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Abstract

Assessment of workplace physical exposures by self-reported questionnaires has logistical
advantages in population studies but is subject to exposure misclassification. This study
measured agreement between eight self-reported and observer-rated physical exposures to the
hands and wrists, and evaluated predictors of inter-method agreement. Workers (n=341) from
three occupational categories (clerical/technical, construction, and service) completed self-
administered questionnaires and worksite assessments. Analyses compared self-reported and
observed ratings using a weighted kappa coefficient. Personal and psychosocial factors,
presence of upper extremity symptoms and job type were evaluated as predictors of agreement.
Weighted kappa values were substantial for lifting (0.67) and holding vibrating tools (0.61),
moderate for forceful grip (0.58) and fair to poor for all other exposures. Upper extremity
symptoms did not predict greater disagreement between self-reported and observed exposures.
Occupational category was the only significant predictor of inter-method agreement. Self-
reported exposures may provide a useful estimate of some work exposures for population

studies.
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INTRODUCTION

The measurement of physical work exposures is critical to studying exposure-response
relationships in work-related musculoskeletal disorders (WRMSDs). WRMSDs affected
333,760 workers in the United States in 2007." To study the factors associated with the
development of these disorders, there must be adequate methods available to quantify the
physical work exposures. Physical exposures vary widely between jobs due to the differences in
types of tasks performed by workers, frequency and duration of task performance, and intensity
levels within the tasks.” Several methods have been used to assess physical exposures including
worker self-reports, observation, and direct physical measurements. There are logistical trade-
offs between different methods;** in large epidemiological studies, worker self-report provides
the simplest and most cost-effective method for measuring worker physical exposures.5

There have been many studies evaluating the validity and reliability of self-reported
surveys to assess physical exposures that attribute to disorders of the low back, lower extremity
and upper extrernity.6 In validity studies, self-reported surveys are often compared to reference
methods such as direct observation,” observed videotaped work salrnples,3’10 and direct
measurement.' "' Survey items vary by study addressing issues such as the types of tasks
(walking sitting), the characteristics of the exposures (time, intensity, body posture) and the
associated injury risks. The reproducibility and validity of findings from the studies included in
Stock reviewed self-reported surveys and found that the reproducibility and validity of a variety
of survey items ranged from poor to good.6 It is unclear what factors, such as job type or
personal or cultural differences, may contribute to this wide range in validity.

Although hand use is common in most jobs, and the frequency of upper extremity

disorders is high in many occupations, there are few surveys directed toward tasks and exposures



involving use of the hands and wrists. Nordstrom and colleagues13 conducted a validity study
with carpal tunnel patients using survey questions from the 1988 Occupational Health
Supplement to the National Health Interview Survey.14 The survey addressed several exposures
including repetitive hand use, hand/wrist postures, hand force and use of vibrating tools.
Surveys in other studies often include a limited number of questions about hand use within a
larger questionnaire. For example, assessment of repetitive wrist movement was surveyed by
Viikari-Juntura,'? Pope,9 and Hansson.'' Surveys exclusively related to hand and wrist use are
limited.

There is a concern that self-reported data can lead to misclassification from biased
reporting of exposures. Presence of symptoms has been suggested as one potential bias and
would lead to spurious exposure-response relationships. Results from past studies have been
mixed for detecting over-estimated exposures among symptomatic workers as well as other
biases from female gender and type of job, but there has been no bias found for age of

11,12,15-18
worker.

It may be that there are other confounders affecting this exposure-response
association that have not been explored. Psychosocial factors have been associated with
WRMSDs but these factors have not been examined for possible misclassification.'” Physical
characteristics such as individual worker strength may modify the exposure response as stronger
workers may under-report exposures compared to weaker workers in the same job. Inclusion of
questions about the presence of symptoms or other factors may be important to evaluate the
validity of the exposure-response results from a survey for a specific population.

Self-reported surveys remain a necessary element of large scale epidemiological studies

so it is advisable to explore the quality of exposure data such instruments provide.5 The purpose

of this study was to measure agreement between workers’ self-reported estimates and observed



ratings of daily hand and wrist use in a group of workers from a variety of industries, and to
examine predictors of over- and under-estimations of self-reported exposures. In addition, the
presence of hand/wrist symptoms was analyzed as a predictor of agreement, after controlling for

personal characteristics and psychosocial factors.



