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Abstract

It has been over 5 years since the last special issue of Twin Research and Human Genetics on ‘Twin Registries Worldwide: An Important
Resource for Scientific Research’ was published. Much progress has been made in the broad field of twin research since that time, and
the current special issue is a follow-up to update the scientific community about twin registries around the globe. The present article builds
upon our 2013 Registry description by summarizing current information on the Washington State Twin Registry (WSTR), including history
and constructionmethods, member characteristics, available data, andmajor research goals.We also provide a section with brief summaries of
recently completed studies and discuss the future research directions of the WSTR. The Registry has grown in terms of size and scope since
2013; highlights include recruitment of youth pairs under 18 years of age, extensive geocoding work to develop environmental exposures that
can be linked to survey and administrative health data such as death records, and expansion of a biobank with specimens collected for
genotyping, DNA methylation, and microbiome based-studies.
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The special issue of Twin Research and Human Genetics on ‘Twin
Registries Worldwide: An Important Resource for Scientific
Research’ was published in 2013. The current special issue is a
follow-up to update the scientific community about twin registries
around the globe. This article builds upon our previous Registry
updates (Afari et al., 2006; Strachan et al., 2013) and summarizes
current information on the Washington State Twin Registry
(WSTR), including history and construction methods, member
characteristics, available data, and major research goals. We also
provide a section with brief summaries of recently completed
studies and discuss the future research directions of the WSTR.

Registry History and Construction

TheWSTR (formerly theUniversity ofWashington Twin Registry)
began recruiting twin pairs in 2002. The WSTR is a collaboration
betweenWashington State University (WSU) and the University of
Washington (UW), representing a unique research resource for the
state and nation. Twins are identified by the Washington State
Department of Licensing (DOL). We receive a list of potential
twins from the DOL on a weekly basis, governed by a data sharing
agreement between state agencies inWashington. Until September
2018, driver license and identification card numbers were assigned
by using an individual’s name and date of birth. Because twins
often have the same initials and same date of birth, the DOL asked
all applicants if they were a twin to avoid issuing duplicate license
numbers. In September 2018, the DOL changed the process for
assigning numbers so that it is no longer based on name and

date of birth, but the twin question is still asked to prevent identity
fraud.

To date, there are 9,145 complete adult twin pairs enrolled in
the WSTR. The WSTR sends potential participants an enrollment
survey, and twins are enrolled when surveys have been received
from both members. A longer in-depth survey is sent every 2 to
3 years to collect follow-up data. Twin pairs are periodically
contacted to participate in new primary data collection studies.

Approximately 18% of the names that we receive from the DOL
are for twins between the ages of 15 and 18. These adolescent twins
are in the DOL database because in Washington State, persons are
eligible to apply for a driver learning permit at age 15, and a driver
license at 16. About 1% of the names that we receive from the DOL
are for twins younger than 15, and these younger twins are in the
DOL database because a parent or guardian requested a state-
issued identification card. After seeing that we had a sizeable num-
ber of juvenile twins in the DOL database, we updated our proce-
dures in 2013 to begin recruiting twins under the age of 18. We
created two age groups for the recruitment of juvenile twins based
on discussions with the local Institutional Review Board, 0–12 and
13–17, with different procedures for each. For twins 12 years old
and younger, a survey for both twins is sent to the parent or guard-
ian. Individuals are assumed to be twin pairs if they share the same
birthday, last name, and address. The survey asks about twin
similarity and demographics as reported by the parent, basic dem-
ographic information about the parent completing the form, and
contact information. For twins between the ages of 13 and 17, a
heads-up letter is sent to the parent introducing the WSTR and
providing information for opting out if they do not want to give
permission for their children to join (the consent process). This
is followed by an invitation to the twins with a brief survey that
asks about twin similarity, demographics, and contact information.
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To date, there are 523 juvenile twin pairs in theWSTR.When juve-
nile twins turn 18, we send them an enrollment survey to join as an
adult member of the WSTR, as described previously.

The names that we receive each week from the DOL are stored
in a secure database, and on a quarterly basis we assemble amailing
list of approximately 500 individual adults (index twins) to invite to
join the Registry. We have found that a mailing list of approxi-
mately 500 twins is a feasible number based on financial and logis-
tical constraints. Since 2015, we have worked with theWashington
State University Social and Economic Sciences Research Center
(SESRC) to conduct recruitment mailings, which includes printing
all materials, assembly of invitation packets, mailing of packets,
and entering data from returned surveys. Once the mailing to
the index twin has been completed, a second mailing is sent to
the co-twins of index twins if the co-twin was not in the DOLmail-
ing list. Once we receive surveys from both twins, they are enrolled
as a pair in the WSTR.

