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ARTICLE INFO ABSTRACT

Keywords: A genealogy of the United States has been record-linked to National Veteran’s Health Administration (VHA)
Genealogy patient data to allow non-identifiable analysis of familial clustering. This genealogy, including over 70 million
PTSD

individuals linked to over 1 million VHA patients, is the largest such combined resource reported. Analysis of
familial clustering among VHA patients diagnosed with Post Traumatic Stress Disorder (PTSD) allowed a test of
the hypothesis of an inherited contribution to PTSD. PTSD is associated strongly with military service and
extended familial clustering data have not previously been presented. PTSD-affected VHA patients with gene-
alogy data were identified by presence of an ICD diagnosis code in the VHA medical record in at least 2 different
years. The Genealogical Index of Familiality (GIF) method was used to compare the average relatedness of VHA
patients diagnosed with PTSD with their expected average relatedness, estimated from randomly selected sets of
matched linked VHA patient controls. Relative risks for PTSD were estimated in first-, second-, and third-degree
relatives of PTSD patients who were also VHA patients, using sex and age-matched rates for PTSD estimated from
all linked VHA patients. Significant excess pairwise relatedness, and significantly elevated risk for PTSD in first-,
second-, and third-degree relatives was observed; multiple high-risk extended PTSD pedigrees were identified.
The analysis provides evidence for excess familial clustering of PTSD and identified high-risk PTSD pedigrees.
These results support an inherited contribution to PTSD predisposition and identify a powerful resource of high-
risk PTSD pedigrees for predisposition gene identification.

Relative risk
High-risk pedigree
US Veterans genealogy

1. Introduction

The US Veterans Genealogy Project links a genealogy of the United
States with medical data for Veterans who use the VHA system. At a
current size of over 70 million individuals with genealogy data linked to
1 million VHA patients with diagnosis and procedure data, it is already
the largest resource of its kind, and sufficiently large for the investiga-
tion of familial clustering for health-related conditions (Cannon-Al-
bright et al., 2013, 2018). This genealogic resource, with identification
of individuals diagnosed with Post Traumatic Stress Disorder (PTSD),
provides a unique opportunity to explore evidence for familial clustering
of PTSD (Cannon-Albright, 2008).

The hypothesis of a genetic contribution to predisposition to PTSD is

not new. In one of the earliest explorations of the causes of war-
associated neuroses, a study of psycho-neurosis in the immediate fam-
ily history of 100 WWI Veterans diagnosed with psycho-neurosis
compared to the family history of controls with somatic combat-
related injuries found a family history in 75% of cases, but in no con-
trols (Wolfsohn, 1918). More recently, a family psychiatric history was
among the most uniform predictors of PTSD in a meta-analysis of 77
studies (Brewin et al., 2000); and Breslau (Breslau et al., 1991) reported
that a history of familial psychopathology was associated with increased
risk of developing PTSD. Twin studies (Lyons et al., 1993; True et al.,
1993; Xian et al., 2000a; Xian et al., 2000b; Stein et al., 2002; Koenen
et al., 2002; Afifi et al., 2010; Sartor et al., 2011; Sartor et al., 2012; Wolf
et al., 2014; Wolf et al., 2018), and other genetic analyses of unrelated
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PTSD patients (Almli et al., 2014; Voisey et al., 2014; Ashley-Koch et al.,
2015) have shown evidence for a genetic contribution to PTSD.

Using a unique VHA resource, we present analysis of close and
distant genetic relationships among individuals diagnosed with PTSD.
This analysis of familial clustering of PTSD in a population of US Vet-
erans showed excess pairwise relatedness of PTSD cases, observed
significantly elevated risks for PTSD in relatives, and identified multiple
extended high-risk pedigrees; these findings suggest an inherited
component to predisposition to PTSD.

