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Abstract

The National Academy of Sciences-National Research Council (NAS-NRC) Twin Registry is one
of the oldest, national population based-twin registries in the United States. It comprises 15,924
white male twin pairs born in the years 1917-1927, both of whom served in the armed forces,
chiefly during World War Il. This article updates activities in this registry since the most recent
report in 7win Research and Human Genetics (Page, 2006). Records-based data include
information from enlistment charts and Veterans Administration data linkages. There have been
three major epidemiologic questionnaires and an education and earnings survey. Separate data
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collection efforts with the NAS-NRC registry include the National Heart, Lung, and Blood
Institute (NHLBI) subsample, the Duke Twins Study of Memory in Aging, and a clinically-based
study of Parkinson’s disease. Progress has been made on consolidating the various data holdings
of the NAS-NRC Twin Registry. Data that had been available through the National Academy of
Sciences are now freely available through National Archive of Computerized Data on Aging
(NACDA).

The National Academy of Sciences-National Research Council (NAS-NRC) Twin Registry
is a comprehensive registry of White male twin pairs born in the United States (US) between
1917 and 1927, both of the twins having served in the military, largely in World War 11
(WWII). The registry was created by the Medical Follow-Up Agency (MFUA), established
shortly after WWII in response to a request by the US military to the National Academy of
Sciences. MFUA personnel, led by Dr. Michael DeBakey, launched the registry in 1958-59
through obtaining birth certificates for White male multiple births from the years 1917-1927
from all states except Arizona, Connecticut, Delaware, Georgia, Maine, Missouri, Utah,
Vermont, and the city of New Orleans, thus representing 93% of the US population at that
time. Personnel matched birth certificates against Veterans Administration (VA) files to
determine veteran status. These efforts led to identifying 15,924 pairs, or 31,848 individuals.
These 31,848 individual twins constitute the NAS-NRC Twin Registry (Jablon et al., 1967).

As has been described in prior reports in this journal (Page, 2002, 2006), starting in 1965,
the men were mailed a brief questionnaire (Q1) requesting their enrollment in the study and
including questions to determine zygosity, with a baseline epidemiological assessment (Q2)
mailed after the man replied to Q1. During this period, data were also abstracted for the
entire registry from hard-copy military records, including branch, rank, dates of entry and
separation, information from the induction physical, and--for a very small subsample-- either
Army General Classification or Armed Forces Qualification Test scores. Three subsequent
surveys gathered data via mailed questionnaire: a 1974 questionnaire (Q3) focused on
education and earnings (Behrman et al., 1980) and epidemiological questionnaires in 1985
(Q7) and 1998 (Q8) that repeated and expanded on health questions in Q2. Questionnaire
data were supplemented with medical records and disability data from the VA beginning
with the years during which the man served and continuing through 1985, with the latest
death update in 2012. A 2015 list of publications using NAS-NRC Twin Registry data
includes 377 entries.

A number of separate data collection efforts engaged twins in the NAS-NRC Twin Registry
from its beginnings. In 1969-72, funded by the National Heart, Lung, and Blood Institute
(NHLBI), 514 twin pairs from the registry were recruited for clinical examination by virtue
of living near Indianapolis IN, Framingham MA, or San Francisco, Davis, or Los Angeles
CA. These pairs, called the NHLBI Twin Study (Feinleib et al., 1977), participated in up to
six assessments, the most recent in 2002-03. Because the evaluations were in-person, they
included cognitive testing, blood samples, and three waves of structural neuroimaging.

The Duke Twins Study sample, described by Plassman et al. (2006), comprised all NAS-
NRC Registry twin pairs in which both twins were determined to be alive and residing in the
US in 1989. For this purpose, Duke University investigators devoted considerable time to

Twin Res Hum Genet. Author manuscript; available in PMC 2020 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gatz et al.

