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Abstract

The Vietnam Era Twin Study of Aging (VETSA) is a longitudinal behavioral genetic study with a primary focus on cognitive and brain aging in
men, particularly early identification of risk for mild cognitive impairment (MCI) and Alzheimer’s disease (AD). It comprises a subset of
over 1600 twins from the Vietnam Era Twin Registry. Twins live all over the USA. Assessments began when participants were in their
50s. Follow-ups were conducted every 5-6 years, and wave 3 has been completed as of this writing. The age range of participants is narrow
(about 10 years). An extensive neurocognitive test battery has added precision in assessing differences in middle-aged adults, and predicting
progression to MCI. Young adult cognitive test data (at an average age of 20 years) provide a means of disentangling aging effects from
longstanding differences. Genome wide genotyping and plasma assays of AD biomarkers from waves 1 and 3 were conducted in wave 3.
These features make the VETSA ideal for studying the heterogeneity of within-individual trajectories from midlife to old age, and for early

detection of risk factors for cognitive decline.
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Here we provide an update of the Vietham Era Twin Study of
Aging (VETSA). VETSA began as a longitudinal behavioral genetic
study of cognitive and brain aging, but as the participants have
aged, its primary focus has shifted to early identification of risk
for mild cognitive impairment (MCI) and Alzheimer’s disease
(AD). Descriptions of earlier waves of data collection can be found
in this journal (Kremen et al., 2013; Kremen et al., 2006). Wave
3 data collection of this ongoing study was completed in late
January 2019. Participants were with average age 56 (51-60) at
wave 1, 62 (56-66) at wave 2 and 68 (61-70) at wave 3. VETSA
participants are all part of the Vietnam Era Twin Registry, from
which they were randomly selected from a large prior study that
attempted to enroll all available twins (Tsuang et al., 2001).
VETSA selection criteria were (1) being in one’s 50s at the time
of recruitment, and (2) both twins in a pair had to be willing to
participate in the baseline assessment.

With the failure of drug trials focused on beta-amyloid — the
hallmark pathology of AD — and recognition that the disease
process begins decades prior to onset of dementia, there is a
consensus that early identification of at-risk individuals is a key
to preventing or slowing disease progression (Daviglus et al.,
2010; Sperling et al., 2011). This calls for a focus on midlife, which
is central to the VETSA study design. Hence, at the study baseline,
essentially all participants were in their 50s. Moreover, the narrow
age range enhances the ability to examine within-individual
differences in change over time. Another key aspect of the study
design was to employ an extensive neuropsychological test
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battery. The thinking was that batteries designed for older adults
would not be sensitive enough to capture individual differences
in middle-aged adults. Moreover, the extensive battery made it
possible to derive latent genetic factors within each cognitive
domain. Preliminary results suggest that specific cognitive abilities
have much higher heritability than previously thought; average
heritability of domain-specific latent factors was .75, which is
much higher than heritability estimates based on individual
cognitive tests.

These features also set the stage for early identification of
individuals who are at elevated risk for developing MCI, that is,
whether characteristics at waves 1 and 2 predict progression to
MCI. Incidence of MCI should increase in the planned fourth wave
of the study, and a small number of dementia cases may also
begin to develop. The addition of genome wide genotyping and
plasma AD biomarkers adds substantially to the prospects of
achieving this goal. Indeed, AD biomarkers are required for
diagnosis of preclinical AD, MCI and AD dementia in the US
National Institute on Aging-Alzheimer’s Association A/T/N
(beta-amyloid/tau/neurodegeneration) research framework (Jack
et al., 2018).

Another unique feature of VETSA is that general cognitive
ability (GCA) scores are available when VETSA participants were,
on average, 20 years of age. The same test has been readministered
in all study waves. It has demonstrated excellent stability over
four decades, with a phenotypic correlation of .74 and a genetic
correlation that did not differ from 1.0 (Lyons et al, 2017;
Lyons et al., 2009). Young adult GCA provides an important
covariate for many analyses, so that longstanding differences are
not misinterpreted as aging-related effects. For example, higher
education is associated with reduced risk of dementia, and that
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Table 1. Zygosity and age range of VETSA samples

William S. Kremen et al.

Undetermined Total

MZ pairs DZ pairs MZ unpaired DZ unpaired zygosity individuals ~ Age range
VETSA 1 349 265 2 6 = 1237
VETSA 2 333 235 34 37 - 1207
VETSA 3 264 196 82 68 1352 1205

Note: MZ = monozygotic, DZ = dizygotic.