2. Materials and methods
2.1. US Veterans Genealogy

Genealogical data for over 70 million individuals gathered from
public sources have been linked into an initial genealogy that represents
20-25% of the population of the United States (Cannon-Albright et al.,
2013, 2018). The demographic data for 13 million Veterans registered
by the Veterans Health Administration (VHA) System was evaluated to
record-link to this current US genealogy data using specific software
tools included in GenMergeDB (http://www.pleiades-software.com),
which has been used to create, and link records to, multiple genealogic
resources for decades (Cannon-Albright et al., 2018). Approximately 1
million of the VHA patients were linked to a unique individual in the
genealogy. After this initial record linking, no individual identifying
data was used; informed consent was waived. A total of 284,382 of these
linked VHA patients have extensive genealogy data, including at least 6
of their 14 immediate ancestors (both parents, and all 4 grandparents);
many have much more genealogy data. This study analyzed these 284,
382 VHA patients and their over 3 million ancestors, providing sufficient
numbers of both close and distant relatives for appropriate genetic
analysis. Access to over 300 million coded diagnoses or medical pro-
cedures linked to the 1 million VHA patients with linked genealogy (who
remained unidentified) was approved by the Institutional Review Board
and an oversight committee for the VHA resource.

The US Veterans Genealogy Resource currently includes VHA pa-
tients born in every state of the US. Among the ~1 million VHA patients
with any linked genealogy data, 67,926 (6.5%) were female. We
observed a similar percentage of among those 284,382 Veterans who
link to an individual with at least 6 ancestors in the US Veterans Ge-
nealogy (4.5%). There are patients with genealogy identified in all 23
VHA Veterans Integrated Service Networks in 2017 (VISNs or local VHA
health care providers) across the U.S. Approximately 81% of the linked
VHA patients have VISN data, and among those, the largest numbers of
linked VHA patients were in VISN 8 (Florida, Puerto Rico, US Virgin
Islands; n = 71,238), VISN 23 (Illinois, Iowa, Minnesota, Nebraska,
North and South Dakota; n = 64,763), and VISN 16 (Arkansas, Louisi-
ana, Mississippi, Oklahoma, Texas; n = 59,142). The birth years for VHA
patients linked to genealogy data ranged from the 1890s to the 1990s.
There was a large peak of births for the 972,306 linked males for the
birth years 1921-1930 (24% of all linked males born in this range) and a
peak for the 67,926 linked females for birth years 1951-1960 (20% of all
linked females born in this range).

2.2. Identification of VHA patients diagnosed with PTSD

The VHA has an electronic medical record system at most VHA
medical centers for both inpatient and outpatient care that has been used
since 1994; these data were used to assign health-related phenotypes to
the linked Veterans who use, or have used, the VHA system for care. For
this analysis, the presence of International Classification of Disease
(ICD) Revision 9 (309.81) or Revision 10 (F43.1) diagnostic coding for
PTSD recorded in at least 2 different years was used to identify affected
Veterans. To increase the homogeneity of the PTSD phenotype, patients
with an additional diagnosis of schizophrenia (ICD9 295 or ICD 10 F20)
or bipolar disorder (ICD 9296.0-296.1, 296.4-296.8 or ICD10 F31) in at
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least 2 different years were excluded from this study of PTSD.
2.3. Genealogical index of familiality test for excess relatedness

The Genealogical Index of Familiality (GIF) method tests for excess
relatedness, or excess familial clustering among individuals. It was
originally created and used with the Utah Population Database (UPDB),
the first US genealogical resource used in research (Cannon-Albright,
2008; Skolnick, 1980), and has previously been used to establish evi-
dence for many disease phenotypes, including cancer (Cannon et al.,
1982; Cannon-Albright et al., 1994; Albright et al., 2012; Teerlink et al.,
2012); heart disease (Horne et al., 2004, 2006); orthopedic disorders
(Tashjian et al., 2009; Patel et al., 2011, 2012); and chronic fatigue
syndrome (Albright et al., 2011), among many others. The GIF has also
been used to analyze some phenotypes in earlier, smaller versions of the
US Veterans Genealogy Resource analyzed here (Cannon-Albright et al.,
2013, 2018).

The GIF statistic measures the average pairwise relatedness for a set
of individuals. The pairwise relatedness is measured using the Malécot
coefficient of kinship (Malecot, 1948), which is computed from pedigree
information and estimates genetic relatedness. The coefficient of kinship
estimates the probability that two alleles at a locus are identical by
descent (inherited from a common ancestor) in a pair of individuals. All
possible paths of relatedness are considered in the calculation of the
kinship; most pairwise relationships between individuals in a large
population-based genealogy are genetic distance = 0 (unrelated). The
GIF statistic is the mean pairwise coefficient of kinship for all possible
pairs of cases and is multiplied by 10°.

