwise regression
was used to identify statistically significant bivariate interactions.
All univariate factors were forced into these models. To calculate
the ORs for the bivariate interaction, the levels of two variables were
combined into one variable and univariate regression performed.
Significant values in Tables 1 and 2 use 0.05 for confidence limits
that do not include 1.0. Additional details of statistical methods can
be found in Waters et al.1,2 The new items (physical health days,
mental health days, and total health days) were recategorized di-
chotomously to 0 to 13 and 14 days or more. The addition of the
“physical effort” item added a two-factor interaction for comparison
on the outcome variables. This variable was also dichotomized for
the analysis of risk factor combinations. All calculations were done
with SAS R© (Version 9.3, SAS Institute, Inc, Cary, NC).

An additional logistic regression analysis was performed to
determine the significance of trends over the 3 QWL data report-
ing years. This analysis included year as a continuous variable, a
risk factor, and the year × risk factor interaction. All risk factors and
combinations were tested using a Wald chi-square as the test statistic,
and only values with P values less than 0.1 are reported. Nonsignif-
icant P values indicate that there was no increasing or decreasing
trend in the ORs over the years or that the trends among levels of
a risk factor were not different. Two risk factors, “must work” and
the dichotomized “work fast” factor were further analyzed for trend
by occupational category using a year × risk factor × occupation
interaction to determine whether the trend in the ORs of a risk factor
varied by occupation.

RESULTS
The GSS is usually conducted from mid-March to mid-

September but in some years is extended to complete the survey
targets. Unemployment rates, as reported by the Bureau of Labor
Statistics (US Department of Labor18), for these months averaged
from 5.77% in 2002, 4.64% in 2006, and 9.61% in 2010. Over-
time hours, which can be an indicator of productivity demands,
also showed marked fluctuations. This data (http://www.bls.gov/ces/
#tables), which is reported in the manufacturing sector, averaged
4.10 hours per month in 2002 (3 months, July to September), 4.44
hours in 2006 (March to September) and 3.81 hours in 2010 (March
to September).

Table 3 presents the frequency results for the outcome
measures “back pain” and “pain in arms” by eight occupational
classifications for all 3 QWL data collection years. These eight clas-
sifications are used to be backward compatible with the NIOSH 1977 TA
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Quality of Employment Survey, thus allowing comparisons of worker
responses over a 37-year period. Unlike the previous survey years, the
reports of “back pain” in the 2010 survey did not differ significantly
(χ 2 = 9.67; df = 7; P = 0.208) by occupational classification,
probably because of lower reports of “back pain” in all occupational
classifications. Similar to the 2006 analysis, but not the 2002 anal-
ysis, the report of “pain in arms” by occupational classification was
significant (χ 2 = 19.41; df = 7; P = 0.007). Occupational categories
service, farming/forestry/fishing, precision production/craft/repair,
and operators/fabricators/laborers had the highest reports of “back
pain,” whereas managerial/administrative and professions had the
lowest. With “pain in arms,” highest reports were similar except
that managerial/administrative was high and technical/sales low.
Chi-square analysis, however, showed that reports of “back pain,”
“pain in arms,” and both “back pain,” and “pain in arms” by occupa-
tional classification between the 3 QWL survey years did not differ
significantly.

The percentage of interviewees reporting yes to “back pain”
and “pain in arms” is consistent across the 3 reporting years. For
“back pain,” the percentages are 27.90%, 27.98%, and 25.32% for
the 2002, 2006, 2010 years, respectively. For “pain in arms,” the
percentages are 27.99%, 27.80%, and 27.48%. The percentage of
interviewees reporting yes to both “back pain” and “pain in arms” is
also very stable (15.34% [2002]; 15.23% [2006]; 15.60% [2010]).

Figure 1 provides an illustration of the “physical effort” by
occupational classification. The occupations reporting the great-
est physical efforts are the less sedentary and require more man-
ual tasks and labor (eg, farming/forestry/fishing, precision produc-
tion/craft/repair, and operators/fabricators/laborers). Figure 2 shows
the reports of “back pain” and “pain in arms” by the “physical ef-

FIGURE 1. Ratings of physical effort by occupation.

