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Indirect validation of a retrospective method of
exposure assessment used in a nested case-control
study of lung cancer and silica exposure
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Abstract
Validations of retrospective methods of
assessment used in occupational epi-
demiological studies have rarely been
published. This study is an indirect vali-
dation of a quantitative retrospective
assessment of exposure to silica used in a
nested case-control study of lung cancer
among workers at 29 metal mines and
pottery factories in China. Indices of
cumulative total dust and cumulative
respirable dust were calculated by merg-
ing work histories with the historical
exposure profile for each subject. To val-
idate indirectly the methods of exposure
assessment used in the study oflung can-
cer, trends for exposure response rela-
tion between the two indices of exposure
to silica and risk of silicosis were evalu-
ated with 376 patients with silicosis from
the study population as the cases, and
1262 controls without silicosis for com-
parison. Age adjusted odds ratios (ORs)
as a measure of risk of silicosis showed
striking trends with both indices of expo-
sure to silica. For cumulative respirable
dust, the OR (95% confidence interval)
rose from 7*6 (5.1-11.4) for low exposure
to 20-0 (13.2-30.6) for medium exposure,
and to 51-7 (31-0-86.8) for high exposure.
The strength of the association between
exposure to silica and risk of silicosis
suggests that the retrospective assess-
ment of exposure used in the case-
control study of lung cancer would
accurately reflect an exposure response
relation between silica and lung cancer,
if it existed.

(Occup Environ Med 1994;51:136-138)

Validation of retrospective methods of expo-
sure assessment is not a common practice
in occupational epidemiological studies.
Although some investigators have reported
studies on validation of work histories used in
epidemiological studies,'-10 few studies have
been carried out to validate assessment meth-
ods for specific exposures."1-'5 Recently,
Ulfvarson has pointed out the importance of
validation of information on exposure used in
the establishment of a causal association
between an occupational disease and an
exposure.16

In this study we present an indirect valida-
tion method to evaluate the accuracy of a
retrospective assessment of exposure used in a

study of workers exposed to silica in China.'7

Methods
The investigation was a multicentre collabo-
rative study between the National Cancer
Institute in Bethesda, Maryland, the National
Institute for Occupational Safety and Health
in Morgantown, West Virginia, and the
Tongji Medical University, in Wuhan, China.
Twenty nine mines and factories from five
south central provinces in China were
included in the study. A cohort of 68 285
workers was assembled who were employed
during the period 1 January 1972 to 31
December 1974 at eight pottery factories, one
clay mine, 10 tungsten mines, six copper-iron
mines, and four tin mines. The workers were
followed up until 31 December 1989. There
were 316 cases of lung cancer in men in the
nested case-control study. From four to five
randomly selected workers matched to the
cases of lung cancer by age and mine or fac-
tory type served as controls. Details of the
case-control study were reported elsewhere.'7
A retrospective method of exposure assess-

ment was carried out to estimate historical
exposure to silica among the subjects in the
case-control study of lung cancer. Available
information on historical exposure included
industrial hygiene records, changes in the
production processes and control measures
with time, and employment records. Factory
records and monitoring results available since
the 1950s were evaluated for information on
total dust and respirable silica levels. A job
title dictionary was developed for five major
categories of activity (underground mining,
open cast ming, ore separation processing,
pottery production, and other supporting
activities). There were 659 combinations of
workplace and job title in the dictionary.
Historical information on total dust moni-
toring data (2-1 million individual measure-
ments), and on changes in processes and
control measures was collected for each com-
bination of workplace and job title at intervals
of two or three years starting from 1950. Over
14 calendar year periods of study, covering
38 years, there were 6805 silica exposed
workplace/job title/calendar period combina-
tions. As well as the information on expo-
sure to dust and silica, limited information
was available for recent years on potentially
confounding exposures-namely, to radon,
polycylic aromatic hydrocarbons (PAHs),
asbestos, talc, nickel, arsenic, and cadmium.
Assignment of exposure levels for total dust
was carried out by local mine and factory
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Table Odds ratios for silicosis among pottery workers and miners by facility type

Odds ratios* by exposure levels

Type of workplace None Low Medium High

Cumulative total dust:
Potteries 1-0 (5;121)t 4-6 (1-17)t (10;55) 10-4 (3-39) (12;31) 9-1 (3-32) (13;33)
Tungsten mines 1-0 (14;258) 10-5 (5-23) (31;55) 25-9 (11-63) (30;22) 68-3 (27-182) (51;14)
Iron-copper mines 1-0 (6;227) 7-6 (3-23) (17;94) 29-3 (10-95) (18;24) 157-6 (23-1441) (11;3)
Tin mines 1-0 (23;233) 6-0 (3-11) (42;71) 33-1 (16-72) (55;16) 66-9 (22-220) (38;5)
All workplaces combined 1-0 (48;839) 6-6 (5-10) (100;275) 21-1 (14-32) (115;93) 32-1 (20-51) (113;55)

