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SUMMARY

The purpose of the study described in this report was to evaluate the

completeness of vital status ascertainment in the Hanford worker cohort.

Identifying information on 17,708 Hanford workers, including all workers who

were monitored for external radiation exposure, employed at least six months

at the Hanford site, and whose vital status remains unknown, was submitted to

a private search organization, Equifax Government and Special Systems.

Equifax then linked Social Security numbers of these workers with death

information files. For the period 1945-86 that has been emphasized in recent

dose-response analyses of the Hanford data, Equifax ascertained only 12 new

deaths, an increase of only 0.2% over deaths that had been ascertained

previously. In addition, Equifax ascertained 23 deaths that were judged to be

mismatches based on comparison of names and birth-dates on their files and

ours; it is shown that this number can be regarded as a rough estimate of the

number of deaths missed because workers had incorrect Social Security numbers.

Overall the study suggests that the number of deaths missed was not large, but

the confidence one can place in this conclusion is limited by the fact that

Equifax's ascertainment procedures are not perfect, especially for the period
before 1965.

In order to evaluate the adequacy of the methods used by Equifax,

information on 2254 Hanford workers who had been previously identified as dead

was also submitted. Equifax missed less than 2% of known Hanford deaths

occurring in the period 1965-86, but missed about 18% of deaths occurring

before 1965.

Although recent analyses have focused on the period 1945-86, some

analyses have included deaths ascertained using direct linkage with Washington

state death files for the period 1987-89. Equifax identified 49 new deaths

during this period in Washington state, an increase of 9% over those that had

been previously ascertained. Forty of the 49 deaths occurred in 1988. It is

clearly important to take additional steps to insure that the annual files

provided by the state of Washington are complete.

A stratified random sample of 1600 of the 17,708 workers with unknown

vital status was submitted to Equifax for a more extensive investigation of
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follow-up status, and information on these workers was compared against

consumer credit databases to determine the last date these workers were known

to be alive. The results of this part of the study indicate that if these

procedures had been applied to all workers with unknown vital status, about

90% of these workers would have been confirmed to be alive. About 5% of the

total study population would have remained lost to follow-up, primarily

because they could not be located by Equifax.

This study suggests several follow-up steps that are needed, and these

are noted in the Conclusions section. Although this study has yielded

interesting information, routine use of Equifax services, in addition to

ascertainment procedures already in use, does not seem justified.
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1.0 INTRODUCTION

Several analyses of data on mortality of workers at the Hanford site

have been published (most recently by Gilbert et al. 1993), and have relied on

vital status information from several sources including periodic searches of

" earnings and benefits files of the Social Security Administration (1944-1986),

and use of the U.S. National Death Index (1979-1986). In addition,

probability linkages (of Social Security numbers and names) have been made

with the State of Washington vital statistics computerized files for 1968-1989

and the State of California vital statistics computerized files for 1960-1986.

An advantage of the use of probability linkages is that they are not dependent

on exact matches of social security number or name, but rather on high

probabi I i ty matches.

The only attempt to evaluate the completeness of death ascertainment in

the Hanford cohort was an examination of the proportion of deaths in the State

of Washington (where mortality ascertainment was judged close to 100% com-

plete) that were also identified through the Social Security Administration

(SSA) or National Death Index (NDI). Based on this approach, Gilbert and

Petersen (1989) determined that for the period 1968-1981, 97% of deaths

occurring in the state of Washington had been identified by the SSA or NDI.

The study described in this report provides a more comprehensive attempt

to evaluate the completeness of follow-up in the Hanford cohort. A protocol

for the study was prepared and is attached as Appendix A.
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2.0 METHODS

The Hanford study population includes more than 44,000 employees of U.S.

Department of Energy contractors. However, recent dose-response analyses

(Gilbert et al. 1993) were restricted to 32,643 workers (24,672 males and

• 7,971 females) who were monitored (through the use of personnel dosimeters)

for exposure to external radiation, and who were employed at least six months

• at the site, The follow-up study described in this report was also restricted

to this group. Additional information on the study population is found in

Gilbert et al. (1993), and a detailed description of the creation of the

Han#ord database is given by Gilbert et al. (1992)

The initial step in this evaluation was to identify Hanford workers with

unknown vital status for analyses including deaths for the period 1944-86.

This group was defined as workers who had terminated employment at Hanford

prior to January 1, 1987, and who had not been identified dead. Workers were
considered to be terminated if both the last date of external dosimetry

monitoring and the last employment history date (obtained from files

maintained at HEHF)were earlier than 1987. Known deaths were excluded from

the unknown vital status group even if the death had occurred more recently

than 1986 provided that death certificates had been found. Deaths for whom

certificates have not been found were included in the unknown vital status

group there were 48 such deaths with years of death indicated as 1944-86, and

18 such deaths with no information on the year the death occurred. A total of

17,708 workers who met the criteria for the unknown vital status group were

identified (a) in previous analyses, it has been assumed that these workers

were alive at the end of the follow-up period.