METHODS

Design and Study Sample

Data are from the Predictors of Carpal Tunnel Syndrome (PrediCTS), an ongoing
prospective study examining personal and work factors in a group of newly hired workers.
Invited subjects were hired into both low and high hand-intensive work from three main job
categories: construction, service, and clerical/technical. Study subjects were hired by eight
employers and three trade unions in the greater Metropolitan area of St. Louis, Missouri, USA.
The study design and population has been described by Armstrong and colleagues.20 As part of
the activities of the larger study, subjects completed a physical examination with grip strength
testing using a dynamometer at baseline, a self-administered questionnaire approximately 6-
months after enrollment and received a worksite visit conducted by a member of the research
team. This study was approved by the Washington University School of Medicine Institutional
Review Board and all participants provided written, informed consent and received
compensation.

Upper Extremity Physical Exposures

Physical exposures were evaluated through eight items involving hand and wrist use
during work activities. Several of these items were used in studies by Nordstrom and
colleaguesm’m’22 including: lift/carry or push/pull > 0.91 kilograms (“lift”), work with hand-held
or hand-operated vibrating power tools or equipment (“‘vibrate’), work on an assembly line
(“‘assembly”), bend/twist hands/wrists (“bend”), use hand in a finger pinch grip (“pinch”),
twist/rotate or screwing motion of forearm (“rotate”), and use tip of finger/thumb to press/push
(“digit press”). An eighth item selected from past research relates to the physical exposure of

using hand in a forceful grip (“grip”).23 The response scale was a seven-point non-equidistant



ordinal scale based on duration of daily work time spent performing the work activity, modified
from the scale in Nordstrom’s study.13 The scale categories were: none (1), less than five
minutes (2), five to 30 minutes (3), more than 30 minutes but less than one hour (4), one to two
hours (5), more than two hours but less than four hours (6), and four or more hours (7) per day.
There was no information on reliability of the measure, but Nordstrom'? assessed the validity of
seven items and showed poor to good results with Cohen kappa values of -0.02 to 0.79. The
same items were assessed in both self-reported and observer-based questionnaires.

Self-reported Questionnaires

The questionnaires asked for demographic information, work history, medical history,
presence of upper extremity symptoms, completion of a hand diagram, and psychosocial and
functional status. For the eight work activity questions, subjects were instructed to indicate how
much time on average was spent each day performing the task or exposure. The presence of
upper extremity symptoms was assessed by questions developed for the Nordic questionnaire
that asked about symptoms occurring more than three times or lasting more than one week in the
neck/shoulder or elbow/forearm or hand/wrist.”* These symptoms were assessed for three
different time frames: symptoms in the past six to twelve months, symptoms in the past 30 days,
and current symptoms. Work-related psychosocial factors were assessed using four summary
scales from the Job Content Questionnaire (JCQ): job decision latitude, co-worker support,
supervisor support, and job insecurity.25 Many of the questionnaire items were drawn from past
research on upper extremity disorders and had previously shown good to excellent test-retest

reliability.>2°



Observer-rated Questionnaires
Subjects received a worksite visit by a research team member at least six months post-
enrollment. This observer was an occupational therapist trained in ergonomics. The observer
was blinded to subject’s self-reported work activity ratings and presence of symptoms. Subjects
remained with the same employer and job title during completion of both the self-reported and
observer questionnaires. The one-hour worksite visit included brief interviews with subjects and
supervisors to gather task information and approximately 20 minutes of videotape recordings of
the worker performing work tasks. During the interviews, workers were asked to list the work
tasks performed during their typical job and to estimate the proportion of daily time per task.
The observer asked for additional information about each task including a description of the
steps of the task, the number of items or work cycles completed per task or day, and the type and
weight of equipment and materials used. Then workers were asked to return to performing their
typical work tasks while the observer took videotaped recordings of their work activities. The
observer recorded several cycles for tasks of shorter duration and one full cycle for tasks of
longer duration. Workers were asked to demonstrate those tasks that were not normally
performed during the visit in order to capture a sample of the task on videotape. Workers were
asked whether the observed tasks were representative of their typical day or to describe the
differences. Following the worksite visit, two or three team members who were experienced in
assessing work exposures, including the observer, evaluated the information gathered at the
worksite visit. The team determined the daily time per task based on the recorded time per task
on the videotape, worker estimated time from the interview, and from knowledge gained through
prior worksite assessments of the same job. Using a consensus method developed by Latko and