FIGURE 2. Reports of back pain and pain in arms by physical
effort.

fort” ratings of the interviewees required at their work. The greater
the rating of “physical effort,” the greater the percentage of “yes”
reports of “back pain” and “pain in arms.” Sex differences were also
significant with the ratings of “physical effort” (χ2 = 26.07; df = 4;
P = 0.0001), which are illustrated in Fig. 3. Females reported less
“hard” (χ 2 = 7.22; df = 1; P = 0.007) or “very hard” (χ2 = 10.06;
df = 1; P = 0.002) effort at the job but higher reports of “very light”
(χ 2 = 1.391; df = 1; P = 0.238) and “fairly light” (χ 2 = 12.508;
df = 1; P = 0.0004) effort. Reports of “somewhat hard” (χ2 = 0.544;
df = 1; P = 0.461) were roughly equal but higher percentage-wise
for males. These differences are further illustrated in Fig. 4, which
shows that representation of males is greater in occupations rating
more physical effort, which are farming/forestry/fishing, precision
production/craft/repair, and operators/fabricators/laborers.

Back Pain
Table 1 presents the frequency responses and the ORs and

95% Wald confidence limits for the 2002, 2006 and 2010 reporting
years for each risk factor. Significant values are italicized.

Individual Factors
Similar to 2002 and 2006, there were no significant ORs for

the “age” or “sex” factors. The 2010 “hurt at work” factor showed
significant ORs at all three response choices. The greatest risk (OR,
3.49; 95% confidence interval [CI], 1.46 to 8.32) for reporting back
pain in the 2010 data was “hurt at work,” three times or more
within the past year. The individual risk factors for “physical health,”

FIGURE 3. Ratings of physical effort at job by sex.

FIGURE 4. Sex distribution by occupation.
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“mental health,” and “healthy days”—all showed significant relation-
ships with reports of “back pain” for all 3 QWL reporting years. In
2010, the OR for “physical health” was 4.05 (95% CI, 2.53 to 6.48),
for “mental health” 3.73 (95% CI, 2.50 to 5.58), and for “healthy
days” 3.73 (95% CI, 1.99 to 6.96).

Physical Factors
Consistent with both the 2002 and 2006 analyses, two physical

exposure risk factors “heavy lifting” and “hand movement” were
significant in the 2010 data set. The OR for “heavy lifting” was
1.56 (95% CI, 1.17 to 2.05), and for “hand movement” the OR was
1.86 (95% CI, 1.41 to 2.47). The “physical effort” item was highly
significant with ORs greater at each increased rating step. Ratings
of “very light” and “fairly light” were not significant, but ratings
of “somewhat hard” (OR, 1.59; 95% CI, 1.06 to 2.40), “hard” (OR,
2.28; 95% CI, 1.40 to 3.69), and “very hard” (OR, 3.79; 95% CI, 2.29
to 6.26) were significant. Figure 2 graphically presents the results
for the “yes” responses to “physical effort” and “back pain.”

Psychosocial Factors
Table 1 shows that psychosocial factors with significant rela-

tionships to “back pain” in the 2010 data set were generally consistent
with the previous reporting years. These factors included “job satis-
faction,” “supervisor support,” “safety climate,” and “work stress,”
although the strength of the risks as indicated by the ORs showed
some fluctuation. The two most noticeable changes were with “su-
pervisor support” and “work stress.” In the 2002 and 2006 data sets,
only one response choice that represented lack of supervisor sup-
port was significant, but in 2010 both the “not too true” (OR, 1.88;
95% CI, 1.25 to 2.83) and “not at all true” (OR, 3.06; 95% CI, 1.71
to 5.48) were significant. “Work stress” showed a weaker effect on
“back pain” as only the “always” response choice was significant
(OR, 2.81; 95% CI, 1.33 to 5.91), whereas in 2002 and 2006 both
the “always” and “often” were significant. One significant relation-
ship that had not appeared in the previous data sets was with “work
schedule.” The response choice “rotating shift” was significant for
“back pain” (OR, 3.13; 95% CI, 1.70 to 5.78).

Nonsignificant relationships were also fairly consistent, but
there were some changes. “Work time” was not significant in 2010
but had shown a significant relationship in both the 2002 and 2006
data sets for the response “not at all true.” “Work freedom,” which
had shown a protective effect in the 2002 data set, was not significant
with either the 2006 or 2010 data set. “Work fast” and “work hours”
were not significant in 2010, which was consistent with the 2006
data set, and only one response category (choice, 51 to 60 hours)
was significant in 2002. “Must work,” which was significant in both
the 2002 and 2006 data sets, was not significant in 2010 (OR, 1.17;
95% CI, 0.87 to 1.58).

