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Evaluating occupational hazards using information
known only to employers: a comparative study
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ABsTRACr A comparative study was conducted to assess empirically the suspected bias associated
with occupational health studies based only on information obtainable from employers' records.
Standardised mortality ratios were extracted from five occupational cohorts for which extensive
follow up had been conducted and were compared with proportional mortality ratios based on
deaths known (KTE) and unknown (UTE) to the employer, and on total deaths. For the five
cohorts examined the suspected bias for the cause of death categories all cancer, respiratory
cancer, heart disease, and accidents was generally found to be minimal unless the number of UTE
deaths was in excess of 75%. Furthermore, a strong inverse relationship was observed between
the percentage of UTE deaths and the level of agreement between proportional mortality ratios
based on KTE deaths and total deaths. In partial support of these findings it was also observed
that workers who left the industry in three of the five cohorts subsequently experienced similar
overall mortality compared with those who continued employment. These findings should serve
as a rough indication of the potential value of estimating disease risks from KTE deaths and serve
as a guide for other investigators using limited data.

Occupational health researchers generally agree
that the "best" estimate of risk that can be extracted
from an industrial population is the one whose
underlying study design contains the most informa-
tion about the population at risk. With knowledge of
the size and demographic composition of the popu-
lation at risk, standard mortality rates may be used
to compute expected numbers of deaths and corres-
ponding summary measures of risk such as the
widely used standardised mortality ratio (SMR).
This type of study design may not be practical, how-
ever, since its cost in terms of time and money could
exceed those available to the investigator. In the
absence of knowledge of the population at risk, or
when funds are low, investigators can conduct a
proportional mortality ratio (PMR) analysis by
comparing the relative frequency of specific causes
of death among a group of decedents with the cor-
responding frequency in a suitable reference popula-
tion. The PMR method has generally been regarded
as deficient, however, because of the inability of
relative measures to provide information about
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absolute rates.' Several authors have conducted
theoretical and empirical studies on the use of SMR
and PMR for assessing occupational hazards.'-3
The most readily available and least expensive

decedent group for study under the PMR approach
is usually one which can be identified exclusively
from union or employers' records. 6 Several studies
of deaths routinely reported to labour unions or
readily available from employers' recordsF'0 illus-
trate this approach. Unfortunately, estimates of risk
based on deaths identified from employers' records
include only those workers employed at the time of
death (actives) and workers who died while receiv-
ing a pension (retirees). Generally, the vital status of
individuals who left employment for reasons other
than retirement is not known to employers.
Comparisons of estimates of risk obtained from

various occupational cohort subgroups such as
actives, retirees, and terminations have been rather
limited. Redmond et al examined the potential bias
introduced by ignoring study members who end
employment." In this study of United States steel-
workers almost 45% of the deaths from malignan-
cies and 21% of the deaths from heart and circulat-
ory diseases among employees and former em-
ployees were unknown to the employer and thus
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would be missed if analysis were based merely on
deaths identified from employers' records.

In another study of the steelworker cohort Collins
and Redmond obtained an estimate of risk using
only retired members,12 noting that this type of
study would be relatively inexpensive by comparison
with a study containing all workers. The lung cancer
hazard previously identified in the steelworker
cohort by Lloyd was also detected in this study of
retired steelworkers.'3 In a second paper Collins and
Redmond noted that there may be certain diseases,
such as lymphatic and haematopoietic tissue can-
cers, for which retiree studies would not detect an
increased risk.'4
DeCoufle and Thomas conducted a proportionate

mortality analysis of three subgroups of the dece-
dent population of an industry,'- together with the
complete set of decedents in an attempt to deter-
mine what differences might exist among estimates
of risk based on three groups of the total decedent
population-retiree deaths, deaths occurring among
active employees, and all other deaths. The authors
noted that the conclusions they drew from the
analysis about the active deaths were similar to
those they drew from the analysis of the complete
set of deaths, with the exception of one disease
(tuberculosis).