colleagues,10 team members jointly assigned ratings for the eight work activity questions using



the videotape and interview data. Latko and colleagues showed good reliability (r’=0.88) using
this consensus method.'® Prior to proceeding with the current study, we evaluated the inter-rater
reliability using this consensus method by three of our team members. We compared
independent ratings of a separate sample of 26 subjects and found an overall intra-class

correlation coefficient of 0.88.

Statistical Analyses

Self-reported and observed responses to the work activity items were evaluated using a
weighted kappa coefficient directly comparing the response values. Weighted kappa accounts
for partial agreement of responses on an ordinal scale and corrects for chance agreement.””*
Landis and Koch® categories of agreement were used to describe levels of agreement: <O= less
than probability, O=poor, 0.01-0.20=slight, 0.21-0.40=fair, 0.41-0.60= moderate, 0.61—
0.80=substantial, and 0.81-1= almost perfect. We calculated the weighted kappa and the
simulation (bootstrap-based) 95" percent confidence intervals (CIs). We repeated the analysis
testing for agreement using an intra-class correlation coefficient for each exposure.

Distribution of Agreement

To evaluate whether self-reported responses were systematically over-estimated or under-
estimated with respect to observed responses, the trends were examined graphically. Responses
that were within one-point on the seven point ordinal scale were considered to be in agreement
(“near agreement”). Over-estimation was defined as a difference of more than one time category
on the scale for self-reported compared to observed exposures. Under-estimation occurred when

self-reported exposures were more than one category less than observed. Each group of

exposure responses was stratified by job categories to observe potential differences by job type.



Predictors of Agreement

Logistic regression analyses were performed to examine potential predictors of
agreement between self-reported and observed responses for each of the eight separate items.
For this analysis, we used “near agreement,” to describe agreement responses that were within
one-point on the seven-point ordinal scale. We tested the effects of several personal variables on
agreement between observed and self-reported exposure: age, gender, race (categorized as
Caucasian or other), presence of upper extremity symptoms, mean grip strength, job category,
and the psychosocial scales of job decision-latitude, coworker support, supervisor support, and
job insecurity. Presence of upper extremity symptoms was evaluated by three different
definitions in separate analyses: 1) positive response to symptoms occurring more than three
times or lasting more than one week in the neck/shoulder or elbow/forearm or hand/wrist in the
past six to twelve months, 2) symptoms occurring in the past 30 days, and 3) current symptoms.
Subjects were assigned nominal job categories: the construction group consisting of carpenters,
floor layers, and sheet metal workers; the service group consisting of housekeepers and food
service workers, and the clerical/technical group consisting of clerical, computer, laboratory,
health technicians, and other work types. Psychosocial variables were summary scores following
recommended calculations described for the Job Content Questionnaire.” Mean grip strength (in
kilograms) was represented as the average of three trials for the right hand. We computed the
odds ratios and 95% confidence intervals to show the likelihood of an association between these
predictors and the outcome of agreement.

Homogeneity of Self-reported Exposures

To further evaluate whether the presence of symptoms influenced the respondents, we

tested the homogeneity of the exposures with the sample stratified by symptom status. We

10



calculated and compared the weighted kappas for the symptomatic and non-symptomatic cases.

