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ORIGINAL ARTICLE

Obtaining vital status and cause of death on a million persons

Michael T. Mummaa, Sarah S. Cohenb, Jennifer L. Sirkoa, Elizabeth D. Ellisc and John D. Boice, Jr.d,e

aInternational Epidemiology Institute, Rockville, MD, USA; bEpidStat Institute, Ann Arbor, MI, USA; cCenter for Epidemiologic Research, Oak
Ridge Associated Universities, Oak Ridge, TN, USA; dNational Council on Radiation Protection and Measurements, Bethesda, MD, USA;
eDepartment of Medicine, Division of Epidemiology, Vanderbilt Epidemiology Center, Vanderbilt-Ingram Cancer Center, Vanderbilt University
Medical Center, Nashville, TN, USA

ABSTRACT
Purpose: To present the methodology used to determine vital status and obtain cause of death
(COD) within the Million Person Study of Low-Dose Health Effects (MPS). Data sources and vital status
tracing techniques used to obtain vital status and COD for six (n¼ 424,238 subjects) of the �20þ
cohorts under study are described.
Methods and materials: A multistage approach using multiple sources of vital status information was
used to determine vital status (or ‘trace’) study participants from as early as 1940 to the present.
Mortality records from state departments of vital statistics and the Social Security Administration
Death Master File (SSA-DMF) were matched to study participants by Social Security Number (SSN), full
name, date of birth (DOB), and/or sex using deterministic and probabilistic algorithms. The National
Death Index (NDI) and SSA Service for Epidemiological Researchers (SSA-SER) were used to obtain
COD (after 1978) and verification of alive status, respectively. Online public records and ancestry serv-
ices, death certificates, and specialized mortality sources were also utilized.
Results: For the MPS cohorts traced to date (nuclear power plant workers, industrial radiographers,
atomic veterans, and workers at Rocketdyne/Atomics International, Mound nuclear facility, and
Mallinckrodt Chemical Works), vital status was confirmed for over 90% of all study subjects in all but
one cohort (88%). The ascertainment of COD was over 96% for all cohorts.
Conclusions: A hallmark of a high-quality epidemiologic cohort mortality study is a low percentage of
subjects with unknown vital status and a low percentage of deaths without a COD. The sources and
methods used for vital status tracing and COD determination for the MPS have been successful and
should be useful for other investigators tracing large, historic study populations. Some of the
approaches would be applicable for use in all cohort studies using regional-specific mortality data or
modifications to the approach.
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Introduction

In 2005, Buchanich et al. published a two-stage approach to
vital status ascertainment, where stage 1 was submission of
the study population to the Social Security Administration
Service to Epidemiological Researchers (SSA-SER) and stage 2
was submission to the National Death Index (NDI). This
approach was developed to obtain vital status in a cost-
effective manner given the discovery of the incompleteness
of the Social Security Administration Death Master File (SSA-
DMF). Since then the incompleteness of the SSA-DMF has
increased substantially, particularly since the passage of
legislation in 2011 restricting the release of death records
provided to the SSA from states.

The tracing process developed for the Million Person
Study of Low-Dose Health Effects (MPS) expands upon the
Buchanich et al. (2005) approach to efficiently obtain vital
status for numerous study populations over nearly 80 years,
and the methodology is detailed in this manuscript. Briefly,
before going to SSA-SER, the MPS population was matched

to a collection of in-house mortality data which included the
Social Security Administration Death Master File (SSA-DMF)
and mortality files assembled from 33 states. This matching
is done using both custom algorithms developed by MPS
collaborators with SAS software (SAS Institute Inc., Cary, NC)
and the Centers for Disease Control and Prevention LinkPlus
program, which does not require exact matches on all varia-
bles (Campbell et al. 2008). Unmatched participants are then
submitted to the SSA-SER which may provide additional
dates of death, but more importantly can provide a verifica-
tion of alive status. At this stage, study participants known
to have died in 1979 or later with cause of death (COD) still
unknown or where vital status remains unknown are sent to
NDI (which began in 1979). If study follow-up starts before
1979, an additional stage to obtain COD for deaths before
1979 must be completed (if COD was not already obtained
from state mortality files). In the MPS, death certificates were
obtained from a database of scanned death certificates, state
departments of health, or online resources (e.g.
Ancestry.com). During this multi-stage and iterative process,
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information from public record data providers are incorpo-
rated to confirm and/or correct key identifying information
vital for successful matching and to validate a ‘presumed
alive’ status for the small percentage of participants not veri-
fied as alive or deceased. Further details of the approach
developed for the MPS are described in the Methods section.

