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SUAREZ-ALMAZOR ME, SOSKOLNE CL, FUNG K, JHANGRI GS. Empirical assessment of the effect
of different summary worklife exposure measures on the estimation of risk in case-referent studies of
occupational cancer. Scand J Work Environ Health 1992;18:233—41. The effect of different summary
measures of worklife exposure on the estimation of risk is reported. Two matched case-referent studies
associating sulfuric acid exposure and cancer from Baton Rouge and southern Ontario were used. Five
summary exposure measures were converted to discrete levels of exposure through the selection of equivalent
percentile points on each measure’s respective percentage frequency distribution for logistic regression
modeling purposes. The southern Ontario data set exhibited only minor differences across all five ex-
posure measures. The Baton Rouge data set, however, produced different results, and the time-dependent
measures appeared to underestimate risk. It is possible, therefore, to obtain different estimates of risk
depending on the exposure measure selected. It is recommended that, in the absence of proved models
for assessing exposure, a variety of summary measures be used to estimate risk. This approach would
facilitate the comparison of findings across studies.
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One of the major impediments to etiologically oriented
occupational health studies is the paucity of data on
individual exposures. Researchers must devise effect
measures in the form of indices of exposure to puta-
tive hazardous agents. These are usually calculated
from estimates of (i) duration of tasks or of assign-
ments at defined employment locations and (ii) con-
centrations of agents at those sites and times. Even
when duration and concentration variables have been
well assessed, there remain problems in the choice of
the most appropriate summary measure by which to
classify each worker’s lifetime exposure experience.

A summary exposure measure is determined by the
respective weight it attributes to either duration or con-
centration of exposure or both. Thus different mea-
sures may produce different results (1). Ideally, the
summary measure selected should be based on a set
of defensible assumptions regarding the postulated
biological mechanism for the agent or disease asso-
ciation under study (2). This procedure is not, how-
ever, always possible. Very often, the biological effect
of the duration of exposure or the concentration of
the agent under study is unknown. In this context the
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use of different exposure measures may be useful to
suggest a mechanism by which exposure exerts its
effect.

We have compared five summary worklife exposure
measures in two different matched case-referent studies
in which excess upper respiratory cancers were related
to the use of sulfuric acid. The first study was con-
ducted among workers in an oil refinery and chemi-
cal plant in Baton Rouge, Louisiana (3, 4). The sec-
ond study was population based, conducted among
residents of four cities in southern Ontario (5). We
estimated the effect of reclassification on the strength
of the association between sulfuric acid and upper
respiratory cancer by recategorizing the exposure mea-
sures according to different percentile points of the fre-
quency distribution of exposure among the subjects.

Materials and methods

Baton Rouge study

In 1977, an apparent excess of cases of upper respira-
tory tract cancer was reported in a major oil refinery
and chemical plant in Baton Rouge, Louisiana. Inves-
tigations implicated the ethanol manufacturing process
which required strong concentrations of sulfuric acid.
Speculation was that diethyl sulfate, a by-product of
the manufacturing process, was the carcinogen (6). A
matched case-referent design was proposed to test an
etiologically based hypothesis associating sulfuric acid
with the development of upper respiratory tract cancer.
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Between 1909 and 1980, 26 906 persons had worked
at least 1 d in the plant. Records on 22 776 of those
who were no longer employed at the plant as of 1980
are kept in an inactive medical records file. Records
on the remaining 4130 were those of the currently ac-
tive employees.

Cases (N = 50) of upper respiratory tract cancer diag-
nosed between July 1944 and August 1980 were iden-
tified from the company’s medical department (78%)
and from the regional tumor register (22%). At least
three referents were individually matched to each case
by random selection from the 26 906 medical records
for a total of 175 referents. The cases and referents
were matched for age (within three years), gender, race,
and year of starting employment (the last to control
for period effects, within three years). Minimum em-
ployment of 12 continuous months was required for
inclusion; exposure was considered through the date
of diagnosis in each matched set.