In attempting to explain differential mortality pat-
terns among various cohort subgroups one must
consider that unhealthy people either do not enter
the labour force or eventually leave employment to
seek other occupations or to retire from work
altogether. This selection factor has received much
attention and is most commonly referred to as hav-
ing a "healthy worker" effect on employed
populations.-'18 In two studies conducted by Fox
and Collier this healthy worker effect was shown to
diminish 15 years after entering an industry.'920
Their data also suggest that workers who leave em-
ployment go on to experience greater overall
mortality than those who remain. Moreover, this
difference extended to deaths from cancer,
circulatory disease, and respiratory disease.

Although these studies tend to indicate that the
mortality experience of certain occupational cohort
subgroups generally differs, the practical usefulness
of risk estimates based on these subgroups has not
been fully established. The question of whether a
measure of risk, such as the PMR, obtained from a
subgroup of the total cohort adequately reflects the
mortality of the entire cohort remains unresolved.
The purpose of this article is to provide additional

empirical comparisons of the mortality experience
of various cohort subgroups relative to that of the
total cohort, and to examine further the biases that
may be introduced by studying only those em-

ployees whose vital status is known from company
records. Ideally, information from these and earlier
empirical comparisons can be synthesised and used
to establish general conditions under which occupa-
tional hazards can be reliably identified through
relatively quick and cheap study designs.

Materials and methods

Data from five historical prospective studies at the
department of biostatistics of the University of
Pittsburgh were used in the comparative analysis.
Table 1 describes the five occupational cohorts and
the periods during which mortality was examined.
The vital status of each cohort member at the

termination of the follow up period was determined
by referring to employers' records, the Social Se-
curity Administration, state driver's licence files,
'Veteran's Administration files, personal contacts
with relatives, friends, and neighbours, and other
miscellaneous follow up sources. Death certificates
were requested for all known decedents, and the
primary cause of death was coded by an indepen-
dent nosologist according to the seventh revision of
the International Classification of Diseases and
Causes of Death (ICD).21 For each cohort it was
assumed that if a member died while employed
(active death) or after retirement (retiree death) the
death would be noted on the employee's work his-
tory and, hence, would be known to the employer
(KTE deaths). Deaths occurring after leaving em-
ployment for reasons other than retirement were
assumed to be unknown to the employer* (UTE
deaths).
Table 2 shows the final results of the follow up

efforts for each cohort and its subgroups; the death
certificate ascertainment rate exceeded 95% in each
cohort. The high follow up and death certificate
ascertainment rates for the five cohorts virtually
eliminate the potential biases which can occur in
historical prospective mortality studies when such
high rates are not achieved. Table 2 also shows that
cohorts 1 and 2 are relatively older populations with
both having more than one third of all members
dead (38-2% and 35-2%, respectively).
The large percentage of men and deaths within

the termination subgroups of cohorts 1, 4, and 5
(table 2) permitted an examination of the bias noted
by Redmond et al which may result from an analysis
which excludes this subgroup."I Specifically, the

*Companies with investiture policies may have knowledge of the
vital status of long term (usually 10 or more years service) em-
ployees who left before retirement. The relatively small contribu-
tion of this follow up mechanism in the participating plants in this
report was not considered.
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Table 1 Cohort definitions and periods during which mortality was examined

Cohort Plants Defintion Follow up
represented period

1 Copper smelter workers (n = 2776) 1 All men employed at least one year between 1.1.40 and 31.12.64 1940-76
2 Nickel workers (n = 1855) 1 All men employed at least one year before 1.1.48 1948-74
3 Chemical workers (n = 2490) 1 All men employed at least one year between 1.1.49 and 31.12.63 1949-76
4 Fibrous glass workers (n = 6023) 5 All men employed at least one year between 1.1.45 and 31.12.63* 1945-73
5 Mineral wool workers (n = 1026) 3 All men employed at least one year between 1.1.45 and 31.12.63 1945-73

*Contains one plant with minimum six months' entrance criterion.