The GIF test allows comparison of the average pairwise relatedness
of a group of individuals (e.g. PTSD cases) to the average relatedness of a
group of similar individuals in the same population (representing the
expected pairwise relatedness of the cases). To estimate the mean ex-
pected pairwise relatedness for the VHA PTSD cases in the population,
1000 sets of matched VHA controls were randomly selected and
analyzed; with 1 matched control selected for each case in each of the
1000 sets. Each set of matched controls was randomly selected from the
population of all VHA patients with linked genealogy; controls were
matched to cases for sex and 10-year-birth year ranges. The empirical
significance of the GIF test was obtained by comparison of the case GIF
statistic to the distribution of the 1000 mean control GIF statistics. This
comparison of average pairwise relatedness allows a test for excess
relatedness or familial clustering; that is, whether the VHA patients
diagnosed with PTSD have significantly higher pairwise relatedness
than expected in the VHA population, as measured in similar groups of
sex- and birth year-matched VHA patients selected randomly from all
VHA patients with genealogy data. The GIF test does not, however,
allow determination of whether the familial clustering observed is due
to environmental factors, genetic factors, or some combination of both.
In order to consider whether familial clustering is primarily due to
shared exposures, or behavior, among close relatives, the GIF method
includes a distant relatedness test, termed dGIF. The dGIF test is per-
formed as the GIF test, but all relationships that are closer than third-
degree (e.g. first cousins) are ignored. The dGIF ignores relationships
most affected by shared environment or behavior, and tests for the
presence of excess distant relatedness only; significant evidence for
excess distant relatedness is strongly suggestive of a genetic
contribution.

2.4. Relative Risks in Relatives

The estimation of relative risk (RR) in relatives provides the more
traditional test for evidence of inherited effects. Evidence for an
inherited contribution to a phenotype is supported when both close and
distant relatives show evidence of elevated risk for the phenotype. RRs
for PTSD were estimated among first-, second- and third-degree relatives
to test for familial clustering as follows. All 284,382 patients in the US
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Veterans Genealogy with genealogy data including at least both parents
and all 4 grandparents were assigned to one of 35 cohorts based on birth
year (in 10-year groups) and recorded sex. To estimate the cohort-
specific rates of PTSD, the total number of linked VHA patients in
each cohort was counted, and the total number of these linked VHA
patients diagnosed with PTSD was counted. The cohort-specific rate of
PTSD was estimated as the number of PTSD cases among the linked VHA
patients in each cohort, divided by the total number of linked VHA
patients in the cohort. Expected numbers of first-degree relatives with
PTSD, for example, were estimated by counting the number of first-
degree relatives who were VHA patients with genealogy data by
cohort (without duplication), and summing the cohort-specific rate for
each first-degree relative. Observed numbers of PTSD cases among rel-
atives were counted without duplication. RRs were estimated similarly
for each degree of relationship as the observed/expected number of
PTSD patients; 95% confidence intervals for the RR were calculated
using the method of Agresti (1990). First-degree relatives include par-
ents, siblings and offspring; second-degree relatives are the first-degree
relatives of the first-degree relatives (e.g. uncle, grandmother);
third-degree relatives are the first-degree relatives of the second-degree
relatives (e.g. first cousin, great grandfather).

2.5. Identification of high-risk PTSD pedigrees

To identify high-risk pedigrees, all relationships among all VHA
patients diagnosed with PTSD were considered. Definition of all ances-
tors for each case allowed the identification of all clusters of related
PTSD cases; the nearest common ancestor or pair of ancestors was
identified for each independent cluster of related cases. No completely
overlapping clusters were considered, but some cases could appear in
more than 1 such cluster (or pedigree). For a given founder of a set of
related PTSD patients, the observed PTSD cases among VHA patients
who were descendants of the founder were counted. The expected
number of PTSD patients among the members of a pedigree was esti-
mated by summing the cohort-specific rate of PTSD for all descendants
who were linked VHA patients. A comparison of the number of observed
to expected linked VHA cases among the descendants in each pedigree
was made; a pedigree was considered high-risk for PTSD if a statistically
significant excess of PTSD patients was observed (p < 0.05).

