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An apparently incongruous exposure-response relationship
resulting from the use of job description to assess
magnetic field exposure
by Vincent Delpizzo, PhD1

DELPIZZO V. An apparently incongruous exposure-response relationship resulting from the use of job
description to assess magnetic field exposure. Scand J Work Environ Health 1992;18:242-5. Empiri­
cal data are presented to support the observation that nondifferential misclassification of subjects classi­
fied according to an ordinal scale can result in an artifactual nonmonotonic exposure-response curve.
This phenomenon can be interpreted erroneously as an indication that an observed relationship is not
causal. The occupational exposure of 40 subjects to extremely low-frequency magnetic fields was esti­
mated on the basis of their job description while their "true" exposure was determined by direct dosi­
metry. A "true" risk was assumed to exist, and estimatesof risk that could be obtained through hypothetical
case-referent or cohort studies were calculated .
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A monotonic relationship of increasing risk for increas­
ing exposure to an agent is normally regarded as one
criterion in favor of interpreting an association as
causal. In some cases, the risk for the group with the
highest exposure classification is found to be lower
than that observed for an intermediate exposure class,
and this fact is taken as an indication that some ar­
tifact may be responsible for the association. For ex­
ample , McDonald et al (1) reported that the ratio of
observed-to-expected spontaneous abortions among
women using video display units for 1-6 h a week was
1.24, for those using such units for 7-29 h a week
it was 1.25, while it was only 1.12 for those using such
a unit for ~ 30 h week. This finding prompted Bryant
& Lowe (2) to comment that "this lack of a dose­
response relationship makes a causal relationship dif­
ficult to defend [p 133]." Kearn (3) used "anomalous
wire coding results [p 86]" [ie, unexpectedly high odds
ratio (OR) estimates for next-to-Iowest residence clas­
sification] as an argument to reject as causal the as­
sociation between residence in proximity to power lines
and increased cancer risk. Tomenius et al (4) found
a significant association between childhood cancer and
residence in homes where elevated magnetic fields were
measured. Under particular definitions of exposure,
their data also show an inconsistent exposure-response
relationship. For example, if low exposure is defined
as a measured magnetic field of < 3 mG and high ex­
posure as a field of ~6 mG, one obtains an OR of
2.27 for medium exposure and 1.74 for high exposure .
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Dosemici et al (5) pointed out that, under some non­
differential misclassification conditions, a false inverse
trend may be created for the exposure-response rela­
tionship. They acknowledged that the misclassification
patterns presented in their hypothetical examples were
extreme.

This paper aims to point out that the conditions re­
quired to create such a strong distortion are not un­
realistic. This observation is supported by experimen­
tal data pertaining to the issue of classification of sub­
jects occupationally exposed to extremely low-fre­
quency (ELF) magnetic fields.

Misclassification can act in the following two ways
to reverse the trend of the estimated relative risk (RR)
as a function of exposure: (i) it affects stronger asso­
ciations proportionally more than weak ones [see, for
example, Flegal et al (6) and G1aden& Rogan (7)] and
(ii) it can artifactually increase the estimate of risk (5),
provided that a true risk exists (ie, nondifferential mis­
classification cannot artifactually create an associa ­
tion).

The latter observation runs against the commonly
held view that nondifferential misclassification can
only bias the estimate of risk towards the no-effect
value, and therefore it may merit a brief explanation.
Although nondifferential misclassification always
biases the estimate of risk towards unity in the case
of a dichotomous analysis, this is not necessarily the
case if subjects are classified according to an ordinal
exposure scale. Consider, for example, a study using
a three-level (ie, high, medium, and low) exposure scale
and assume that all low-exposure subjects are correctly
classified , whereas there is misclassification between
the medium- and high-exposure classes. In this case,
provided that there is a true risk associated with ex­
posure, the population in the high-exposure class will



Scand J Work Environ Health 1992, vol 18, no 4

4.00

1.00
1.40
1.80

500
300
200

391
328
281

cases controls odds ratio

0.00 +----~_---~----~---~
office mechanicol electron ics

j ob description

Figure 1. Scatter plot of the measured, whole-body-averaged
magnetic flux density exposure and the job description clas­
sification. The stars represent the median of the magnetic
fields measured for each job grouping. The highest data points
for both the medium- and high-exposure classifications lie out­
side the plot area.
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Table 1. Classification of occupational exposure to magnetic
fields by direct dosimetry and job descriptlon. (N = number of
subjects)

exposure

low (0.00-0.99 mG)
medium (1.00-1.99 mG)
high (~2 mG)

"True" class ification
Classification (body-worn dosimeters)
by surrogate
(job description) High Medium Low Total

(N) (N) (N) (N)

High 4 3 2 9
Medium 4 5 0 9
Low 1 3 18 22

Total 9 11 20 40

of reciprocal misclassification between the high- and
medium-exposure classes. These factors would have
serious effects on the estimate of the exposure-response
relationship, as wellas on the estimates of relative risk.

