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Abstract

The Army Study to Assess Risk and Resilience in Servicemembers (Army STARRS)
is a multi-component epidemiological and neurobiological study designed to
generate actionable evidence-based recommendations to reduce US Army suicides
and increase basic knowledge about the determinants of suicidality. This report
presents an overview of the designs of the six components of the Army STARRS.
These include: an integrated analysis of the Historical Administrative Data Study
(HADS) designed to provide data on significant administrative predictors of
suicides among the more than 1.6 million soldiers on active duty in 2004–2009;
retrospective case-control studies of suicide attempts and fatalities; separate
large-scale cross-sectional studies of new soldiers (i.e. those just beginning Basic
Combat Training [BCT], who completed self-administered questionnaires [SAQs]
and neurocognitive tests and provided blood samples) and soldiers exclusive of
those in BCT (who completed SAQs); a pre-post deployment study of soldiers
in three Brigade Combat Teams about to deploy to Afghanistan (who completed
SAQs and provided blood samples) followed multiple times after returning from
deployment; and a platform for following up Army STARRS participants who have
returned to civilian life. Department of Defense/Army administrative data records
are linked with SAQ data to examine prospective associations between self-reports
and subsequent suicidality. The presentation closes with a discussion of the
methodological advantages of cross-component coordination. Copyright © 2013
John Wiley & Sons, Ltd.
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Introduction

Suicide is the second leading cause of death among 25 to
44 year olds in the United States, claiming over 30,000
lives annually (Centers for Disease Control, 2005). For
every completed suicide there are an estimated eight to
25 failed attempts (Goldsmith et al., 2002). In 1999 the
US Surgeon General issued a “call to action” on suicide
prevention, saying “the nation must address suicide as a
significant problem,” and recommending enhanced “research
to understand risk and protective factors.” The US military
also identified suicide as a major concern at around the same
time and created several initiatives, including a successful Air
Force Suicide Prevention Program (afspp.afms.mil). How-
ever, in contrast to the suicide rate in the United States
remaining fairly level over the recent past, the suicide rate in
the US Army doubled between 2003 and 2008 and has
continued to rise since then.

Historically, the suicide rate in the US military has been
below that in the civilian population, but it has climbed
steadily since the beginning of the Iraq and Afghanistan
conflicts to the point where suicide is now the second
leading cause of death behind combat deaths (Armed Forces
Health Surveillance Center, 2012) and has exceeded demo-
graphically matched civilian rates since 2008 (Kuehn,
2009). In fiscal year 2009, there were 160 recorded suicides
in the Army. Of those, 79% were among soldiers who had
deployed only once or had not deployed at all. Additionally,
60% of suicides were among first-term soldiers (http://www.
army.mil/article/43038/army-releases-report-on-suicide-high
-risk-behavior/). The rise in US Army suicides has persisted
despite substantial efforts to publicize and encourage use of
mental health services. Although many intervention pro-
grams are underway, success will require a better under-
standing of specific risk and protective factors in Army
service. The profile associated with traditional individual
risk factors (e.g. age, gender, presence of mental illness)
may not generalize to Army personnel, all of whom are
employed, selected for good health, and have health care
available at no cost. Furthermore, the risk profile among
military personnel might vary during different phases of
duty and mission. Changing accession demographics (e.g.
the number of new recruits with General Educational Devel-
opment (GED) versus high school graduation, the number
with conduct waivers) may also affect suicide risk, as
suggested in a recent Institute of Medicine (IOM) report
(Committee on Youth, 2006). Changes in barriers to care,
both physical barriers (e.g. time and access to care) and
community barriers (e.g. stigma, operational tempo, unit
cohesion, leadership support), are also possible factors.
More intangible risk and protective factors associated with
Int. J. Met
268
war, such as increased feelings of patriotism and loyalty to
one’s unit might also be involved. Textured research on
these and related issues is needed to identify modifiable risk
and protective factors for suicidal behaviors and inform
effective suicide risk and prevention strategies among Army
servicemen and women.

The Department of the Army responded to these trends
in 2008 by entering into an agreement with the National
Institute of Mental Health (NIMH) to fund the Army
Study to Assess Risk and Resilience in Servicemembers
(Army STARRS; http://www.armystarrs.org), a multi-
component epidemiological and neurobiological study of
risk and resilience factors for suicidality and its psycho-
pathological correlates among Army personnel (Insel and
McHugh, ). The two overarching goals of Army STARRS
are: to evaluate hypotheses about modifiable risk and resil-
ience factors for suicidality that could be used to target
effective preventive interventions for Army suicides; and
to expand basic scientific understanding of psychosocial
and neurobiological risk and resilience factors for suicidal
behaviors and their psychopathological correlates. The
Army STARRS samples could also be used as baselines for
intervention implementations and evaluations in the future.

Army STARRS is supported under a Cooperative Agree-
ment (U01) between NIMH and a consortia of scientific
collaborators at the Uniformed Services University of
the Health Sciences (USUHS; PI: Robert Ursano), the
University of California San Diego (PI: Murray Stein),
Harvard Medical School (Site PI: Ronald Kessler), and
the University of Michigan (Site PI: Steven Heeringa)
through the Henry M. Jackson Foundation. Additional
U01 collaborating scientists and consultants come from
the NIMH (Lisa Colpe; Michael Schoenbaum) and the
Army (Kenneth Cox; Steven Cersovsky). The Army
STARRS includes a number of coordinated component
studies designed to facilitate non-experimental hypothesis
generation and testing, intervention targeting, and inter-
vention evaluation.

The first of these initiated by Army STARRS collabora-
tors examined historical data in an integrated data system
created by combining information obtained from a num-
ber of Army and Department of Defense (DoD) adminis-
trative databases on all soldiers who served in the Army
between 2004 and 2009. Retrospective case-control studies
of fatal suicides and non-fatal suicide attempts were then
designed to provide preliminary quantitative data on risk
and resilience factors as well as to create an opportunity
to obtain qualitative data to help generate new hypotheses.
A series of major multi-mode self-report surveys were
then launched that included neurocognitive and genetic
data linked both retrospectively and prospectively to
hods Psychiatr. Res. 22(4): 267–275 (2013). DOI: 10.1002/mpr
Copyright © 2013 John Wiley & Sons, Ltd.

http://www.armystarrs.org


Kessler et al. Army STARRS design
administrative data systems so as to examine patterns of
association over time between risk-resilience factors and
subsequent suicidal behaviors. Targeted sub-studies of
high-risk soldiers and settings are now being planned that
use these survey samples as sampling frames. Early
component studies were designed to provide input into
later component studies and subsequent interventions.

