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Purpose: Creation of a genealogy of the United States and its ances-
tral populations is under way. When complete, this US genealogy
will be record linked to the National Veteran’s Health Administration
medical data representing more than 8 million US veterans.

Methods: Genealogical data are gathered from public sources,
primarily the Internet. Record linking using data from relatives is
accomplished to integrate multiple data sources and then to link
genealogical data to the veteran’s demographic data.

Results: This resource currently includes genealogy for more than
22 million individuals representing the Intermountain West and
the East Coast. The demographic data for more than 40,000 veteran

INTRODUCTION

The Utah Population Database and the deCode Genetics
Icelandic genealogy are well-recognized resources that combine
genealogic data with phenotypic data for defined populations
(ref.1; http://www.decode.com/research). These two resources
have proven extremely valuable in understanding the genetic
contribution to complex phenotypes*'® and in predisposi-
tion gene identification."”"* The Veterans Genealogy Project
reported here proposes extension of this general concept by
creation of a genealogy/biomedical resource for the United
States and its immigrant founders. The extensive Veterans
Administration (VA) electronic medical record system, consist-
ing of medical data for more than 8 million of the national VA
population of retired servicemen and -women who choose to
use this medical service, will be record linked to this genealogy.

The VA genealogy project began in 2010, and this resource is
still under construction. The resource currently includes more
than 22 million individuals in a genealogy that largely repre-
sents Utah, Massachusetts, and their surrounding states. The
demographic data for patients using VA facilities in either Utah
or Massachusetts have been record linked to this VA geneal-
ogy for 41,290 VA patients. This initial VA biomedical resource
consisting of two states is already a powerful and informative
database; it allows study of the familial/genetic clustering of
phenotypes represented within the genealogy data (e.g., longev-
ity) and phenotypes represented in the medical data that relate
more significantly to the VA population (e.g., posttraumatic
stress syndrome). It is the largest such resource in the world and

patients using Veterans Hospital Administration services in Utah and
Massachusetts have already been record linked.

Conclusion: The resource is only in its second year of creation and
already represents the largest such combination of genealogy and
medical data in the world. The data sources, the creation of the gene-
alogy, record-linking methods and results, proposed genetic analyses,
and future directions are discussed.
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will become more informative as new genealogy data for other
states are added and more VA patients linked. Here we describe
the resource, how it is being created, how it can be used to
enhance knowledge of the genetic contribution to health, and
future directions.

MATERIALS AND METHODS

US genealogy data
The data used to build the US genealogy have been harvested
from publicly available sources on the Internet. Because geneal-
ogy is a popular hobby, many websites contain genealogy data.
We selected Utah and Massachusetts to begin to build this first
phase of the US genealogy because a large amount of genealogy
data is available for these two states. This is primarily due to the
interest of members of the Church of Jesus Christ of the Latter-
Day Saints (Mormons or LDS) in genealogy research, as well
as the interest of individuals in the United States to trace their
lineage back to pioneers on the Mayflower. We identified and
collected data from genealogy sites that contain information in
standard formats. We have collected more than 70,000 geneal-
ogy data sources; sources with events in Utah, Massachusetts,
or surrounding states have been integrated here. Such publi-
cally available genealogy data can represent thousands of indi-
viduals in a family and are typically created over many decades
or centuries, with families building and sharing genealogy data.

The Veterans Genealogy Project is in its third year of creation.
The first year was spent building the database using sources
for Utah genealogy. A number of these sources contained life
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events for Massachusetts. Extensive searches for Massachusetts
genealogy sources have just begun, and these are not yet well
represented in the genealogy. The expansion of Massachusetts
data, followed by other US states, is ongoing.

Typically, genealogy data sources represent one of two sce-
narios: a summary of all the ancestors of an individual or a
summary of all the descendants of an individual. To create a
genealogy, these different data sources must be curated and
combined. Multiple genealogy sources may reference the same
individuals, sometimes with different data (e.g., number of
spouses or children, or with variations in names). A more com-
plete picture of an individual can be established by finding, and
combining, information for this same individual from different
sources. The resulting combined records are called composite
records. The result of record linking to produce a genealogy is
a set of composite individuals. When combining information
from multiple genealogy sources, the record-linking system
attempts to answer the question “Do these two records repre-
sent the same individual?” The methods used to best answer
this question are discussed below.