Methods

Mortality data files

For over 40 years, MPS investigators have been assembling
and consolidating mortality records, including over 57 million
death records from 33 state departments of health and/or
vital statistics (SDOH). Files from 21 of these 33 states con-
tained causes of death, and 20 contained date of death only
(8 states provided both over different time periods). The avail-
ability, years of coverage, cost and permissions required to
obtain these files have varied widely among the states, with
some states providing death information as early as the
1940s. The data items included in the files also vary. Most
contain name, Social Security Number (SSN), sex, and date of
birth (DOB), while some state files provide additional informa-
tion useful in epidemiological investigations such as race and
contributing causes of death. In addition, MPS investigators
have obtained the SSA Death Master File (SSA DMF), contain-
ing over 86 million death records (https://www.ssdmf.com).
Jones and Vawdrey (2015) provide an excellent description of
the SSA DMF, its limitations, and how mortality data are col-
lected in the United States. MPS investigators combined the
state mortality files and SSA DMF into a single integrated mor-
tality database (IMD) to facilitate the matching process.

Department of energy death certificates

In addition to the IMD, a collection of over 80,000 death cer-
tificates (DC) for workers employed at facilities in a
Department of Energy (DOE) complex (or its predecessor)
have been retrieved from SDOH and from Benefits Offices at
the DOE facilities. Most of these DCs are for deaths that
occurred prior to 1979. States in which DOE facilities were
located, states surrounding those of employment, and states
where workers were likely to retire were systematically tar-
geted for obtaining DC. Standard algorithms were used to
verify that the identifying and demographic data for the
worker matched that information on the DC. Death certifi-
cates were scanned into electronic format (PDF) and indexed
by name and/or SSN.

Governmental vital status services

Social security administration service to epidemiological
researchers (SSA-SER)
The Social Security Act directs the SSA to provide epidemio-
logical researchers information on whether study subjects
are shown on SSA records to be alive or deceased (https://
www.ssa.gov/policy/about/epidemiology.html) (Social Security
Administration 2018). Requests to link cohort data to the SSA-

SER must be approved through an application process and the
study must be judged to ‘contribute to a national health inter-
est’. After approval is granted, SSN, full name, fullDOB, and sex
of study participants are submitted for linkage.

The return file from SSA-SER places participants into one
of three categories: dead, alive, or unknown. Death matches
include a date of death and may also provide the state
where a SSA benefit claim was filed or state of residence at
death. Alive matches indicate the individual is living based
on SSA program records such as Internal Revenue System,
Medicare, or other benefits data. Unknown status indicates
SSA has no record of death, insufficient data to presume the
subject is alive, or there is missing or incorrect matching
information. In addition, like the SSA DMF, the SSA-SER does
not provide information on deaths that were provided from
some states. Instead, participants where SSA was provided
death information from certain states are categorized as
‘unknown’ vital status. This increasing proportion of
‘unknown’ vital status places additional importance on sub-
sequent steps to completely ascertain vital status.