The current report presents a broad overview of the
designs of these component Army STARRS studies. These
studies were designed to create a coordinated whole to
facilitate non-experimental hypothesis generation and testing,
intervention targeting, and intervention evaluation. The indi-
vidual study designs are for the most part conventional, but
their coordination creates unique strengths. We discuss the
synergistic effects of cross-component coordination after
describing the individual studies.

Army STARRS component studies

The Historical Administrative Data Study (HADS)

The Army and DoD maintain over 200 different adminis-
trative data systems dealing with such diverse issues as
certifications of training (Army Training and Require-
ments Resource System [ATRRS]), medical records (the
Medical Data Repository [MDR] system), casualty reporting
(Defense Manpower Data Center [DMDC/CASUALTY]) ,
and, importantly for our purposes, suicidal behaviors
(DoD Suicide Event Report [DoDSER] system). While prior
to the initiation of Army STARRS special-purpose efforts
had been made to integrate some of these data systems, we
felt that a great deal more could be learned about risk and
resilience factors for suicides by linking the DoDSER with
some of the other systems. We consequently established
the Army STARRS Historical Administrative Data Study
(HADS), an integrated administrative data file containing
key elements from 38 different Army and DoD data systems
for the over 1.6 million soldiers (Regular Army, Army
Reserve, and National Guard) on active duty at some time
during calendar years 2004–2009. The Army subsequently
expanded the integrated data files to be continually updated
for purposes of use in targeting future interventions. Analy-
ses of the 2004–2009 HADS data are allowing Army
STARRS collaborators to examine time trends in suicides,
other types of deaths, and non-fatal injuries (suicidal and
others) as well as to study a wide range of predictors of those
outcomes. These analyses are being carried out for the most
part using discrete-time survival analyses (Singer and
Willett, 2003) with person-month the unit of analysis based
on the roughly 51.1 million person-months in this data
array (37.0 million Regular Army, 5.3 million activated
Army Reserve, 8.8 million activated Army National Guard).
Int. J. Methods Psychiatr. Res. 22(4): 267–275 (2013). DOI: 10.100
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Given the rarity of the outcomes under study, we are
analyzing reduced samples consisting of all person-months
with the outcomes of interest and a probability sub-sample
of control person-months weighted by the inverse of their
probability of selection and using a logistic link function to
estimate coefficients.

In addition, individual-level data from the Army/DoD
administrative data systems used to build the HADS are
being linked to Army STARRS surveys for all consenting
participants. Administrative data linked to the Army STARRS
survey samples described later are allowing information from
retrospective (to the surveys) administrative data, survey data,
and, for some samples, neurocognitive and genetic data to be
integrated to predict subsequent (prospective) outcomes
identifiable in administrative records.
Soldier Health Outcomes Studies A and B (SHOS-A/B)

The Soldier Health Outcome Studies (SHOS) are retro-
spective case-control studies of soldiers who made non-
fatal suicide attempts (SHOS-A) or were suicide fatalities
(SHOS-B). While producing less definitive data than
prospective studies on the predictors of suicidal behaviors,
retrospective case-control studies like SHOS-A/B are useful
because they provide rapid preliminary data on potentially
important risk and resilience factors that can subsequently
be evaluated more definitively in prospective naturalistic
and intervention studies (Schlesselman, 1982).

SHOS-A cases are recruited from all patients in psychi-
atric inpatient units in five participating tertiary care
medical facilities (Walter Reed National Military Medical
Center, Washington, DC; Fort Bragg, NC; Fort Stewart,
GA; Fort Lewis, WA; and Fort Hood, TX) who were
admitted because of suicide attempts beginning November
2011. Cases provide written informed consent and then
complete the same self-report survey as in our major
survey of Army personnel (the All-Army Study [AAS],
which is described later in this report), allowing case-control
analyses to be carried out using all respondents from that
survey as controls. In addition, a propensity score weight
(Rosenbaum and Rubin, 1983) was developed based on
case-control analysis of the first SHOS-A cases compared
to AAS respondents to select a sub-sample of Regular Army
AAS respondents as controls for more in-depth assessment,
including an expanded version of the neurocognitive test
battery used in the New Soldier Study (NSS) and collection
of blood samples. Qualitative interviews based on the
principles of reason analysis (Strauss, 1987) are also being
administered to SHOS-A cases in an effort to uncover infor-
mation about critical junctures in the progression to
2/mpr
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attempts. We anticipate a final SHOS-A sample of 150 cases
and 300 group-matched controls.

SHOS-B cases are selected by attempting to interview
the next of kin and Army supervisors of all soldiers who
committed suicide (as recorded in the DoDSER system)
beginning March 2012 plus a group-matched sample of
controls. As with SHOS-A, controls are being selected
from Regular Army AAS respondents based on a propen-
sity score weight (Rosenbaum and Rubin, 1983), but in
this case the weight was developed based on analysis of
the HADS (total Army) sample using predictors of suicide
found in administrative records. As in SHOS-A, a qualita-
tive component is included in SHOS-B to help uncover
information about critical junctures in the progression to
suicide. Hypotheses generated from analysis of these
qualitative data are being evaluated prospectively when-
ever possible by expanding the assessments in the NSS
and AAS. We anticipate a final SHOS-B sample of 150
cases and 300 group-matched controls.
The New Soldier Study (NSS)

Between 140,000 and 190,000 new soldiers enter the US
Army each year, including those in the Regular Army
(about half of enlistees), the US Army Reserve (USAR),
and the US Army National Guard (USANG). The majority
of these new soldiers begin their active duty by going
through three months of Basic Combat Training (BCT),
the main exceptions being those who enter the Army as
officers and those who enter the USAR or USANG after
leaving the Regular Army. One of the Army STARRS
component studies is the NSS, a study that attempted to
assess over 57,000 of these new soldiers in the two days
after their arrival to report for BCT. NSS respondents were
selected from three Army installations that provide BCT
(Fort Benning, GA; Fort Jackson, SC; and Fort Leonard
Wood, MO) with sample sizes proportional to the relative
sizes of the cohorts across these sites. Continuous sam-
pling throughout calendar years 2011–2012 was used to
account for the fact that the composition of new soldiers
changes across the year due to an influx of recent high
school graduates in the summer and fall.