Table 2 Summary of vital and working'status* at end of study period for members of five occupational cohorts.
Percentages in parentheses are based on corresponding row total

Cohort Alive Dead Unknown Total

No % No % No % No %

1 Copper smelter workers 1639' (59.0)** 1061 (38-2) 76 (2-8) 2776 100-0
Actives 209 12-8 183 17-2 0 0-0 392 14-1
Retirees 272 16-6 405 38-2 1 0-1 678 24-4
Terminations 1158 70-6 473 44-6 75 99-9 1706 61-5

2 Nickel workers 1189 (64.1) 653 (35-2) 13 (0-7) 1855 100-0
Actives 383 32-2 123 18-8 0 0-0 506 27-3
Retirees 671 56-4 480 73-5 0 0-0 1151 62-0
Terminations 135 11-4 50 7-7 13 100-0 193 10-7

3 Chemical workers 1880 (75-5) 603 (24-2) 7 (0-3) 2490 100-0
Actives 823 43-8 183 30-4 0 0-0 1006 40-4
Retirees 407 21-6 301 49-9 0 0-0 708 28-4
Terminations 650 34-6 119 197 7 100-0 776 31-2

4 Fibrous glass workers 5208 (86-5) 790 (13.1) 25 (0-4) 6023 100-0
Actives 1509 28-9 151 19-1 0 0.0 1660 27-6
Retirees 347 6.7 129 16-3 1 4-0 477 7 9
Terminations 3352 64-4 510 64-6 24 96-0 3866 64-5

S Mineral wool workers 804 (78-4) 216 (21.1) 6 (0.5) 1026 100-0
Actives 110 13-7 31 14-4 0 0-0 141 13-7

a Retirees 95 11-8 78 36-1 0 0-0 173 16-9
Terminations 599 74-5 107 49-5 6 100-0 712 69-4

*Active and alive = Employed at end of study period.
Active and dead = Died while employed.

**Percentage in parentheses based on corresponding row total.

effect of excluding this termination subgroup in each
cohort was examined by comparing cause-specific
PMRs based both on KTE deaths and UTE deaths
to the corresponding PMRs based on the total dece-
dent group. In addition, since knowledge of the
population at risk was available it was possible to
compare the cause specific subgroup PMRs with the
corresponding total cohort SMR. This latter com-
parison was of particular interest since it has been
shown that the cause specific PMR provides a good
approximation to the relative standardised mortality
ratio (RSMR)-that is, the ratio of the cause specific
SMR to the SMR for all causes.'

In an attempt to determine the effect of continued
industrial employment on subsequent mortality,
cohort members who survived 15 yejrs after enter-
ing the industry were separated according to
whether they remained or separated from the indus-
try. The mortality experiences of these two groups

of men were examined in each of the five cohorts to
compare the present study results with those of Fox
and Collier's study which used the same method-
ology.'9

All summary indices of risk presented in this
paper (SMRs and PMRs) were generated using the
occupational cohort mortality analysis programme
(OCMAP) developed by Marsh and Preininger
which uses the modified life table technique to
obtain person-years at risk.22 The expected number
of deaths for all SMRs and PMRs were calculated
using the 1940-75 United States white male five:
year average annual age specific death rates
(seventh revision ICD) contained in OCMAP. The
category "all causes" or total deaths was used as the
base or denominator for all PMRs calculated. The
statistical significance of the SMRs and PMRs were
determined using the methods developed by Bailer
and Ederer and by Miettinen, respectively.2324

348 John, Marsh, and Enterline
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Evaluating occupational hazards using information known only to employers: a comparative study 349

Table 3 Proportion of deaths unknown to employer from selected causes for fwe occupational cohorts

Cause of death Copper smelter Nickel Chemical Fibrous glass Mineral wool
(ICD 7th revision code) workers workers workers workers workers

Observed % Observed % Observed % Observed % Observed %
deaths unknown deaths unknown deaths unknown deaths unknown deaths unknown