Most of the Registry consists of individuals identified by the
DOL. However, since launching our website and Facebook page
in 2013, we have been contacted more regularly by individuals
(e.g., twins who heard or read about us, parents of twins who were

interested in having their children participate) who are interested
in joining the Registry but have not been identified as a twin by the
DOL. We modified our procedures in 2013 to allow volunteers to
enroll in the registry. Volunteers are sent an invitation to enroll via
email and complete the online version of our enrollment survey.
Adult volunteers represent 1% of all adult twins enrolled, and com-
pared to twins identified by the DOL, these twins are older and
more likely to be identical. Juvenile twins (and their parents)
who volunteer to join the WSTR represent 87% of all pairs under
the age of 18 that have enrolled in the Registry.

Registry Characteristics

Selected demographic characteristics of WSTR members are sum-
marized in Table 1 for adults and Table 2 for juveniles. Generally,
adult members are middle-aged (39.3 ± 18.4 yrs.), non-Hispanic
White (90.6%), and well-educated (42% have a bachelor’s degree
or higher). One limitation of the WSTR is the low percentage of
racially or ethnically diverse twin pairs; however, this is a well-
documented concern in genetic-based research more generally
(Hindorff et al., 2018; Sirugo et al., 2019). We examined historical

Table 1. Demographic characteristics of adult members of the Washington State Twin Registry

All MZ MM DZ MM MZ FF DZ FF DZ MF

Pair N (completed enrollment survey) 9145 1727 825 3123 1478 1992

Age at enrollment: Mean (SD) 39.3 (18.4) 38.3 (18.5) 41.0 (19.4) 37.9 (17.3) 41.2 (18.4) 40.4 (19.1)

Pair Active N (current contact information) 8392 1578 719 2942 1347 1806

Current age active members: Mean (SD) 47.4 (16.5) 46.5 (16.7) 49.0 (17.2) 46.2 (15.7) 49.1 (16.4) 48.2 (17.0)

DNA-confirmed zygosity (pair N) 793 179 77 366 132 39

Hispanic/Latino (%) 3.7 3.3 3.6 4.6 2.9 3.4

Race (%)

American Indian/Alaska Native 0.6 0.3 0.1 1.0 0.5 0.7

Black 2.0 2.1 2.4 1.9 1.9 2.2

Native Hawaiian/Pacific Islander 0.4 0.4 0.2 0.6 0.3 0.1

Asian 2.5 3.9 1.6 3.3 1.7 1.3

White 90.6 89.6 92.7 88.2 92.3 92.9

Other 1.4 1.4 1.0 1.8 1.3 0.8

More than 1 race 2.5 2.4 1.9 3.2 2.0 2.1

Marital status at time of survey (%)

Single 38.3 44.3 41.1 36.5 32.3 39.4

Married 43.4 42.8 44.0 43.5 45.5 41.9

Widowed 2.4 1.1 1.2 2.8 3.8 2.2

Divorced 7.9 5.2 7.0 8.4 9.7 8.6

Separated 1.2 1.0 1.3 1.2 1.5 1.1

Living with partner 6.7 5.6 5.4 7.5 7.1 6.7

Education completed at time of survey (%)

Less than high school 4.5 5.8 6.4 3.6 3.3 5.0

High school or GED 18.9 19.0 20.1 18.4 18.8 19.2

Some college 25.4 23.0 23.3 25.6 26.6 27.0

Associate’s or vocational degree 8.8 7.7 7.6 9.9 9.7 7.8

Bachelor’s degree or higher 42.4 44.4 42.6 42.5 41.7 40.9

Note: MZ = monozygotic, DZ = dizygotic, MM = same-sex male, FF = same-sex female, MF = opposite sex.
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birth records for Washington State (National Center for Health
Statistics, 2018; United States Department of Health & Human
Services et al., 2018) to compare the race and ethnicity of our
members to twins born in the state between 1971 and 2017. We
found that up to ~1985, roughly 90% of twin births in
Washington were classified as White. Since then, the percentage
of twin births classified asWhite has been steadily decreasing, with
increases in other ethnic and racial groups, primarily Hispanic or
Latino. This change can be seen in the demographics of our
juvenile members; 8.7% are classified as Hispanic or Latino (com-
pared to 3.7% for adults), and roughly 18% reported a race other
than White alone.