3. Results

In the US Veterans Genealogy resource, 22,071 patients had gene-
alogy data for at least 6 immediate ancestors (both parents, and all 4
grandparents) and had an ICD9 or ICD10 code indicating a diagnosis of
PTSD in at least two different diagnosis years. Of these VHA patients
diagnosed with PTSD, 2369 who also had a diagnosis of schizophrenia or
bipolar disorder were excluded, for a total of 19,702 VHA PTSD patients
with genealogy data analyzed. 1168 (6%) were female and 18,534 male.
The birth year distribution for the VHA patients diagnosed with PTSD
ranged from 1900 to the early 1990s.
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control GIF), the empirical significance for the comparison of the overall
GIF (empirical GIF p), the distant GIF statistic for the cases (case dGIF),
the mean dGIF of the 1000 sets of matched VHA controls (mean control
dGIF), and the empirical significance for the comparison of the dGIF
(empirical dGIF p). The average pairwise relatedness for the 19,702
PTSD patients was significantly higher than expected for the VHA pa-
tient population (p < 0.023); however, when relationships closer than
third degree (first cousins) were ignored, the average pairwise related-
ness of the PTSD patients was not elevated over expected relatedness in
the linked VHA population (p = 0.909).

3.2. Relative risks in relatives

Estimated RRs for PTSD among the relatives of PTSD patients (who
are also VHA patients) are shown in Table 2, which includes the type of
relative, the total number of relatives of that type who were linked VHA
patients (n), the number of PTSD patients observed in the relatives (obs),
the expected number of relatives with PTSD (exp), the estimated RR, the
1-tailed significance of the RR test (p value), and the 95% confidence
interval for the RR (95% CI). RRs for PTSD were significantly elevated
among first-to third-degree relatives of PTSD patients. RRs in second-
degree relatives in this resource are problematic because there are
fewer observations that cross generations given the narrow window of
view to diagnosis in the current resource (data from the early 1990s).
Many first- (siblings) and third-degree (cousins) relatives belong to the
same generation, but few second-degree relatives do (except half-
siblings). As seen in Table 2, the number of second-degree relatives is
smaller than the number of first- and third-degree relatives.

3.3. High-risk pedigrees

11,840 clusters of related PTSD cases were identified, including from
2 to 44 related cases; 1004 of these exhibited a significant excess of PTSD
among the descendants who were VHA patients (p < 0.05) and included
from 2 to 17 related cases. Fig. 1 shows an example high-risk PTSD
pedigree identified in the US Veterans Genealogy Resource. The pedi-
gree includes 9 related VHA PTSD patients, only 4 cases were expected
(p = 0.009). The pedigree founder was born in the early 1700s and has
1177 total descendants in the genealogy, and 37 VHA linked patients
among those descendants.

4. Discussion

PTSD is a mental disorder that can develop after exposure to a
traumatic event; such events might include a violent assault, a natural
disaster, an accident, or combat, among other forms of violence. Expo-
sure to such events is not particularly uncommon; over 50% of US adults
experience a traumatic event at least once in their life, but most do not

Table 2
Estimated RRs for PTSD among first-, second- and third-degree relatives of
19,702 VHA patents diagnosed with PTSD.

3.1. Genealogical index of familiality test for excess relatedness Relative n obs exp RR p value 95% CI
. X First 5608 621 435.8 1.42 <0.0001 1.31,1.54
Table 1 summarizes the results for the GIF analysis of PTSD. The GIF Second 4907 421 325.0 1.30 <0.0001 1.17,1.43
test summary includes the sample size (n), the GIF statistic for the cases Third 6124 515 382.3 1.35 <0.0001 1.23,1.47
(case GIF), the mean of the 1000 sets of matched VHA controls (mean
Table 1
Genealogical Index of Familiality (GIF) analysis of 19,702 VHA patients diagnosed with PTSD.
Cases n Mean Mean
Case control empirical case control empirical
GIF GIF p dGIF dGIF p
PTSD 19,702 .101 .095 0.023 .044 .046 0.909
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Fig. 1. Example VHA high-risk PTSD pedigree. Males are squares; females are circles. The second male descendent shown in the 4th generation had two

marriages, indicated by an arrow on the marriage lines to his 2 spouses.

go on to develop PTSD. It has been estimated that approximately 7-8
percent of all adults in the US will develop PTSD during their lifetime
(Kessler et al., 1995, 2008), suggesting some variability in predisposi-
tion to response to trauma.