Page 3

locating twins and updating contact information and vital statistics. There were four waves
of data collection, each wave entailing multiple steps: The Telephone Interview for
Cognitive Status, modified for epidemiological studies (TICS-m; Plassman et al., 1994)
screened for cognitive impairment, with a proxy interview for those who could not complete
a telephone interview. At each assessment wave, for individuals scoring below a cutoff on
either TICS-m or the proxy interview, an informant was interviewed with the Dementia
Questionnaire (DQ; Kawas et al., 1994) to determine whether to proceed to an in-person
dementia evaluation. In-person assessments entailed comprehensive clinical evaluations,
with the assembled information used to assign a consensus diagnosis as demented,
cognitively impaired not demented, or cognitively normal; to apply standard criteria for
Alzheimer’s disease (AD; McKhann et al., 1984) and other types of dementia; and to assign
an age of onset for dementia.

The second telephone interview of all individual twins alive in 1992 included screening not
only for dementia, but also for suspected parkinsonism (Tanner et al., 1999). Parkinsonism
screening was repeated at the third wave of telephone interviewing from 1996-98. Those
who screened positive and their twin brothers were invited to a study of Parkinson disease.
Case ascertainment included an in-person neurological evaluation and a consensus
diagnosis. Individuals were followed for a diagnosis of parkinsonism through 2015 using
death certificates (Goldman et al., 2019).

The timeline for data collection and sample sizes are shown in Figure 1. Age ranges and
zygosity are shown in Table 1. Note that all 15,924 pairs are shown in the table and figure,
although some men never responded to any questionnaire or telephone invitation.

Classification of zygosity in Q1 relied on responses to two questions: (i) ‘As children were
you and your twin as alike as two peas in a pod or of only ordinary family resemblance?’;
and ii) ‘In childhood, did parents, brothers and sisters or teachers have trouble in telling you
apart?” Agreement was 95% between questionnaire zygosity classification and blood typing
results for 741 twin pairs (Hrubec et al., 1978). After DNA genotyping became available
from twins seen in person, investigators found 96.8% agreement between DNA markers and
questionnaire zygosity classification for 578 pairs (Reed et al., 2005). As DNA was not
available in the majority of cases, a secondary classification of zygosity represents the twin
pairs’ probability of being monozygotic, based on a logistic regression model that used
existing DNA as the gold standard (Wu et al., 2010).

Notable Features of Registry

The NAS-NRC Twin Registry represents a unique slice of American history. The men in this
registry are largely veterans of WW Il—termed “The Greatest Generation” (Brokaw, 1998)
to characterize their core values of personal responsibility, duty, and overcoming adversity.
WWII involved the nation in a way not true of subsequent wars; thus, WWII veterans are
representative of the white male population of the US of that era. Among all US males aged
45-49 in 1970, 71% were WW 11 veterans (Behrman et al., 1980). Also unique to these men
was the “GI Bill” (formally, the Servicemen's Readjustment Act of 1944) that offered
veterans tuition and expenses to attend college or vocational school, as well as low-interest
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home mortgages. The result was to make higher education available to the working class in a
way heretofore unattainable. It is estimated that half of all WWII veterans participated in
some educational or training program (National WWI1 Museum; U.S. Department of
Veterans Affairs, 2013).

Updates Since Prior Reports

Whereas previously potential users of NAS-NRC Twin Registry data applied to the Twins
Committee at the National Academy of Sciences and were assessed a user fee, NAS-NRC
Twin Registry data are now available at no cost through the National Archive of
Computerized Data on Aging (NACDA; Gatz & Butler, 2017). In addition, we have begun
taking steps to consolidate the original NAS-NRC Twin Registry data (including military
service records and Q1-Q8) with data collections that have taken place separately, especially
the Duke Twins Study TICS-m and clinical diagnosis data. The NAS-NRC Twin Registry
contributes data to larger consortia, including the CODATwins Project (Silventoinen et al.,
2019) and the Consortium on Interplay of Genes and Environment across Multiple Studies
(IGEMS; Pedersen et al., 2019). To stimulate data analyses and facilitate collaborations, the
Twins Committee prepared a profile of the NAS-NRC cohort (Gatz et al., 2014).

In an example of collaboration across twin registries, Arden et al. (2016) used data from
NAS-NRC Twin Registry; the Swedish Twin Registry; and the Danish Twin Registry to
study the association between lifespan and intelligence. There was a small but statistically
significant association between cognitive scores and age at death. Twin modelling
established that the association was largely driven by genetic effects in all three samples. In
other words, intelligence and lifespan are associated due to shared genes, potentially
representing fundamental genetic fitness or some gene-environment correlation process
where intelligence drives behaviors that promote longevity.