Because of our construction methods (i.e., each adult member
would have to have lived inWA at some point and obtained a driv-
er’s license or renewal), the WSTR is largely Washington State
based, with approximately 68% of all participants still residing
in the state. However, twins live in every county throughout the
state, representing a broad mix of urbanized and rural areas, in
50 U.S. states and the District of Columbia, and in 41 international
countries. Thus, the Registry has diversity with respect to geo-
graphical and socio-cultural representation.

Survey Data

A summary of all past and current surveys, measurement domains,
and totalN for each is summarized in Table 3. All twins joining the
WSTR complete an Enrollment Survey that collects information
about health history, lifestyle behaviors, and demographics.
Every 2 to 3 years, we send a follow-up Health and Wellbeing
Questionnaire to collect additional in-depth information on the
same topics. The surveys currently in use can be viewed on the
WSTR webpage at the following url: https://wstwinregistry.org/
for-researchers/available-data/.

Biospecimen Repository and Zygosity Determination

Twin pairs participating in additional WSTR studies (e.g., in-
person or mail-out studies) may be asked to provide biological
samples such as saliva, blood, and/or buccal cells, many of which
can be later processed for DNAdepending on themethod by which

they were collected (see Table 4 for a summary of the WSTR
biospecimen repository).

Processed DNA can be used to determine whether twin pairs
aremonozygotic (MZ) or dizygotic (DZ). TheWSTR has used both
the AmpFlSTR® Identifiler® Plus PCR Amplification Kit and the
PowerPlex® 16 HS System to determine zygosity by DNA. The
two methods are nearly identical (Hannelius et al., 2007; Yang
et al., 2006). To date, 545 pairs have been classified as MZ and
209 same-sex pairs as DZ by DNA (8% of WSTR members overall
have DNA-based zygosity).

Obtaining DNA-based zygosity results for the entire registry
would be cost-prohibitive, thus we have used various self-report
methods over the years. In 2019 we created a unit-weighted pair
zygosity sum score (PZS) to classify same-sex twins as identical
or fraternal based on their enrollment survey responses, using
same-sex twin pairs with DNA-based zygosity as the reference.
TheWSTR Enrollment Survey includes five questions about child-
hood similarity. The PZS was computed by summing the scores of
the five similarity questions for each twin. The PZS ranges from
0 to 10 if there is no missing data, and is rescaled if there is missing
data. Same-sex twin pairs with a PZS less than 4.8 are classified as
DZ twins, and those with a PZS greater than 4.8 are classified as
MZ twins. Classification accuracy is 92% overall (when compared
to the reference), with 94% for true MZ and 88% for true DZ twins.
All opposite-sex twin pairs are assigned as DZ.

Environmental Exposures

Since 2008, we have geocoded each twin’s street address at the time
of survey completion to create a set of environmental exposures
(see bottom of Table 3) that can be linked to survey data. This work
remains an important focus of our ongoing research. For example,
we demonstrated that neighborhood walkability showed a quasi-
causal association with neighborhood walking and moderate to
vigorous physical activity, but not with BMI (Duncan et al.,
2015), and that the suppression of genetic risk for high BMI by
neighborhood walkability was mediated by physical activity
(Horn et al., 2015). We also found that objectively measured walk-
ing was related to neighborhood walkability, after controlling for
sex, age, BMI, and household income (Hwang et al., 2016).

Table 2. Demographic characteristics of juvenile members of the Washington State Twin Registry

All MZ MM DZ MM MZ FF DZ FF DZ MF

Total pair N 523 114 80 153 69 107

Age of twins at survey 4.3 (3.6) 4.1 (3.2) 3.7 (3.3) 4.6 (4.1) 4.6 (3.6) 4.3 (3.6)

Hispanic/Latino (%) 8.7 12.3 10.0 8.0 4.3 7.5

Race

American Indian/Alaska Native 0.6 1.8 0.0 0.7 0.0 0.0

Black 0.8 0.0 0.0 1.3 1.4 1.0

Native Hawaiian/Pacific Islander 0.8 1.8 0.0 0.7 0.0 0.9

Asian 0.8 0.9 0.0 0.7 1.4 0.9

White 82.0 80.7 83.8 81.0 79.7 85.0

Other 2.3 2.6 2.5 2.6 2.9 0.9

More than 1 race 12.8 12.3 13.8 13.1 14.5 11.2

Age of mother at birth 32.3 (5.2) 31.8 (5.6) 33.9 (4.9) 30.6 (4.8) 33.6 (4.3) 33.1 (5.5)