During the early stages of the case-referent study,
it became apparent that the frequency distribution of
duration of employment was bimodal with a signifi-
cantly higher peak for employees with shorter term
service than for longer term employees. Since the
cases tended to come from the longer term workers,
matching without reference to duration of employment
would have resulted in referents with significantly
shorter periods of employment. Hence such referents
would have a reduced opportunity for exposure to sul-
furic acid in a work setting known for multiple ex-
posure changes over time. Thus, to ensure equal op-
portunity for exposure between the cases and refer-
ents, comparable observation windows were achieved
through matching on duration of employment (with-
in four years).

The results of this case-referent study have been
previously reported, and they showed a significant as-
sociation between sulfuric acid exposure and upper
respiratory tract cancer (3, 4). The final model included
the effects of tobacco, alcohol, and ear, nose and
throat (ENT) disease. Only 43 out of the 50 cases and
their matched referents were included in this final anal-
ysis, since seven of the case-referent matched sets had
incomplete medical information on ENT history; 30
of the 43 cases (70%) were laryngeal cancers.

Exposure assessment. In the absence of personal ex-
posure measurements over time an exposure diction-
ary analogous to that reported by Gamble & Spirtas
(7) was created by considering all unique job changes
for all 225 study subjects, regardless of case or refer-
ent status. This procedure resulted in a listing of 3995
unique job entries sorted for plant site (refinery ver-
sus chemical plant), location (unit for process work-
ers and department for mechanical workers), occupa-
tion (activity assigned, eg, pipe fitter), and era (calen-
dar period of employment in the specific occupation).
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A scale was then developed to assign retrospectively
a grade for the likely degree of exposure (ie, the rela-
tive concentration equivalent) that could be associated
with each plant site-location-occupation-era-dictionary
entry. The final grade was assigned with the use of an
ordinal scale with a range of 0 to 5.

Southern Ontario study

Between 1977 and 1979, Burch et al conducted a case-
referent study of laryngeal cancer in southern Ontario
(5). Asbestos and nickel were the factors specifically
examined in the etiology of laryngeal cancer, the ef-
fects of tobacco and alcohol being controlled. A re-
cent study at the University of Alberta (8) has exam-
ined the association between sulfuric acid exposure and
the development of laryngeal cancer using the same
data collected by Burch et al.

Cases were defined in this study as anyone, y\vith
histologically confirmed carcinoma of the larynx newly
diagnosed between March 1977 and July 1979. The pa-
tients were residents of Toronto, Hamilton, Sudbury,
or North Bay. Cases were ascertained through the only
two cancer treatment centers in the study area, which
are the Princess Margaret Hospital in southern Ontario
and the Hamilton Cancer Clinic. ENT specialists re-
ferred the few remaining cases who did not seek radio-
therapy treatment at one of the two cancer centers. Of
258 patients, 204 (79%) were included. The rest either
refused or died before the interview could be con-
ducted.

Each case was matched with a neighborhood refer-
ent obtained through door-to-door solicitation ac-
cording to a systematic method. Cases and referents
were matched for gender, residence, and age (plus or
minus five years). The Burch et al study was conducted
using male and female case-referent pairs. For the re-
cent study, only male cases and referents were in-
cluded, the result being a total of 183 matched pairs.
The primary data on all of the cases and referents were
collected through home-based interviews by specially
trained interviewers (9). In addition to questions on
demographic data, smoking and alcohol use, a detailed
occupational history was recorded by the interviewer.
Since Burch et al were not concerned with testing an
acid-related hypothesis, occupational histories com-
puterized to tape for their purposes included details
only on asbestos and nickel exposures. However, all
work history details were recorded and exist in source
documents completed in the interview. Exposure was
considered through the date of diagnosis in each
matched set.

Exposure assessment. A retrospective exposure assess-
ment was performed by the group of expert chemists
and industrial hygienists in Montreal, led by Siemia-
tycki. The retrospective exposure estimates were as-
signed for all job entries using job title and occupa-



tion and industry details as provided in the interview
(10—12). Thereafter, exposure was estimated accord-
ing to three measures, each one using a four point scale
(0—3): (i) concentration of exposure (low, medium,
and high); (ii) frequency of exposure during a normal
week (< 5%, 5—30%, and >30% of work time); (iii)
degree of certainty with which concentration and fre-
quency were respectively assigned (possible, probable,
and definite). The final formula for exposure grade
was given by the square of the product of concentra-
tion, frequency and certainty; squaring more accurately
reflects the way the Montreal groups assigned cate-
gories related to each other in practice (11).