National death index
The NDI (https://www.cdc.gov/nchs/data/factsheets/factsheet_
ndi.htm) is a centralized database of death record information
compiled from state vital statistics offices and established as a
resource to aid epidemiologists and other health and medical
investigators with mortality ascertainment (Patterson and
Bilgrad 1986). The NDI Plus service provides underlying and
contributing causes of death coded according to the
International Classification of Diseases (ICD) edition in place at
the time of death (National Center for Health Statistics 2018).
The NDI is an excellent source for identifying deaths occurring
within the United States (Cowper et al. 2002). However, it is
only available for deaths occurring in 1979 or later and,
depending on the characteristics of the population under
study, its completeness ranges between about 90–100%
(Acquavella et al. 1986; Boyle and Decoufl�e 1990). Thus, mul-
tiple sources are important for complete ascertainment of
deaths even after 1978 (Curb et al. 1985; Schall et al. 2001;
Wojcik et al. 2010). The NDI can also be cost-prohibitive
(Hermansen et al. 2009), particularly when COD is needed in
addition to fact of death. Linking data to the NDI also starts
with an application process. Once approved, records are sent
to NDI in two groups: known deaths (searching NDI for COD
only) and unknown deaths (searching NDI for both fact and
COD). The cost for searches varies based on whether the
death is known or unknown and the number of years
searched. To reduce searching fees, particularly for large
cohorts, it is helpful to determine the last date the participant
was known to be alive and to search NDI only after this date.
For occupational studies such as MPS, this is often the date of
last employment or last occupational exposure monitoring.
NDI returns linkages with a score indicating the quality of the
match. We utilize an approach similar to Fillenbaum et al.
(2009) where matches on SSN, last name, and one additional
unique field (e.g. DOB or middle name) are accepted as
matches without further review. The remaining NDI-provided
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matches are evaluated on a case-by-case basis which can be
time consuming.

Special sources
For certain occupational groups, special data sources were
available to counter challenges in tracing and the lesser mor-
tality coverage prior to 1979. For example, for military per-
sonnel who participated in weapons testing between 1945
and 1962, the Department of Veterans Affairs Beneficiary
Identification Records Locator Service (BIRLS) allowed link-
ages based on the military ID number, particularly helpful as
SSN was often not available or widely utilized in these early
years (Page et al. 1996; Boyko et al. 2000; Maynard and
Chapko 2004).

Vital status tracing process
The flowchart in Figure 1 shows a generalized, multistage
approach to the MPS tracing process. The first stage is to
link study participants to the combined state mortality and
SSDMF mortality files (i.e. the IMD). The first match is con-
ducted using customized SAS software code to obtain
‘perfect’ or highly likely matches. For example, a match on
SSN, first and last name, gender, and DOB would be

considered a perfect match. A match on SSN, last name, and
one additional piece of information such as DOB or middle
name or gender, would be considered as highly likely match.
A second match is then conducted using the Centers for
Disease Control and Prevention LinkPlus probabilistic match-
ing program (CDC 2018). This freely available software is use-
ful for obtaining matches using a probabilistic scoring
system developed by Fellegi and Sunter (1969). Important
features of LinkPlus include the ability to link by names
phonetically (including nicknames), transposition of digits in
SSN, and by individual components of date fields (e.g. month
of birth).

During this process, it is not unusual to discover errors
within or missing key demographic variables, particularly the
SSN. Online resources exist which provide qualified entities
with access to public records (such as tax assessments, driv-
ers licenses, etc.). The service we utilized most frequently
was LexisNexisVR SmartlinxVR comprehensive person report. By
manually searching these records for participants with known
errors in identifying data, errors can be corrected and
matches can be improved. Vital status may also be obtained
this way, as some states provide mortality information
through these online resources. However, as this is a time-
intensive, manual process, this is only performed after bulk,
programmatic tracing options have been exhausted. General

Figure 1. Generalized process to obtain vital status and cause of death utilized in the Million Person Study.
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web searches for publicly available vital status information,
like obituaries, can also be helpful (Sesso et al. 2000).

Corrections or additions to records (either in the partici-
pant records or in the IMD record) are entered into dedi-
cated corrections databases. Additional series of matches
against the IMD, or submissions to SSA-SER and/or NDI incor-
porating these corrections are then conducted as needed.