Identifying information on the 17,708 workers whose vital status remains

unknown was submitted to the private search organization, Equifax Government

and Special Systems. Equifax was selected after consideration of 1) capabili-

ties to access numerous vital status resources beyond those methods currently

(a) The protocol for this report indicated that 18,571 workers were in the
unknown vital status group. However, since the calculations for this
protocol were conducted, additional deaths have been identified,
reducing this group to 17,708 workers.
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employed by the Hanford Health and Mortality Study; 2) procedures used to

protect confidentiality of information; 3) cost of search efforts; and

4) length of time required by agency to perform such services, Equifax then

linked Social Security numbers (SSNs) of the group submitted with their death

information file. The Equifax death file is composed of death information

from the Social Security Administration, Fortune 500 companies, Fortune 100

companies, Armed Forces, and federal, state and county agencies. As described

in Gilbert et al. (1992), some Hanford workers have been known under more than

one SSN. When this occurred, the worker was submitted separately under all

his or her SSNs. Of the 17,708 workers with unknown vital status, 91 had two

or more SSNs; in these cases the SSNjudged most likely to be correct is

referred to as the "primary" SSN, while others are referred to as the

"alternative" SSNs.

Equifax then supplied us with date of death and, where known, name,

state of death, and date of birth for those cohort members identified as dead

through this process. Information on name and date of birth was compared with

that on our files to determine if the identified death was that of the Hanford

worker submitted to Equifax. Eventually, death certificates on the additional

deaths identified through Equifax need to be retrieved, but this ha.s not yet

been done; it is possible that some deaths will not be confirmed. Also, we

had no information on cause of death for the new deaths identified by Equifax.

Invalid SSNs (numbers that were never issued) were also identified.

In order to evaluate the adequacy of the methods used by Equifax, we

also submitted information on 2254 Hanford workers, who had been previously

identified as dead, and for whom we had death certificates. Fifty-four of

these deaths were those identified through our Washington State linkage for

the years 1968-82, which had not been ascertained by the SSA. Wethought that

these might be deaths that were especially difficult to ascertain, and were

interested in whether or not Equifax would find them.

The remaining group of 2200 deaths were selected as a random sample of

7705 available deaths, Because of a decrease in Equifax's cost per death as

the number of deaths increased, the total cost of submitting 2200 deaths (in

addition to the 54 deaths and the 17,708 workers with unknown vital status)

was less than the cost for submitting a smaller number of deaths. Of the

2,2



2200 deaths, 277 occurred in the years 1987-1990, after the end of the 1945-

1986 follow-up period; these additional deaths were primarily deaths in the

states of Washington and California.

A sample of the 17,708 workers with unknown vital status was also

submitted to Equifax for a more extensive (and more costly) investigation of

• follow-up status. This investigation is referred to as "phase 2", while the

investigation described in the preceding paragraphs is sometimes be referred

" to as "phase i" Information on workers in the sample for phase 2 was

compared against consumer credit databases in order to determine the last date

these workers were known to be alive, and to determine last known addresses.

The sample for this phase of the study was restricted to male workers born

before 1935, and was stratified by three categories of cumulative dose 10

years before the end of follow-up at the end of 1986. As demonstrated in the

protocol, these workers contribute most of the dose-response information,
I

This investigation included a total of 1600 workers: 800 workers with

cumulative doses less than 10 mSv, 400 workers with doses in the range 10-

100 mSv, and 400 workers in the range 100+ mSv.
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3.0 RESULTS

3.1 PHASEI: DEATHSIDENTIFIED BY EQUIFAXAMONGKNOWNDEATHSOF HANFORD

WORKERS

Before presenting results for the unknown vital status group, we

consider Equifax's performance on Hanford workers already known to be dead.

Table 3.1 shows the distribution of the 2200 randomly selected deaths by

calendar year period, and also shows the number and percent that were missed

by Equifax. Of the 2200 deaths, 1,923 occurred in the years 1945-86, the

follow-up period of primary interest. An additional 167 deaths occurred in

the period 1987-89 in the State of Washington, and this group was also

considered in recent analyses.

For the period 1945-86, Equifax missed 5.0% of the deaths, and missed a

higher percent for deaths occurring before 1965 than for deaths occurring more

recently. Of deaths occurring in the period 1965-86, the percent missed was

TABLE3.1. Number and Percent of Deaths Missed by Equifax in a RandomSample
of Known Deaths of Hanford Workers

Calendar Year Number of Number and Percent (in Parentheses)
Period of Death Deaths in Sample of Deaths Missed b.y Equifax

1945-54 81 7 (8.6)
1955-59 103 21 (20.4)
1960-64 186 40 (21.5)

1965-69 197 3 (1.5)
1970-74 312 1 (0.3)
1975-79 374 2 (0.5)

1980-84 452 14 (3.1)
1985-86 218 8 (3.7)

Total 1945-86 1,923 96 (5.0)
• Total 1965-86 1,553 28 (1.8)

1987-89 _a_ 167 29 (17.4)
1987-89Cb) 69 10 (14.5)
1990+ 41 5 (12.2)

(a) Includes only deaths occurring in Washington State.
(b) Includes only deaths occurring in states other than Washington.
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only 1.8. Equifax missed 82 of 1738 (4.7%) deaths in males compared with

14 of 185 deaths (7.6%) in females, and missed 21 of 488 deaths (4.3%) where

the underlying cause of death was cancer, compared with 75 of 1435 deaths

(5.2%) due to other causes.

Most of the information on dose-response is found in male workers born

before 1935 and for the period 1965 or later; 97% of the statistical

information for investigating dose-response for all cancer mortality is found

in this segment of the data. In our random sample, there were 1,346 deaths in

males born before 1935 and occurring after 1964. Of these, only 14 deaths

(1.0%) were missed by Equifax; of 341 cancer deaths occurring in the same

group, three (0,9%) were missed, Thus, Equifax performed better in the group

of deaths that is of greatest importance for evaluating dose-response

relationships. We also found no obvious bias in Equifax ascertainment by

cumulative dose, especially when this evaluation was limited to deaths in

males born before 1935 and occurring 1965 or later.