The NSS included group administration of a two-part
self-administered questionnaire (SAQ) and neurocognitive
tests along with the collection of blood samples obtained
as part of a physical examination given to all new soldiers
prior to the beginning of BCT. The contents of the
neurocognitive tests are described in a series of reports in
preparation. All these data were collected in Reception
Battalion (RECBN), the period typically lasting several
days when new soldiers are processed (physical exams;
Int. J. Met
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immunizations; eye exams; issuance of uniforms and,
as needed, special stress-resistant eyeglasses; completion
of various forms) before beginning BCT. A new RECBN
cohort typically enters on the same day each week through-
out the year, but breaks for holidays.

Army STARRS was assigned an auditorium that could
hold between 200 and 300 people using laptops for SAQ
self-administration at the RECBN site on each BCT instal-
lation. Each week, the Army Point-Of-Contact (POC) at
each RECBN site selected a sample of new soldiers equal
to the number of seats in the auditorium to attend the
Army STARRS informed consent session. Army STARRS
worked with the POCs to prevent systematic bias in selec-
tion procedures. Thirty-minute informed consent sessions
explained study purposes, procedures, and protections
against breach of confidentiality (separation of identifying
information from survey and neurocognitive data; assign-
ment of a study ID with linkage to identifying information
maintained securely by the University of Michigan data
collection team; contractual agreement that identifying
information will not be provided to the Army; protocols
to report only aggregate results and coarsen public use
datasets to minimize risk of individual identification),
emphasize the voluntary nature of participation (including
the right to withdraw consent at a future date), and answer
questions before seeking informed consent.

Written informed consent was then obtained from
volunteers. Although not necessary for SAQ participation,
all NSS respondents were additionally asked for consent to
link their Army/DoD administrative records to their NSS
responses and to participate in to-be-determined longitudinal
follow-up data collections. Identifying information (name,
birthday, Social Security number (SSN) for record linkage;
telephone number, email, secondary contact information
for longitudinal follow-up) was collected from consenting
respondents separately from the SAQ and never merged with
de-identified NSS data. These recruitment, consent, and data
protection procedures were approved by the Human Subjects
Committees of the Uniformed Services University of the
Health Sciences for the Henry M. Jackson Foundation (the
primary grantee), the Institute for Social Research at the Uni-
versity of Michigan (the organization implementing STARRS
data collection), and all other collaborating organizations.

Blood samples were then obtained from volunteers as
part of the RECBN physical examination. This is in addi-
tion to the normal blood samples taken from new soldiers
during the reception phase of BCT. New soldiers partici-
pating in Army STARRS and consenting to provide a
blood sample had one additional vial of blood drawn for
Army STARRS. SAQ and neurocognitive test data were
obtained in two 90-minute group-administered data
hods Psychiatr. Res. 22(4): 267–275 (2013). DOI: 10.1002/mpr
Copyright © 2013 John Wiley & Sons, Ltd.
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collection sessions over two successive days. Individual-
level Army/DoD administrative data were subsequently
linked to the de-identified individual-level NSS data for
the subsample of NSS participants who provided written
informed consent for this linkage. Sample sizes, response
rates, weighting, and design effects are described in a
separate report (Kessler et al., 2013).
The All-Army Study (AAS)

The NSS focuses on a very small proportion of active duty
soldiers; those about to enter BCT. Between 737,000 and
757,000 US Army soldiers have been on active duty at
any point in time since the inception of Army STARRS
data collection in early 2011 (576,000–581,000 Regular
Army and 161,000–176,000 activated USAR or USANG),
with only 8400–12,200 of these soldiers in BCT at any
point in time during the same period. The AAS is a
cross-sectional SAQ survey carried out throughout
2011–2012 in quarterly samples of active duty Army
personnel exclusive of those in BCT or in Afghanistan.
Unlike NSS, no neurocognitive test data or genetic data
are collected in the AAS. In addition, the AAS SAQ is
considerably shorter than the NSS SAQ (one 90-minute
administration session in AAS compared to two in NSS).

The quarterly AAS replicates in Q1–2 2011 were repre-
sentative of all soldiers stationed in the continental
United States, while those in the remaining quarters
added soldiers stationed elsewhere in the world other
than a combat theater. Each quarterly replicate consisted
of a stratified (by Army Command and location) proba-
bility sample of Army units (or, for large units, sub-units)
selected without replacement with probabilities propor-
tional to authorized unit strength from a sample frame
of Unit Identification Codes to yield a representative
time-space sample. The frame excluded civilian-only
units and units of fewer than 30 soldiers (representing
less than 2% of all Army personnel).

In addition to these quarterly replicates, the AAS was
augmented to increase coverage in two ways. First, it was
administered in Q2–3 2012 to a probability sample of
soldiers stationed in Afghanistan who were surveyed in
group-administered sessions while they were passing
through Kuwait either leaving for or returning from their
mid-tour leave. Unlike other AAS respondents, those
stationed in Afghanistan were surveyed as individuals
rather than as units, as individuals leave their units for
mid-tour leave. It should be noted that mid-tour leave,
despite the name, did not all occur in the middle of the
deployed soldier’s tour in Afghanistan but rather at
random times between the second and second to last
Int. J. Methods Psychiatr. Res. 22(4): 267–275 (2013). DOI: 10.100
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months of deployment, guaranteeing that the AAS was
administered at relatively random times other than at the
very beginning or very end of deployment.

Second, the AAS was administered in 2012–2013 to a
supplemental sample of activated USAR and USANG units
in the continental United States either just before or just
after deployment to Afghanistan in order to correct for
the fact that these kinds of units were excluded from the
Regular Army AAS sample frame.