All analyses for this study were conducted using the statistical software package R

11



RESULTS

Three hundred and forty-one subjects completed the self-reported questionnaire and had
observed estimates based on information collected at worksite visits. Subjects had a mean age of
34 years; 53% were male and 55% Caucasian. Table 1 shows the demographic and psychosocial
characteristics of this sample. The time interval from collection of self-reported questionnaires
and observed data from the worksite visit had a median difference of slightly less than seven
weeks; there was no relationship between a greater time interval and differences in self-reported
and observed responses. There were 44 cases with at least one missing psychosocial factor or
value for race, although chi-square and t-test analyses showed no meaningfully different results
between cases with missing data and those with complete data (44 versus 297 cases) for age,
gender, presence of symptoms, and grip strength.

The distribution of the self-reported and observed values for each item is shown in Figure
1. The graphs show a wide range for duration of time for most items. There was minimal time
reported by all subjects for the assembly task and the greatest daily time estimates were reported
for lifting and hand/wrist bending exposures. Self-reported and observed responses showed
similar distributions except for finger pinch, forearm rotation, and digit press where considerable
differences can be seen.

Stratification of responses by job type shown in Figures 2a and 2b indicate that the
construction group had the highest time estimates and the clerical/technical group reported the
lowest estimates across most items. In particular, the construction group had higher time
estimates for activities involving hand force such as lifting, use of hand-held vibrating tools, and
forceful hand grip. Self-reported exposures were more similar across all job types whereas

observed exposures showed greater differences.
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Agreement of self-reported and observed values was examined with near agreement
defined as a difference of one category or less between self-reported and observed values on the
ordinal scale. Table 2 shows there was near agreement of 33% to 87% with a lower percent
agreement for the physical exposures of finger pinch, forearm rotation, and digit press.
Weighted kappa statistics and intra-class correlation coefficients (ICCs) were used to further
assess the agreement between self-reported and observed responses. Using the Landis and
Koch® scale to interpret results, weighted kappas showed moderate to substantial agreement
(0.41-0.80) for lifting, hand-held vibrating tools, and forceful grip, and fair or less agreement for
the other exposures (see Table 2). The assembly task showed high agreement between self-
reported and observed (87%) but the narrow distribution of all responses (see Figure 1) would
require almost identical answers in order to obtain a higher kappa coefficient (kappa =-0.01).
Calculations of ICCs produced nearly identical results as the weighted kappa statistics.

Figure 3 illustrates the over-estimation or under-estimation of self-reported values
relative to observed values for the three job types separately. The graphs show that forearm
rotation was systematically over-estimated by workers across all job types; finger pinch was
more frequently under-estimated. In addition, construction workers tended to over-estimate
vibration and digit press exposures, service workers over-estimated forceful grip and digit press,
and clerical workers under-estimated pressing or pushing with the fingers and the thumb and
over-estimated wrist bend. There were no obvious trends or patterns of over- or under-
estimation across all exposures by job type.

Logistic regression analyses examined possible associations contributing to the
misclassification of agreement between self-reported and observed responses. The potential

confounders included several personal and psychosocial factors, job type, and the presence of
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symptoms. Results for the 297 subsets with complete observations shown in Table 3 found few
meaningful associations, although job type demonstrated a significant effect for six out of the
eight exposures. The service group had the greatest number of items with differing agreement.
There was less agreement shown for four items and greater agreement shown for two when
compared to the clerical/technical group. To further examine the possibility that the presence of
symptoms would lead to biased self-reported exposure estimates, we looked at three separate
symptom definitions in different models. The prevalence of symptoms in the past 30 days (29%)
and current symptoms (14%) were much lower than for symptoms in the past six to twelve
months (44%). In all models, symptoms did not predict greater or lesser agreement between
self-reported and observed exposures. The results for presence of symptoms experienced in the
past six to twelve months are shown in Table 3.

We further tested the homogeneity of the kappa statistics that originated from the
symptomatic cases and the non-symptomatic cases of the population. We calculated the
weighted kappa values separately for the symptomatic (n= 150) and non-symptomatic (n= 191)
cases (data not shown). Using the recommended 84% confidence interval of two samples31 in
which the ratio of the square root of the sample size for all eight exposures is close to unity, we
found that the 84% confidence intervals for the two groups overlapped for all exposures,
indicating homogenous kappa statistics (levels of agreement) for the symptomatic and the non-

symptomatic populations.
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DISCUSSION