Equifax missed 17% of the deaths occurring in Washington State in the

period 1987-89; in this case, the probability linkage with state files

provided us with a special resource that was apparently not used by Equifax.

It is also possible that some sources used by Equifax would not have

information available as recently as 1989; this may also be the explanation

for many of the other recent deaths that were missed. For deaths occurring

before 1987, however, Equifax's performance did not vary greatly by state of

death. For deaths occurring after 1964, Equifax missed 13 of 886 deaths

(1.5%) occurring in the State of Washington, 5 of 156 deaths (3.2%) occurring

in California, and ten of 511 deaths (2.0%) occurring elsewhere.

Finally, of the 54 deaths that occurred in the State of Washington in

the period 1968-81 and that were not identified by the SSA, 11 (20%) were

missed by Equifax.
I

3.2 PHASE1: DEATHSIDENTIFIED BY EQUIFAXAMONGHANFORDWORKERSWITH UNKNOWN

VITAL STATUS

We first consider the 66 workers, included in the unknown vital status

group, who have been identified as dead but for whomno certificates have been
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found, and for whomthere is thus uncertainty regarding whether death has

actually occurred. Equifax determined that 45 of the 48 workers with death-

years of 1945-86 on our files were dead, but, for three of the 45 deaths, the

year of death given by Equifax was later than 1986, and, for another two of

the deaths, comparison of names and birth dates indicated the Equifax deaths

• were unlikely to be those of the Hanford workers submitted. Equifax

ascertained that three of the 18 deaths with no data on death-year on our

• files _ccurred in the period 1945-86, and also ascertained that six deaths

from this group occurred after 1986. In several cases, Equifax indicated a

state of death that had not been on our files this new information could

possibly be helpful in finding death certificates. Until certificates are

found for these workers, it is difficult to evaluate the validity of the

information.

Of the remaining 17,642 workers in the unknown vital status group,

Equifax identified 35 deaths occurring in the period 1945-86 that had not been

identified previously. For 10 of these deaths, Equifax provided no
information on name' however, none of the 10 birth-dates matched information

on our files exactly, and in all but one case, the years of birth did not

match. For the remaining 25 deaths, names and birth-dates on Equifax files

were compared with similar information on our files based on this comparison,

12 of these deaths were judged to match, while 13 were judged not to

match. (a) Thus, Equifax added only 12 new deaths, an increase of about 0.2%

over the 6,407 certified deaths in this period that had been identified

previously. This information is summarized in Table 3.2. The 23 "mismatches"

are likely to represent instances where either the SSNson our files or on

those of Equifax are incorrect.

(a) For males, information was judged to match if names agreed except for
obvious spelling and typographical errors in all cases where names did

• not match, birth-dates also failed to match, and in all but two such
cases, birth-years did not match. For one male, only the last name
matched, but because the birth-date matched exactly, this was judged a
match. In three of the mismatched cases, first names indicated that the
sex was different on the two files. For females, information was judged
to match if first names matched and the year of birth matched in all
but one case where only the first name matched, the birth-dates matched
exactly.
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TABLE 3.2. Number of Deaths Identified by Equifax AmongHanford Workers with
Unknown Vital Status (Number of Deaths in Females Given in
Parentheses)

Calendar Year Period
1945-86 1965-86 1987-89 _a_

Deaths newly identi_bi)edCorrect "matches" 12 (5) 12 (5) 49(c) (11) •
No data on name

provided by Equifax (d) 10 (3) 10 (3) 0 (0)
Data on name does not

match 13 (2) 13 (2) 0 (0)

Certi fied deaths
previously identified (e) 6,407 (621) 5,180 (553) 546 (98)

(a) Includes deaths occurring in Washington State only.
(b) Based on information on name and birth-date from our files and those

provided by Equifax matches. See text.
(c) Forty of these deaths occurred in 1988.
(d) Birth-dates in this group did not match, and these deaths were judged to

be non-matches.
(e) These numbers are given for perspective. These deaths were not included

in the unknown vital status group.

Because Equifax was much more successful in identifying known Hanford

deaths occurring 1965 and later than earlier deaths, this group is shown

separately in Table 3.2; all of the 35 newly identified deaths came from this

period. Table 3.2 also shows the number of newly identified deaths occurring

in females. Of the 12 deaths that were judged correct matches, five (42%)

occurred in females, even though overall, only about 10%of deaths occurred in

females.

All 35 of the deaths noted above were identified based on the primary

SSN. Equifax also identified 10 deaths in the period 1945-86 based on

alternative SSNs. However, based on comparison of information on names and

birth-dates, all of these deaths were clearly mismatches, indicating that for

these workers, the alternative SSN is very unlikely to be correct.

In addition to the 35 deaths in the years 1945-86, Equifax identified

49 new deaths occurring in the state of Washington in the period 1987-89,

comprising an 8% increase over the 547 deaths already identified. Based on a

comparison of information on name and birth-date, all these deaths were judged
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to be correct, matches, Of the 49 deaths, 48 were identified based on the

primary SSN, and one was identified based on the alternative SSN. Closer

examination of these deaths indicated that 40 of the 49 deaths occurred in

1988. It is noted that of the 12 "matches" identified by Equifax for the

period 19,15-86, only one death was indicated as occurring in Washington, and

. two were indicated as occurring in California- all three were in the time

period covered by the state linkages. It is possible, of course, that some of

• the deaths indicated by Equifax as occurring in Washington or California

actual ly occurred el sewhere.