Table 1 shows the results for the psychosocial factors that were
dichotomized into yes/no responses. Consistent with the 2002 and
2006 analyses, “job satisfaction” (OR, 2.33; 95% CI, 1.57 to 3.46),
“safety climate” (OR, 0.45; 95% CI, 0.30 to 0.69), and “work stress”
(OR, 1.73; 95% CI, 1.31 to 2.30) were significant for increased
reports of “back pain.” “Work fast,” which was not significant in
the 2002 and 2006 analyses, was significant in 2010 (OR, 1.67;
95% CI, 1.22 to 2.30). “Work time” was not significant in 2002, was
significant in 2006, but then not significant in the 2010 analysis (OR,
0.83; 95% CI, 0.58 to 1.20).

The risk factor combination analysis, which is also shown in
Table 1, generally follows the same pattern as the 2002 and 2006,
although the strength of the combinations on “back pain” was less-
ened. “Heavy lifting” and “work stress” ORs are significant at all
three response choices, and although the 2010 response choice for
“yes” to “heavy lifting” and “yes” to “stress” was the lowest, it was
not a significant trend (χ 2 = 3.25; df = 3; P = 0.354). “Heavy lift-
ing” and “work fast” showed only one significant OR (yes–yes, 2.36;

95% CI, 1.530 to 3.715), whereas in 2002 and 2006 the yes–no re-
sponse choice was significant. This change was significant for trend
(see below). In 2010, the ORs for “heavy lifting” and “work time”
follow the same pattern as the 2002 analysis and only differ by one
response choice (no–no) from the 2006 data set.

The significant interaction reported for “hand movement” and
“work stress” in the 2006 data set was not significant in the 2010
data set (OR, 0.97; 95% CI, 0.47 to 2.00). All three response choices
have significant ORs, and the pattern is additive, which is similar to
the 2002 analysis. The 2010 change seems to be due to the drop in
the number of reports of “yes” to both “hand movement” and “work
stress.” In 2006 the percentage of “yes” reports was 47.2%, but in
2010 it was 37.1% (Table 1). Similar to the “back pain” results, the
percentage of “hand movement” and “work fast” was significant at
only the “yes–yes” choice (OR, 2.84; 95% CI, 1.83 to 4.43) in 2010,
whereas it was significant at the “yes–no” choice in 2002 and 2006.
The 2010 significant ORs for “hand movement” and “work time” are
on the same response choices (“yes–no” and “yes–yes”) as the 2002
and 2006 data sets.

The “physical effort” item was dichotomized to create an addi-
tional comparison for a physical exposure variable and psychosocial
risk factor. This dichotomization combined response choices 3, 4,
and 5 (somewhat hard, hard, and very hard) as “yes” and 1 and 2
(very light and fairly light) as “no.” The ORs for “physical effort”
and “work stress” were significant at all three response choices for
“back pain.” The OR for “no” to “physical effort” and “yes” to
“stress” was 1.89 (95% CI, 1.23 to 2.89). The “yes” to “physical
effort” and “no” to “stress” OR was 2.17 (95% CI, 1.49 to 3.15) and
the “yes–yes” OR was 3.53 (95% CI, 2.34 to 5.33). One response
choice, “yes” to “physical effort” and “yes” to “work fast” showed
a significant OR (OR, 3.05; 95% CI, 1.95 to 4.78) for that combina-
tion. The combination of “physical effort” and “work time” had two
significant ORs. The OR for “yes” to “Physical effort” and “no” to
“work time” was 1.58 (95% CI, 1.16 to 2.25) and for the “yes–yes”
choice the OR was 1.90 (95% CI, 1.12 to 3.20).

Trend analysis showed that the “work fast” risk factor when
combined with either “heavy lifting” (χ 2 = 7.25; df = 3; P = 0.064)
or “hand movement” (χ 2 = 8.47; df = 3; P = 0.037) was significant
for “back pain.” With “heavy lifting,” the OR increased over the
years for “no” to “heavy lifting” and “yes” to “work fast” and “yes”
to both “heavy lifting” and “work fast,” but decreased for “yes”
to “heavy lifting” and “no” to “work fast.” The same pattern also
existed for the “hand movement” and “work fast” combination. The
“work fast” risk factor, when dichotomized, showed a significant
increase of the OR (χ 2 = 3.95; df = 1; P = 0.047). The “must
work” factor was not significant (χ 2 = 2.26; df = 1; P = 0.133),
but the estimate −0.036 indicated a decreasing trend. There was
also an increasing trend for “mental health” (χ 2 = 3.00; df = 1;
P = 0.083).

The analysis for trend by occupation for “work fast” was
not significant (χ 2 = 4.55; df = 7; P = 0.715), and there were no
significant trends for any occupational category. The analysis for
“must work” was not significant (χ 2 = 9.27; df = 7; P = 0.234),
but there was one significant trend (OR, 0.95; 95% CI, 0.75 to 0.97)
for the managerial and administrative category, which indicates a
decrease in the ORs of “back pain” over the years.