Summary worklife exposure measures

Five different summary worklife exposure measures
were used in the present study (table 1).

Cumulative exposure index. The cumulative exposure
index (CEI) is the equivalent of ‘‘dose’” in toxicologic
studies and represents the sum, over a working life-
time, of the products of exposure grade and exposure
duration for each successive job title. It includes time
in its units.

Mean grade. The mean grade (MG) cumulates the
products of exposure grade and exposure duration for
each successive job title and change (ie, the CEI) and
divides by the total time exposed at any grade greater
than zero. MG is independent of time in its units; the
summary measure for a person exposed for a long pe-
riod at a high concentration will be similar to that for
a person exposed for a short period at a high concen-
tration. Within any matched set, MG is an average
grade of exposure per unit of time exposed. It is an
average grade for the time actually exposed to the agent
under consideration.

Highest grade ever. The highest grade ever (HG) was
determined from scanning the work history for the
highest grade assignment in the period of observation
to which the worker was exposed for at least 7 d. The
HG could misrepresent a person’s worklife exposure
because, by its very formulation, it is based on a max-
imizing rather than on an averaging procedure and is
therefore independent of duration of exposure in its
units.

Time-weighted average grade. The time-weighted aver-
age (TWA) grade is the cumulative exposure index
(CEI) divided by the total time employed. Within any
matched set, the TWA grade averages over total time
employed. It differs from MG, which averages only
over total time actually exposed. Thus TWA grade can
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be viewed as an average exposure per unit of time in
the full term of employment regardless of exposure
per se.

Total time exposed. The total time exposed (TTE) ac-
cumulates all time periods associated with exposure in
units of time. TTE has appeal for its simplicity. How-
ever, it is well accepted that health effects must be re-
lated not only to duration of chemical exposure, but
also to the intensity of that exposure (ie, the concen-
tration or grade).

Analysis
Logistic regression using conditional maximum likeli-
hood estimation techniques was used to calculate the
odds ratios (13), using EGRET® software for per-
sonal computers (14). Four variables were included in
the modeling for the Baton Rouge study [ie, exposure
and three confounders — ENT history (dichotomy),
alcohol consumption (dichotomy), and tobacco con-
sumption (trichotomy)]. In the southern Ontario study
three variables were included in the modeling [ie, ex-
posure and two confounders — alcohol and tobacco
consumption (four ordinal categories each)]. Several
models were examined for each study. The confound-
ing variables were kept constant in all of the models.
Exposure (estimated by all five summary measures)
was categorized in several ways for inclusion in each
model. The subjects were reclassified into different cat-
egories of exposure through the selection of percen-
tile points on each measure’s respective percentage fre-
quency distribution.

Resuits

Baton Rouge study

Part 1. The original study had reported exposure based
on the mean grade (MG). This variable had been
categorized according to the frequency distribution of
all 50 matched sets as no or low (approximately lowest
20%), moderate (approximately middle 60%), and
high (approximately highest 20%). In the frequency

Table 1. Formulas and dimensions or units of the five selected
summary measures of worklife exposure.

Dimensions/

Formula units

Exposure measure

Cumulative exposure
index (CEI)

I (grade x time exposed) Grade and time

Mean grade (MG) X (grade x time exposed) Grade
Total time exposed
Highest grade ever Highest grade to which Grade
(HG) exposed for 7 d
Time-weighted-average ¥ (grade x time exposed)
(TWA) grade Total time employed Grade
Time exposed Time

Total time exposed
(TTE)
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distribution of the 43 matched sets finally included
(with available information and ENT history), the
cutoffs corresponded to the 18.6 and 78.4 percentile
points. All five summary exposure measures were then
trichotomized according to these percentile points. The
results are shown in table 2. CEI, MG, TWA grade,
and TTE were categorized according to identical per-
centile points and thus contained the same numbers
of subjects in each exposure group. The highest grade
(HQG), being the only discrete measure with only six
values (0—S5), could not be categorized according to
the same distribution. Thus the closest percentile points
were chosen. The odds ratios of the association be-
tween exposure to sulfuric acid and upper respiratory
tract cancer varied for each summary measure used,
from 0.58 to 4.69 for those moderately exposed and
from 0.70 to 5.20 for those highly exposed. Only MG
(high) and HG (moderate) achieved statistical sig-
nificance.