US combat veterans are potentially exposed to many more such
traumatic events, and they have been estimated to demonstrate a 2 to 4-
fold increase in prevalence of PTSD compared to US civilians
(Richardson et al., 2010). The U.S. Department of Veterans Affairs es-
timates that PTSD afflicts almost 31% of Vietnam veterans, up to 12% of
Gulf War veterans, and between 11 and 20% of veterans of Operation
Iraqi Freedom and Operation Enduring Freedom (the Afghan theater)
(www.ptsd.va.gov). PTSD is recognized as a “signature injury” of in-
dividuals serving in the Iraq and Afghanistan conflict (Hoge et al., 2004;
Yaffe et al., 2010). It is a significant and costly illness to veterans, their
families, and to society. Better understanding of the causes of PTSD
could allow improvements in prevention, diagnosis, and treatment.

Although twin studies based mostly on combat Veterans have indi-
cated that PTSD symptoms and symptom clusters are moderately heri-
table, more distant genetic relationships and families have not typically
been studied. A study examining risk and clustering of PTSD in both
close and distant relatives has not been possible previously. This study of
genetic relationships among VHA patients diagnosed with PTSD has
allowed examination of the hypothesis of a heritable contribution to
PTSD predisposition by comparing the familial clustering of PTSD with
the expected clustering in the VHA population. Using this partial US
genealogy of over 70 million individuals linked to diagnosis records for
VHA patients, significant evidence for excess familial clustering of PTSD
has already been observed; significantly elevated risks to first-, second-,
and third-degree relatives were observed, and multiple high-risk PTSD
pedigrees were identified; these results provide strong evidence that
there is some heritable contribution underlying PTSD predisposition.

Some genetic relationships, and therefore some familial clustering,
might be expected among Veterans. Service in the Armed Forces does
cluster in families, likely for social rather than genetic reasons. The
power of this resource is that comparisons of familial clustering extend
to distant relationships among individuals, and that observed familial
clustering can be compared to “expected” familial clustering as observed
in the resource, allowing control for “Military families”. This unique
resource has allowed the identification of extended pedigrees with
multiple related PTSD cases that exhibit a statistically significant excess
of PTSD and are unlikely to represent chance clusters or clusters based
on shared environment.

In a previous analysis of a smaller version of this resource we repli-
cated published evidence for excess familial relatedness for Alzheimer’s
Disease, Parkinson’s Disease and Prostate cancer, thus validating this US
Veterans Genealogy Resource in terms of data quality and power for
genetic analysis (Cannon-Albright et al., 2018). Here we analyze an even
more complete version of the resource for a phenotype more associated
with military service.

There are limitations to analysis of the US Veterans Genealogy
Resource. It would be optimal to match controls based on all charac-
teristics that might affect record linking; we know that birth year, sex,
and birth state (Utah or not) affect relatedness in the similar UPDB
genealogical resource that represents the Utah population

(Cannon-Albright, 2008). We have only matched on birth year and sex
for this VHA analysis, due to lack of sufficient sample sizes for matching
on birth state. Similarly, we did not have sufficient sample size for
matching on VISN. Matching for factors affecting risk of PTSD is also
critical; higher rates of PTSD in African Americans have been demon-
strated (Alegria et al., 2013), and it is estimated that more than 10% of
the VHA population is African American. Historically race data has not
been stored for the majority of demographic medical records in the VHA
system; it was not available for these analyses. In future we propose to
access and use additional VHA data, which might include, for example,
race, birth state, VISN, occupational exposures, rank, and
socio-economic status when available, for purposes of matching.

Data censoring could also cause limitations in analysis of this
resource. VHA cases without genealogy data, or who fail to link to ge-
nealogy data, were censored (or remain unidentified as cases), as were
individuals with PTSD who were diagnosed outside the VHA system or
diagnosed before 1994, or who remained undiagnosed. In addition,
genealogy data may not always represent biological relationships. An
additional limitation is that the data represents primarily males, Vet-
erans, and individuals with public genealogy data available (primarily
those of Northern European ancestry); conclusions may not be appro-
priately extrapolated beyond this population. Richardson (Richardson
et al., 2010) has additionally noted that the VHA serves only about one
third of all Veterans nationally, and that this patient population may
have a lower income and higher illness burden than the general popu-
lation of veterans.