This study explored the agreement of physical work exposures from a self-reported
survey focused on hand and wrist activities and showed substantial agreement between self-
reported values and observed ratings for some of the physical exposures. Examination of
differential misclassification showed no systematic effect for presence of symptoms, gender,
race, or psychosocial variables. Type of job was associated with differences in agreement for
many exposures but there was no trend toward over- or under-estimation of exposures by a
single job type. The construction group had the highest exposures on average. The service
group with moderate level work exposures had the greatest tendency toward low agreement and
showed the largest percentage of both over- and under-estimated exposures compared to the
other two job types. Overall, the clerical/technical work group had the lowest exposures and
showed the best agreement between self-reported and observed values. Some exposures were
systematically under-estimated or over-estimated by all job types indicating there was a
difference in the perception of exposure between the workers who completed the self-reported
surveys and the observers.

There are few surveys that assess work exposures of the hands and wrists. This study
used survey items from the 1988 Occupational Health Supplement (OHS) to the National Health
Interview Survey14 that were used in a validation study by Nordstrom and collealgues.13 Our
study extended this prior work using a larger and more diverse worker population, including a
greater proportion of blue collar and service workers. Both studies used work site observations
(approximately 1 hour in length), and our study had the addition of video samples rated by two
or three observers. Despite these differences, both studies showed similar results. Our study had

slightly higher agreement for tasks involving force and vibration and lower agreement for
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activities involving precise hand movements and hand/wrist postures. This suggests that workers
are able to accurately report time spent in general work tasks such as lifting and using vibrating
tools, but they have difficulty recognizing exposures within tasks such as intermittent pinching
and wrist bending. In addition, we found that the greater the variability of activities and
exposures within a single job, the lower the agreement. Past studies have shown wide variations
in validity with kappa values from -0.07 to 0.81.° Agreement between self-reported and
observed upper extremity exposures seen in this study was somewhat higher than those discussed
by Stock and colleagues. Other studies have reported moderate agreement for duration of
handling loads of specific weights, fair agreement for use of hand-held vibrating hand tools, and
fair to poor agreement for tasks involving hand use. 12131732

Several studies have shown an association between physical work exposures and upper

extremity case definitions for WRMSDs. 203334

Determining a dose-response relationship
requires accurate quantification of exposures; the presence of exposure misclassification may
obscure true relationships or create spurious associations. In the current study, we examined
several possible sources of differential exposure misclassification, including personal and
psychosocial factors, and the presence of symptoms, and found no relationship with self-reported
exposures. The lack of association between symptoms and exposure misclassification is
important; if present, such an association could result in a spurious association between physical
exposures and symptoms, particularly in a cross-sectional study.

We found that there were differences in agreement between self-reported and observed
exposures by work group. This may be related to intermittently performed tasks that are not

recognized by workers. Observers use more quantifiable criteria for exposures whereas workers’

perceptions are formed by personal knowledge, experience, and possibly work-related
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terminology. Workers and observers have different knowledge about exposures and the tasks of
a given job; asking workers to assess time spent in exposures that vary considerably during tasks
may be unreasonable.

Most studies that have explored the validity of self-reported exposures have shown
adequate classification for levels of exposures when workers report general body postures and
work tasks such as standing or walking.'”** Finer dimensions of exposures including joint
posture, frequency of movement, intensity or specific loads have poorer agreement of self-
reported with observed or directly measured exposures. This presents a difficult problem when it
comes to trying to quantify exposures of the upper extremity, all of which involve precision or
posture or generally low loads compared to the exposures on the trunk or legs. This may be one
reason researchers to date do not have a set of well-validated upper extremity questions available
for use. Some researchers report customizing upper extremity questions to the tasks within the
industry but little is reported about the nature of the questions and testing prior to use.*® Since
self-reported surveys remain the most feasible means of collecting exposure information in large
population epidemiologic studies, there must be systematic exploration into the psychometric
formulation of questions and response scales, testing with specific industries and reporting
results in the literature.’

The primary strength of this study was the extension of a previously used self-reported
hand and wrist survey in a large population of workers across several industries.”> An important
element of this study was our examination of exposure misclassification related to personal and
psychosocial factors and job types. We found no effect of symptoms on exposure reporting,
even when using different symptom definitions and controlling for other potential associations.

