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Bias in risk estimates from variability of exposure to
postural load on the back in occupational groups
by Alex Burdorf, MSc1

BURDORF A. Bias in risk estimates from variability of exposure to postural load on the back in oc­
cupational groups. Scand J Work Environ Health 1993;19:50-4. Variability of exposure can be a
source of information bias in studies with exposure assessment based on the use of a sample of work­
ers in each occupational group under study. This paper presents a method to assess the rate of expo­
sure misclassification from the magnitude of overlap of exposure distributions and, consequently, to
evaluate the bias to risk estimates in cross-sectional and prospective studies. The percentage of work­
time with trunk flexion and rotation was studied in five occupational groups. The rate of misclassifi­
cation of exposure to trunk flexion and rotation varied from 0.03 to 0.35. Misclassification below 0.10
was found only for occupational groups with at least a 14-fold difference in mean exposure. Higher
rates of misclassification can easily bias the risk estimates up to 50%. In the cross-sectional design
the odds ratio was more sensitive to bias than the prevalence rate ratio. The estimate of the relative
risk in a prospective study design was the least biased.
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Epidemiologic research is needed on the effects of
workplace exposures on the occurrence of diseases
in the working popul ation . Investigations of low-back
pain due to workplace exposures often have a cross ­
sectional design. In a cross-sectional study the prev­
alence of low-back pain is compared betwe en groups
of workers with respect to exposure status (l ). In
many surveys concerning low-back pain , the infor­
mation on exposure status is obtained from self- ad­
mini stered questionnaires (2). If exposure to postural
load is determined by reports provided by the work­
ers, considerable misclassification of exposure is al­
most ine vitable.

Studies on the rel iabi lity o f questionnaires have
consistently shown that sel f-reported aspects of pos­
tural load are in poor agreement with the results of
more obje ctive measurements (3- 5). Thi s source of
misclassification of exposure, when independent of
disea se status, will generally bia s the effect estimate
towards the null value (1, 6). To redu ce the meas­
urement error, several methods have been advocated
for object ively measuring postural load under wor k
conditions (7-9). The appli cation of these measure­
ment techniques in occupational stud ies will mark­
edly redu ce measurement error and, as a con se­
quence, reduce the potential bias due to nondiffer­
ential misclassification of expos ure.

Institute of Occupational Health, Erasmus University,
Rotterdam, The Netherlands.

Reprint request to: Mr A Burdorf, Institute of Occupational
Health, Erasmus University, Medical Faculty, PO Box
1738, 3000 DR Rotterdam, The Netherlands.

50

How ever, information bias can also occur as a re­
sult of the mea surement strategy applied. Th e com­
mon approach in cross -sectional studies on low-back
pain is to monitor a sample of workers in each oc­
cupational group under stud y. When exposure assess­
ment is not possible for each individual, measure­
ment s of postural load are used to assi gn expo sure
categories to the occupational groups, often on the
basis of the workers' mean exposure (2). Subsequent­
ly, the prevalen ce of low-back pain is compa red
amon g groups with different exposure status . In th is
grouping strategy, inherent misclassifi cation of ex­
posure will occur if the occ upationa l groups show
overlapping distribution s of mean exposures in each
occupational group. A similar problem may arise in
prospective studies on incident cas es of low-back
pain in occupational groups when a random sample
of workers in each occupational group is being moni­
tored .

Therefore, variability of expo sure among workers
with in an occupational group can be described in
term s of nond ifferential misclassification of expo ­
sure. Hence, it is important to know the magnitude
of overlap of the exposure distributions. In th is pa­
per, the rate of nondifferential misclassification of
expo sure due to variabil ity of the expos ure among
workers has been derived from the magnitude of the
overl ap in exposure exper ience of two occupational
groups. Its impact on the estimate of the association
betw een postural load and low-back pain was inves­
tigat ed. The purpose of the analysis was to assess the
potential magnitude of bias caused to the risk esti­
mat e by exposure asse ssment based on grouping
strategies in cross-sec tional and prospecti ve studies .
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Table 1. Distribution of subjects by true and observed ex­
posure status.