All cancers (140-205) 232 44-4 129 5-4 127 22-0 136 69-9 39 48-7
Digestive system

cancers (150-159) 66 39-4 38 5-3 44 16-0 66 39-4 14 42-9
Respiratory system

cancers (160-164) 104 43-3 39 2-6 29 31-0 40 82-5 14 -0
Lymphopoietic tissue

cancers (200-205) 17 64-7 12 0-0 11 36-4 18 61-1 4 50-0
All heart disease

(400-443) 414 37-2 298 6-8 263 15-6 366 58-7 92 45-7
Accidents (800-962) 61 64-0 27 22-2 29 27-6 54 704 14 78-6

All causes 1061 44-6 653 7-7 603 19-7 790 64-6 216 49 5

Results

Table 3 shows the differences between the five study
cohorts with respect to the total number of UTE
deaths. The proportion of total UTE deaths is smal-
lest for nickel workers (7.7%) and largest for fibrous
glass workers (64.6%). Table 3 also shows that the
percentages of UTE deaths vary by cause of death
for all five study cohorts. For each cohort, accidental
deaths were unknown to the employer more often
than deaths from heart disease and cancers. Within
the category "all cancers" the percentage of UTE
deaths ranged from a minimum of zero for lym-
phopoietic tissue cancer in nickel workers to a
maximum of 82-5% for respiratory cancer in fibrous
glass workers.

Tables 4-7 show the mortality experiences of the
various subgroups within each of the five cohorts for
four selected causes of death. Based on SMRs com-
puted from the total cohort, two statistically
significant excess mortality risks were found among
the copper smelter workers for all cancers
(SMR = 124.5) and for respiratory cancer
(SMR = 190.5) as shown in tables 4 and 5, respec-
tively. This statistically significant excess mortality
risk for all cancers is identified by all the risk esti-
mates shown in table 4, with the exception of the
PMR for termination deaths which did, however,
suggest excess mortality (PMR = 115-3). The lack
of statistical significance is partly due to the smaller
number of deaths observed in this cohort subgroup.
The statistically significant excess mortality from
respiratory cancer, based on the total cohort SMR,
is maintained, however, by each of the three PMR
estimates (table 5).

Generally, the PMRs for KTE deaths are similar
in magnitude and direction (greater than or less than
100) to the PMRs for all deaths over the four cause
of death categories for all five study cohorts

(tables 4-7). As might be expected, agreement be-
tween these two risk estimates is improved as the
percentage of UTE deaths decreases, as in the case
of the nickel alloy workers who have the lowest per-
centage of UTE deaths (7.7%) of the five cohorts
studied. Indeed, as the number of UTE deaths
increases, the absolute and relative magnitude of the
differences between these two risk estimates does
increase for each of the four selected causes of
death.*

Furthermore, in only three cases did the relative
absolute difference between the total PMR and
PMR based on KTE deaths exceed 15%. In two of
these the percentage of UTE deaths exceeded 75%
(respiratory cancer in cohort 4 glass workers, UTE
deaths = 82-5% and accidents in cohort 5, UTE
deaths = 78.6%). The 16-5% relative difference in
PMRs noted for respiratory cancer in cohort 1 was
based on 43*3% UTE deaths, however. This differ-
ence was atypical of all other such differences found
when the percentage of UTE deaths was of this
magnitude. These empirical findings suggest that
unless the percentage of UTE deaths is large (in
excess of 75%) a PMR analysis of KTE deaths will
generally produce risk estimates similar to those of a
PMR analysis based on total deaths.
Due to the empirical relationship that exists be-

tween the PMR and the SMR (cause specific
PMR cause specific SMR/all causes SMR), close
agreement between these two risk estimates can be
expected when the all causes SMR, based on total
cohort is close to 100.12 In this study predicting how
well the PMRs based on all deaths agreed with the
total cohort SMRs was possible since, for all cohorts,

Spearman rank order correlation coefficients25 computed between
the percentage of deaths unknown to employer and the absolute
difference between the two risk estimates were 0-87, 0-87, 0-68,
and 0-92 for all cancers, respiratory cancer, heart disease, and acci-
dents, respectively.
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Table 4 Observed numbers of deaths and PMRs and SMRs obtained from various cohort subgroups within five
occupational cohorts. Cause ofdeath: all cancers