In addition to the deaths shown in Table 3.1, Equifax identified

181 deaths occurring in 1987-89 in states other than Washington, and

949 deaths occurring in 1990 or later. However, it is known that our files

are not yet complete for these recent deaths, and such deaths have not been

included in analyses conducted thus far.

An objective of this study was not only to evaluate the overall adequacy

of death ascertainment methods, but also to determine if ascertainment might

depend on various worker characteristics. Because the number of newly

identified deaths with correct matches was very small, such dependencies could

not be evaluated reliably. Also Equifax may ascertain deaths for some groups

more adequately than for others. However, Equifax ascertained proportionally

more new deaths in females than in males even though their ascertainment of

known Hanford deaths was slightly better for males.

Differential ascertainment by radiation dose is of particular concern as

this could bias results of dose-response analyses. Of the 12 deaths judged to

be correct matches, nine (75%) had cumulative doses less than 10 mSv, three

(25%) had cumulative doses in the 10-99 mSv range, and none had doses 100 mSv

or greater. For comparison, it is noted that of the 5,180 deaths previously

identified as occurring in the years 1965-86, 3,044 (59%) had cumulative doses

• less than 10 mSv, 1,718 (33%) had cumulative doses in the 10-99 mSv range, and

418 (8%) had cumulative doses 100 mSv or greater. Small numbers and potential

biases in Equifax's ascertainment make it impossible to draw firm conclusions

regarding dose-related bias.

3.5



Equifax also identified SSNs on our files that had never been issued.

There were three such numbers in the unknown vital status group, one of whom

was indicated as dead on our files, but with no certificate or year of death.

The birth-years for these three workers were 1939, 1943, and 1952, and thus

they are unlikely to have died (and thus have their deaths missed) by the end

of 1986. In addition, Equifax indicated that six of the alternative SSNs had

never been issued.

3.3 PHASE2: VITAL STATUSFORSAMPLEOF 1600 HANFORDWORKERSWITH PREVIOUSLY

UNKNOWNVITAL STATUS

A stratified random sample of the 8027 male workers born before 1935 in

the unknown vital status group was submitted to Equifax for more extensive

follow-up. The sample included 800 workers with cumulative doses less than 10

mSv, 400 workers with doses in the range 10-100 mSv, and 400 workers in the

range 100+ mSv; cumulative dose was defined as the total dose received 10

years prior to the end of follow-up.

Equifax assigned each of these workers to one of three categories:

workers for whom a last activity date (based on credit records) could be

determined, workers who were identified as deceased (usually with a date of

death), and workers who could not be located. Table 3.3 shows the number of

workers in each of these three categories and also indicates whether or not

the date provided by Equifax was before or after the end of the follow-up

period (December 31, 1986). Results are shown separately for each of the

three dose categories. The line just above the total shows the total number

of workers that Equifax confirmed as being still alive; this number was

obtained as the sum of those with either activity dates or death dates after

the end of 1986.

Overall, 89% of the sample were identified as being alive at the end of

the follow-up period, and results did not differ greatly by exposure category.

This proportion was also compared by birth year and by general job category.

The proportion identified as alive tended to increase with increasing birth-

year, and was 77% for those born before 1915 compared to 92% those born
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I
activity dates or dates of death earlier than 1987 were removed on these

dates, while workers who could not be located were removed on the last date

for which employment or dosimetry data were available. For person-year

calculations, workers were assumed to start their follow-up five years after

their date of first monitoring for external radiation, the procedure used in

dose-response analyses described by Gilbert et al. (1993).

Overall, if all workers in the unknown vital status groups had been

submitted to the Equifax phase 2 investigation, and workers were then removed

from follow-up on the dates determined as described above, it is estimated

that the total person-years would have been reduced by about 4%. Reductions

for the dose categories less than 10 mSv, 10-100 mSv, and 100+ mSv were

respectively 5%, 3%, and 2%.

Because workers in the sample submitted to the phase 2 Equifax

procedures were also included in the phase i death ascertainment, it is of

interest to compare the deaths ascertained by Equifax in the two phases. Only

two deaths were identified in phase 2 that had not been identified in phase 1,

and in neither case was a death date given. Three of the deaths identified in

the sample in phase I as correct matches were designated in phase 2 as "could

not locate" with no indication of death in the phase 2 results. These deaths

occurred in 1986, 1988, and 1990. An additional three deaths from phase I,

all indicated as occurring in 1992, had phase 2 "last activity dates" in 1993.

Apparently, the resources used to identify deaths in phase I were not applied

to those submitted for phase 2 procedures.
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4.0 DISCUSSION

A major objective of this study was to evaluate the proportion of deaths

that might have been missed by ascertainment procedures used in the Hanford

mortality study. For the period 1945-86, Equifax ascertained only 12 new

• deaths, an increase of only 0.2% over deaths that had been ascertained

previously. However, this cannot necessarily be taken as strong evidence that

• the percentage of deaths missed was very small.

Equifax missed about 18%of known Hanford deaths occurring before 1965,

and thus this study provides little information on the completeness of

ascertainment for early deaths. For later deaths, Equifax missed less than 2%

of known Hanford deaths, and thus we can be somewhat more confident about this

later period. However, if current ascertainment methods failed to ascertain a

substantial number of deaths, these unascertained deaths might also be

difficult for Equifax to identify, and thus the proportion of these deaths

missed by Equifax could be much greater than 2%. For example, deaths missed

by linkage with the SSAmay potentially be missed by both our ascertainment

methods and Equifax's.