Record linking

Both creation of the US genealogy and combining the VA patient
demographic data with this genealogy are record-linking tasks.
The record-linking system GenMergeDB (http://www.pleiades-
software.com), which has been developed and tested on mul-
tiple genealogic resources over the past three decades, was used
to build this resource. The details of the methodology are pro-
vided below.

Scoring links

GenMergeDB is based on probabilistic record linking.'*!” Using
this method, two records are compared for common fields
(names, dates, and places); if the fields match, a positive score is
assigned to that field; if the fields do not match, a negative score
is assigned to that field. The scores associated with the outcome
of each field comparison are summed, and if the result is over
a threshold, the two records are considered matched. The score
or weight associated with each matched field is computed using
the frequency of the field value in the data sets being linked,
so that commonly observed values are discounted and rarely
observed values have enhanced value:

Wiaa =log, (p/a;)

where p is the population size and a, is the absolute frequency of
the value 7 in the population.

In record linking, the fields with the most discriminating
power are names. In historical data, there are many reasons why
names might differ in different data sources. There are record-
ing errors, transcription errors, and actual name variations and
changes (e.g., anglicizing names when immigrating or name
changes at marriage). To match only records with exact name
matches would eliminate many good links. Much of the work in
record linking focuses on string-matching algorithms, allowing
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inexact matching. GenMergeDB implements several string
comparison algorithms that allow partial matches on strings
when the changes are phonetic (e.g., Albertson, Albertsen) or
caused by transcription errors (e.g., Thompson, Tjompson).
Three algorithms used in GenMergeDB are the Utah Phonetic
Transducer (V. Wesley, unpublished data) NYIIS,"® and the
Jaro-Winkler String comparator.’ Names are compared using
all methods, and the best score is used. Differences in dates and
places also exist in historical data, and similarly, positive scores
can be assigned to dates and places that do not match exactly.

Building the genealogy

The record-linking process for genealogy construction consists
of three steps. In step 1, all the records are binned using some
criteria (e.g., a coded value for the last and first names). Then,
each record in a bin is compared with every other record in that
bin, and pairs that score over a threshold are added to a set of
clusters. The next two steps are unique to the GenMergeDB
record-linking system. These steps allow linking of low-infor-
mation relatives by focusing on small family-level linking prob-
lems. Step 2 uses the initial set of clustered records to revisit fam-
ily members. During this pass, it is possible to link two records
together that have extreme variations or little information based
on matching data for relatives. Step 3 is similar but focuses on
linked individuals whose parents did not match. Pairs of records
in this category may actually have different mothers and fathers,
indicating a problem with the pedigree, but can also be the result
of large name or date variations. By using just the records for the
parents, it is possible to apply much different scoring thresholds
than are used in the previous two steps. This use of family data
to augment the individual score allows confident matches to be
made even for low-scoring individuals.

The resulting genealogy contains records composited from
all sources. Because of the overlap in individuals across sources,
this genealogy is largely interconnected and contains deep ped-
igrees, some extending back more than 15 generations from the
present. Because published genealogy data are based largely on
extensive family research of historical records, there is a high
expectation of good-quality data; however, unacknowledged
consanguinity, misattributed paternity, or the inclusion of
“social” rather than “biological” relationships may be included.
Such genealogical errors are expected to be infrequent, and we
assume they are represented randomly across the resource.

Validity of the genealogy is verified in the following ways:

1. Comparison of key family information between original
sources and the final linked genealogy. Aggregate demo-
graphic information is created for the set of pedigrees
before linking. This information is monitored during
the linking process to ensure linking criteria and cutoft
thresholds remain correct.® Comparing the number of
spouses per marriage, number of children per sibship,
average time span from birth of youngest child to birth
of oldest child, age difference of spouses at marriage,
and other measures in the final linked genealogy to the
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Figure 1 Frequency of birth year (dark gray) and estimated birth year (light gray) in the US genealogy (frequency on the left). Frequency of the
birth year for linked veterans is shown as the black line with the frequency shown on the right.

original data sources provides insight into the quality
of the linking. For example, when there is overlinking,
families become too large, with too many spouses and
too many children.