Cohort PMRs SMRs
(observed deaths) (observed deaths)

Known to Unknown to Total Total
employer employer cohort

1 Copper smelter workers 124.4'* 115*3 120.2** 124.5**
(129) (103) (232) (232)

2 Nickel workers 109-6 74-5 106-8 89-5
(122) (7) (129) (129)

3 Chemical workers 107-0 121-9 109-9 107-4
(99) (28) (127) (127)

4 Fibrous glass workers 78-3 100-7 92-6 88-1
(41) (95) (136) (136)

5 NMineral wool workers 102-9 96-8 99*9 95-4
(20) (19) (39) (39)

**Statistically significant at 1% level.

Table 5 Observed numbers of deaths and PMRs and SMRs obtained from various cohort subgroups within five
occupational cohorts. Cause of death: respiratory cancer

Cohort PMRs SMRs
(observed deaths) (observed deaths)

Known to Unknown to Total Total
employer employer cohort

1 Copper smelter workers 211.4** 152.9** 181.4** 190-5**
(59) (45) (104) (104)

2 Nickel workers 115-0 32-7 108-0 89-4
(38) (1) (39) (39)

3 Chemical workers 68-8 111-6 78-1 77-8
(20) (9) (29) (29)

4 Fibrous glass workers 41-7* 107-2 84-1 81-9
(7) (33) (40 (40)

5 Mineral wool workers 127.2 10938 11 79 115)4
(7) (7) (14) (14)

*Statistically significant at 5% level.**Statistically significant at 1% level.

Table 6 Observed numbers of deaths and PMRs and SMRs obtained from various cohort subgroups within five
occupational cohorts. Cause of death: all heart disease

Cohort PMRs SMRs
(observed deaths) (observed deaths)

Known to Unknown to Total Total
employer employer cohort

1 Copper smelter workers 98-9 79.1** 90-5** 93*0
(260) (154) (414) (414)

2 Nickel workers 102-7 84-8 101-4 85.6**
(280) (18) (298) (298)

3 Chemical workers 104-9 85-7 101-4 108-0
(222) (41) (263) (263)

4 Fibrous glass workers 129.3 ** 10446 113)8* 10739
(151) (216) (367) (367)

5 Mineral wool workers 103*2 93.9 98-8 95-0
(50) (42) (92) (92)

*Statistically significant at 1% level.

John, Marsh, and Enterline350
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Evaluating occupational hazards using information known only to employers: a comparative study 351

Table 7 Observed numbers of deaths and PMRs and SMRs obtained from various cohort subgroups within five
occupatonal cohorts. Cause of deaths: accidents

Cohort PMRs SMRs
(observed deaths) (observed deaths)

Known to Unknown to Total Total
employer employer cohort

1 Copper smelter workers 81-5 104-6 94-6 102-2
(22) (39) (61) (61)

2 Nickel workers 83.9 16994 94)5 72-O
(21) ()(27) (27)

3 Chemical workers 80-O (75-6 79-4 68.7*
(21) (8) (29) (29)

4 Fibrous glass workers 73)3 79.2 7-76* 62-8**
(16) (38) (54) (54)

5 Mineral wool workers 56 7 127-4 100-6 66-3
(3) (1 1) (14) (14)

*Statistically significant at 5% level.
**Statistically significant at 1% level.