Because of our direct linkage with the State of Washington death files,

we are probably less likely to miss deaths of workers who die while still

employed at Hanford. In fact, all but one of the 35 deaths shown in

Table 3.2, including both those newly ascertained by Equifax and those

involving mismatched SSNs, were of Hanford workers who had terminated

employment five or more years prior to death. Of the 12 new deaths of Hartford

workers, ten were under age 55 at the time of termination of employment at

Hanford. Thus, these workers could have had a subsequent employer after their

• employment at Hanford, and may have been ascertained because of Equifax's

access to death files from Fortune 500 and Fortune 100 companies.

• The large number of missed deaths in Washington State for the period

1987-89 is especially troublesome. For all the new Washington deaths

identified by Equifax, both SSNs and names agreed with information on our

files, and thus these deaths should have been picked up in our Washington

State linkage. In conducting this linkage, files of deaths are provided by

the state for each calendar year, and the probability linkage is then

4.1



performed by Advanced Linkage Technologies of America. The most likely

explanation for missing deaths would appear to be incompleteness of files

provided by the state. There apparently was a problem with the 1988 file, and

possibly there were less severe problems with the files for 1987 and 1989.

Because we do not yet have death certificates for the newly ascertained

Equifax deaths (and thus do not have information on cause of death), it is not

possible to examine the effect of dose-response analyses of the addition of
the new deaths. However, because the number of deaths is so small, and

because none of the 12 newly ascertaned deaths had cumulative doses exceeding

100 mSv, it is highly unlikely that the addition of these deaths would have a

large impact on results. The deaths missed for Washington State for the

period 1987-89 could potentially have a larger impact on analyses that

included these deaths. However, results from these supplementary analyses

were not emphasized by Gilbert et al. (1993). It is also noted that even

without the Equifax deaths, most of the missed Washington State deaths would

probably have been identified by the NDI or SSAbefore cohort-based analyses

were conducted.

Equifax ascertainment was based on exact matches of SSNs on our files

with those on their death files. Thus, mismatches of information on name and

birth-date probably indicate that SSNs on either our files or Equifax's are

incorrect. If it is assumed that all mismatches result from incorrect SSNs on

our file, the number of such mismatches can be regarded as a very crude

estimate of the number of deaths that would be missed because of incorrect

' SSNs. The reasoning for this follows.

Let W indicate the number of Hanford workers who have unidentified

incorrect SSNs. Let the proportion of these workers that have died by the end

of 1986 for these Hanford workers be designated by PH, and let the comparable

proportion for the actual persons with these SSNs be designated by PA' If

Equifax ascertainme,t were perfect, the number of mismatched deaths identified

by Equifax would be PAx W. Thus, if PAwere known, W could be estimated by

the actual number of mismatched deaths, w, divided by P_. Amongthe W Hanford

workers with incorrect SSNs, PHx W will have died by the end of 1986, and

will be missed because of their incorrect SSNs this number could be estimated

by w x PH/PA"

4.2



A difficulty is that neither PHnor PAare known. However, if it is

assumed that PHis approximately equal to PA, then the number of missed deaths

can be estimated by w. The relationship of PAand PHcan be roughly evaluated

by comparing the birth-year distribution of the Hanford workers holding

incorrect SSNs (based on information on our files) to that of the persons who

• actually hold those SSNs (based on information provided by Equifax). The mean

year cf birth on our files was 1919.1, while that on the Equifax file was

• 1915.3. Because the group to whom the act,_al SSNs belong is slightly older

than the Hanford workers with these numbers, it can be expected that PAwill

be larger than PH, and thus w x PH/P_is likely to be smaller than w.

Other factors also make w a very crude estimate of the number of deaths

missed because of erroneous SSNs. Because Equifax's ascertainment is not

perfect, w should probably be increased; on the other hand, if some of the

mismatches result from incorrect SSNs on the Equifax files rather than ours, w

should be decreased. However, the fact that w0 the number of mismatches, is

fairly small (23) can be regarded as reassuring, and would seem to indicate

that the number of deaths missed because of incorrect SSNs is not large.
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5,0 CONCLUSIONSANDRECOMMENDATIONS

Deaths can fail to be ascertained for a number of reasons including the

use of incorrect SSNs, and incompleteness and inaccuracies of information on

death files providing the basis for mortality information. For example,

. deaths cannot enter the SSA system if no claim for benefits is filed. This

study provides limited information both on the number of deaths missed because

of incorrect SSNs and on the number of deaths missed because of other

problems. The study suggests that the number of deaths missed for either

reason was not large, but the confidence one can place in this conclusion is

limited by the fact that Equifax's ascertainment procedures are not perfect,

especially for the period before 1965.

This study identified a problem with Washington State deaths in 1988,

and indicates that it is important to take additional steps Lo insure that

files provided by the state are complete, One simple check would be to

compare the numbers of deaths by year, both for the state as a whole and for

those linked with Hanford workers. For example, the numbers of Washington

State deaths occurring in Hanford workers for the years 1986, 1987, 1988, and

1989 were respectively 191, 196, 158, and 192; the drop in 1988 could have

served to alert us to the possibility of a problem.