All personnel in each selected AAS unit (or sub-unit)
were targeted for a group-administrated SAQ survey and
were ordered to report to a group informed consent
session similar to those described earlier for the NSS.
The AAS respondents stationed in Afghanistan, in com-
parison, were selected using methods similar to those in
the NSS (i.e. POCs selected a number of soldiers equal
to the number that could be accommodated by the Army
STARRS group administration setting to participate in the
informed consent session). In each case, an informed
consent presentation similar to that in NSS was group-
administered to explain study purposes, procedures,
and confidentiality protections, emphasize the voluntary
nature of participation, and answer questions. Written
informed consent was then obtained. As in the NSS,
AAS respondents were additionally asked for consent
to link their Army/DoD administrative records to their
survey responses and to participate in to-be-determined
longitudinal follow-up data collections. Identifying infor-
mation (name, birthday, SSN for record linkage; tele-
phone number, email, secondary contact information
for longitudinal follow-up) was collected from consenting
respondents separately from the survey and never merged
with de-identified survey data. As with the NSS, these
recruitment, consent, and data protection procedures
were approved by the Human Subjects Committees of
all collaborating organizations. Sample sizes, response
rates, weighting, and design effects are described in a
separate report (Kessler et al., 2013).
The Pre-Post Deployment Study (PPDS)

NSS and AAS respondents are being tracked longitudinally
through their administrative records, however outcomes
are limited to those that are administratively recorded,
such as suicide fatalities, non-fatal suicide attempts suffi-
ciently severe to come to the attention of the military
healthcare system, and mental disorders treated in the mil-
itary healthcare system. A great many outcomes of interest
will be missed by these administrative records, such as
suicidal ideation and plans and onsets of mental disorders
known to be powerful risk factors for suicides. In order to
2/mpr
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address this problem, a number of targeted follow-up
surveys are planned in the future; two of these are being
implemented currently. The larger of these two is the Pre-
Post Deployment Study (PPDS), a four-wave panel survey
that collected baseline data (SAQ and blood samples) in
Q1 2012 shortly before deployment to Afghanistan from
9421 soldiers in three Brigade Combat Teams. Follow-up
data collections are scheduled for these same respondents
three times after they return from deployment: within one
month of their return (T1; SAQ and blood samples), two
months after this first post-return assessment (T2; SAQ),
and six months after the second post-return assessment
(T3; web-based SAQ augmented with telephone interviews
for SAQ non-respondents).

As with the AAS, all personnel in each selected PPDS
unit were targeted for a group-administrated baseline
SAQ and were ordered to report to a group informed
consent session similar to the AAS to explain study pur-
poses, procedures, and confidentiality protections, empha-
size the voluntary nature of participation, and answer
questions. Written informed consent was then obtained.
As in the NSS, baseline PPDS respondents were addition-
ally asked for consent to provide blood samples, to link
their Army/ DoD administrative records to their survey
responses, and to participate in future assessments. Identi-
fying information was collected from consenting respon-
dents separately from the survey and never merged with
de-identified survey data. Similar informed consent proce-
dures were used in the post-deployment data collections.
These PPDS recruitment, consent, and data protection
procedures were approved by the Human Subjects
Committees of all collaborating organizations. Sample
sizes, response rates, weighting, and design effects are
described in a separate report (Kessler et al., 2013).
The Pre-Post Separation Study (PPSS) platform

We noted earlier in the section on the NSS that between
140,000 and 190,000 new soldiers enter the US Army each
year and that roughly half of these new soldiers are in the
Regular Army. The other half are in the USAR and
USANG. The number of Regular Army soldiers that leave
the Army and return to civilian life each year is roughly
comparable to the number that joins. The number of
active duty soldiers that do not reenlist is likely to increase
over the next few years as the Army downsizes due to the
ends of the conflicts in Afghanistan and Iraq. Because this
downsizing is occurring at a time of economic uncertainty
in the civilian economy, the number of soldiers leaving the
Army involuntarily (i.e. they want to reenlist but are not
given an opportunity to do so) will increase as well. This
Int. J. Met
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will doubtlessly add to the stresses known to accompany
the transition from military to civilian life (Wolpert, 2000;
Hoge, 2010).

The T3 PPDS includes a number of questions about the
transition from Army to civilian life, as we expect that as
many as 1500 baseline PPDS respondents will have
returned to civilian life at the time of the T3 survey. While
few respondents from the NSS will have returned to
civilian life by that time, a substantial number of AAS
respondents have already done so and this number will
increase over time. Concerns exist about the mental
health of recently separated veterans (Ilgen et al., 2012;
Conner et al., 2013). Indeed, a recent analysis of the US
National Health Interview Survey for 1986 to 1994 found
that even before the recent rise in the military suicide
rate veterans were twice as likely to die by suicide as
socio-demographically comparable non-veterans (Kaplan
et al., 2007). However, the vast majority of research on the
mental health of veterans is based on analyses of Veterans
Affairs (VA) treatment samples rather than onmore broadly
representative prospective epidemiological samples that
follow soldiers through the transition from military to
civilian life (Rosenheck and Fontana, 2007; Naragon-Gainey
et al., 2012). Based on this observation, we included a Pre-
Post Separation Study (PPSS) component in Army STARRS.
The PPSS is only included as a pilot during the first Army
STARRS funding cycle in light of the fact that the number
of AAS, PPDS, and especially NSS study respondents who
return to civilian life during the first five years of Army
STARRS funding will be comparatively small. The mixed-
mode web-telephone survey design used in the T3 PPDS
post-return survey will be applied in the PPSS. We think
of the PPSS as a pilot for a much more ambitious program
of long-term follow-up of the full Army STARRS sample
in the coming years.
Coordination among component studies

As noted in the Introduction, the component Army
STARRS studies were designed to create a coordinated
whole that would facilitate hypothesis generation, non-
experimental hypothesis testing, targeting of interven-
tions designed to provide more definitive experimental
tests of hypotheses about modifiable risk and resilience
factors, and evaluations of such intervention. The advan-
tages of coordination can be seen clearly in SHOS-A/B.
Much previous research has been carried out using the
retrospective case-control design to study risk and resilience
factors for suicide (Cavanagh et al., 2003; Dumais et al.,
2005) and non-fatal suicidal behaviors (Nock et al., 2010;
Bridge et al., 2012), and the designs of Army STARRS
hods Psychiatr. Res. 22(4): 267–275 (2013). DOI: 10.1002/mpr
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SHOS-A/B are consistent with those previous studies. How-
ever, the integration of SHOS-A/B into the larger Army
STARRS initiative creates a unique opportunity to address
the critical weakness of suboptimal control group selection
that has plagued previous case-control studies in this area.
Specifically, while it is well known that conclusions about
risk and resilience factors depend critically on the control
group selected in case-control studies (Schlesselman, 1982)
and this sensitivity has been documented in previous analy-
ses of suicide case-control research that varied the control
groups (Brent et al., 1988; Brent et al., 1993), previous
case-control studies of suicidal behaviors typically used
control groupsmade up of healthy people randomly selected
from the general population (but not matched on widely
known risk factors such as the presence of a mental disor-
der) or convenience samples of psychiatric patients selected
in an effort to control for the presence of a mental disorder
(but not representative of the broader population of those at
risk, many of whom commit suicide without ever seeking
professional treatment for their emotional problems). As
noted in the body of the paper, this weakness was addressed
in SHOS-A/B by using propensity score matching methods
(Rosenbaum and Rubin, 1983) to select probability samples
of soldiers from the AAS as controls with an over-sampling
of AAS respondents who reported suicidal ideation. This
design refinement, which allows much more sensitive com-
parisons of cases and controls than in previous case-control
studies of suicidal behaviors (Li et al., 2011), would have
been impossible in the absence of the HADS and AAS
studies being carried out in parallel with SHOS-A/B.