To estimate these effects, assume that the associa­
tion between suspected occupational exposure to mag­
netic fields and increased cancer risk reported by sev­
eral people (see, for example, references 8, 9, and 10
for reviews of the pertinent literature) is truly causal.

Assume an increase in relative risk of 0.4 per mil­
Iigaussof exposure. (This value is arbitrary, but of the
order of magnitude of the reported relative risks.)

Although very few data exist on occupational ex­
posure to ELF magnetic fields, it is realistic to assume
a prevalence of exposure skewed to the right (ie, fewer
subjects exposed to high fields than to low fields).

On the basis of these hypotheses, we can postulate
that a case-referent study of 1000cases and 1000refer­
ents would, if the subjects were correctly classified, ex­
hibit the following population profile:

The data collected are summarized in figure 1and ta­
ble 1. On the basis of these data, job description ap­
pears to be an acceptable surrogate for dichotomous
analysis (for "exposure" defined as a whole-body­
averaged magnetic field of ~ 1 mG, it had a sensitivi­
ty of 0.8 and a specificity of 0.9). It also had some
potential for use in ordinal scale analysis since the
median values for each exposure class were in ascend­
ing order. However, the exposure score assigned to the
high-exposure class appeared to be too high. In addi­
tion, although low-exposure subjects were classified
with relatively good accuracy, there was a high degree

Results

Materials and methods

Some of the staff of the Australian Radiation Labora­
tory were classified with respect to magnetic field ex­
posure on the basis of their work description. Office
workers were regarded as "low-exposure" subjects,
and mechanical workshop staff and electronic techni­
cians were classified as "medium-" and "high-ex­
posure," respectively. This intuitive classification was
supported by a limited number of "spot" magnetic
field measurements that also suggested exposure
"scores" for the three classes. Office workers appeared
to be typically exposed to < I mG and were assigned
an exposure score of zero, mechanical workshop staff
to 1-2 mG (exposure score = I), and electronic tech­
nicians to ~2 mG (exposure score =2).

The surrogate having thus been defined and vali­
dated, several volunteers from each group were asked
to wear six magnetic fielddosimeters (AMEX-3D, mar­
keted by Enertech Consultants, Campbell, California,
United States) for a period of approximately 2 h, while
actually engaged in their typical occupational activi­
ties. Direct broadband (35-1000 Hz) magnetic field
measurements were thus obtained at the head , the
chest, the abdomen, the right hip, the right knee, and
the right ankle . The average magnetic field thus re­
corded was assumed to be the "true" exposure .

contain fewer subjects at risk than would have been
the case in the absence of misclassification, and the
risk relative to the low-exposure population will ap­
pear artificially low. However, the same misclassifi­
cation has artificially increased the number of subjects
at risk in the medium-exposure group, and the cor­
responding relative risk will appear spuriously higher.
This situation is not infrequently encountered in prac­
tice. For example, it is easier to classify nondrinkers
or nonsmokers as unexposed than to correctly classi­
fy "moderate" or "heavy" smokers or drinkers.

In the course of a study of the use of personal
dosimeters to determine occupational exposure to ELF
magnetic fields, some data were obtained that offer
a quantitative example of this occurrence.
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Table 2. Cancer risk estimates obtained from hypothetical cohorts exhibiting a pattern of misclassification similar to that found
for the 40-subject sample . (MF =magnet ic field , RR=relat ive risk)

A Classification by surrogate B "True" classification (based on
personal dosimetry)

Exposure
MF level (mG) Average Measured MF level (mG) AverageApparent "True"cancer RR cancer RRNominal True risk (Rj) Range Mean risk (Rj)

Low
(office workers) 0.00-0.99 0.83 1.33 1.00 0.00-0.99 0.66 1.26 1.00

Medium
(mechanical workshop
staff) 1.00-1 .99 6.95 3.78 2.84 1.00-1.99 1.39 1.56 1.24
High
(electronics
technic ians) 2:2.00 2.35 1.94 1.46 2:2.00 8.14 4.26 3.38

From table 1, the following misclassification prob­
abilities can then be obtained: P12=O.OO, P13=O.lO,
PZ1 =0.27, Pz3=0.27, P 31 =0.11, and P32=O.44,

where Pij is the fraction of subjects truly in exposure
level i misclassified in exposure class j (l =low, 2=
medium, 3 =high).