Certain other findings also need to be followed up. Certificates need

to be sought for' deaths newly ascertained by Equi fax, i ncl uding those
i

occurring beyond 1986 (which will be needed in future updated analyses). For

deaths we were previously aware of but had no certificates, and where Equifax

indicated a state that had not been indicated previously, attempts to obtain

the certificate from the state need to be made. For workers where SSNs were

• indicated as numbers that were never issued, or where deaths were found with

information on name and birth-date that did not match, efforts need to be made

to determine correct SSNs. If this is not possible, then consideration should

be given to dropping these workers from the study population included in

various statistical analyses.

With regard to future use of Equifax, their ascertainment methods would

identify about 98% of the deaths ascertained using current methods, and thus

probably should not be considered as a substitute for other methods. As a
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supplement to sources already in use, the number of additional deaths

identified was very small, and probably does not justify the cost. Even

though the cost per name submitted was very small, the cost of each newly

identified death was in the range of $200-$300 dollars. In addition to

Equifax fees, costs are also incurred for staff time spent in preparing files,

interacting with Equifax, and interpreting results. In a future submission, 4

the yield in deaths that would not be identified by other sources can be

expected to be even smaller (increasing the cost per death); based on the

current study, about a half a death per year might be expected.

The results of the phase 2 portion of this study indicate that if the

procedures used by Equifax in this phase were applied to all workers with

unknown vital status, about 90% of these workers would be confirmed to be

alive. Also, about 5% of the total study population would remain "lost to

follow-up" This more extensive follow-up does not seem to be a cost-

effective means of ascertaining new deaths, as few deaths were identified that

were not also identified in the much less costly phase I. A possible

advantage of the phase 2 type follow-up is that it would provide a means of

identifying workers who should perhaps have a portion of their person-years

removed from statistical analyses. However, it is not clear that it is fully

appropriate to remove workers in the "could not locate" group, when it is

possible that their deaths will eventually be identified. Overall, the large

costs of applying phase 2 methods to the entire cohort do not seem justified.
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APPENDIXA

PROTOCOLFORVITAL STATUSFOLLOW-UPSTUDY

Title: Evaluation of the Adequacy of Follow-up for Hanford-site Workers.

• Prepared by the Hanford Environmental Health Foundation (HEHF) and Pacific
Northwest Laboratory (PNL).

• Principal investigators Ellen Omohundro (HEHF) and Ethel S. Gilbert (PNL)

I. Specific Aims

The objectives of the study are I) to determine the adequacy of vital status
capture techniques and 2) to determine the impact that loss of vital status
information may have on results of analyses of data from the Hanford worker
study.

This study will be conducted by HEHFin collaboration with PNL. Methods
employed will identify persons whose vital status is unknown, obtain
additional vital status information, and determine the impact exclusion of
this information has on the Hanford Health and Mortality Study. This protocol
will be reviewed and approved by the Scientific Advisory Committee and
approval for the protection of human subjects will be acquired form the
Internal Review Boards of HEHFand PNL.

Professional tracking services will used to determine vital status for
selected groups for workers. Information has been collected indicating that
some workers are known by multiple names and social security numbers. The
study will fully utilize multiple personal identifiers. Because the Death
Certificate Retrieval Office at Oak Ridge Associated Universities is the
official coordinator for activities relating to death ascertainment and death
certificate procurement for DOEstudies, their involvement in retrieving death
certificates on additional deaths identified through professional tracking
services wi I l be requested.

PNL will assist HEHFin designing the study and in interpreting the results.
PNL has identified terminated workers who are not known to be dead, and has

• determined the distribution of such workers by current age, sex, length of
employment, cumulative dose, and other variables. This information has been
considered by PNL and HEHFin designing a study that can effectively estimate

, the proportion of deaths that have not been ascertained, and that can also
estimate the potential bias that incomplete ascertainment may introduce in
dose-response analyses, and in other analyses that are conducted. This study
design is described in Section IV of this protocol.
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II, Background

Frequently, the end points of retrospective and prospective cohort studies are
based upon mortality events, making accurate identification of vital status an
important methodological component. The Social Security Administration and
National Death Index (NDI) provide computerized sources of national mortality
information for epidemiological investigations. Researchers have reported
that up to 98 percent of deaths in defined cohorts submitted to NDI for which
vital status of all cohort memberswas known were correctly identified by NDI.
However, false positives may be high when social security numbers are not
known (I). Motor vehicle registrations, Veterans Administration, post
office, and union records have also been used as sources for vital status
information. Utilization of these resources in combination with the Social
Security Administration has been reported to result in the identification of
vital status information on 94 percent of a defined cohort (2),

Use of probability linkages with state death files has also proved to
successfully identify vital status of cohort members (3). This method employs
the use of probabilistic and deterministic decision criteria to establish
associations between study population and mortality or hospital record file
(3). An advantage of this technique for occupational cohort studies is that
it is not dependent on an exact match of social security number, but rather a
high probability match. There are instances where an individual's
occupational history identifies them by more than one social security numbers
or invalid social security numbers (4). This probability linkage technique
allows for the identification of death when a social security number in the
study file is different from the vital status file, but based on deterministic
decision criteria has a high probability of being an associated record (3).
Thus, additional death information on a cohort may be identified through
application of this technique that would not be identified if only an exact
match were considered.