2. Comparison of key historical pedigrees to other sources.
There are a number of well-researched and published
genealogies for historical figures that are available for
comparison; manual and automatic “difference” checking
between pedigrees is used.

3. Inaddition to detail-level checking, analysis of the entire
database using average coefficient of kinship, inbreed-
ing, and relatedness mirror the numbers published for
the Utah Population Database,” a similar Utah-based
genealogy.

GenMergeDB has been used for other projects??* involv-
ing genealogy creation and linking to external data. A detailed
analysis of the results of a GenMergeDB record-linking project,
in which a large “truth set” was available, determined that the
precision of the record linking was 98-99% and the recall was
70-80%.** Our focus is on creating good-quality links, so the
records in the genealogy are somewhat underlinked. The prob-
lems associated with using a genealogy that is missing records,
or is underlinked, have been addressed in ref. 3.

VA patient data

More than 1.3 million VA patients’ demographic records are
available for veterans who used the VA facilities in or near Utah
and Massachusetts since 1985. This VA patient population was
linked to the current US genealogy data. The result of linking is
a list of VA patient identifiers and their corresponding geneal-
ogy identifiers. Record linking of VA patient demographic data
to the genealogy is performed behind the VA firewall by VA
personnel and all VA data and identifiers remain behind this
firewall. The VA patient records and genealogy records stay
separate and no information from the VA records is added to
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the genealogy. Outside the firewall only the genealogy identifier
is used. All access to health data was approved by the institu-
tional review board as well as an oversight committee for the
VA data resource.

Pedigree analysis

With a resource that combines genealogy data with patient data,
it is straightforward to identify clusters (or pedigrees) including
related VA patients with a specific phenotype of interest (e.g., all
patients diagnosed with prostate cancer). Using well-developed
and published methods, we can identify those phenotypes that
are observed to occur in relatives more than expected.”

We can test the hypothesis of “no excess relatedness” for a
phenotype of interest by estimating the average relatedness of
all possible pairs of VA patients diagnosed with the phenotype
and comparing it with the expected relatedness of randomly
selected, matched VA patients. We can also estimate the rela-
tive risk for a specific phenotype among the close and distant
relatives of cases, using phenotype rates estimated within the
VA patient set. In addition, we can identify high-risk pedigrees.
A high-risk pedigree is defined as the set of all descendants of
an individual among whom there is a statistically significant
excess of the phenotype of interest based on disease rates in
the VA resource. We propose using these analyses to consider
disease- (e.g., posttraumatic stress disorder) and health-related
(e.g., longevity or body mass index) phenotypes included in the
genealogy or medical data.

RESULTS

Genealogy

The record linking of these genealogy sources has resulted
in a resource with 22.5 million linked individuals. The cur-
rent genealogy includes more than 3.5 million people with an
explicit birth date after 1900 and more than 6.9 million people
with an estimated birth year after 1900. A large percentage of
publicly available genealogy data does not include a birth year
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Table 1 Total Veterans Administration (VA) patients and
linked VA patients by facility and state