After the matching to the IMD, vital status tracing is
considered complete for participants with a matched death
date and COD. Remaining participants fall into two groups:
(1) Date of death is known but no COD was identified or
(2) No vital status determination at all. Those with a date
of death available and year of death in 1979 or later are
sent to NDI Plus to obtain underlying and contributing
causes of death coded to the applicable revision of the
ICD. Those with no vital status determination are then
sent to SSA-SER to obtain a date of death or verification
of alive status, or remain vital status unknown. After the
SSA-SER results identify the group of participants with a
date of death, those records with death dates 1979 and
later are also sent to NDI Plus to obtain causes of death.
For those participants verified by SSA-SER as alive after
this stage, tracing is complete.

The remaining pool of participants is now those with no
match or unknown vital status from the initial linkage to the
IMD and the linkage to SSA-SER. This group of workers is
sent to NDI Plus for annual searches, beginning with the
year last known to be alive or 1979, whichever is later, to
obtain both fact and COD.

At this stage, all participants not matched to the IMD, the
SSA-SER, or NDI Plus are presumed to be alive. Either a sam-
ple or all participants presumed alive (depending on the size
of the study population) are individually searched using the
LexisNexisVR SmartlinxVR comprehensive person report. Using
alternate methods of searching is often needed when key
pieces of identifying information are missing or incorrect. If
public records indicate recent activity (e.g. a home sale), and
no indication of death is found, it provides additional valid-
ation that the participant is alive. If additional data is found
(e.g. an alternate name), data fields need corrections, or a
date death is provided, these are entered into the correc-
tions databases.

Obtaining cause of death before 1979
Deaths identified prior to 1979 are particularly challenging
because the NDI does not include deaths prior to this time.
As such, a death certificate must be obtained for all deaths
prior to 1979, and the COD must be coded to the ICD revi-
sion at the time of death by a trained nosologist. Figure 2
shows the approach MPS investigators used to search for
death certificates. The DOE death certificates database was
first searched to determine whether a scan of the death cer-
tificate is already on hand. Since over 30% of the MPS covers
DOE workers, this unique resource is of special value. If a
death certificate is not found within the DOE resource,
Ancestry.com, which currently has death certificates from 18
states and Puerto Rico, is searched.

Figure 2. Generalized process to obtain death certificates utilized in the Million Person Study.
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Obtaining approval from SDOH to obtain death certifi-
cates can be cost-prohibitive for a number of states, as some
states charge based on the number of searches rather than
the number of death certificates found and provided.
Therefore, a targeted approach was used. The state of death
or SSA benefit (if known) is searched first. Next, the state of
the facility where the subject was last employed is searched.
If a death certificate is obtained, it is then provided to a
trained nosologist for coding of the underlying COD and all
contributory causes, using the ICD revision in place at the
time of death.

Results

Table 1 shows the proportion of subjects successfully traced
for vital status in six separate cohorts to date (nuclear power
plant workers, industrial radiographers, atomic veterans and
workers at Rocketdyne/Atomics International, Mound nuclear
facility, and Mallinckrodt chemical works) and one cohort
(Los Alamos National Laboratory (LANL workers) in progress.
The LANL ‘work in progress’ indicates the challenges faced
to achieve a high location rate after the initial location
efforts are made. Within the MPS there are other cohorts in
similar stages of tracing, such as the medical radiation work-
ers (n¼ 170,000). In the cohorts described in Table 1, the
COD ascertainment has been over 96% and verification of
vital status has been over 90% of subjects in all but the
Industrial Radiographers Cohort, related in part to incom-
plete identifying information.

Discussion

Other investigators have used a multistage approach for
vital status ascertainment in large occupational cohort mor-
tality studies (Buchanich et al. 2005; Hermansen et al. 2009;
Wojcik et al. 2010) . We enhanced these approaches in two
ways. First, we conducted matches using a collection of
state mortality files assembled in-house using both deter-
ministic and probabilistic algorithms. Second, we utilized
online service providers such as LexisNexisVR SmartlinxVR

comprehensive person report to access public records to
correct and/or confirm key demographic variables used in

the linkage process. Using an iterative approach with mul-
tiple passes allowed us to incorporate changes and correc-
tions to participant records and to increase the change of
obtaining a correct match. In addition, DOE death certifi-
cates were extremely valuable to the MPS for obtaining
pre-1979 causes of death among facility workers who
started working as early as the 1940s.