The novel exploration for this manuscript was the examination of responses for over- and under-

17



estimations by self-report. These analyses shed some light on the need for future studies
incorporating type of work into item formulation and interpretation.

There were several limitations to this study. The difference in time between completion
of the survey and the worksite visit may have affected results in ways that were not detected by
our analysis. In responding to the self-reported questions, some workers may consider only
recently performed tasks when describing their “usual exposures”, but others may reflect upon
tasks over a much longer period of time. Finally, the observed method of rating exposures may
not have accurately captured all exposures, particularly for the more varied jobs. The duration
of time spent in tasks for the observed exposures was based on limited quantitative information
from the videotaped samples, and on information from worker interview and information
gathered from previous work site visits for similar jobs. This method for determining task time
likely provides an appropriate estimate but is undoubtedly subject to some measurement error.
All of these limitations would likely lead to lower agreement between self-reported and observed
exposure estimates.

Conclusion

Self-reported estimates of time spent on tasks involving hand and wrist use is a useful
tool for population based studies. Self-reported estimates of physical exposures may be less
accurate for jobs involving variable tasks and intermittent exposures — such jobs are challenging
to study by any method. Presence of musculoskeletal symptoms did not cause greater
misclassification of self-reported tasks and exposures in our study population. Job category may
cause over- or under-estimates of time spent in work activities, so this potential bias should be

evaluated when comparing exposures across different job groups.
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Table 1. Personal and psychosocial characteristics of 341 workers

n (%)
Gender
Male 181 (53%)
Female 160 47%)
Race
Caucasian 188 (55%)
Others* 151 (44%)
Missing 2 (.01%)
Job Category
Construction’ 108 (32%)
Service! 95 (28%)
Clerical/technical" 138 (40%)
Upper extremity symptoms
Present” 150 (44%)
mean SD'
Age, in years 34 (11)
Psychosocial factors™
Job decision latitude (n=320) 26 )]
Co-worker support (n=337) 12 2)
Supervisor support (n=324) 13 3)
Job insecurity (n=336) 6 (D

20



Right hand grip, in kilograms 41 (12)

*includes African Americans, Asians, Native Americans, others

*includes symptoms of the neck/shoulder, elbow/forearm or wrist/hand experienced in the past
six to twelve months

Yincludes carpenters, floor layers, and sheet metal workers

Tincludes housekeepers and food service workers

"includes clerical, computer workers, laboratory, and hospital technicians, and other work types
SD, standard deviation

*missing, n=43 (13%)
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Table 2. Percent agreement and weighted kappa coefficients for comparison of self-reported

and observer-rated exposures for 341 subjects

Percent Weighted kappa Category of 95% CI of
near (Ky) coefficient Agreement* Ky

Physical Exposures agreement

Lift 68% 0.67 Substantial 0.60, 0.73

Vibrate 67% 0.61 Substantial 0.54, 0.68

Grip 58% 0.58 Moderate 0.51, 0.64

Bend 59% 0.23 Fair 0.11,0.34

Pinch 33% 0.16 Slight 0.08, 0.24

Rotate 43% 0.04 Slight 0.003, 0.08

Assembly 87% -0.01 Less than -0.08, 0.11
probability

Digit Press 36% -0.07 Less than -0.18, 0.04
probability

*using definitions of categories by Landis and Koch

Ky, weighted kappa, CI, confidence interval
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Table 3. Logistic regression results assessing agreement of self-reported and observed ratings for separate outcome exposures with

personal and psychosocial independent predictor variables in each model (n=297)