Table 2. True distribution of subjects with low-back pain and
subjects without by exposure status of postural load in a
cross-sectional design.

health status, the subjects with low-back pain and the
subjects without low-back pain have the same expo­
sure sensitivity and specificity. Moreover, in this ap­
proach, the exposure sensitivity and specificity are
assumed to be equal and can be derived directly from
the obtained rate of misclassification. Given the true
distribution of the cases and referents by exposure
status, and the common value S for exposure sensi­
tivity and specificity, the observed values of the cell
frequencies can be calculated by the following equa­
tions:

True exposure

No (0)

Total

200 (n,)
200 (no)

(equation 2)

(equation 4)

(equation 3)

100 (b)
140 (d)

Yes (1)

100 (a)
60 (e)

Subjects with Subjects without
low-back pain low-back pain

B=n,-A,

A = as + c(l - S) ,

C=cS+ a(l-S),

Exposure
status

Observed
exposure

High (1)
Low (0)

and

Yes (1)
No (0)

Methods

In cross-sectional studies, the prevalence odds ratio
is frequently used to derive a measure of association
between exposure and disease. Some authors give
preference to the prevalence rate ratio when the prev­
alence of disease is rather high (10). Since this con­
dition is often true in studies of low-back disorders,
for the purpose of the discussion, the effect of ex­
posure misclassification on both measures of risk
have been presented.

Exposure misclassification is expressed in table I
by a 2 x 2 table of conditional probabilities (II). On
the assumption of nondifferential misclassification
with regard to exposure status, the probability of be­
ing classified correctly as exposed (PI) should be
equal to the probability of being classified correctly
as unexposed (P (0) . P

II
is often referred to as expo­

sure sensitivity, and P00 as exposure specificity (II).
Under the assumption that the correct classification
rate of the exposed and unexposed will be equal (that
is PI' = p

tX
) , the magnitude of nondifferential mis­

classification due to exposure variability can be de­
rived from the overlap of exposure distributions of
the two occupational groups compared. The prob­
ability of a measurement among the unexposed sub­
jects exceeding or equaling a specific value is sup­
posed to be the same as the probability of a measure­
ment among the exposed subjects falling below this
value. Essential for estimating this probability is in­
ference about the underlying distributions. The dis­
tribution of measurements of aspects of postural load
on the back is described best by the log-normal dis­
tribution, characterized by the geometric mean (GM)
and the geometric standard deviation (GSD) (12).
Thus the probability can be obtained by the follow­
ing equation:

The biased prevalence rate ratio is estimated by:

In these equations the rate of misclassification is
estimated by I - S. The observed values of the cell
frequencies can be used to obtain the observed risk
estimates. The biased odds ratio is estimated by:

(equation 6)

(equation 5)

(equation 7)

ORb= fA / (n
l
-A)] / [C / (n o - C)].

A similar approach can be described for a hypo­
thetical prospective study , as presented in table 3. A
group of workers with high exposure to postural load
on the back is compared with an occupational group
of workers with low exposure to postural load. Sup­
pose the true incidence rates of low-back pain are
70 per 1000 person-years in the high-exposure group
and 30 per 1000 person-years in the low-exposure
group. The true distributions of cases and person­
years are presented in table 3. Given these figures

The value of '«corresponds to the percentile of the
distribution of the one-sided Student's t-statistic (13,
14). The corresponding probability of a measurement
exceeding or equaling this percentile presents the
estimate of the misclassification rate y. Note that the
misclassification rate y is equal to I-P 11"

As a simple illustration of the effect of exposure
rnisclassification, consider the hypothetical data pre­
sented for a cross-sectional study in table 2. An oc­
cupational group of 200 (11,) subjects with high ex­
posure to postural load on the back is compared with
an occupational group of 200 (110) subjects with low
exposure to postural load on the back. The measure
of disease is the 12-month prevalence of low-back
pain . In this example the overall prevalence of low­
back pain is 40% among the total population. The
prevalence of low-back pain among the subjects with
high exposure is atn ; among the subjects with low
exposure it is cln o. By definition, when the exposure
misclassification is nondifferential with regard to
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Table 3. True distribution of incident cases of low-back pain
and exposure to postural load in a prospectivedesign.

and the common value S for exposure sensit ivity and
spec ifici ty, the obs erved number of cases and sub ­
sequent person-years of exposure can be calculated
by the following equations:

Exposure
status

High (1)
Low (0)

A = as + b (l - S),

B = bS + a (l - s),

Incident cases
of low-back pain

350 (a)
180 (b)

Person-years

5000 (n)
6000 (no)

(equation 8)

(equation 9)

(equation 10)

the group with the lowest exposure being used as the
reference.

To invest igate the effect of exposure miscl assifi ­
cation on the risk estimates in a cross-sectional study,
an overall prevalence of low-back pain of 40%
among the 200 subjects in the high-exposure group
and 200 subjects in the low-exposure group was
used . Different distributions of workers with low­
back pain by expos ure status were evaluated, which
yie lded values of true odd s ratios clo se to 1.50, 2.25,
and 3.00, and associated true pre valence rate ratios .
For three rates of misclassification the biased odd s
ratio s and prevalence rate ratios were calculated. An
ana logous analysis was made for a prospective de­
sig n using hypothetical dat a according to the format
of table 3. The true relative risks were 1.50, 2.33,
and 3.00, and the same three rate s of miscl assifica­
tion were evaluated.