Pain in Arms
Table 2 reports the results for the “pain in arms” outcome

measure. Significant values are italicized.

Individual Factors
Unlike the 2002 and 2006 analyses, there were significant

“age” and “sex” differences in 2010. In the 45- to 54-year age group-
ing, there were less (27.6%) reports of “pain in arms” (OR, 1.99; 95%
CI, 1.03 to 3.84) than in 2002 (32.0%) and 2006 (31.2%), whereas for
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the 55- to 64-year age grouping, there were more reports (33.5%)
in 2010 (OR, 2.25; 95% CI, 1.14 to 4.45) than in 2002 (31.3%)
and 2006 (31.6%). Sex differences were also significant (OR, 1.39;
95% CI, 1.05 to 1.82), with females reporting more “yes” responses
(30.7%) to “pain in arms.” The 2010 “hurt at work” factor showed
significant ORs at 2 of the 3 response levels, which were different
from 2002 and 2006 when all three response levels were significant.
The greatest risk (OR, 4.78; 95% CI, 1.96 to 11.67) for reporting
“pain in arms” in the 2010 data was at “hurt at work” three times or
more within the past year. The individual risk factors for “physical
health,” “mental health,” and “healthy days”—all showed significant
relationships with reports of “pain in arms” for all 3 QWL reporting
years. In 2010, the OR for “physical health” was 5.88 (95% CI, 3.60
to 9.59), for “mental health” 3.06 (95% CI, 2.05 to 4.57), and for
“healthy days” 5.77 (95% CI, 2.99 to 11.14).

Physical Factors
Consistent with both the 2002 and 2006 analyses, the two

physical exposure risk factors “heavy lifting” and “hand movement”
were significant in the 2010 data set. The OR for “heavy lifting”
and “pain in arms” was 1.65 (95% CI, 1.17 to 2.05), and for “hand
movement” and “pain in arms” the OR was 2.83 (95% CI, 2.14 to
3.76). The “physical effort” item added for the 2010 analysis was
significant with ORs significant at “hard” (OR, 2.44; 95% CI, 1.52
to 3.93) and “very hard” (OR, 5.54; 95% CI, 3.35 to 9.14) response
choices. Ratings of “very light,” “fairly light,” and “somewhat hard”
were not significant.

Psychosocial Factors
The results listed in Table 2 for the 2010 data set are generally

consistent with the previous reporting years. Factors such as “job sat-
isfaction,” “supervisor support,” “safety climate,” “work freedom,”
and “work stress” had significant ORs with “pain in arms,” although
the strength of the ORs changed. Noticeable changes were with “job
satisfaction” and “supervisor support.” “Job satisfaction” only had
the “not too satisfied” response choice significant (OR, 2.13; 95% CI,
1.31 to 3.44), whereas in 2002 and 2006 all three response choices
were significant. With “supervisor support,” the 2010 data set was
similar to the 2002 data set with the “not too true” (OR, 2.23; 95%
CI, 1.51 to 3.30) and “not at all true” (OR, 2.02; 95% CI, 1.12 to
3.623) responses significant. “Safety climate” was very consistent
with the response choices “Disagree” (OR, 2.61; 95% CI, 1.50 to
4.55) and “strongly disagree” (OR, 5.03; 95% CI, 2.60 to 9.71) sig-
nificant as they were in 2002 and 2006. “Work freedom” did show
two response choices “somewhat true” (OR, 0.52; 95% CI, 0.28
to 0.99) and “very true” (0.050; 95% CI, 0.27 to 0.93) significant,
whereas in the 2002 and 2006 data sets, only the “very true” choice
was significant. “Work stress” was similar to the 2006 results with
both the “often” (OR, 2.15; 95% CI, 1.04 to 4.45) and “always” (OR,
4.81; 95% CI, 2.20 to 10.51) choices significant, although in 2006,
the choice “sometimes” was also significant.

Nonsignificant relationships for other psychosocial risk fac-
tors with “pain in arms” were also fairly consistent across all 3
reporting years although there were some changes. The “not at all
true” choice for “work time” was not significant (OR, 1.59; 95% CI,
0.87 to 2.89) in 2010, but it was significant in both the 2002 and
2006 data sets. “Work fast” was not significant in 2010, which was
consistent with the 2002 and 2006 data sets. “Work hours,” which
has not been significant in the previous data sets, did have one sig-
nificant OR for the response choice 61 to 70 hours (OR, 2.10; 95%
CI, 1.09 to 4.01). “Must work,” which was significant in both the
2002 and 2006 data sets, was not significant in 2010 (OR, 1.04; 95%
CI, 0.77 to 1.40). “Work schedule” had no significant ORs for “pain
in arms” in 2010 as was true in 2002 and 2006.