CANNON-ALBRIGHT et a/| US genealogy and medical data repository

Table 2 Example counts of VA patients with genealogy
data, by ICD-9 coding

Total No. of linked

Massachusetts area facilities patients Linked Percentage ICD-9 code Disease definition VA patients
(402) Togus, ME 119,242 1,809 1.5 401.9 Essential hypertension 17,544
(405) White River Junction, VT 74,687 1,088 1.5 272.4 Hyperlipidemia 15,633
(518) Bedford, MA 58,142 486 0.8 530.81 Esophageal reflux 9,785
(523) Boston HCS (Boston) 281,801 2,473 0.9 250.00 Diabetes mellitus without complication 7,807
(608) Manchester, NH 67,565 750 1.1 724.2 Lumbago 7,983
(631) Northampton, MA 49,474 490 1.0 278.00 Obesity 6,141
(650) Providence, RI 101,128 793 0.8 366.16 Senile nuclear sclerosis (cataract) 5,440
(689) Connecticut HCS (Westhaven) 215,449 1,482 0.7 780.57 Sleep apnea 4,394
Total Massachusetts 967,488 9,371 1.0 389.11 Sensory hearing loss 4,291
Utah area facilities ICD, International Classification of Disease; VA, Veterans Administration.
(436) Montana HCS (Fort Harrison, MT) 95,243 2,459 2.6
(442) Cheyenne, WY 63,705 1,475 2.3
(575) Grand Junction, CO 39,052 1,124 29 time period. Figure 1 shows the frequency of individuals by
(660) Salt Lake City HCS 186,561 25861  13.9 birth year (dark gray) and estimated birth year (light gray). The
(Salt Lake City, UT) genealogy population peaks at birth years near 1900 and then
(666) Sheridan, WY 6,239 00028 declines; the frequency distribution of the linked VA patients
Total Utah/intermountain states 420,860 31919 76 is shown in a black line and peaks at ~1920. This illustrates the
Overall VA total 1,388,348 41,290 3.0 lower availability of precise birth year for currently living indi-

viduals and for historical populations and the overlap of the VA
1,000,000 and genealogy populations.

100,000 VA patients
To date, we have linked 41,290 (3%) of 1.3 million available VA
10,000 patients to an individual in the US genealogy. Most of the linked

1,000

100

1 T T T T -+ T i
1860 1880 1890 1920 1940 1960 1980 2000 2020

— Male—all  sseeee Male—linked

= = Female—all = + Female—linked

Figure 2 Frequency of the set of 1.4 million veterans available for
record linking as compared with the 41,290 veterans who linked to
the genealogy by sex and birth year.

due to lack of data for historical populations and also to censor-
ing of birth dates for living populations. The estimated birth
year is computed for those individuals without an explicit birth
year, based on birth, death, and marriage dates of relatives. For
example, the birth year of a parent is assumed to be 20 years
before the birth year of a child. This gives a rough estimate of the
birth year that helps to prevent errors in record linking caused
by linking individuals who could not have lived in the same
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patients are male (87%). Overall, we linked 3.3% of the males
(40,385), but only 0.5% of the females (905). This is probably due
to surname changes that affect women but not men; women are
often listed in patient data with their married name but in gene-
alogy data with their maiden name. Table 1 lists the facilities
and the total number of patients from VA facilities in Utah and
Massachusetts, and shows the number and percentage linked.
As expected, even though there are twice as many patients in the
Massachusetts area facilities as in the Utah facilities, we linked
records in Utah at a higher rate (7.6%) than in Massachusetts
(1.0%); this is probably because Utah has been our primary
focus for genealogy data collection to date. We observed very
similar sex and birth year distributions for the 41,290 linked vet-
erans and the 1.4 million total veteran’s records available to be
linked (Figure 2).

The fields available for record linking include name, birth
date, death date, sex, and mother’s name. GenMergeDB uses a
single threshold score that is initially estimated by the system
using the discriminating power and frequencies of the differ-
ent field values. After an initial run, the links close to the cutoff
are checked manually to verify that the links are valid. This cut-
off score is changed to a higher value if suspect links are found.

Relationship information (for the patient’s mother) is treated
differently than a value for a name or date. The matching is
handled by the family scoring. The VA patient record con-
tained a mother’s name two-thirds of the time. This is often

Volume 15 | Number 7 | July 2013 | GENETICS in MEDICINE
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Figure 3 Example patient pedigrees. (a) Pedigree 1: Massachusetts Veterans Hospital Administration (VHA) patient pedigree. The founder of pedigree 1
was born in ~1500 and has 163,337 descendants in the US genealogy, including 11 Massachusetts area veterans (filled squares). (b) Pedigree 2: Utah VHA
patient pedigree. The founder of pedigree 2 was born in England in ~1700 and has 1,295 descendants in the US genealogy, including 12 Utah area veterans

(filled squares).

only the mother’s maiden name (94% of the mothers); some
records have the first name and maiden name. The records for
mothers are considered sparsely populated as they have only
the name fields and usually only the last name. Even so, this
additional name is important in increasing linking scores if the
mother’s name matches, or decreasing linking scores, if not. In
the presence of a matching mother’s name, we will be able to
link individuals with relatively low scores based only on their
demographic information.