Another example of collaboration across twin registries is Amin et al.’s (2015) test of the
effects of education on health. The authors included data from three US studies—the NAS-
NRC Twin Registry, the Mid-Atlantic Registry, and the Minnesota Twin Registry. Using
within monozygotic (MZ) twin pair estimators to identify causal relationships, they found
small or non-significant associations between schooling and adult health. The finding
suggests that associations between education and adult health in non-genetically informed
studies may reflect unobserved genetic and social confounds.

Other recent publications are based on NAS-NRC twins data alone. Duke Twins data from
four waves of telephone screening were analyzed by McArdle and Plassman (2009). They
estimated heritability of episodic memory at the first wave to be 19% when including age
and education as covariates. Longitudinal models found both additive genetic variance and
unique environmental variance to increase with age. The Duke Twins telephone screening at
waves 3 and 4 included a scale of Health Limitations of Personally Desired Activities
(Gurland et al., 2015). Concordances for MZ and dizygotic (DZ) twins on the separate items
were quite similar indicating that health-related limitations were largely influenced by
unique environments. Median concordance at wave 3 was .07 for MZ and .08 for DZ.
Median concordance at wave 4 was .11 for MZ and .09 for DZ (Gurland et al.). Wu et al.
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(2014) used Questionnaire 2 data, when the men were aged 45 to 55, to study self-reported
alcohol use and hangover. They found 50% heritability for intoxication and 55% heritability
for hangover. Shared environment played a minimal role.

A recent report estimated concordance and heritability for Parkinson’s disease (PD) in the
NAS-NRC Twin Registry using results from in-person neurological evaluations during the
1990s in combination with National Death Index cause of death data through 2015
(Goldman et al., 2019). Among 220 pairs, probandwise concordance for PD was .20 in MZ
and .13 in DZ pairs (heritability 27%). Genetic liability was much higher in pairs in which
PD was diagnosed < age 50 in the first affected twin (MZ concordance .75, DZ
concordance .20, heritability 83%). Notably, concordance among DZ pairs was several-fold
higher than has been reported for same sex non-twin siblings, suggesting substantial effects
of shared intrauterine or childhood environment in PD etiology.

Other work with the registry is underway including a study on the long-term outcomes of
traumatic brain injury; additional collaborative analyses through IGEMS and CODAT; and
individual investigators’ studies using data accessed through NACDA.

the Registry

Data are available at https://doi.org/10.3886/ICPSR36234.v5. Researchers are invited to
download the “DS0 Study-Level Files” including the User Guide, which provide an
extensive overview of data collection and phenotypes available, as well as the User
Agreement, to complete and return to NACDA.
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Figure 1.

Questionnaire 1

N = 20,494 (pairs=8749)

Questionnaire 2
N = 14,299 (pairs=5126)

Questionnaire 3
N = 4938 (pairs =2469)

[

Questionnaire 7
N = 9475 (pairs=2722)

Questionnaire 8
N = 6247 (pairs=2173)

NAS-NRC Study Timeline

NHLBI Twin Study

N =1026
(pairs=513)

NHLBI Exam 2
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]

)

NHLBI Exam 3
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NHLBI Exam 4
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NHLBI Exam 6
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Table 1.
Sample sizes, age range, and zygosity
Total Registry Baseline Q3 Q7 Q8
(at induction) (Q2)b
Number of respondents | N =31,848 N = 14,299 N =4938 N = 9475 N = 6247
Age range 15-33years | 40-56years | 47-57 years | 57 -70years | 69— 82 years
Zygositya
Mz 37.5% 44.2% 53.3% 45.5% 46.9%
Dz 47.6% 52.5% 472.% 49.5% 47.1%
unknown 14.9% 3.3% 2.5% 5.0% 6.0%
Notes:

a’Zygosity is based on DNA markers where available.

We refer to the Qs by their original numbering by MFUA. Q2 constituted the baseline data collection. Induction data are available for 99% of all
twins, whether or not they responded to any questionnaire or telephone data collection. Ns show how many men answered each wave.
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