Table 2 also shows the results for the psychosocial factors
that were dichotomized into yes/no responses. Consistent with the

2002 and 2006 analyses, “job satisfaction” (OR, 2.01; 95% CI, 1.35
to 2.98), “safety climate” (OR, 0.032; 95% CI, 0.21 to 0.48), and
“work stress” (OR, 1.85; 95% CI, 1.40 to 2.44) were significant.
Two other risk factors were less consistent and were similar to the
“back pain” results. “Work fast,” which was not significant in the
2002 and 2006 analyses, was significant in 2010 (OR, 1.60; 95%
CI, 1.17 to 2.17). “Work time” was significant in 2002, and 2006,
but barely nonsignificant in the 2010 analysis (OR, 0.74; 95% CI,
0.53 to 1.05). The risk factor combination analysis generally follows
the same pattern as in 2002 and 2006, although the strength of
some of the combinations on “pain in arms” changed. The “heavy
lifting” and “work stress” ORs are significant at all three response
choices involving either “stress” or “heavy lifting,” which was true
for 2002 and 2006. “Heavy lifting” and “work fast” only showed
one significant OR (“yes–yes”, 2.246; 95% CI, 1.475 to 3.419),
whereas in 2002 and 2006 the “yes–no” response choices were also
significant. Interestingly, there is a barely significant interaction (OR,
1.88; 95% CI, 1.01 to 3.49), which is primarily due to decreased
reports of “pain in arms” for the response choice “yes” to “stress”
and “no” to “work fast” from 34.1% in 2002, 31.0% in 2006, to
21.9% in 2010. In 2010, the ORs for “heavy lifting” and “work
time” follow the same pattern as the 2002 analysis and only differ
by one response choice (“no–no”) from the 2006 data set. Similarly,
the pattern for “hand movement” and “work stress” is the same as
the 2002 analysis, and only differs from the 2006 analysis when the
response choice “no–yes” was significant. All three response choices
have significant ORs, and the pattern is additive, which is similar to
the 2002 analysis. The 2010 significant ORs for “hand movement”
and “work fast” and “hand movement” and “work time” are on the
same response choices (“yes–no” and “yes–yes”), which is similar
in the 2002 and 2006 data sets.

The dichotomized combination of “physical effort” and “work
stress” was significant at all three response choices for “pain in arms.”
The OR for “no” to “physical effort” and “yes” to “stress” was 2.08
(95% CI, 1.38 to 3.14). The “yes” to “physical effort” and “no” to
“stress” OR was 2.13 (95% CI, 1.48 to 3.08), and the “yes–yes”
OR was 3.58 (95% CI, 2.39 to 5.37). One response choice, “yes”
to “physical effort” and “yes” to “work fast” showed a significant
OR (OR, 2.73; 95% CI, 1.78 to 4.19) for that combination. The
combination of “physical effort” and “work time” had two significant
ORs. The OR for “yes” to “physical effort” and “no” to “work time”
was 2.66 (95% CI, 1.58 to 4.49), and for the “yes–yes” choice the
OR was 2.02 (95% CI, 1.49 to 2.75).

Trend analysis showed that the combination of “heavy lifting”
and “work fast” was significant for “pain in arms” (χ2 = 8.42; df =
3; P = 0.038). This trend was a decrease in the ORs for the response
choices “no” to “heavy lifting” and “yes” to “work fast,” and “yes”
to “heavy lifting” and “no” to “work fast” but an increase for the
“yes–yes” choice. The “sex” × “year” comparison was significant
(χ 2 = 3.10; df = 1; P = 0.078), which indicated an increase in “pain
in arm” reports. The “must work” risk factor showed a decrease in
“pain in arm” ORs (χ 2 = 3.50; df = 1; P = 0.061). The “safety
climate” factor showed an increase in “pain in arm” ORs (χ2 =
3.81; df = 1; P = 0.051), which was represented by an increase in
the ORs of “disagree” and “strongly disagree” when compared with
“strongly agree.” The “physical health” factor showed a significant
increase in ORs (χ 2 = 7.61; df = 1; P = 0.006) for “pain in arms,”
whereas the “job satisfaction” factor showed a decrease (χ2 = 2.71;
df = 1; P = 0.099).