The use of ICD coding to identify PTSD cases is a potential limitation
that has been investigated. McCarron (McCarron et al., 2014) showed
that for 90% of the medical records of Veterans containing at least one
ICD9 code for PTSD the diagnosis was confirmed by VA mental health
care providers; for 6% of such patients the diagnosis was refuted by the
provider (false positives). Gravely (Gravely et al., 2011) showed a pos-
itive predictive value of 75% for PTSD using a classification rule of at
least 1 PTSD diagnosis. To provide stringent classification of PTSD
affection in this analysis, a diagnosis of PTSD present in at least one
diagnosis-coded encounter in at least two different years was required.
Additionally, VHA patients diagnosed with PTSD who also had either a
schizophrenia or a bipolar disorder diagnosis in at least 2 different years
were excluded.

The US Veterans Genealogy Resource also has several strengths. The
familial clustering methods presented are robust to the types of data
censoring expected. Controls are VHA patients who are matched for sex
and birth year and are required to have linkage to genealogy data of
similar quality and quantity as cases (at least 6 of 14 immediate an-
cestors representing both maternal and paternal lines). It is difficult to
conceive of a mechanism by which significant excess relatedness would
exhibit itself in the resource in the absence of any true heritable
component. The methods presented are also robust to misclassification
of cases. False negatives (missing identification of true PTSD cases)
could result in failing to observe evidence for excess relatedness. False
positives, even at a very high rate, could only affect this clustering
analysis if the assignment of a false diagnosis of PTSD in a VHA patient
occurred much more often among close and distant relatives of PTSD
cases than among all VHA patients. This is unlikely given the distance of
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the genetic relationships that provide the evidence of excess clustering.
The relationships represented were identified from many VHA facilities
across the US, with diagnoses assigned by many different health care
providers.

This US Veterans Genealogy Resource represents what may be the
largest existing genealogy linked to medical phenotype data; this is
based on its current size of over 70 million individuals and its linkage to
medical data for over 1 million VHA patients. This resource needs to be
completed with additional genealogy data which will link to additional
VHA patients. The eventual size of this US genealogy, upon completion,
could be 300-400 million individuals, including 40-60% of the 13
million VHA patients with demographic data expected to link to gene-
alogy data. The analysis of the clustering of PTSD presented here is an
example of the utility of the resource for genetic studies. Evidence for a
genetic contribution to predisposition to health-related phenotypes can
be demonstrated, and high-risk pedigrees informative for predisposition
gene identification can be identified. This resource may be uniquely
powerful for analysis of phenotypes like PTSD that are highly associated
with military service.

This VHA resource could continue to grow and improve. More PTSD
cases will be identified and the PTSD phenotype can be further refined
with additional medical data. Combining the US Veterans Genealogy
data with the VHA Million Veterans Program (MVP), which is collecting
and storing DNA and demographic and risk data for 1 million VHA pa-
tients, would provide opportunities for powerful genetic analyses.
Combining the US Veterans Genealogy data with genotypes, exposure
data, and demographic data would allow informative genetic studies
that include relationship data on an extremely large scale, unique gene x
environment combinations, and analysis of other service-related medi-
cal conditions. PTSD has been linked to an increased risk of Alzheimer’s
and other dementias (Greenberg et al., 2014), and other associations are
possible. Stein (Stein et al., 2021) recently reported a GWAS of PTSD and
symptom subdomains in the VHA MVP data using more specific quali-
tative and quantitative symptom phenotypes extracted from the medical
record. If MVP genotype data were available for some of the PTSD cases
in some of the high-risk PTSD pedigrees described here, it is likely that
rare, shared predisposition genetic variants could be identified.

This VHA genealogy resource with linked medical data may be
especially powerful for analysis of phenotypes that are rarely observed
and that are strongly associated with military service; it can powerfully
address the potential genetic contribution to conditions prevalent in
Veterans and of interest to the VHA. This analysis of familial clustering
for VHA patients diagnosed with PTSD appears to be the first such
analysis of PTSD familial clustering. The analyses presented support a
genetic contribution to PTSD predisposition, but do not exclude the
additional contribution of environmental risk factors. Nor do the ana-
lyses shed any light on the basis of the genetic contribution, but such a
predisposition might, for example, be related to the ability to build or
store strong memories (De Quervain et al., 2012), or to resilience (Vyas
et al., 2016), among other characteristics.
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