In a similar way, the three large-scale Army STARRS
SAQ data collections (NSS, AAS, PPDS) are enriched by
being linked with administrative data and blood samples
collected by Army phlebotomists. Prospective administra-
tive data are of special importance in this regard, as they
are allowing a wide range of analyses to be carried out that
would otherwise have been impossible with cross-sectional
survey data. For example, prospective administrative data
linked to the NSS are currently being used to examine
the extent to which an assessment of risk and resilience
factors carried out at the very beginning of active duty
can pinpoint new soldiers at elevated risk of suicidal be-
haviors and other serious adverse outcomes (e.g. serious
injuries, victimization or perpetration of violent offenses)
during the first two years of their Army service.
Discussion

This report has presented a brief overview of the designs of
the component studies within the Army STARRS initia-
tive. While this overview makes it clear that each of these
Int. J. Methods Psychiatr. Res. 22(4): 267–275 (2013). DOI: 10.100
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component studies is a substantial undertaking in its
own right, it is also important to recognize that all the
component studies are strengthened by virtue of their
integration with the others. This is true not only in that
data elements are shared across component studies but
also because the full set of studies taken together allows
hypothesis generation and non-experimental testing to
be combined with intervention targeting and, in time, in-
tervention evaluation to address the full range of research
questions raised in grappling with the problem of Army
suicides. While this broad scope and integration do not
guarantee that Army STARRS will succeed in achieving
its substantive goals, they create a strong foundation for
doing so.
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Abstract

The Army Study to Assess Risk and Resilience in Servicemembers (Army
STARRS) is a multi-component epidemiological and neurobiological study of
unprecedented size and complexity designed to generate actionable evidence-
based recommendations to reduce US Army suicides and increase basic knowl-
edge about determinants of suicidality by carrying out coordinated component
studies. A number of major logistical challenges were faced in implementing
these studies. The current report presents an overview of the approaches taken
to meet these challenges, with a special focus on the field procedures used to im-
plement the component studies. As detailed in the paper, these challenges were
addressed at the onset of the initiative by establishing an Executive Committee, a
Data Coordination Center (the Survey Research Center [SRC] at the University
of Michigan), and study-specific design and analysis teams that worked with
staff on instrumentation and field procedures. SRC staff, in turn, worked with
the Office of the Deputy Under Secretary of the Army (ODUSA) and local Army
Points of Contact (POCs) to address logistical issues and facilitate data collec-
tion. These structures, coupled with careful fieldworker training, supervision,
and piloting, contributed to the major Army STARRS data collection efforts
having higher response rates than previous large-scale studies of comparable
military samples. Copyright © 2013 John Wiley & Sons, Ltd.
Copyright © 2013 John Wiley & Sons, Ltd.
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Introduction

As described in more detail earlier in this issue (Kessler et al.,
2013a) and elsewhere (Ursano et al., submitted for publica-
tion), the Army Study to Assess Risk and Resilience in
Servicemembers (Army STARRS; http://www.armystarrs.
org) is a multi-component epidemiological and neurobiolog-
ical study of risk and resilience factors for suicidality and
its psychopathological correlates in the US Army. Army
STARRS is funded as a Cooperative Agreement between the
US National Institute of Mental Health (NIMH) and a con-
sortium of investigators supported jointly by the US Army
and NIMH (Insel and McHugh, submitted for publication).

The earlier report by Kessler and colleagues in this issue
detailed the fact that Army STARRS includes six coordi-
nated component studies that were designed to interact
with each other to facilitate non-experimental hypothesis
generation and testing, intervention targeting, and inter-
vention evaluation (Kessler et al., 2013a). Each of these
studies is a substantial undertaking in its own right. The
unprecedented size, scope, and complexity of these six
component studies created a number of logistical and
coordination challenges for field implementation. The
current report presents an overview of the approaches
taken to meet these challenges, with a special focus on
the complex field procedures involved in implementing
the component studies. Data are also presented on sample
sizes and projected response rates of the main Army
STARRS surveys.

Organizational structure

The six components of Army STARRS include the
following: (i) an Historical Administrative Data Study
(HADS) of individual-level time series data from more
than 50 million person-months in an integrated adminis-
trative database assembled from 38 different Army and
Department of Defense (DoD) data systems for the more
than 1.6 million soldiers who were on active duty in the
US Army at any time between January 1, 2004 and
December 31, 2009; (ii) parallel retrospective case–control
studies of non-fatal suicides and suicide deaths that
include in-depth interviews with soldiers (in the case of
non-fatal attempts), Army supervisors, and next of kin
(in the case of suicide deaths); (iii–v) three large-scale sur-
veys of active duty Army personnel (the New Soldier Study
[NSS] of soldiers at the beginning of Basic Combat
Training [BCT]; the All-Army Study [AAS] of soldiers ex-
clusive of those in BCT; and the Pre-Post Deployment
Study [PPDS] of three Brigade Combat Teams initially
assessed shortly before deploying to Afghanistan and then
again three times after returning from deployment) that all
Int. J. Methods Psychiatr. Res. 22(4): 276–287 (2013). DOI: 10.100
Copyright © 2013 John Wiley & Sons, Ltd.
included self-administered questionnaires (SAQs). The
NSS and the Soldier Health Outcome Studies (SHOS-A)
additionally administered neurocognitive tests, while the
NSS and PPDS both obtained blood samples from a subset
of respondents; (vi) Army STARRS is additionally carrying
out a pilot study of the stresses and mental health prob-
lems associated with making the transition back to civilian
life among soldiers who separate from military service.
This pilot study is being implemented in preparation for
future long-term follow-up studies of Army STARRS
respondents after they separate from military service.