Alternative methods involve identifying last known addresses from consumer
databases and identifying credit activities (application for insurance,
customer transaction, mortgage transaction, etc.) associated with that address
(2). Verification of last known address and vital status may be further made
through telephonic investigations (2). This process, although very
successful, is generally very time consuming and costly. Many cohort studies
may find it prohibitive on a large scale but useful for stratified subsets of
the cohort,
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Ill. Overview of the Hanford Health and Mortality Study

The study population, exposure data, vital status ascertainment and analysis
methods have been described elsewhere (5). Methods currently used to
ascertain vital status will be emphasized here.

Mortality ascertainment methods currentl.y used by the Hanford Health and
Mortality Study. With the assistance of Oak Ridge Associated Universities,

• death certificates of former Hanford-site employees are identified by
utilizing multiple data sources of death information.

• The Social Security Administration (SSA) has been utilized since 1965 by
submitting name, sex, race, birthdate and social security number of employees
who have terminated employment and who are not known to be dead. This
information is compared against earnings records. Workers who are receiving
benefits or paying into the SSA system are assumed to be alive. Workers not
assumed to be alive are then compared against SSA application, name change,
death, disability and beneficiary records. Date of death, and city and state
of where the claim was filed are supplied for those persons that match
information contained in these files. This comparison also identifies social
security numbers that do not match the SSA information (e.g., our files have a
different name compared to the SSA file) and numbers that have never been
issued.

The direct interface with SSA and death certificate procurement is performed
on Hanford data by the DCROunder a cooperative arrangement. The DCROis
managed by Center for Epidemiologic Research, Oak Ridge Associated
Universities. After employees are identified as dead by SSA, the DCRO
performs searches on deaths, locates and obtains death certificates, then
sends the death certificates to HEHF. DCROdoes not search for death
certificates where the death was identified as occurring in Washington or
California. Wehave established direct linkages with these two states as
described below.

In 1988, use of the SSAwas suspended until review of the system's use with
respect to confidentially assurance could be completed. Thus, DCROhas sought
alternative data sources for obtaining this information. Pension Benefits
Information (PBI), a for-profit company located in California, has been
utilized by DCROto obtain vital status information. This organization
compares names, social security number and date of birth files against U.S.
Department of Health, Education and Welfare, civil service, Railroad
Retirement, Department of Defense and State of California pension files.
Matches resulting form this linkage provide users with date and place of death
information. Comparisons of Hanford data against PBI files were performed by

' DCROin 1990.

The National Death Index (NDI) is a central, computerized index of death
record information complied from magnetic tapes submitted by state vital
statistic offices under contractual agreements to the National Center for
Health Statistics established in 1979. The data are used in searches to
identify and locate death records, The names of states where the deaths
occurred, dates of death, and tI_e corresponding death certificate numbers are
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provided to NDI users. The investigators utilizing this index must make
arrangements with independent states to obtain requested death certificates.
A list of employee information including name, social security number, date
and state of birth, state of residence, sex, age and martial status, is
submitted to the National Center for Health Statistics. The Center compares
the list with NDI information. The NDI search results are post-processed by
Advanced Linkage Technologies of America, Inc. using a statistical program
(REFINER) to reorganize the files. This program identifies matches that have
a high likelihood of being Hanford employees, The output is reviewed and
death certificates are requested from the appropriate states for those
verified as being Hanford workers.

About 50% of Hanford site employees die in the state of Washington and 10% in
California. Direct linkage with these states provides us with death
information in a more timely fashion than is capable of achieving through
national linkages. This technique involves comparing the employee rosters to
state death information, Statistical probabilities of a match are calculated
via the Refiner software designed by Advance Linkage Technologies of America,
Death certificates are then requested for those deaths that are verified as
being former Hanford site employees. To date, Hanford records have been
linked with Washington mortality records for the years 1968 through 1989 and
with California mortality records for the years 1960 through 1989.

Death certificates are sent to certified nosologists at the National Center
for Health Statistics (NCHS), and all medical conditions recorded on the
certificate are coded according to the Ninth Revision on the International
Classification of Diseases (ICD9). Coded certificates are then returned to
HEHFwhere the information is automated, and again sent to NCHS. NCHS
software is used to verify consistency of the codes and to assign underlying
cause of death. PNL translates ICD9 codes back to ICD8 for analysis.
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IV. Research Design and Methods

A. Size and description of population to be studied. Recent dose-response
analyses have included operations workers who were monitored for external
radiation and who were employed at least six months at the Hanford site,
Table I shows the distribution of these workers by their follow-up status at
the end of 1986. The category "known to be dead" includes workers identified
as dead prior to 1987. The category "known to be alive" includes workers

" with dosimetry data or employment records 1987 or later and also workers
identified as dead 1987 and later. Remaining workers are included in the
"vital status unknown" category; for past analyses it has been assumed that

• these latter workers were alive at the end of the follow-up period (end of
1986),

Separate distributions are shown for males and females and for those born
before and after 1935. Those born after 1935 would generally be under 50 at
the end of the follow-up period, and a relatively small proportion of these
workers have died, In dose-response analyses of all cancer, 98.3% of the
statistical information was contributed by the over 50 years of age segment of
the population: 97.8% was contributed by males in this age group, For this
reason, we propose restricting the more costly components of the follow-up
investigation to males born before 1935,

Table 2 shows the distribution of workers by the dose accumulated 10 years
prior to the end of the follow-up period, again separating males and females
and those born before and after 1935. Most dose-response analyses have been
based on doses that have been lagged for 10 years. It can be seen that most
workers with higher doses (> 100 mSv) were males born before 1935,

B. Ob,]ective of the study. The objective of the study is to determine the
impact that loss of vital status information may have on results of analyses
of data from the Hanford worker study.