Note: MZ = monozygotic, DZ = dizygotic, MM = same-sex male, FF = same-sex female, MF = opposite sex.
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Recent studies using survey data and geocoded environmental
exposures found that greater access to green space was associated
with fewer depressive symptoms (Cohen-Cline et al., 2015), neigh-
borhood deprivation was associated with shorter sleep duration

(Watson et al., 2016) and higher levels of hazardous drinking
(Rhew et al., 2018). Additional studies demonstrated that individual
and neighborhood level measures of socioeconomic status (SES)
moderate genetic and environmental influences on BMI (Dinescu

Table 3. Survey measures and environmental measures available by survey type for adult twins in the Washington State Twin Registry

Enrollment
(2002)

Enrollment
(2008)

Enrollment
(2016)

Health and Wellbeing
(2010)

Health and Wellbeing
(2013)

Survey N (unique individual) 5724 12172 394 9142 4659

Survey measures

Twin similarity X X X – –

Twin demographics X X X X X

Self-reported height and weight X X X X X

Eating habits – X X X X

Physical activity X X X X X

Sleeping habits X X X X X

Medical history X X X X X

Pain and fatigue X X X X X

Perceived stress – – X X X

Depression – X X X X

Coping – X X X X

Trauma and PTSD X X X X X

Smoking and drinking X X X X X

Employment – – X – X

Military service – – – – X

Personality – – – X X

Caregiving – – – X X

General Health – – – X X

Environmental measures

Walkability – X X X X

Urban/rural classification – X X X X

Normalized difference vegetation index
(NDVI)

– X X X X

Sprawl Index – X X X X

Area Deprivation (Singh) Index – X X X X

Table 4. Biological samples currently available in the Washington State Twin Registry

Sample type Unique twin pairs MZ MM DZ MM MZ FF DZ FF DZ MF

Buccal brushes 372 76 52 139 77 28

DNA from Oragene saliva 3777 722 297 1397 650 711

DNA from whole blood 391 107 60 117 74 33

Plasma 291 60 48 179 111 10

Serum 449 106 61 160 87 35

Saliva swabs for cortisol 435 91 58 167 86 33

Urine 298 59 41 116 72 10

Frozen whole blood 110 5 2 67 31 5

RNA from whole blood 199 53 40 53 53 0
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et al., 2016), increased levels of neighborhood deprivationwere asso-
ciated with greater genetic risk for depressive symptoms (Strachan
et al., 2017), and neighborhood walkability moderates the associa-
tion between low back pain and physical activity (Zadro et al., 2017).
A complete list of all Registry publications can be found here:
https://wstwinregistry.org/for-researchers/publications/.

Registry Goals

The Registry was initially established to attract diverse research
interests. The enrollment survey contains a wide range of topics
including socio-demographics, twin similarity, and a number of
physical and mental health measures culled from validated scales
and subscales. Although this remains an important feature of the
WSTR, over the last decade a major focus of our work has been to
establish a longitudinal cohort to conduct co-twin control studies
that enable the detection of environmental effects on health while
reducing the structural confounding and biases inherent in study-
ing unrelated individuals who have not been randomly assigned to
different environments (Moffitt, 2005; Oakes, 2004, 2006), as
would happen in a randomized controlled trial. In this framework,
twins are used as quasi-experimental controls for shared genetic
and environmental effect confounds that cannot be held constant
via random assignment (Turkheimer, 2008; Turkheimer &
Harden, 2014). This work is further described in a forthcoming
Cohort Profile in the International Journal of Epidemiology
(Duncan et al., in press). In our research, we use the twin design
to identify potentially causal associations among environmental
exposures, lifestyle behaviors, and a broad array of physical and
mental health outcomes as described by us previously (Duncan
et al., 2014) and in our forthcoming Cohort Profile.

Summary of Recent Primary Data Collection Studies

In addition to archival survey data, biospecimens, and environ-
mental exposures available to researchers, another important fea-
ture of the WSTR is our ability to contact twin pairs of interest to
participate in new primary data collection studies on a variety of
topics. Below we briefly summarize recent select studies. By nature
of the size and scope of in person studies, they are typically funded
by extramural grants; descriptions of grant funded studies can be
found here: https://wstwinregistry.org/for-researchers/grants/).