Part 2. In this model exposure was categorized through
the selection of a percentile point that could be iden-
tical for all summary exposure measures (table 3). Thus
exposure was dichotomized as no or low (lower 15.5%)
and as moderate or high (upper 84.5%). The distri-
bution of subjects according to their degrees of ex-
posure was equal for all of the measures, but it varied
when disease status (ie, case or referent) was consid-
ered. The odds ratios varied from 0.65 to 4.45.

Part 3. To examine the effect of reclassification, we
examined several models by using MG (table 4). MG
was a continuous variable with a range in this sample
from 0 to 4.20. The no-or-low group was kept con-
stant in all four models and comprised the lower 18.6%
of the MG frequency distribution, which translated
into an MG range of 0—1.09. The moderate- and high-
exposure groups were reclassified according to dif-
ferent values of MG.

The fourth model was identical to that reported in
the original publication (4). In the first three models
the moderate- and high-exposure groupings were re-
classified by changing the MG cutoff by adding a sec-
ond decimal point (1.99, 2.00, 2.01). The odds ratios
varied from 3.98 to 5.41 (high versus no or low) and
1.83 to 3.30 (moderate versus no or low). Thirty-five
subjects from the high-exposure category were re-
grouped into the moderate category when the cutoff
point was increased from 1.99 to 2.00.

Southern Ontario study

Part 1. In this model, exposure to sulfuric acid was
trichotomized as no exposure (exposure=0, com-
prising 37.4% of the sample), low exposure (lower
48.5% of those exposed, including 30.3% of the total
sample), high exposure (upper 51.5% of those exposed,
including 32.3% of the total sample). The cutoff was
chosen at the 48.5 percentile, as all frequency distribu-
tions of the five different summary measures could be

Table 2. Odds ratios and 95% confidence intervals obtained in part 1 of the Baton Rouge study. (CEl = cumulative exposure
index, MG = mean grade, HG =highest grade ever, TWA = time-weighted average, TTE = total time exposed)

Study group

95%
Total Odds h
Exposure measure Cases Referents - N confidence
(N=43) (N=151) (N=194) ratio® interval
(N) (N) N %

CE!

No or low 11 25 36 186 . .

Moderate 22 94 116 59.8 0.58 0.22—1.50

High 10 32 42 21.6 0.70 0.22—2.18
MG

No or low 4 32 36 186 . +

Moderate 24 92 116 59.8 2.89 0.74—11.27

High 15 27 42 21.6 5.20° 1.23—22.09
HG

No or low 3 27 30 15.5 « :

Moderate 37 113 150 773 4.69° 1.03—21.33

High 3 ' 11 14 7.2 2.40 0.29—20.15
TWA grade

No or low 10 26 36 18.6 4 .

Moderate 24 92 116 59.8 0.67 0.27—1.67 .

High 9 33 42 21.6 0.59 0.19—1.80
TTE

No or low 9 27 36 18.6 . .

Moderate 27 89 116 59.8 1.15 0.43—3.10

High 7 35 42 216 0.55 0.17—1.74

a2 Compared with the lowest exposure category.
b Statistically significant at the 5% level.

236



divided at this exact point and equal total numbers of
subjects were included in the exposure groups for each
measure. The odds ratios for low exposure varied from
1.94 to 2.43 (table 5). Those for high exposure varied
from 3.60 to 4.61 and were all statistically significant.
The distribution of laryngeal cancer cases and refer-
ents with no exposure to sulfuric acid was as expected,
identical for each measure, and no exposure was de-
fined in the same way (equal to 0) for each measure.
In the Baton Rouge study no exposure was included
in the no-or-low exposure group, and it was defined
with percentile cutoffs. Reclassification was observed
for those who had low exposure, the observed differ-
ences among the exposure measures being allowed for.
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Part 2. In the original Baton Rouge report, no-or-low
exposure was defined as the lower 20% of the entire
sample under study. This figure was adequate since the
sample came from an industrial population and only
approximately 6% of the subjects had no previous ex-
posure. The southern Ontario study was population-
based, and thus a greater proportion of individuals
was unexposed (37.4%). In part 1, the regrouping of
patients occurred only for the low and high group be-
cause the unexposed subjects were equal for each ex-
posure measure. To examine the potential effect of
reclassification, we regrouped CEI, MG, TWA grade,
and TTE as no-or-low exposure (lower 50.5%), moder-
ate exposure (middle 36.6%), and high exposure (up-