VA phenotype data
Only the demographic data for VA patients are used to record
link patients to the US genealogy; phenotype data are not stored
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with demographic information. To demonstrate the range of
diagnosis data available, we have initially used the International
Classification of Disease (ICD) Revision 9 diagnosis codes to
assign phenotypes to patients. We counted patients by diagno-
sis (using the presence of a single ICD-9 code for phenotype)
to get an idea of representation. Among the linked VA patients,
there were 273 different phenotypes (that we associated with
a single ICD-9 code, e.g., diabetes = ICD-9 250.00) that were
diagnosed in 1,000 or more patients. Some examples of such
disease phenotypes with the largest sample sizes are shown
in Table 2. Analysis of any specific phenotype could integrate
other ICD-9 codes and other stored medical data (e.g., medica-
tions or laboratory tests) to more accurately identify individuals
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with a phenotype of interest; such phenotype assignments
will be made in collaboration with the VA Informatics and
Computing Infrastructure project, also located in the George
E. Wahlen Department of Veterans Affairs Medical Center in
Utah. VA Informatics and Computing Infrastructure is focused
on providing researchers access to integrated national VA
data sets as well as tools for analysis of VA data. The project
utilizes data elements such as ICD and Current Procedural
Terminology codes, demographics, and concepts in text docu-
ments and includes methods such as natural language process-
ing to assist with appropriate assignment of health-related phe-
notypes within VA patient data.

Pedigree analysis

We do not present any analyses for specific phenotypes in
this initial report. We have identified all clusters of related VA
patients from the Utah and Massachusetts facilities in which all
descendants of a cluster have a single common ancestor (also
termed a pedigree). Thousands of such “US service” pedigrees
with at least three related linked patients have been identified;
1,223 clusters of size 3; 932 clusters of size 4; 615 clusters of size
5; 1,734 clusters of size 6-10; and 6 clusters of size 200 or larger.
Because the entire population of linked VA patients was used to
identify these clusters, it is not possible to appropriately use the
analysis techniques described to determine whether these pedi-
grees represent evidence for a heritable contribution (rather than
representing, for example, behavioral clustering) to “service in
the US Armed Forces,” although such an effect is possible, if not
likely. Figure 3 shows two medium-sized example “US service”
pedigrees; the pedigrees have been trimmed to reduce their size.
These pedigrees represent the sort of pedigrees we will analyze
to test for a genetic contribution to health-related phenotypes.

DISCUSSION

We have begun creation of a US genealogy linked to the popu-
lation of US veterans receiving medical care from the Veterans
Hospital Administration. Creation of the genealogy does not
require any identification of VA patients and their medical data
outside the VA system. We will use this combined biomedical
resource to study the genetics of multiple health-related pheno-
types, including phenotypes of specific significance to the VA
population that cannot easily be studied in any other popula-
tion (e.g., posttraumatic stress disorder).

As seen in Figure 3, the pedigrees identified in this resource
may be many generations deep, but will only include affected
individuals identified in the years for which data are available.
For phenotypes identified in the VA medical data (e.g., pros-
tate cancer), this may be limited to a few generations; for phe-
notypes identified in the genealogy data (e.g., longevity) many
more generations will have informative data. The largely hori-
zontal familial aggregation represented for most of the medi-
cally derived phenotypes we will analyze is the strength of this
resource for genetic research. It is the distant relationships that
will be informative for evidence of familial clustering (excess
distant relatedness being more likely for a genetic contribution).
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This resource will be most valuable for studies of shared genetic
effects. In potential future family studies, the distant relation-
ships would be most informative to identify regions of chromo-
somal sharing.