The logistical and coordination challenges of implementing
these studies were addressed at the onset of the initiative by
establishing an Executive Committee made up of the
Co-Principal Investigators (Co-PIs) (Murray Stein,
Robert Ursano), the site PIs (Steven Heeringa, Ronald
Kessler) along with the Collaborating Scientists from
NIMH (Lisa Colpe, Michael Schoenbaum) and US Army
consultants (Steven Cervosky, Kenneth Cox) to provide
overall supervision and direction. A Data Coordination
Center was then established at the Survey Research Center
(SRC), the Institute for Social Research, University of
Michigan (www.src.isr.umich.edu) to implement the vast
majority of Army STARRS data collections and to main-
tain the centralized Army STARRS data enclave that
securely stores all Army STARRS analysis data and
supports the computer servers used to carry out all
substantive data analyses.

A study-specific design and analysis team was then
established for each component Army STARRS study to
develop instruments and work with SRC staff on design
and field procedures. SRC staff, in turn, worked closely with
the Office of the Deputy Under Secretary of the Army
(ODUSA), under the auspices of which all Army STARRS
data collections were carried out. In cases where data
collection required access to local sites, the ODUSA worked
with the Army to designate local Points of Contact (POC)
who then coordinated with SRC to address logistical issues
and facilitate data collection. The Training and Doctrine
Command (TRADOC), Forces Command (FORSCOM),
and for the Ary STARRS survey carried out inKuwait the Army
Medical Research and Materiel Command (MRMC), the US
Central Command (USCENTCOM) and USCENTCOM’s
Joint Combat Casualty Research Team (JC2RT) were
especially important in this regard. Additional coordina-
tion was provided by the Army Chaplain Corps, which
provided support for the Army STARRS safety plan, and
the Medical Command (MEDCOM), which provided
Army medics for blood collection.

As noted earlier, all Army STARRS data are securely
stored for analysis in the centralized Army STARRS SRC
2/mpr
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data enclave. However, two specialized types of raw data
are pre-processed elsewhere before being entered into the
SRC data enclave for analysis. The first of these two in-
volves the neurocognitive data collected in the NSS and
in the case–control study of non-fatal suicide attempters.
These data are scored at the University of Pennsylvania
under the supervision of Army STARRS collaborator
Rubin Gur prior to being transferred to SRC for inclusion
in the data enclave for analysis. The second involves the
blood samples collected in the NSS and PPDS. These sam-
ples are stored and pre-processed at the Rutgers University
Cell and DNA Repository (RUCDR; http://www.rucdr.
org). Genetic and other analyses performed on the stored
blood samples are conducted either at RUCDR or other
approved laboratories. All data derived from assays and
tests performed on the stored blood are securely trans-
ferred to SRC for inclusion in the data enclave for analysis.

Instrumentation

Pilot work

Before turning to a discussion of field procedures, it is im-
portant to note that these procedures were constrained by
a number of design requirements dictated by the results of
an exhaustive review of the literature on risk and resilience
factors for suicide and suicidal behaviors in the general
population (Nock et al., 2008) and the military (Gilman
et al., 2013). This review made it clear that suicidal
behaviors develop through complex, multi-determined
processes in which psychosocial and neurobiological fac-
tors combine to establish varying levels of risk that overlap
for suicide and suicide attempts (Moscicki, 1999; Nock
et al., 2008). Rather than summarize the content of these
reviews, we merely note for current purposes that the im-
portant predictors of suicidality documented in the review
were many and varied. This meant that detailed assess-
ments were required. In addition, large samples were
required to achieve adequate statistical power to assess
key hypotheses. Because of these requirements, it was
necessary to make use of SAQs rather than interviewer-
administered instruments.

Even though two-hour blocks of time were made avail-
able to Army STARRS to administer surveys (and two such
sessions for new soldiers prior to beginning BCT), difficult
decisions still had to be made in selecting short, efficient
assessment batteries to assess all the constructs of interest
to the research team. This problem was addressed by car-
rying out literature reviews of all instruments available to
assess each construct of interest and then implementing
extensive pilot studies to evaluate the psychometric prop-
erties of the instruments pinpointed in these literature
Int. J. Met
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reviews as top candidate measures. A number of method-
ological reports are either in preparation or, in two cases,
completed (Thomas et al., 2013; Kessler et al., 2013c) to
describe the results of those pilot studies and the psycho-
metric properties of the final measures included in the
Army STARRS component studies.

Another way to shorten assessment was to evaluate
instrument skip logic carefully to make sure respondents
were skipped out of survey sections as soon as the infor-
mation needed to classify them on specific dimensions
was obtained. This was especially important in the assess-
ment of mental disorders, which took up a substantial part
of the SAQs, and where it was possible to skip once it
became clear that respondents failed to meet at least sub-
threshold criteria. Although the use of computer adaptive
testing (CAT; Wainer, 2000) was carefully considered in
this regard, CAT was rejected in the end due to our inabil-
ity to carry out sufficiently large pilot studies to obtain
stable test parameter estimates needed to guide CAT
branching. Nonetheless, as noted next, the use of extensive
skip logic in the SAQs had important implications for the
preferred modes of data collection.
Data collection modes

The enormous size of the Army STARRS survey data
collection effort led to the practical decision that SAQs
be group-administered. However, the modes of data col-
lection varied across these surveys. As described in a previ-
ous report in this issue (Kessler et al., 2013a), the NSS was
administered in three BCT facilities on a weekly basis over
a period of two years, allowing SRC to establish a perma-
nent data collection staff on these sites and to set up
computer networks that allowed the SAQs to be com-
puter-administered (CAI). Based on the success of this
mode in the early NSS replicates, it was also used in
administering the AAS at large installations and in the base-
line and second follow-up wave of PPDS. However, it did
not prove to be cost-effective to use CAI to administer the
AAS in the many small installations, where the survey had
to be carried out due to the logistical complications of
transporting hardware for group survey administration. As
a result, a paper-and-pencil-administered (PAPI) version
of the AAS questionnaire was also developed.