The trend by occupation chi-square for “must work” was not
significant (χ 2 = 3.52; df = 7; P = 0.832), and there were no
significant trends for any occupation. The “work fast” chi-square
was also not significant (χ 2 = 8.59; df = 7; P = 0.283), but there was
one significant trend (OR, 1.16; 95% CI, 1.01 to 1.36) for precision
production, craft, and repair, which was an increase in the ORs of
“pain in arms.”
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DISCUSSION
This study reports on the trends from 2002 to 2010 on the

effect of individual, physical, and psychosocial risk factors on self-
reported low back pain and upper extremity (hand/arm) pain. This
report follows the same format as reported in the previous publica-
tions (Waters et al1,2), but some additional items have been added
(see Introduction) and a trend analysis has been performed on the
factors with 3 QWL years of data. With this data covering a 10-year
period, we have a “snapshot” of a decade that had several changes
in indicators of economic conditions such as employment rates and
overtime demands that seem to be reflected in the analysis of the risk
factors on the outcome measures.

Reports from workers on the incidence of “back pain” and
“pain in arms” are very consistent over all 3 QWL reporting years.
The percentage of respondents indicating “back pain” ranges from
25.32% to 27.98% and for “pain in arms” 27.48% to 27.99%. The
percentage reporting both “back pain” and “pain in arms” ranges
from 15.23% to 15.60%. Trend analysis showed that there was neither
a significant increase nor a decrease in reports of “back pain” and
“pain in arms.”

The individual factor results for “back pain” were generally
consistent for all 3 reporting years, and trend analysis did not show
any significant increases or decreases in reports of “back pain.”
The pattern for the “pain in arms” outcome measures showed some
significant changes with the 2010 data for “age,” “sex,” and “hurt at
work.” For the age categories “45 to 54” and “55 to 64” years, there
were significant ORs for “pain in arms” in the 2010 analysis. Reasons
are not clear because the percentage reporting “yes” to “pain in arms”
dropped for one response category (45 to 54 years), but increased (55
to 64 years) for the other. Possible explanations might suggest that
there was decreased productivity pressure in one age group and that
older workers were staying in jobs longer in the other age category in
2010, but trend analysis did not indicate a significant change over the
3 QWL years. Trend analysis was significant for increased strength
of the ORs for “sex.” The pattern seemed to be reports of “pain
in arms” more by females and less by males. Jobs requiring more
physical labor may have been reduced the most in 2010, especially
with the drop in housing starts, which would affect males more than
females. The “hurt at work” factor was significant for all 3 reporting
years at all response choices for “pain in arms,” except for the “two
times” response choice in 2010. The strength of the ORs for the
“hurt at work” item has been inconsistent for all 3 reporting years,
with the ORs for “two times” and “three times” reversing in strength.
Trend analysis, however, did not indicate a significant pattern change.
Consistent separation does appear between “one time” and “three
times” for both outcome measures.

The health risk factors ORs (eg, physical health, mental health,
and health days) for “back pain” and “pain in arms” were significant
for all 3 reporting years, with the largest ORs showing with the 2010
data set. The 3-year trend analysis also showed an increase in reports
of “back pain” with “mental health” days and “pain in arms” with
“physical health” days. Whereas it is difficult to determine whether
there is a cause/effect relationship between “back pain” and “pain in
arms” with these health risk factors, it does indicate that back pain
and arm pain can have a significant influence on total worker health
when viewed in terms of an individual’s well-being.

The physical factors, “heavy lifting” and “hand movement”
showed significant ORs for “back pain” and “pain in arms” for
all 3 reporting years. The “physical effort” physical factor, which
was only available in the 2010 data set, had significant ORs for
“back pain” at all 3 response choices and for “pain in arms” at the
“hard” and “very hard” choices. The strength of the ORs increased
with each increase in the response choice from “somewhat hard”
to “very hard.” This is illustrated in to some extent in Fig. 2, which
shows the percentage of respondents reporting “back pain” and “pain

in arms.” Sex differences were apparent in the ratings of physical
effort at work, with men reporting higher percentages of the “hard”
response choices and women reporting higher percentages of the
“light” choices (Fig. 3). Similar sex differences have been reported
in a study of a Finnish worker population (Kausto et al3).