Cumulative respirable silica:
Potteries 1-0 (10;148) 3-9 (2-10) (20;71) 6-4 (2-25) (6;15) 8-1 (1-46) (4;6)
Tungsten mines 1-0 (3;206) 21-2 (6-97) (19;69) 57-6 (16-251) (40;49) 162-0 (44-711) (64;25)
Iron-copper mines 1-0 (15;280) 7-4 (3-16) (22;56) 18-2 (6-55) (11;11) 76-9 (7-2068) (4;1)
Tin mines 1-0 (14;21 1) 8-9 (4-19) (36;64) 23-0 (11-48) (68;43) 73-2 (25-225) (40;7)
All workplaces combined 1-0 (42;845) 7-6 (5-11) (97;260) 20-0 (13-31) (125;118) 51-7 (31-87) (112;39)

*Adjusted for age. t95% confidence interval. tNo of cases; No of controls. p = 0-000 for trend across rows throughout.

hygiene and safety personnel. These assign-
ments were then reviewed by Chinese and
United States industrial hygienists.
Work histories were obtained for cases and

their controls by abstracting their employ-
ment records from mine and factory records.
These work histories were merged with the
estimates of exposure to calculate the sub-
jects' cumulative exposure to total dust and
respirable free silica. Further details on proce-

dures of exposure assessment are described
elsewhere."'
To validate the method of assessment of

exposure used in the case-control study of
lung cancer, we examined the well established
association between exposure to silica and
silicosis. The rationale was that if silica expo-
sure was assessed accurately for the study
population, the relation between silicosis and
silica exposure should be striking. If not, then
the estimates used for identifying silica expo-
sure in the case-control study of lung cancer

are likely to be erroneous.
Since 1963, a national law required that

workplaces in China with exposure to silica
have a silicosis registry. Cases and controls
with silicosis were thus identified, with the
degree of silicosis classified by the
International Labour Organisation (ILO)
classification scheme for pneumoconiosis.19
From the original study subjects, we selected
as the case group all persons with stage I-III
silicosis excluding subjects with the diagnosis
of suspected silicosis; the control group was

composed of those subjects without silicosis
and lung cancer.

We used age adjusted odds ratios (ORs) to
measure the association between exposure to
silica and silicosis.20 The Mantel extension
test for trend,2' was used to measure the size
of the linear trend between exposure to silica
and silicosis. In the analysis, we used cumula-
tive dust (none = 0-73 3; low = 73-4-220-5;
medium = 220-6-338-9; and high >338 9 in
,ug/m3/y), and cumulative respirable silica
(none = 0-8 6; low = 8-7-26&2; medium =

26X3-63-0; high >63 0 in ,ug/m3/y) as the
measures of exposure.

Results
There were 376 cases with stages I, II, or III
silicosis and 1262 controls free from silicosis.
Of the study subjects 17% were from pottery

factories (40 cases, 240 controls), 29% from
tungsten mines (126 cases, 349 controls),
25% from iron-copper mines (52 cases, 348
controls), and 29% from tin mines (158
cases, 325 controls).

Results of the analysis of exposure to silica
and risk of lung cancer by facility type have
been previously presented.'7 For pottery fac-
tories and iron-copper mines, non-significant
and inconsistent positive associations were
found between risk of lung cancer and expo-
sure to silica for both cumulative total dust
and cumulative respirable silica. In tungsten
mines, both measures of exposure showed a
significant but negative association between
exposure to silica and risk of lung cancer.
Among tin mine workers, a significant and
positive trend in risk was found with
increased exposure to silica. Cumulative
measurements of exposure to respirable silica
showed a more consistent trend than cumula-
tive measurements of exposure to total dust.
Other lung carcinogens, however, such as
arsenic, radon gas, and PAHs were highly
correlated with exposure to silica in tin mines.
Because association patterns were inconsis-
tent across facilities, it was concluded that the
results of the nested case-control study of
lung cancer provide only limited support for
an aetiological association between exposure
to silica and lung cancer.'7
The table shows results of the indirect vali-

dation. Each type of workplace showed a very
strong positive trend for risk of silicosis by
level of exposure to silica for both exposure
indices. All types of workplace showed a
striking association between silicosis and
exposure to silica, although for pottery fac-
tories the strength of the association was less
than for the other types of workplace. Tun-
gsten miners showed the strongest association
between risk of silicosis and exposure to silica
whereas the same estimates of exposure to
silica among these miners were not positively
associated with risk of lung cancer.

Discussion
In this study, we indirectly validated the
method of assessment of occupational expo-
sure used in a nested case-control study of
lung cancer in China. Trends for exposure-
response relations between two indices
(cumulative total dust and cumulative
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respirable silica dust) of exposure to silica and
risk of silicosis were evaluated using 376
patients with silicosis as the case group from
the same study population. Risk of silicosis
showed strong trends with both exposure
indices to silica for every type of workplace,
indicating that the method of assessment is
sufficiently reliable to detect the well estab-
lished association between silica and silicosis.

Several occupational reports have com-
pared the results of methods of exposure
assessment used by various raters. These
comparisons were carried out to measure the
agreement between raters (either among
industrial hygienist chemists,22-25 or among
workers and industrial hygienists,2S25 between
assessment methods2-31 between information
sources,315 11 1214 or between measures of expo-

32sure. Almost all comparisons were carried
out on ranking (or estimates) of exposures
rather than their effects on estimates of risk.
Only Pershagen and Axelson, and Blair and
Stewart, like us, used both relative risks of
disease and occupational exposure ranking in
the comparison. The strong trend between
exposure to silica and risk of silicosis provides
confidence in the validity of the method
developed for the assessment of exposure to
silica in our earlier case-control study of lung
cancer.
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