Lift Vibrate Grip Bend Pinch Rotate Assembly  Digit Press
Independent OR* OR OR OR OR OR OR OR
Variables 95% CI 95% CI 95% CI 95% CI 95% CI 95% CI 95% CI 95% CI
Age (per year) 1.00 0.99 1.00 0.99 1.01 1.03 1.00 1.01
(0.97-1.02)  (0.96-1.02) (0.98-1.03) (0.96-1.01) (0.99-1.04) (1.01-1.06) (0.97-1.03)  (0.98-1.03)
Race 1.17 1.33 0.79 0.84 0.84 1.07 0.94 0.49
(Caucasian®) (0.54-2.60)  (0.53-3.45) (0.39-1.63) (0.41-1.74) (0.39-1.76)  (0.52-2.20)  (0.35-2.67)  (0.21-1.08)
Right mean 0.99 1.00 1.02 1.01 1.04 1.03 1.01 1.01
grip (per kg) (0.96-1.02) (0.97-1.03) (1.00-1.05) (0.98-1.04) (1.00-1.07) (1.00-1.07) (0.97-1.06)  (0.98-1.04)
Gender (Male®) 0.38 0.86 1.18 2.06 1.11 1.95 1.23 0.95
(0.15-0.91) (0.32-2.20) (0.52-2.70) (0.90-4.79)  (0.48-2.66)  (0.86-4.52)  (0.38-3.71)  (0.42-2.19)
Job Decision 0.94 0.92 0.96 1.01 0.94 0.96 1.08 1.03
Latitude (0.86-1.02)  (0.84-1.00) (0.89-1.04) (0.94-1.10) (0.86-1.01)  (0.89-1.04) (0.97-1.20)  (0.96-1.12)
Co-worker 1.15 1.08 1.08 1.09 1.04 0.97 1.05 1.02
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Support
Supervisor
Support

Job Insecurity

Construction
group
(Clerical/techni
cal§)

Service group
(Clerical/techni
cal§)

Presence of

symptoms”

(0.98-1.37)
0.87
(0.76-0.99)
1.17
(0.87-1.62)
1.17

(0.48-2.85)

0.38

(0.17-0.82)

1.11

(0.65-1.92)

(0.90-1.29)
1.04
(0.91-1.19)
0.81
(0.60-1.08)
0.10

(0.04-0.26)

0.22

(0.08-0.52)

0.77

(0.44-1.34)

(0.92-1.26)
0.99
(0.88-1.12)
1.08
(0.82-1.44)
1.49

(0.66-3.38)

0.40

(0.19-0.83)

0.68

(0.41-1.14)

(0.93-1.28)
0.90
(0.79-1.02)
0.80
(0.60-1.05)
6.51

(2.88-15.17)

2.73

(1.30-5.87)

1.39

(0.83-2.34)

(0.89-1.23)
0.95
(0.84-1.08)
0.90
(0.67-1.17)
1.44

(0.65-3.23)

0.81

(0.36-1.79)

0.89

(0.53-1.48)

(0.82-1.13)
1.09
(0.96-1.23)
1.09
(0.83-1.43)
0.35

(0.16-0.79)

0.48

(0.23-1.00)

0.78

(0.47-1.30)

(0.85-1.29)
0.94
(0.79-1.10)
1.32
(0.91-2.00)
0.71

(0.22-2.16)

0.99

(0.35-2.66)

0.95

(0.47-1.93)

(0.86-1.19)
1.05
(0.93-1.19)
1.01
(0.77-1.33)
1.29

(0.59-2.86)

4.12

(1.85-9.73)

0.81

(0.48-1.34)

*OR, odds ratio; CI, confidence interval

¥ Reference group

*Defined as symptoms in the past six to twelve months, reference: no symptoms
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Figure Legends:

Figure 1. Distribution of self-reported (solid lines) and observed (dashed lines) exposures for
daily duration of time. Numbers on the horizontal axis represent time categories: none (1), less
than five minutes (2), five to 30 minutes (3), more than 30 minutes but less than one hour (4),
one to two hours (5), more than two hours but less than four hours (6), four or more hours (7) per

day.

Figure 2. Distribution of self-reported exposures for three job types: clerical/technical (solid
lines), construction (dashed lines), and service (dotted lines) worker groups. A) shows the
results from the self-reported exposures; B) shows the results from the observed exposures.

Numbers on the horizontal axis represent the same information as in Figure 1.

Figure 3. Prevalence of over-estimated and under-estimated values for self-reported and

observed differences for each physical exposure by three job types. Percentage of over-

estimated values are shown above the horizontal line and under-estimated values below.
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