The results for the psychosocial factors show some consisten-
cies with most risk factors over the 10-year data collection period,
but there were some changes with the 2010 data set that may reflect
the economic conditions, namely unemployment rates and overtime
hours, in the workforce in the late 2000s. In 2010, the number of
eligible respondents was markedly lower, possibly reflecting the in-
fluence of the recession on employment, and there are some risk
factors that were significantly related to the outcome measures in
2002 and 2006 that were not significant in 2010. The “must work”
factor, which is an indicator of overtime, was not significant for ei-
ther “back pain” or “pain in arms” in 2010 when there was a drop
in average monthly overtime hours when compared with 2006 and
2010. The 3-year trend analysis for “must work” showed a significant
decrease for reports of “pain in arms,” and there was also a decrease
in trend for “back pain” (estimate = −0.036) but was not significant.
Another indicator of high productivity demands, like “work fast,”
was significant only when dichotomized for the first time in 2010 for
“back pain” and pain in arms.” Trend analysis also showed significant
increases in OR patterns with the combination of “heavy lifting” and
“work fast” on reports of “back pain” and “pain in arms.” Coupled
with the “must work” factor not significant in 2010 suggests less
overtime required, but an increase in productivity demands on exist-
ing workers because the “work stress” factor was still significant. In
addition, the “work time” factor, which is an indication of enough
time to get the job done and a protective effect, showed no significant
ORs either as a complete item or as a dichotomized item in 2010 but
there were significant ORs in 2002 and 2006 when the workforce
was larger. Trend analysis, however, showed that the 3-year trend for
“work time” was not significant for an increase or decrease in the
ORs, so the 2010 results may be an exception. Similar suggestions
on the effects of employment on the remaining employee workload
have been reported by Ray and Sauter.19 Additional analysis on two
risk factors that changed in 2010, “must work” and “work fast,”
did not show any significant differences in trends by occupational
category and year.

Risk factors “job satisfaction”, “supervisor support,” and
“safety climate” both as a complete response item and when di-
chotomized (eg, job satisfaction and safety climate) showed signif-
icant ORs for all 3 reporting years. The “work stress” factor also
showed to be a very strong consistent risk factor for “back pain”
and “pain in arms” in all 3 reporting years. When the work stress
item is dichotomized, the ORs are consistently significant for all 3
reporting years, but the 2010 ORs are slightly lower than either the
2006 and 2002 values. Trend analysis, however, did not show that
any of the year-to-year changes were significant except for “job sat-
isfaction” and only with the “pain in arms” outcome measure, which
was a decrease in OR values. These four psychosocial factors have
shown to be consistent risk factors for greater reports of “back pain’
and “pain in arms” and should be considered four areas for concen-
trating intervention strategies for preventing back pain and pain in
arms.

The risk factor combination analysis, which pairs a phys-
ical exposure variable with a dichotomized psychosocial factor,
revealed some changes from the previous years. For the combi-
nation of “heavy lifting” and “work stress” on “back pain,” all three
response choices involving either heavy lifting or stress were signif-
icant, but the strength of the OR was lower for the response choice
“yes” to both variables in 2010. Trend analysis for this combination
did not show any significant increase or decrease in the OR values
on “back pain” or “pain in arm” when paired with heavy lifting. The
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combination of “heavy lifting” and “work fast” also showed some
changes from previous years on “back pain.” The choice “yes” to
“heavy lifting” and “no” to “work fast” was not significant in 2010,
but was significant in 2002 and 2006. The choice “yes” to “heavy
lifting” and “yes” to “work fast” was significant for all 3 years. A
similar pattern was also present for this combination on the “pain in
arms” outcome measure and the interaction was significant. Trend
analysis confirms these differences. The 3-year trend for both the
combination of “heavy lifting” and “hand movement” with “work
fast” indicates an increase in reports of “back pain” and “pain in
arms” on two of the three response choices.

With the “heavy lifting” and “work time” combination, the
2010 results are more similar to the 2002 results for both “back pain”
and “pain in arms” with two response choices significant, whereas in
2006, three response choices were significant. This change seems to
be due to the reduced protective effect of enough time to get the job
done and reduced instances of heavy lifting, which is represented
by the choice “no” to “heavy lifting” and “no” to “work time.”
These year-to-year differences could be due to economic changes
or the instability of these measures or a combination of both. Trend
analysis was not significant for either an increase or decrease in the
OR values.

The combinations involving “hand movement” also had some
changes from previous years. With “work stress,” the 2010 results
for both “back pain” and “pain in arms” were similar to the 2002
results with all three response choices showing significant ORs.
The significant interaction for “back pain,” which was present in
2006, was not significant in 2010, and was primarily because of the
marked drop in “yes” responses to the choice of “hand movement”
and “work stress” (47.2% to 37.1%). Trend analysis did not show
a significant change in OR values across the 3 reporting years. For
“hand movement” and “work fast,” only the “yes–yes” OR was
significant for “back pain.” In 2002 and 2006, the “yes” to “hand
movement” and “no” to “work fast” was significant, but in 2010
there was a marked reduction in the percentage of “yes” responses to
“hand movement” and “no” to “work fast” (30.1% in 2006 to 24.3%
in 2010). With “pain in arms,” the “hand movement” and “work
fast” combination was consistent over all 3 reporting years, with
both the “yes–no” and “yes–yes” choices significant. Trend analysis
confirmed that the 3-year changes (increase) were significant for
“back pain,” but for “pain in arms” there was no significant trend.