Table 3. Odds ratios and 95% confidence intervals obtained in part 2 of the Baton Rouge study. (CEl = cumulative exposure
index, MG = mean grade, HG = highest grade ever, TWA = time-weighted average, TTE =total time exposed)

Study group

95%
Exposure measure Cases  Referents (NTS% 4) g?gf, confidence
(N=43) (N=151) - interval
N) N) N %

CEl

No or low 8 22 30 155 . -

Moderate or high 35 129 164 84.5 0.75 0.29—1.94
MG

No or low 3 27 30 155 . .

Moderate or high 40 124 164 845 4.45 0.99—20.08
HG

No or low 3 27 30 15.5 . ~

Moderate or high 40 124 164 84.5 4.55b 1.01—20.42
TWA grade

No or low 6 24 30 155 . .

Moderate or high 37 127 164 845 1.08 0.39—2.97
TTE

No or low 9 21 30 15.5 - 3

Moderate or high 34 130 164 84.5 0.65 0.25—1.68

a Compared with the lowest exposure category.
b Statistically significant at the 5% level.

Table 4. Odds ratios and 95% confidence intervals obtained in part 3 of the Baton Rouge study. (MG =mean grade)

Study group

95%

Exposure measure (MG) Cases Referents NTfth; 4 Od.di confideonce

(N=43)  (N=151) (N=194) ratio interval
) N) N "

1) No or low (0—1.09) 4 32 36 18.6 ‘ .
M_oderate (1.10—1.99) 9 56 65 33.5 1.83 0.40—8.47
High (>1.99) 30 63 93 47.9 5.41b 1.27—23.00

2) No or low (0—1.09) 4 32 36 186 - -
Mpderate (1.10—2.00) 22 78 100 51.5 3.30 0.84—13.00
High (>2.00) 17 41 58 29.9 3.98 0.95—16.70

3) No or low (0—1.09) 4 32 36 18.6 . g
Moderate (1.10—2.01) 22 80 102 52.6 3.16 0.80—12.49
High (>2.01) 17 39 56 28.8 4.26° 1.02—17.83

4) No or low (0—1.09) 4 32 36 18.6 5 g
Moderate (1.10—2.07) 24 92 116 59.8 2.89 0.74—11.27
High (>2.07) 15 27 42 216 5.215 1.23—22.09

a8 Compared with the lowest exposure category.
b Statistically significant at the 5% level.
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Table 5. Odds ratios and 95% confidence intervals obtained in part 1 of the southern Ontario study. (CEl = cumulative exposure
index, MG = mean grade, HG = highest grade ever, TWA = time-weighted average, TTE = total time exposed)

Study group

95%
Exposure measure Cases Referents (NTB%G) g‘:ﬁ; confidence
(N =183) (N =183) ~ interval
(N) (N) N %

CEl

No 49 88 137 37.4 . :

Low 56 55 111 30.3 1.99 0.99—4.00

High 78 40 118 323 4.61° 2.23—9.51
MG

No 49 88 137 374 : :

Low 57 54 111 30.3 1.94 0.96—3.92

High 77 41 118 323 4.41b 2.19—8.88
HG

No 49 88 137 37.4 € s

Low 60 51 111 30.3 2.43° 1.21—4.89

High 74 44 118 323 3.600 1.84—7.03
TWA grade

No 49 88 137 37.4 : c

Low 55 56 111 30.3 2.01° 1.00—4.02

High 79 39 118 323 4.49° 2.20—9.19
TTE

No 49 88 137 37.4 @ .