Other Army STARRS component studies use a mix of
data collection modes, including web-based CAI and tele-
phone interviews. These modes are both used in assessing
controls in the retrospective case–control study of non-
fatal suicide attempts (SHOS-A) as well as in the third
follow-up wave of the PPDS (T3), where web-based CAI
is used initially and then telephone interviews are used to
hods Psychiatr. Res. 22(4): 276–287 (2013). DOI: 10.1002/mpr
Copyright © 2013 John Wiley & Sons, Ltd.
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assess respondents who fail to complete web-based SAQs.
The need for these modes in T3 PPDS is that this survey is
carried out approximately nine months after respondents
return from deployment, by which time many of them
are no longer assigned to the same unit. This means that
these respondents have to be traced individually in order
to administer the SAQs. This is most easily done with
web-based surveys, but additional contact information
(cell phones, social security numbers, contact information
for next of kin who will know there whereabouts once they
separate) was obtained from all baseline PPDS respon-
dents for purposes of tracing them over time and for
conducting telephone survey follow-ups of web survey
non-respondents.
Multi-component assessment

As noted earlier, the initial literature review showed clearly
that suicidal behaviors develop through complex, multi-
determined processes. These processes are thought to
involve psychosocial and neurobiological factors that com-
bine to establish varying levels of risk (Moscicki, 1999;
Nock et al., 2008), with important factors including such
diverse things as accumulating stressful life experiences
that create risk of suicidality through processes partially
mediated by biological pathways (McEwen, 2007) and
modified by genetic susceptibilities (Krishnan et al.,
2007). The effects of these differential susceptibilities, in
turn, are thought to be at least partially mediated by
trait-temperament and environmental factors that are
themselves jointly influenced by environmental and bio-
logical factors (Brent et al., 2002; Caspi et al., 2003; Higley
and Linnoila, 1997; Kraemer et al., 1997). There are formi-
dable logistical challenges involved in sorting out these
diverse influences that include the need for large longitu-
dinal samples that assess a wide range of both biological
and psychosocial variables and that provide opportunities
for targeted intervention.

We were especially interested in having as much of this
information as possible based on objective assessments
due to concern about under-reporting in SAQs. Three
approaches were used to do this, all of them having impli-
cations for field procedures. First, the Army and DoD ad-
ministrative data systems provide an important source of
independent (of self-report) information on environmen-
tal factors. Such information can be obtained at the level of
the soldier’s unit to define stressors to which the soldier
was exposed by virtue of unit membership (e.g. numbers
of unit members who recently died in combat, in non-
duty-related injuries, or by suicide; numbers of unit
members who recently had combat-related injuries, were
Int. J. Methods Psychiatr. Res. 22(4): 276–287 (2013). DOI: 10.100
Copyright © 2013 John Wiley & Sons, Ltd.
reported to military authorities as victims of interpersonal
or sexual violence, or had charges brought against them
for being perpetrators of interpersonal or sexual violence).
Individual-level data can also be obtained to characterize
certain kinds of stressor exposures (e.g. information on
such things as wages of the soldier being garnished due
to financial debts, disciplinary actions, job performance
ratings). Many other relevant administrative data systems
exist as well, such as those providing data from electronic
medical records, criminal justice records, and records of
the Child and Protective Services system dealing with
domestic violence issues. In order to obtain these data,
though, it was necessary to obtain written informed con-
sent from Army STARRS participants to access their
administrative records. Field procedures for doing this
are described later.

Second, the research team was especially interested in
objectively measured neurocognitive factors that have
been shown to predict suicidal behavior (Keilp et al.,
2008; Keilp et al., 2001; Marzuk et al., 2005). Administra-
tive records provide access to a number of such tests that
are administered to all soldiers in the Armed Services
Vocational Aptitude Battery (ASVAB) in addition to the
Armed Forces Qualification Test (AFQT) and General
Technical (GT) Score. However, other neurocognitive
factors have been shown to be robust predictors of suicide
attempts that are not included in these test batteries, such
as tests of poor decision-making, problem-solving, cogni-
tive flexibility, and verbal fluency (Jollant et al., 2005;
Sadowski and Kelley, 1993). Recent work by members of
the Army STARRS team has also shown that specific
aspects of executive functioning associated with cognitive
inflexibility or failure to adaptively adjust to changing
demands distinguish depressed suicide attempters from
non-attempters (Keilp et al., 2001). In order to evaluate
the effects of dimensions such as these it was necessary
to administer special neuropsychological tests to Army
STARRS respondents. However, it was logistically impos-
sible to do this using the one-on-one administration
methods traditionally used for such tests (i.e. one test
administrator guiding one subject at a time through the
test battery). As a result, special group-administered CAI
neuropsychological software and test protocols were
developed to administer these tests in conjunction with
the Army STARRS surveys.

Third, the research team was quite interested in neuro-
biological predictors of suicidal behaviors. Although some
predictors of this sort have been widely studied in clinical
samples, much of this work uses protocols that could not
realistically be used in broad-based epidemiological
screening (e.g. post-mortem brain studies, Arango et al.,
2/mpr
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1990; Arango et al., 2001; Arango et al., 1995; Boldrini
et al., 2004; Hsiung et al., 2003; Mann et al., 2000;
Mann et al., 1986; FDG-PET, Boldrini et al., 2004; Parsey
et al., 2006). However, it was possible to obtain blood
samples to study genetic effects related to suicidal behav-
ior. Suicide appears to be partly heritable, as indicated by
concordance being higher in monozygotic (MZ) than
dizygotic (DZ) twins (Voracek and Loibl, 2007) and
higher in the biological parents of adoptees who died by
suicide than of other causes (Mann, 2003). However, the
specific genes that contribute to vulnerability for suicide
are unknown. This might be true because the numerous
association studies on candidate genes have examined only
a few candidate genes using a limited number of polymor-
phisms per gene (Anguelova et al., 2003; Baldessarini and
Hennen, 2004; Haghighi et al., 2008; Mann et al., 2001;
Rujescu et al., 2007; Uher and McGuffin, 2008; Zill et al.,
2004). Another important issue is that genes likely influ-
ence elements of the biological vulnerability for suicidal
behavior rather than suicide or suicide attempt directly.
For example, variants in the monoamine oxidase A gene
have been associated with differences in aggression and
impulsivity (Manuck et al., 2000), while adverse childhood
experiences (Huang et al., 2004) and prenatal exposure to
maternal smoking (Wakschlag et al., 2009) have been
shown to interact with genes to predict the development
of antisocial behavior and greater impulsivity, both of
which are risk factors for suicidal behavior in males
(Huang et al., 2004). Based on these considerations, it
was hypothesized that more consistent results might be
found in studies that distinguish suicide-related genes
from the genes related to common associated major psy-
chiatric disorders. In order to investigate this possibility,
though, it was necessary to obtain blood samples from a
large number of respondents. The field procedures used
to do this are described later.