C. Vital status ascertainment methods, Information has been collected
indicating that some workers are known by multiple names and social security
numbers. The study will fully utilize multiple personal identifiers, In
addition to vital status search efforts previously described, additional
search efforts will be made,

Services of private search organizations were investigated by HEHF. These
search organizations were requested to supply the sources of information that
are available to them and methods of how those data sources would be utilized.
The following factors were considered: I) capabilities to access numerous

. vital status resources beyond those methods currently employed by the Hanford
Health and Mortality Study; 2) procedures used to protect confidentiality of
information; 3) cost of search efforts; and 4) length of time required by
agency to perform such services. After consideration of available agencies,
Equifax Government and Special Systems was deemedmost appropriate.

The private search organization, Equifax, will compare all of the identifying
information on the 18,571 persons whose vital status remains unknown against
their death information files. The Equifax death file is composed of death
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information from the Social Security Administration, Fortune 500 companies,
Fortune 100 companies, Armed Forces, and federal, state and county agencies,
Date of death and state of death will be supplied for those cohort members
identified as dead through this process. Invalid social security numbers will
also be identified. The cost of this service is $0.185 per name thus the
cost of submitting all records will be $3,436. Assistance from the DCROwill
be requested to retrieve death certificates on additional deaths identified
through Equi fax.

In addition, a stratified random sample of persons for whom vital status still
could not be determined by other techniques will be identified by PNL.
Equifax will compare these persons against consumer credit databases, and thus
determine the last date these workers were known to be alive. Last known
addresses and activity ._ates associated with those addresses will be
identified. The cost of this service is $10.00 per name. Due to funding
constraints, we will be able to submit approximately 1600 names to be compared
against the consumer credit databases. Again, the primary purpose of this
process is to identify former workers who are alive. In the event that a
worker is identified as dead, the worker will be indicated as "deceased"
however, the place of death will not be indicated.

Wepropose restricting this second phase of the investigation to male workers
born before 1935 for the reasons noted above. The distribution of these
workers by cumulative dose 10 years before the end of follow-up and by follow-
up status is shown in Table 3. Wepropose randomly selecting 400 workers from
the 764 workers in the highest dose group (> 100 mSv), 400 workers from the
2,942 workers with cumulative doses 10-100 mSv, and 800 workers from the 4,747
workers with doses less than ]0 mSv.

D. Data analysis. Upon completion of the first submission to Equifax, new
deaths identified through this process will used to estimate the proportion of
deaths that were not ascertained previously for various subgroups of the
population defined by cumulative dose, birth cohort, calendar year period,
length of employment, socio-economic status, sex, and other variables.
Particular' emphasis will be put on examining the possibility that mortality
ascertainment is related to cumulative radiation dose. Wewill also conduct
dose-response analyses similar to those reported in Gilbert et. al. (1993) to
determine if the addition of new deaths modifies results in any important way.
Finally, we will evaluate whether the additional deaths identified through
this process warrant its routine use in the future.

The second submission to Equifax will allow us to classify the 1600 workers
(currently of unknown follow-up status) as dead (through information obtained
in the first submission), known to be alive (if their last date known to be
alive is 1987 or later), or still of unknown vital status (if their last date
known to be alive is 1986 or earlier), The proportions of workers with
unknown vital status will be estimated and compared for various subgroups,
with particular attention to potential differences related to cumulative dose,
Analyses addressing the correlation with dose will be adjusted for those
variables that have been considered in dose-response analyses. For those
workers who continue with unknown vital status, we will use the new last dates
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supplied by Equifax in combination with last dates of employment or dosimetry
at Hanford to evaluate the length of time that workers in various categories
have been lost to follow-up.

E. Data reDorting.

PNL and HEHFwill collaboratively prepare a final report that will discuss the
' benefits of additional search techniques and the impact loss of vital status

information has on the Hanford Health and Mortality Study.
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TABLE A.1, Distribution of monitored workers employed at least six months
at the Hanford site by follow-up status, sex, and whether born
before or after 1935.

Follow-up status

Knownto Knownto
Subgroup be dead be alive Unknown Total

Males born before 1935 5,691 2,332 8,453 16,476

Males born 1935 and later 142 3,467 4,609 8,218 .

Females born before 1935 587 492 2,797 3,876

Females born 1935 and later 43 1,342 2,712 4.097

Total 6,463 7,633 i8.571 32,667

TABLEA.2. Distribution of monitored workers employed at least six months
at the Hanford site by cumulative dose 10 years prior to the
end of follow-up, sex, and whether' born before or after 1935.

Cumulative dose

Subgroup 0-10 mSv 10-99 mSv 100+ mSv Total

Males born before 1935 9,471 5,485 1,523 16,47b

Males born 1935 and later 6,713 1,326 179 8,218

Females born before 1935 3,289 527 60 3,876

Females born 1935 and later 3,993 104 0 4,097

Total 23,466 7,_39 1,762 32,667
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TABLEA.3. Distribution of male monitored workers employed at least six
months at the Hanford site and born before 1935 by cumulative
dose 10 years prior to the end of follow-up, and follow-up status.

Cumulative dose

Follow-up status 0-10 mSv 10-99 mSv 100+ mSv Total

' Known to be dead 3,947 1,440 304 5,691

Known to be alive 777 1,100 455 2,332
!

Unknown 4,747 2,942 764 8,453

Total 9,471 5,482 1,523 16,476
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