Low 60 51 111 30.3 2.40° 1.19—4.86

High 74 44 118 323 3.78° 1.86—7.67

2 Compared with the lowest exposure category.
b Statistically significant at the 5% level.

Table 6. Odds ratios and 95% confidence intervals obtained in part 2 of the southern Ontario study. (CEl = cumulative exposure
index, MG =mean grade, HG = highest grade ever, TWA =time-weighted average, TTE = total time exposed)

Study group

95%
Exposure measure Cases Referents NTEt:ZaéS Oc‘idsa confidence
(N=183) (N=183) (N =366) ratio interval
N) (N) N %

CEl

No or low 70 115 185 50.5 - §

Moderate 83 51 134 36.6 2.790 1.52—5.13

High 30 17 47 12.8 5.445 2.09—14.11
MG

No or low 69 116 185 50.5 . :

Moderate 86 48 134 36.6 2.620 1.47—4.68

High 28 19 47 12.8 3.06° 1.28—7.34
HG

No or low 64 112 176 48.1 ‘ .

Moderate 86 54 140 383 2.500 1.39—4.47

High 33 17 50 13.7 4.72° 1.85—12.03
TWA grade

No or low 70 115 185 50.5 :

Moderate 82 52 134 36.6 2.940 1.57—5.52

High 31 16 47 12.8 5.96° 2.26—15.70
TTE

No or low 70 115 185 50.5 - .

Moderate 82 52 134 36.6 2,725 1.50—4.93

High 31 16 47 12.8 5.560 2.16—14.32

a8 Compared with the lowest exposure category.
b Statistically significant at the 5% level.

per 12.8%). HG could not be categorized at these same  38.3%), and high exposure (upper 13.7%). For MG,
percentile points and was regrouped as no-or-low ex- TWA grade, and TTE, the total number of subjects
posure (lower 48.1%), moderate exposure (middle was identical in each of the three exposure groups
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(table 6). Yet there was some reclassification in the dis-
tribution of cases and referents among the different
exposure measures, and this reclassification accounted
for the observed variations in odds ratios, which
ranged from 2.50 to 2.94 for moderate exposure and
from 3.06 to 5.96 for high exposure.

Discussion

The objective of this study was to assess empirically
variation in risk estimates according to the choice of
summary worklife exposure measures.

Several recent reports have documented evidence for
deleterious health effects after sublethal acid exposure
(3— 4, 15—19). For the present analysis we chose two
previous case-referent studies reporting an association
between laryngeal cancer and worklife exposure to
higher levels of sulfuric acid (3—S5).

There were some fundamental design differences be-
tween both studies that could explain, at least in part,
some of the obtained results:

- Study population — the Baton Rouge report was
conducted in a refinery and chemical plant, and the
cases and referents had all been workers at the plant.
The southern Ontario study was population based.

- Selection of cases — the Baton Rouge study included
all cases of primary upper respiratory cancer, with
the following distribution according to organ sites:
68% laryngeal, 12% oropharyngeal, 10% nose, na-
sal cavities, middle ear and sinuses, 4% nasopharyn-
geal, 4% hypopharyngeal, and 1% pharyngeal (un-
specified). All of the southern Ontario study cases
had a diagnosis of laryngeal cancer.

- Sample size — the Baton Rouge sample comprised
194 individuals (43 cases and 151 referents) for a total
of 43 matched sets having complete data. The south-
ern Ontario study included 366 subjects for a total
of 183 matched pairs.

- Matching variables — in the Baton Rouge study the
cases and referents were matched for age, gender,
race, year of first employment, and duration of em-
ployment. In the southern Ontario study, the match-
ing variables were gender, age, and residence.

- Estimation of exposure — exposure grade was esti-
mated in the Baton Rouge study by the use of an
ordinal scale from 0 to 5. In the southern Ontario
study, the exposure estimation was more detailed,
being based on the squared product of three different
ordinal variables, each one with a four-point scale
(0 to 3), rendering a larger number of possible values.

- Degree of exposure — in the Baton Rouge study, the
case : referent ratio was 1:3—4; however, most of
the subjects had some degree of exposure, as they
were workers at the same industrial plant (only ap-
proximately 6% had no exposure at all). In the south-
ern Ontario study, 37.4% of the total sample had
never been exposed even though 50% of the subjects
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were cases. Differences in the method used for es-
timating exposure may have also affected the differ-
ences observed in the proportions of exposed and un-
exposed individuals.