The completeness of mortality records from the SSA (both
in the DMF and SER) varies greatly by age and year of death.
Incompleteness may be as high as 40% in recent years (Jones
and Vawdrey 2015). However, the SSA data contains the only
national source of death information prior to 1979. Therefore,
SSA data are very helpful in identifying these early deaths and
often provide sufficient information to identify the state of
death, from which a death certificate might be requested
(Schnorr and Steenland 1997). In the future, investigators may
need to rely more heavily on NDI searches, which provide
very high-quality matches but can be cost-prohibitive.

While multiple mortality data sources with probabilistic
matching algorithms (and manual review) are available to
determine fact of death, only one national source (SSA-SER),
which uses very strict matching criteria, is currently available
to verify alive status. A participant record with common
errors such as an alternate, maiden name, or nickname, mis-
spelled last name, a transposed digit within the SSN, or miss-
ing month and/or day of birth will likely be probabilistically
matched to a SDOH or NDI Plus death record if the partici-
pant has died. Because the SSA-SER requires near exact
match among SSN, name, and DOB, the participant would
not be verified as alive. Therefore, study populations with
higher quality or more complete matching variables will
have a higher percentage of verified vital status.

The tracing approach presented here for the MPS had the
first stage as matching to in-house mortality sources and the
second stage as submission to SSA-SER. However, these stages
could have been reversed, like Buchanich et al. (2005). Any
participants confirmed as alive from SSA-SER could be
removed from the tracing process. This approach would
reduce the probability of incorrect death matches, and per-
haps allow looser matching criteria. Likewise, every mortality
resource described herein may not be as useful for cohorts
from a different study base. Investigators with occupational
cohorts from a single facility might consider obtaining

Table 1. Summary of vital status tracing activities for selected Million Person Study cohorts.

Study
Total

population
Cohort start
of follow-up

Vital status year
of last follow-up

Death
count

Deaths
(% of cohort)

COD
count

COD (%
of deaths)

Confirmed vital
status (count)

Confirmed vital
status (%)

Atomic veterans (Boice
et al.2018, 2019c)

114,270 1945 2010 75,402 66.0 72,803 96.6 110,608 96.8

Nuclear utility workers (Boice
et al.2018, 2019a)

145,209 1968/1977 2011 31,952 22.0 31,436 98.4 135,270 93.2

Industrial radiographers (Boice
et al.2018, 2019b)

125,867 1968/1977 2011 22,012 17.5 21,598 98.1 110,860 88.1

Mound (Boice et al.2014) 7269 1944 2009 3681 50.6 3629 98.6 6761 93.0
Rocketdyne (Boice et al.2011) 5801 1948 2008 2383 41.1 2372 99.5 5405 93.2
Mallinckrodt chemical works

(Golden et al.2019)
2514 1942 2012 1895 75.4 1879 99.2 2493 99.2

Los Alamos National
Laboratory (LANL)a

23,308 1943 2016þ 11,105 47.6a 6656 59.9a 18,582 79.7a

aThe tracing process for LANL is an example of a work in progress. The values reported here reflect the status to date.
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mortality files from one or surrounding states. The utilization
of multiple, overlapping sources of mortality information,
extensive data cleaning, and identification of specifically tar-
geted resources able to supplement national databases, should
assist any study in obtaining as complete mortality follow-up
as possible.

Conclusion

The purpose of this article is to generally describe the com-
prehensive tracing efforts to locate and obtain COD for one
million U.S. radiation workers and veterans, which has been
ongoing for decades and involves over 20 different cohorts,
some of which requiring specialized approaches.
Nonetheless, we hope that some of the approaches
described might be applicable to all cohorts, large or small,
since the goals of achieving a high follow-up rate are the
same, but may require cohort-specific modifications.
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