Validation and Application of Portable Particulate Device in
the UW Twin Registry

This study seeks to understand how the environment influences
human health by measuring exposure to air-pollution (PM2.5) in
real-time using a portable particle monitor that was built and
refined using the design-feedback iterative cycle (Duncan et al.,
2018). Identical twins living in Washington State collect data at
home for two weeks after a brief in-person visit to collect vital mea-
sures (e.g., blood pressure), lung function (e.g., FEV1), and biologi-
cal samples. The at-home portion involves wearing an activity
monitor (accelerometer) and GPS monitor to measure location
and activity, as well as the portable particle monitor to measure
environmental air pollution exposures. This study is ongoing
and is funded by the National Institute of Environmental Health
Sciences of the National Institutes of Health (NIH).

TWIN Study of Environment, Lifestyle Behaviors, and Health

The goal of this project is to determine how the built environment
in which individuals live, work, and play on a daily basis influences

lifestyle behaviors and health. Identical twin pairs (N= 144) first
participated in this study from 2012–2015, wearing an activity
monitor (accelerometer) and a GPS monitor to measure physical
activity and location for two weeks. During the follow-up phase of
the study, we contacted 128 out of the original 144 pairs to collect
data for one week at home, and 60% of participants agreed to par-
ticipate. We very recently completed data collection on 70 repeat
pairs, and data analyses for both the initial and follow-up portions
of the study are ongoing. This study is funded by the National
Institute of Aging of the NIH.

Epigenetic Determinants of Major Depression: A Monozygotic
Discordant Twin Study

The objective of this study is to identify functional epigenetic deter-
minants for major depressive disorder. The central hypothesis is
that aberrant DNA methylation and resulting alterations in gene
expression are associated with major depressive disorder. The
study design and rationale was recently published (Strachan
et al., 2018), and a manuscript representing the results of the pri-
mary aim is forthcoming. This study is funded by the National
Institute of Mental Health of the NIH.

Gene Expression and the Microbiome in Twins

The goal of this study is to generate data on epigenetic and gut
microbiota alterations associated with obesity in BMI discordant
same-sex twin pairs. Twin pairs discordant for BMI (one twin nor-
mal weight and the other obese according to BMI standards) pro-
vided a stool sample, buccal brush sample, and completed three
questionnaires. A total of 22 twin pairs were enrolled (7MZ female,
5 DZ female, 5 MZ male, 5 DZ male) with an average within-pair
BMI difference of 11.1. Data collection has been completed on all
pairs and the specimens are now being analyzed. This study was
supported by an institutional grant from Washington State
University Office of Research (Nutritional Genomics and Smart
Foods for Optimal Nutrition and Health in Diverse Populations).

Limitations and Future Research Directions

As noted previously, a major goal for the WSTR is to improve rep-
resentation of diverse ethnic and racial groups, a current limitation
of the Registry. Improvingminority representationwill likely require
using different methods for different groups (Yancey et al., 2006),
such as using birth certificates, clinics or schools, and developing
surveys in Spanish, in addition to in-person outreach, phone call fol-
low-up, and the use of incentives. These potential ways of improving
minority recruitment will be explored, contingent on funding.

An emerging research direction for the Registry relates to
healthy aging. The State of Washington provides a file of all deaths
that occurred within the state during a given year. These files are
used to update the Registry and remove individuals who are
deceased. In addition to name and date of birth, records include
the residence address at time of death, date of death, and primary
cause of death using ICD-10 classification. We will use this infor-
mation to elucidate how lifestyle behaviors and environmental
exposures are associated with twin deaths, especially among twins
who are discordant for age at death and cause of death.We will also
adopt a life-course approach to determine trajectories of aging as
we broaden our sample to include twins in early life.

A related emerging research direction is to increase the number
of juvenile pairs in the Registry to conduct new primary data col-
lections of studies in youth — for example, life-course based
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studies as described above— as well as studies on genetic and envi-
ronmental influences on youth lifestyle behaviors, academic out-
comes, and disease prevention. Since 2007, approximately 2,700
twins have been born each year inWashington State. We thus have
the potential to add a substantial number of new twins each year to
the Registry, both through the DOL and by contacting new parents
of twins identified by birth records, a recruitment mechanism we
will explore in the coming year. Use of this information requires
approval from the Washington State Department of Health and
the Washington State Institutional Review Board. More outreach,
such as in-person events around the state and near WSU’s distrib-
uted campuses, will allow us to address this goal.

Finally, we are very interested in genotyping the entire WSTR.
Not only will this allow us to have DNA-based zygosity determi-
nation on all participants, but it will also allow us to expand our
current environmental based work to examine genetic and epige-
netic causes of disease as well as gene-by-environment interactions.
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