Confounding variables — alcohol, tobacco, and
previous ENT history were included in the Baton
Rouge study, whereas only alcohol and tobacco were
included in the southern Ontario study.

The Baton Rouge study showed marked differences
in the odds ratios obtained by using different summary
exposure measures. We have presented here (tables 2
and 3) two different models using all measures. The
categorization of exposure was chosen so that the dis-
tribution of subjects according to degree of exposure
could be as close as possible for all five measures (ie,
cutoff values would correspond to the same percen-
tile point). In the first model (table 2) the distribution
of the total number of subjects according to degree
of exposure was identical for CEI, MG, TWA grade,
and TTE. In the second model, it was equal for all five
summary measures. However, the distribution ac-
cording to disease status varied largely in both models;
hence the odds ratios varied below 1 (ie, from a ‘‘pro-
tective effect’’) to 5 (ie, a ‘‘deleterious effect’’). MG
and HG were the only exposure measures that gave
a positive risk, and both were statistically significant.
This result can be explained by the fact that, in this
study, both the cases and referents were matched for
duration of employment and both measures were in-
dependent of time.

The design of the Baton Rouge study included
matching for variables related to time exposed. One
cannot then analyze for those variables which are
strongly related to the matching variables that either
incorporate time measures in their units (ie, CEI and
TTE) or include in their formulation a term that is in
itself a matching variable (ie, the denominator in TWA
grade). The two time-dependent measures, CEI and
TTE, demonstrated protective effects as did TWA
grade (none statistically significant). It is noteworthy
that TWA grade, which is also independent of time,
showed as different a risk as that observed with MG
(0.59 versus 5.20 for high exposure) (table 2). As noted
earlier, the cases and referents were matched for du-
ration of employment. It would appear therefore that
the influence of the matching was greater for TWA
grade (which was weighted by duration of employ-
ment) than for MG (weighted by duration of ex-
posure). Thus, as expected, the similarity (by match-
ing) of the cases and referents would be increased for
duration of employment as compared with duration
of exposure, and thus the effects of exposure would
be attenuated.

In part 3 of the Baton Rouge study (table 4), we ex-
amined the effect of recategorizing the exposure on the
estimation of risk. We used MG as the exposure mea-
sure, which had a continuous range from 0 to 4.20.
Moderate and high exposure were recategorized by
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varying the MG cutoff value by adding a second deci-
mal point (first three models). Interestingly enough,
the odds ratios increased from 1.83 to 3.30 (moderate
exposure) and 3.98 to 5.41 (high exposure), when the
cutoff value for MG was increased from 1.99 to 2.00.
This phenomenon demonstrates how, in some data
sets, marginal variations in the categorization of ex-
posure can account for sizable differences in risk esti-
mation. In the Baton Rouge data set, this finding could
possibly be attributed to the use of a six-point ordinal
scale. Use of a scale with more points would probably
reduce the variation in the risk estimate. A careful as-
sessment of the distribution of exposure across all in-
dividuals in the study (cases and referents) is neces-
sary before adequate categorizations of exposure can
be selected. Graphic methods, such as quantile-quantile
(Q-Q) plots, can assist investigators in the choice of
cutpoints for categorizing exposure (20).