the all causes SMRs based on the total cohort were

known and are as follows: cohort 1, 103.5; cohort 2,
83-8 (p < 0-01); cohort 3, 95'8; cohort 4, 92-6
(p < 0-05); and cohort 5, 94.5. The values suggest
that these two risk estimates should be similar for all
cohorts with the possible exception of cohort 2.
Examination of tables 4-7 shows that the PMRs
based on all deaths are, in fact, consistently greater
in magnitude and direction than the total cohort
SMRs for cohort 2.
Table 8 shows the mortality experiences of two

groups of men, those who left the industry and those
who continued employment for each cohort. The
"current" group of workers was composed of indi-

viduals alive 15 years after entering the industry
who had accrued 15 or more years of employment.
The "past" group of workers was composed of indi-
viduals alive 15 years after entering the industry
who had accrued less than 15 years of employment.
Since the classification of each individual as being
either a "current" or "past" worker was dependent
on years of employment and not employment status,
both groups may contain retired, terminated, or
actively employed individuals as well as workers
who died while employed.
Table 8 shows that past workers experienced simi-

lar overall mortality when compared with current
workers for three of the five study cohorts (copper

Table 8 Comparison ofobserved numbers ofdeaths (in parentheses) and SMRs from major causes ofdeath for current
and for past workers alive 15 years after entry into industry

Cause of death Copper smelter Nickel Chemical Fibrous glass Mineral wool
(ICD code) workers workers workers workers workers

Current Past Current Past Current Past Current Past Current Past

All cancers (140-205) 130.7** 126-7* 95-9 38-4* 103-4 119-3 869 93-8 103-8 69.0
(134) (80) (122) (4) (86) (18) (36) (44) (21) (8)

Digestive system
cancers (150-159) 123-0 116-8 87-3 57-9 137-7 115-0 115-2 84-1 109-2 117-6

(43) (21) (35) (2) (34) (5) (13) (11) (7) (4)
Respiratory system

cancers (160-164) 225.4** 156.8* 96&5 35.7 73-5 84-9 73.4 114-2 128-5 55-6
(63) (34) (38) (1) (20) (4) (11) (18) (8) (2)

Lymphopoietic tissue
cancers (200-205) 44-6 133-0 103-9 - 51-8 204-6 74-1 64-3 161-9 87-4

(4) (8) (12) (0) (4) (3) (3) (3) (3) (1)
All heart disease

(400-443) 98-0 93-3 83-9** 117-4 102-6 111-2 106-1 128-5** 98-6 96-3
(253) (129) (255) (33) (193) (39) (92) (134) (47) (27)

Accidents (800-962) 82-9 91-1 69.9 118-7 72-6 123-5 49-3 61-1 64-6 1i041
(18) (15) (20) (3) (14) (5) (6) (6) (3) (4)

All causes 102-4 110-7 84-7** 96-8 97-3 115-3 868 115-2* 95-4 95-4
(582) (351) (570) (60) (413) (94) (176) (284) (101) (62)

*Statistically significant at 5% level.
**Statistically significant at 1% level.
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smelter, nickel, and mineral wool workers), a result
not entirely consistent with those of Fox and Col-
lier.'920 The raised overall mortality observed for
past chemical and fibrous glass workers appears to

be largely due to increased heart disease and acci-
dent mortality. In fact, the SMRs for accidental
deaths were uniformly greater among past em'
ployees while the opposite pattern was generally
true for deaths from cancer.

Discussion

Historically, proportional mortality studies based
only on KTE deaths have been interpreted with cau-
tion because of the suspected bias associated with
the failure to include UTE deaths. The empirical
results presented here tend to weaken this suspicion
since this bias was generally found to be minimal
unless the number of UTE deaths was greater than
75%. Furthermore, a strong inverse relationship
was consistently observed for four selected causes of
death between the percentage of UTE deaths and
the level of agreement between PMRs based on
KTE deaths and total deaths. These results were
somewhat supported by the observation that past
workers experienced similar overall mortality when
compared with current workers in three of the five
cohorts examined.
Although these results were derived from five

independent occupational cohorts in a total of 11
plants, they may not represent the general experi-
ence. Differential termination and retirement pat-
terns and leave of absence policies could affect the
nature of KTE deaths. Thus these findings should be
viewed as a rough indication of the potential value
of estimating disease risks from KTE deaths and
serve as a guide for other investigations using
limited data. Further studies need to be conducted
to establish the use of risk estimates based on occu-
pational subgroups as a reliable and valid method
for evaluating occupational hazards.
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