2There were 135 attrition replacement participants in VETSA 3, and their zygosity has not yet been determined as of this writing.

association is often interpreted as a causal effect of education.
However, we showed that the association of education with later
life cognitive function is primarily explained by reverse causation
(Kremen et al., 2019). GCA at age 20 accounted for about 10% of
variance in specific cognitive abilities later in life. After accounting
for age 20 GCA, education accounted for less than 1% of variance
in those abilities.

Finally, in order to gauge practice effects, VETSA included attri-
tion replacement participants in waves 2 and 3. Replacements were
demographically matched to returnees but were taking the tests for
the first time. Even though there were group mean declines, there
was still evidence of practice effects in most cognitive domains
after 5-6 years (Elman et al., 2018). Accounting for practice effects
also meaningfully increased the number of cognitively normal
individuals who were identified as progressing to MCL. VETSA
MCI diagnoses have also been shown to be heritable, and higher
AD polygenic risk scores are associated with significantly increased
odds of having MCI in VETSA (Kremen et al., 2014; Logue
et al., 2018).

VETSA Sample

Table 1 shows the number of participants and age ranges in
the waves of the VETSA project. Data collection for VETSA wave
1 began in 2003 with 5- to 6-year follow-ups. Over 1200 twins
participated in waves 1, 2 and 3. Over 1000 participated in both
waves 1 and 2, and over 800 participated in all three waves. All
VETSA participants are men and all were in some branch of
military service at some time between 1965 and 1975.
Approximately 80% report no combat experience. The sample is
a reasonably representative, community-dwelling sample of men
in their age range living throughout the entire USA based on socio-
demographic and health/lifestyle characteristics (Schoeneborn &
Heyman, 2009).

VETSA Measures

VETSA measures have also been described in prior special issues
of Twin Research and Human Genetics that have described twin
registries worldwide (Kremen et al., 2013; Kremen et al., 2006).

Cognition

With the primary focus of VETSA on cognitive aging, the project
includes an extensive neurocognitive test battery. In addition to
GCA, the neurocognitive battery covers verbal ability, abstract
reasoning, executive function, working memory, episodic memory
and visual-spatial ability. There are multiple measures within each
cognitive domain. A novel assessment related to cognition is
pupillometry (introduced at VETSA 2). Pupil dilation is a validated
psychophysiological index of cognitive effort; as effort increases,
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dilation increases. As individuals age, they may compensate for
deficiencies with more effort. Performance declines will manifest
when compensatory capacity has been surpassed. Thus, if two
people have the same score but one requires greater effort
(indicated by greater pupil dilation during a cognitive task), the
person requiring greater effort is hypothesized to be at risk for
earlier decline. Thus, the pupil response could identify individuals
at risk even before cognitive performance declines. In VETSA,
proof of principle was demonstrated because amnestic MCI
participants had greater pupil dilation than cognitively normal
participants during digit span tasks, despite equivalent perfor-
mance (Granholm et al., 2017). Preliminary results also indicate
that pupil responses are heritable and associated with genetic risk
for AD based on an AD polygenic risk score. A next step will be to
examine whether pupil response in cognitively normal individuals
aids in prediction of progression to MCL

Health and Psychosocial

Because it is also important to understand how other factors affect
or may be affected by the level of cognitive functioning, there are
over 2h of interviews and questionnaires assessing personality,
psychosocial/lifestyle and health/medical measures.

Genotyping and Zygosity

Whole genome genetic variation was assessed at deCODE
(Reykjavik, Iceland), with genotyping performed on Illumina
HumanOmniExpress-24 v1.0A (Illumina, San Diego, CA, USA).
These data are primarily used to create polygenic scores based
on the results of large-scale, independent genome wide association
studies. DNA for VETSA participants has been banked under the
auspices of the Vietnam Era Twin Registry at the Puget Sound VA
Healthcare System, Seattle, WA, USA (Nicholas L. Smith, PhD,
Director).

For approximately 96% of the participants, zygosity was deter-
mined on the basis of genome wide genotyping and/or 25 micro-
satellite markers. For the small number of remaining participants,
zygosity was determined by a combination of questionnaire and
blood group methods (Eisen et al., 1989). In this sample, 95% of
the questionnaire-based zygosity classifications were in agreement
with the DNA-based classifications. The zygosity breakdown of
participants is shown in Table 1.

AD Biomarkers

Plasma AD biomarkers were assessed from samples taken at
VETSA 1 and 3 (not available for VETSA 2). The focus is on three
A/T/N biomarkers: beta-amyloid, tau and neurofilament light
(NfL). Beta-amyloid and tau are well known as the hallmark path-
ologies of AD (Blennow & Zetterberg, 2018; Gisslen et al., 2016;
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Petzold, 2005; Preische et al., 2019). NfL is a sensitive marker of
axonal damage that is associated with cortical atrophy and cogni-
tive decline (Mattsson et al., 2019). This information will make it
possible to longitudinally track biomarker accumulation. Cutoffs
for pathological levels of beta-amyloid and tau have been estab-
lished for assays derived from cerebrospinal fluid and positron
emission tomography, but plasma-based cutoffs have not yet been
established. When plasma-based cutoffs are determined, it will
then be possible to determine A/T/N classifications for VETSA
participants (i.e., whether someone is A+, T+ or N+).