In the first part of the southern Ontario study (ta-
ble 5) all of the subjects were grouped with the use of
an identical percentile point for all five exposure mea-
sures. The results were not markedly different, how-
ever, since the unexposed cases and referents were iden-
tical over all measures. Reclassification was observed
only between the moderate and high groups. To ap-
proximate and compare this data set with that of the
Baton Rouge study, we categorized subjects in the
southern Ontario study in a similar manner (table 6),
by defining the lowest exposure category as no-or-low
exposure (instead of exclusively unexposed as in part
1). The distribution of the total number of subjects
according to degree of exposure was identical for CEI,
MG, TWA grade, and TTE. Again, HG, being a dis-
crete variable, could not be categorized in this model
at the same percentile points, so a slightly different dis-
tribution was observed. All of the variables rendered
comparable odds ratios for moderate exposure. For
high exposure, interestingly enough, CEI, TWA grade,
and TTE gave similar results (odds ratios of 5.44, 5.96,
and 5.56, respectively), whereas the estimation of risk
by MG was lower, 3.06. It is noteworthy that MG,
which gave the higher risk estimate in the Baton Rouge
study, produced the lowest odds ratio in this study.
In this particular case, since this phenomenon was not
observed in the first part of the analysis, we speculate
that the obtained results may be a consequence of mis-
classification. The difference between MG and the
other summary measures was observed only for the
high-exposure category. Since this category contained
only 12.8% of the subjects, a small degree of misclas-
sification could markedly affect the results, particu-
larly since we used a matched design and analysis (21).
An alternative explanation would be that MG may be
more stable and less sensitive to extremes.

Assignment of cases and referents to a particular
category of exposure varies according to the summary
measure being used (1). This redistribution could be
interpreted as misclassification, and the results ob-
tained could be considered biased. We would, there-
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fore, be assuming that one or more of the exposure
measures are ‘‘correct,”” and the others inadequate.
If misclassification occurred at random, then the sum-
mary exposure measure that results in the greatest odds
ratio is the one least subject to this type of bias — since
random misclassification attenuates risk estimation to-
wards the null (22). However, if it is nonrandom, the
resultant bias could effect a shift of the odds ratio in
either direction. This bias has been shown to be in-
creased in matched studies when they are compared
with unmatched ones (21). Empirical calculations of
risk, assuming reasonable estimates of the extent of
misclassification, have been proposed for analyses of
the effects of potential misclassification bias (23, 24).

Another way of interpreting the differences observed
is by examining the relationship that each particular
summary measure may have with a potentially causal
effect. Differences observed when using several mea-
sures may suggest a particular causal mechanism. For
example, a high risk given by TTE, combined with a
lower risk given by CEI, may indicate that the length
of exposure is more relevant than the intensity of ex-
posure. To the contrary, a high odds ratio with CEI
or HG (which are independent of time) with lower risk
with TTE suggests that intensity is more relevant than
duration of exposure. A recent case-referent study
reported the association of respiratory cancer to arse-
nic exposure using several measures of exposure (25).
Measures of exposure related to intensity were good
predictors of respiratory cancer mortality, whereas du-
ration of employment was not a significant risk vari-
able. This finding suggests that intensity of exposure
to arsenic is more relevant than duration in the de-
velopment of respiratory cancer.

The Baton Rouge data showed increased risk esti-
mates for high levels of exposure to sulfuric acid when
MG and HG were used to define exposure. Let us sup-
pose that the similarity between the cases and refer-
ents in terms of duration of employment was not ar-
tificially created by matching. In this situation, the ob-
tained results (high risks when using measures indepen-
dent of time and lower risks with the time-dependent
measures) would suggest that the intensity of exposure
to sulfuric acid was more relevant than the length of
exposure in the development of laryngeal cancer. Yet
this conclusion cannot be supported by the Baton
Rouge study since its cases and referents were matched
on duration of employment.

The purpose of the present analysis was not to
demonstrate an association between sulfuric acid ex-
posure and laryngeal cancer, but to examine empiri-
cally the effects of using different summary exposure
measures in the estimation of risk. It has been shown
that two different case-referent studies on the same
agent-disease association gave different results across
the various measures used. This phenomenon can be
attributed, at least in part, to methodological differ-
ences.



Often, there is no prior knowledge of the physio-
logical effects of the association under study. Hence
it is difficult to select an exposure measure that will
accurately reflect the causal and temporal relationship.
It is clear that, with a range of summary worklife ex-
posure measures to select from, it is possible to draw
different and even contradictory conclusions using the
same data set. If differences among the various mea-
sures are found, causal (biological) and noncausal
(methodological) explanations should be sought. To
complement results based on analyses using worklife
summary exposure measures, trends across variously
lagged induction time windows can also assist in ex-
plaining exposure and disease relationships.

We recommend that, in the absence of a definitive
model for assessing exposure, a variety of measures
be used to determine risk. This approach would also
facilitate the comparison of findings across studies.
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