Th e bia sed relative risk is estimated by :

Empirical data of a survey on workers ' distribu­
tions of exposure to postural load in five different
occupational groups have been used to estimate dif­
ferent rates of misclassification. The principle mea­
sure of exposure was the percentage of worktime
with trunk flexion or trunk rotation (12). Straddle­
carrier dr ivers were found to be the occ upationa l
group with the lowest exposure to trunk flexion , and
crane operators formed the occupational group with
the lowest exposure to trunk rotation. The magnitude
of the overlap of the workers' ex posure distributions
has been ca lculated for each occup ational title group,

and

(equation II )

(equation 12)

Results

In table 4 the workers ' di stributi ons of expo sure to
trunk flexion and trunk rotation are presen ted , char­
acterized by their geometric mean and geometric
standard deviation. With regard to exposure to trunk
flexion, the group of straddle-carrier drivers was used
for reference. When the four occupational title groups
were compared with this reference group, the appli­
cation of equ ation 1 yielded rates of miscl assifica­
tion varying from 0.15 to 0.35, For exposure to trunk
rotation the rates of misclassification varied from
0.03 to 0.31, when the four occupational titl e groups
were compared with the group of crane operato rs. It
can also be noted that considerable rates of miscla s­
sification can occur, although the occupational title
groups can have cle arly different values of worke rs'
mean expo sure to trunk flexion or trunk rot ation.

In tabl e 5 hypothetical data similar to the data
given in tabl e 2 have been used to illu str ate the ex-

Table 4. Misclassification of exposure to postural load because of an overlap of distributions of percentage of worktime
with trunk flexion and trunk rotation among occupational title groups. (GM = Ileometric mean, GSD= geometnc standard
deviation , df = degrees of freedom, ta = value of t distribution, y= rnlsclassltlcafion rate)

Occupational titlegroup
Exposure to trunk flexion Exposure to trunk rotation

GM GSD df to Y GM GSD df t
u t

Straddle-carrierdrivers 3.0 3.9 35.9 1.6 80 1.91 0.03
Crane operators 26.8 2.2 80 1.02 0.16 1.8 3.0
Office workers 22.0 1.7 60 1.05 0.15 4.7 2.4 58 0.49 0.31
Woodworking machinists 8.0 3.0 68 0.40 0.35 6.6 2.7 66 0.62 0.27
Packers 10.6 1.6 64 0.69 0.25 25.3 1.5 64 1.76 0.04

Table 5. Bias to the true odds ratio and the true prevalence rate ratio because of nondifferential misclassification of expo­
sure in a cross-sectional design. (y = misclassification rate)

Biased odds ratio Biased prevalence rate
True odds ratio (OR.) True prevalence ratio (PRR.)
(OR) rate ratio (PRR)

y= O.l "(= 0.2 "(= 0.3"(= 0.1 "(= 0.2 "(= 0.3

3.05 2.42 1.93 1.55 1.96 1.70 1.48 1.30
2.23 1.89 1.61 1.37 1.62 1.47 1.33 1.21
1.52 1.40 1.28 1.18 1.29 1.22 1.16 1.11

52



Scand J Work Environ Health 1993, vol 19, no 1

Table 6. Bias to the true relative risk because of nondiffer­
ential misclassification of exposure in a prospective design.
(y= misclassification rate)

status. In this approach the nondifferential misclas­
sification is solely due to the variability in exposure
within an occupational group.

In this study the rates of misclassification of ex­
posure to trunk flexion and rotation varied from 0.03
to 0.35. Misclassification below 10% was found only
in compari sons of occupational groups with at least
a 14-fold level of exposure, compared with the low­
exposure group. The high rates of misclassification
reflect the considerable variance in exposure between
workers in the same group and between parts of a
shift within workers (12). Under the assumption that
the exposure variability and the concomitant concept
of a log-normal distribution can be generalized to
other occupational group s and work situations, mis­
classification of postural load due to nonneutral pos­
tures is easily obtained .

Attenuation of the risk estimate caused by expo­
sure misclassification is demonstrated in tables 5 and
6. In the cross-sectional approach the odds ratio was
more sensitive to bias than the prevalence rate ra­
tio. The relative risk in the prospective approach
showed the least bias. In the case of a dichotomous
exposure categorization nondifferential misclassifi­
cation of exposure always biases a true effect toward
the null value. The foregoing approach to estimate
the amount of bias can be extended to the more gen­
eral case of more than two exposure categories. In
specific cases it can be demonstrated that the bias
due to nondifferential misclassification of exposure
is not necessarily downward when a polychotomous
exposure measure is used (6).