The population profiles that can be expected to be
observed if the subjects are empirically classified on
the basis of job description are obtained from the cor­
rectly classified population according to the follow­
ing equations (11, 12):

M3=M3-M3· P31-M3· P32+M2
· P23+ M1 • P !3'

M2=M2-M2· P23-M2· P21+Ml
· P12 + M1. Pt2,

Mt=M1-M I ' P Il-MI' P I2+Ml
· Pl1+M2 • P21

(equation la)

(equation Ib)

(equation Ic)

The odds ratio associated with the medium-exposure
category is artificially inflated, and it appears to be
higher than that associated with the high exposure
class.

A limitation of this and similar methods is that they
use misclassification rates and relati ve risks averaged
over each individual cell. It is possible that most mis­
classification involves subjects whose true exposure is
close to the boundary values between the different
classes. If, as it happens in many (but not all) cases,
risk is a continuous function of exposure , rather than
of the exposure level, the subjects the most likely to
be misclassified have similar risk factors. In this case,
it is possible that the effects of misclassification may
be overestimated. In fact , recent work (13, 14) shows
the result may even be differential misclassification.

Given the hypothesized linear relationship, another
simple approach can be used. The risk R, for exposed
subject i compared with that for an equivalent unex­
posed subject is:

Once the subjects have been grouped into exposure
categories, the average cancer risk Rj for subjects in
exposure category j is given by:

and

N3=Nl-Nl' Pl1-Nl· P32+N2
· P2l + N1 • P ll ,

N2= N2-N2 . P2l - N2 . P2, + N,

· P2l+N, ' P'2'

Nt=Nt-NI ' P Il-Nt· P12+Nl
· Pl1+ N2 • Pw

(equation 2a)

(equation 2b)

(equation 2c)

Ri=(1 -i- mfd. >r) .

Rj = (r iRj)/nj = [ri(l +mfdi . r)] ;lnj

=(nj +r . r i mfdJ/nj = I + mfdj . r ,

(equation 3)

(equation 4)

where M, and N, are the numbers of correctly classi­
fied cases and referents, respectively, in each exposure
class and Mj and Nj are the corresponding numbers
of empirically classified subjects.

Thus as a result of misclassification the above popu­
lation profile is altered into the following:

cases referents odds ratioexposure

low (office workers) 471
medium (mechanical
workshop) 275
high (electronics technicians) 254
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553

226
221

1.00

1.43
1.35

where nj is the number of subjects in that category
and mfdj is the average magnetic field for those sub­
jects. The relative risk between categories j and k is
given by R/Rk •

This procedure was carried out for the classification
based on surrogate assessment and the classification
based on measured values. The relative risks obtained
in the two cases are shown in table 2. Since most elec­
tronics technicians receive exposure higher than that
received by most mechanical workshop staff, the rela­
tive risk trend in table 2 A appears paradoxical. How­
ever. because of the high (and in one case very high)
exposure of some mechanical workshop workers and



the rather low exposure of several electronic techni­
cians, the average magnetic field exposure (and there­
fore the average risk) for the former group was higher
than that for the latter.

Discussion

The presented data, although limited, confirm that
nondifferential misclassification (ie, independent of the
end point) may in practice have a magnitude and direc­
tion such that a linear, true exposure-response relation­
ship may be distorted so as to appear inconsistent with
causation.

Both the numerical and the analytical methods used
indicated that classification based on job description
would have resulted in an estimate of risk higher for
the medium-exposure class than for the high-exposure
class.

The reasons for this occurrence are threefold: (i) the
nominal exposure range assigned to the high-exposure
class (~2 mG) was too high, that is, it was inappro­
priate to assign exposure scores equal to the exposure
level (0 for low, 1 for medium, 2 for high) [this is a
common method in exposure-response tests (15)]; (ii)
misclassification affected different levels in different
directions [while misclassification of the upper levels
was severe, none of the subjects empirically classified
into the category medium exposure were found to have
truly low exposure]; (iii) the job description was not
sufficiently rigorous. The most serious case of misclas­
sification was due to the very high exposure (49.5 mG)
received by a mechanical workshop staff member dur­
ing electric welding. This occurrence could have been
prevented by a more precise definition of the job de­
scription (machine tool operators instead of mechan­
ical workshop staff).

Some or all of these factors are likely to affect sev­
eral of the exposure assessment surrogates commonly
used in epidemiology, and therefore a pattern of mis­
classification similar to that described in this paper is
probably not uncommon.

This phenomenon leads to the conclusion that, while
the presence of a consistent exposure-response relation­
ship may be used as grounds for inferring causality,
its absence should not be construed as evidence of an
artifactual association.
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