Magnetic Resonance Imaging

Over 500 VETSA twins have undergone Magnetic Resonance
Imaging (MRI), which began midway into wave 1. MRI assess-
ments include 3D structural MRIs to measure brain structure
(cortical and subcortical volumes and cortical thickness and sur-
face area) based on FreeSurfer and diffusion tensor imaging
(DTI), which indexed white matter integrity. Beginning at
VETSA 2, all MRI participants also underwent assessment of
abnormal white matter (white matter hyperintensities).

At wave 2 only, a subset of participants underwent a resting-
state functional MRI protocol to assess the default mode network
and arterial spin labeling (ASL) to measure cerebral blood flow or
perfusion. There is evidence that the correlation between regions in
the default mode network is reduced in AD (Buckner et al., 2008;
Greicius et al., 2004), but a meta-analysis suggests that results are
not consistent enough for it to be used as a biomarker for MCI
(Eyler et al, 2019). ASL may be important for understanding
cognitive and brain aging because there are age-related changes
in perfusion and they may reflect important vascular changes
(Bangen et al., 2009).

VETSA MRI data have been used to show the heritability of
the size of individual cortical and subcortical regions of interest
(Eyler, Prom-Wormley, Fennema-Notestine et al.,, 2011; Eyler,
Prom-Wormley, Panizzon et al., 2011; Kremen, Prom-Wormley
et al, 2010), the genetic associations among continuously
measured cortical regions (Chen et al., 2013; Chen et al.,, 2011;
Eyler et al., 2012; Rimol et al., 2010) and the genetic distinction
between cortical thickness and cortical surface area (Panizzon
et al, 2009). In addition, they have been used to create a novel
brain atlas of cortical regions defined entirely on the basis of
genetically informative data (Chen et al., 2012). This atlas may
be useful for genetic association studies because the brain pheno-
types are defined by genetic rather than structural or functional
information. They have also been used to model genetic associa-
tions between cortex and cognition (Vuoksimaa et al, 2015;
Vuoksimaa et al., 2016).

Neuroendocrine Data

In wave 1 of VETSA, neuroendocrine data from saliva samples
were collected from 795 participants. A total of 17 samples per
person were collected: 5 on each of 2 days at home and 7 on the
in-lab day. The schedule for sampling was designed primarily
for the assessment of the stress hormone cortisol. Cortisol follows
a diurnal variation in which the peak typically occurs shortly after
awakening and levels then decline throughout the day. Samples
were thus collected at awakening, 30 min after awakening, 10 h,
15h and bedtime. Two additional samples were collected just
before and just after lunch on the day of testing. In addition to
cortisol, the saliva samples were also used to measure testosterone
and dehydroepiandrosterone sulfate (DHEA-S). Because cortisol
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is important in the hypothalamic-pituitary-adrenal axis stress
response system, it may be a mediator or moderator of age-related
changes. Testosterone levels decline steadily with age, making it a
potentially important factor in male aging. Studies based on
VETSA data have shown the heritability of these hormones
(Franz et al., 2010; Prom-Wormley et al., 2011) and their relation-
ship to cognition and brain (Franz et al., 2011; Kremen, O’Brien
et al, 2010; Panizzon et al., 2010; Panizzon et al., 2014; Panizzon
et al., 2012; Panizzon et al., 2018).

Summary

The VETSA projects constitute a rich scientific resource, with
assessments of twins in multiple domains beginning in the sixth
decade of life. Wave 3, when participants averaged 68 years of
age, has been completed, and wave 4, when participants will average
74 years of age, is planned. Not surprisingly, the number of partic-
ipants with MCI is expected to increase in these later study waves,
making the study increasingly valuable for elucidating genetic and
environmental risk and protective factors for progression along
the AD continuum. VETSA is also a partner contributing to several
international consortia: CHARGE (Cohorts for Heart and Aging
Research in Genomic Epidemiology); ENIGMA (Enhancing
Neuro Imaging Genetics through Meta-Analysis); PGC
(Psychiatric Genomics Consortium); CODATwins (Cohort
Description of Collaborative Project of Development of
Anthropometrical Measures in Twins); and IGEMS (Interplay of
Genes and Environment Across Multiple Studies).
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