As the genealogy increases in size and extends to other states,
pedigrees will increase in both size and in the genetic distance
between cases, and will be linked into larger related units,
thereby increasing the power for genetic studies. Integration
of other data, including geographical locations and environ-
mental exposures, will extend the types of research that can be
accomplished to epidemiologic and gene/environment studies.
In contrast to the other large genealogy/medical data resource
in the United States (the Utah Population Database), we hope
to eventually integrate the information contained in the VA
resource into clinical care. This could initially be based on, for
instance, disease-risk estimates and screening recommenda-
tions derived from individual-family history for specific dis-
eases. Although the Utah Population Database has been used
to estimate family history-specific risks,? the protections that
make genetic research with the database possible also prohibit
its direct clinical use.

Analysis of familial clustering of some disease phenotypes is
under way; we have limited the presentation of results to the iden-
tification of multiple extended pedigrees representing US veter-
ans served by the VA. These “US service” pedigrees are interest-
ing in that they represent families in which participation in one
or more branches of service or one or more US wars has included
members related across multiple generations in multiple different
lineages. These service pedigrees are both wide and deep. Such
pedigrees may represent random (expected) familial clustering,
given the rates of service and participation in VA medical care
in the United States. Regardless, it is clear that there are extended
military families with multiple members receiving care through
the Veterans Hospital Administration. In the future, this resource
could be used with respect to clinical decisions related to the util-
ity of genetic testing. With appropriate permissions in place,
results of tests for one veteran might be informative in directing
the care of other veterans within the VA population.

The VA genealogy/biomedical resource does have some limi-
tations. Genealogy data quality depends on the care and atten-
tion with which it was curated (although typically the process
of building a genealogy is to uncover true relationships). The
genealogy data used in this resource were limited to those that
are publically available; often the living members of families are
censored. Relationships between individuals who are not identi-
fied by record linking are censored. Similarly, health-related phe-
notype data would be censored by failure to identify VA patients
in the genealogy data. VA patient data only exist from 1985 to the
present; all previous health data are censored, as are any pheno-
type data for patients seen in different health-care facilities.

Assignment of phenotypes for VA patients in this resource
will only be as good as the VA medical data allow; limitations in
precise assignment of phenotype from existing medical data are
recognized. Parallel efforts in Utah within the VA Informatics
and Computing Infrastructure program are focused on such

Volume 15 | Number 7 | July 2013 | GENETICS in MEDICINE



US genealogy and medical data repository | CANNON-ALBRIGHT et a/

phenotype assignment using as much data as possible?” and will
be integrated into the analysis of this resource.

The record-linking rate for VA patients using the Utah or
Massachusetts VA facilities in this second year of the project
was low, 3% overall, but this will increase as genealogy data
are added. Even this low linking percentage has provided us
with tens of thousands of VA patients with both medical data
and genealogy data. Many factors contributed to the linking
rate, including incomplete genealogy data, especially for the
most recent birth cohorts; lack of data items in the VA patient
demographic data that aid record linking; and the recent birth
year constitution of much of the VA patient population. As the
resource continues to grow, we will expand the genealogy data
and record-linking rates will improve. There are few risk factors
for diseases that would be expected to affect record-linking suc-
cess; therefore, the set of linked records can be assumed to rep-
resent the VA population in an unbiased, if incomplete, fashion.

This current Veterans Genealogy Project already represents
the largest resource of its type in the world and includes only
two US states. With the large geographical range, extensive
ethnic/racial variation represented in the VA population and
in the US genealogy, and the range of environmental expo-
sures represented in the VA population, this resource has the
potential for unsurpassed opportunities for genetic studies. To
enhance its utility for risk prediction, we propose that future
expansions of this VA resource allow individuals to add to
their own genealogy data as well as personal health history
(with appropriately limited access and use).

The recent initiation of the VA Million Veterans Program,
which has begun sampling DNA for all veterans using the VA
medical system, will soon result in the largest genetic biore-
pository in the world. Combination of the VA Million Veterans
Program biorepository (supplemented with recent genealogy
data for the veterans sampled) with the VA genealogy/biomedi-
cal resource described here would provide incredible potential
to identify and understand both common and rare genetic vari-
ants and their association with health-related phenotypes.
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