In this study the misclassification of exposure was
limited to a main measure of exposure to postural
load and its effect on the risk estimate for this ex­
posure . In many occupational situation s workers are
exposed to several risk factors of postural load, such
as rotation of the trunk , lifting, and forceful move­
ments. There is no reason to believe that miscla ssi­
fication of exposure to these confounding factors will
not occur. An assessment of the possible effect of
confounder misclassification can be achieved with a
similar approach for evaluating the nondifferential
misclassification of the main exposure variable. Re­
cently, Ahlborn & Steineck (15) pointed out that mis­
classification of the confounding (exposure ) factor
can be of particular importance. In their example con­
trol for a confounding variable, subject to a consid­
erable amount of misclassification, led to a strong
overestimate of the true exposure-disease association

tent of bias due to nondifferential misclassification
of exposure in a cross-sectional study. The true odds
ratio for low-back pain due to aspects of postural load
was obtained simply from the marginal totals of a
2 x 2 table. When nondifferential misclassification of
exposure is accounted for, the true odds ratio mark­
edly decreases. For example, the true odds ratio is
2.23, whereas the observed odds ratio under the con­
dition of 10% misclassification of exposure is only
1.89. Two points are noteworthy. First, when the true
odds ratio increases, the bias introduced by the mis­
classification of exposure also increases. Second,
higher rates of misclassification more strongly bias
the odds ratio towards unity. With regard to the true
prevalence rate ratio, the magnitude of the bias to the
prevalence rate ratio also depends on the actual prev­
alence of the health outcome . The degree to which
the prevalence rate ratio is underestimated is small­
er than the bias in the odds ratio.

In table 6 the bias to the relative risk in a prospec­
tive study design is illustrated . Again , the observed
relative risk decreases with a higher rate of misclas­
sification . The magnitude of the bias in the estimat­
ed relative risk in the prospective design is slightly
less than that of the bias in the estimated prevalence
rate ratio in the cross-sectional design.

Discussion

Frequently, in occupational epidemiology on low­
back disorders, the prevalence of these disorders is
compared between occupational title groups. When­
ever objective measurement techniques for postural
load have been used, a random sample of workers
in each occupational group is often monitored. The
average values of the parameters measured are used
to characterize the exposure to postural load in the
occupational title groups (2). In fact , workers who
have not been monitored are assigned the mean ex­
posure of their occupational group .

Two occupational groups can have significantly
different values for their mean exposure and there­
by suggest a clear difference in exposure status.
However , large variability of exposure within each
group can result in overlapping exposure distribu­
tions and thus in misclassification of exposure. The
variability of exposure within each occupational
group is due to within-worker and between-worker
variance. Information on the underlying distributions
is essential for estimating the magnitude of the over­
lap. An extensive measurement program of the per­
centage workt ime spent in trunk flexion and trunk
rotation in five different occupational groups re­
vealed that these aspects of exposure to postural load
were best described by log-normal distributions (12).
Hence , it was possible to draw inferences about the
magnitude of overlap between two exposure distri­
butions. The area of overlap presents a fruitful esti­
mate of the rate of misclassification of exposure that
is nondifferential to both exposure status and disease

True relative risk
(RR)

3.00
2.33
1.50

Biased relative risk (RR
b

)

y=0.1 y=0.2 y = 0.3

2.45 2.03 1.70
2.03 1.77 1.55
1.43 1.37 1.31
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measured by the incidence rate ratio. This observa­
tion clearly shows that the influence of the variability
of exposure on misclassification must not be restrict­
ed to the main exposure variable of interest, but
should also include the confounding exposure vari­
ables.

This paper has attempted to demonstrate a practi­
cal approach for assessing possible bias in cross-sec­
tional and prospective studies on the basis of a com­
parison of two occupational groups with overlapping
exposure distributions. The approach is only valid
when the exposure sensitivity and specificity are as­
sumed to be equal. If this assumption is being met,
the presented method allows a direct estimation of
the extent of misclassification of exposure and its
effect on the attenuation of the risk estimate. This
approach only requires empirical data on the distri­
butions of exposure in the occupational groups un­
der study. The primary importance of the procedure
is that the assessment of exposure misclassification
may guide researchers towards improving measure­
ment strategies to decrease the estimated rate of mis­
classification. In some studies the conclusion could
be inevitable that grouping by job title is inadequate.
In other studies it may be necessary to collect expo­
sure data on the individual level. Of less importance
is the application of this procedure to adjust or "cor­
rect" the observed effect estimate for the amount of
exposure misclassification due to exposure variabil­
ity. Simultaneous presentation of the observed risk
estimates and the adjusted "true" risk estimates of­
fers the reader insight into the bias associated with
the sources of variability.
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