For the combination of “hand movement” and “work time,”
the results for “back pain” and “pain in arms” are very similar for all
3 reporting years, with the same response choices having significant
ORs. Trend analysis did not show any significant changes to the
pattern of OR values. To briefly summarize, the changes noted with
the combination exposures seem related more to a drop in “yes”
responses to the physical exposure risk factors. With fewer people
being employed in 2010, jobs requiring more physical labor may
have been reduced the most. To some extent, this is indicated by the
largest drop in the QWL participation sample for 2010 occurred in
two occupational categories in Table 3 (precision production, craft
and repair, and operator/fabricators and laborers).

The combination of the dichotomized “physical effort” risk
factor and the “psychosocial” risk factors was consistent for both
“back pain” and “pain in arms.” With “work stress,” all choices
involving either a “yes” to “physical effort” and a “yes” to “work
stress” had significant ORs. With “work fast,” only the response
choice “yes–yes” was significant for both outcome measures. For
“work time,” both the “yes–yes” and “yes–no” responses had signif-
icant ORs for both outcome measures.

CONCLUSIONS
Analysis of the data from 3 QWL collection years that cov-

ers the first decade of 2000 shows a continued relationship between
physical exposure variables and MSDs and is also influenced by both

individual and psychosocial risk factors. The 3-year trend analysis
confirms that the physical exposure risk factors have been consis-
tent indicators for reports of MSDs and that most of the changes
that may be sensitive to economic conditions probably occur with
the psychosocial risk factors. The overall pattern shows that work-
place exposure to heavy lifting is associated with increased reports
of low back pain, and workplace exposure to repetitive or forceful
hand movements or awkward postures is associated with increased
risk of upper extremity disorders. The 2010 analysis included a new
item that rated the physical effort required at the job from very light
to very hard, and the results showed strong associations with the
ratings of very hard for “back pain” (OR, 3.7) and “pain in arms”
(OR, 5.5), which is further confirmation of influence of the phys-
ical exposure variables. Work stress continues to be a consistently
significant psychosocial risk factor for both outcome measures. Job
satisfaction, safety climate, and supervisor support have also been
significantly related to the outcome measures, but for job satisfaction
and safety climate the relationship is stronger when the variable is
dichotomized.

There was also some evidence that the severe recession in the
late 2000s had influence on the results. The number of workers in
the 2010 sample was reduced, and three risk factors, “must work,”
which is an indicator of overtime, “work time,” which is an indicator
of enough time to get the job done, and “work fast,” which is an
indicator of jobs that require working fast had significant changes
that could be related to economic conditions. In 2010, with reduced
employment and reduced productivity demands overall (eg, must
work), but possibly greater productivity demands on the existing
workforce (eg, work time and work fast) because employers were
not hiring and not paying overtime, but still requiring high levels of
productivity from the employed workers. Changes with the “must
work” and “work fast” risk factors were not significantly different
between any of the eight occupational categories, so no specific
occupational category was affected.

In 2010, there was also a significant sex effect on the “pain in
arms” outcome measure, which when compared with previous years
was a wider divergence between males and females reporting pain.
Sex differences were also apparent in the ratings of physical effort
on the job. Women report higher incidences of very light and light
effort, whereas men have higher reports of hard and very hard effort.
Lastly, this report contains the results of indicators of worker health
that were added in 2010 for which data were available for 2002 and
2006. The three indicators, mental health days, physical health days,
and total health days, were all significantly related to the outcome
measures for back pain and pain in arms. Although not a direct cause
and effect relationship, there is an indication of a strong association
between MSDs and total worker health.

Appendix 1. Questionnaire Items New for the 2010
Survey

1. Please rate the overall physical effort at the job you normally do.
(1) Very hard; (2) hard; (3) somewhat hard; (4) fairly light; (5)
very light.

2. Now thinking about your physical health, which includes illness
and injury, for how many days during the past 30 days was your
physical health not good? Valid values: 0 to 30.

3. Now thinking about your mental health, which includes stress,
depression, and problems with emotions, for how many days
during the past 30 days was your mental health not good? Valid
values: 0 to 30.

4. During the past 30 days, for about how many days did your
poor physical or mental health keep you from doing your usual
activities, such as self-care, work, or recreation? Valid values: 0
to 30.
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