Fieldwork organization and procedures

Fieldwork organization

As noted earlier, most Army STARRS fieldwork is carried
out by the professional SRC research staff. But there are
exceptions. One exception is that AAS fieldwork in Kuwait
could not be implemented by SRC staff due to restrictions
on civilian travel to Kuwait. As a result, this fieldwork was
carried out by Army staff using protocols developed by
SRC with training and support provided by SRC. Army
staff were also used to collect data from selected units
located in Europe and in the Pacific Command (Korea,
Hawaii and Alaska). A second exception is that subject
recruitment and interviewing for the retrospective
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case–control study of non-fatal suicide attempts are
carried out by research workers employed by the Army
STARRS collaborators in the Department of Psychiatry at
the Uniformed Services University of the Health Sciences
(USUHS). These workers are physically located in psychi-
atric inpatient units in five participating tertiary care
medical facilities (Walter Reed National Military Medical
Center, Washington, DC; Fort Bragg, NC; Fort Stewart,
GA; Fort Lewis, WA; and Fort Hood, TX), where they
attempt to recruit soldiers admitted because of suicide
attempts to participate in the case–control study of
suicide attempts. Once obtaining written informed
consent from these soldiers, the USUHS research workers
administer surveys, carry out neuropsychological tests,
and obtain blood samples. A third exception is that
clinical interviewers employed by the Army STARRS
collaborators at Harvard University conduct qualitative
telephone interviews with suicide attempters. These inter-
views use a theoretically-guided form of qualitative
interviewing designed to uncover information about
critical junctures in the progression to suicide attempts
and completions (Strauss, 1987). A final exception is that
a clinical reappraisal study of the self-report assessment
battery for DSM-IV disorders used in all of the large-scale
Army STARRS SAQs (Kessler et al., 2012) was carried out
by clinical interviewers employed by the Army STARRS
collaborators at USUHS. These interviews involve clinical
reappraisal assessments administered by telephone with
STARRS SAQ respondents using the Structured Clinical
Interview for the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (SCID) (First et al.,
2002) as the clinical interview schedule.
Key challenges in fieldwork implementation

Formidable logistical challenges were faced in fielding the
large-scale Army STARRS data collections. SRC was re-
quired to develop stand-alone, highly-secure, wireless
computer networks that could efficiently serve up to 300
laptop computers on NSS and selected AAS Army installa-
tions. These networks had to be set up, broken down, and
set up again twice each week at each installation where
surveys were being carried out. The networks and laptops
had to be shipped to new sites with each new quarterly
sample replicate. SRC staff transported and set up laptops
and network equipment for each data collection session,
then packed and returned the equipment to the storage
site established at the installation, and recharged laptop
batteries between sessions at the storage sites. Where the
target AAS sample unit was so small at a given site that it
was not feasible or cost effective to set up computer
hods Psychiatr. Res. 22(4): 276–287 (2013). DOI: 10.1002/mpr
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networks, PAPI was used for group self-administration of
the AAS. Whole blood collection in the NSS and PPDS re-
quired the development of a special identification protocol
involving use of wrist bands with ID numbers and bar
codes to ensure respondent confidentiality and permit
linking of blood samples with survey responses. Coordina-
tion was also required with Army phlebotomists.

Considerable travel and ongoing coordination were
needed to establish mobile data collection facilities at the
rotating set of data collection sites that were new in each
replicate of the AAS. The SRC data collection teams that
created this travelling set of facilities worked through the
ODUSA to designate a local POC who worked directly
with SRC to address logistical issues and facilitate data col-
lection. An SRC Site Coordinator at each site worked with
the POC to schedule sessions; obtain contact information
for local Chaplains for the safety plan; and ensure access to
storage space (for equipment and paper materials), tables
and chairs, electrical outlets, etc. for each data collection
session. Fitting Army STARRS data collections into the
very busy schedules of Army units required a great deal
of flexibility and creativity on the part of the SRC staff.
Other challenges were faced in implementing the case–
control studies of non-fatal suicide attempters and suicide
deaths (contacting and recruiting next of kin; selecting,
tracing, and recruiting control soldiers and supervisors).

Unit recruitment and logistical planning (including
issuing operational orders) were carried out through the
ODUSA, TRADOC, and FORSCOM. Contact with study
units began with SRC staff briefing unit leaders on the
purposes and importance of Army STARRS and then
working with POCs to explain data collection require-
ments and develop local protocols to address logistical
challenges. Additional coordination was needed with the
Army Chaplain Corps, which provided support for the
safety plan, and the MEDCOM, which provided Army
medics for blood collection. The ODUSA maintained a
travel team of high-ranking officers who accompanied
the SRC data collection team to ensure Army support at
each installation. The support and guidance provided by
these Commands was essential to the success of Army
STARRS data collection.

All soldiers selected for participation in Army STARRS
were provided with an information sheet explaining the
purposes of the study, providing answers to frequently
asked questions, and giving a toll-free number for those
who had additional questions. In the cases of the NSS,
AAS, and PPDS, pre-designated respondents were addition-
ally ordered to attend a group-administered 30-minute
informed consent session that explained study purposes,
procedures and confidentiality protections; emphasized the
Int. J. Methods Psychiatr. Res. 22(4): 276–287 (2013). DOI: 10.100
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voluntary nature of participation (including the right to
withdraw consent at a future date); and answered questions
before seeking informed consent. SRC staff made the
presentations at these sessions with in-person presentations
made by ODUSA staff. Written informed consent was
then obtained from volunteers. The Human Subjects
Committees of the University of Michigan and USUHS
(and for the Kuwait component, the Army Medical
Research and Materiel Command) approved all recruit-
ment, consent, and field procedures.
Fieldworker training

SRC hired and trained Site Coordinators and Group
Session Proctors for the AAS, NSS, and PPDS data collec-
tions. SRC recruitment for the SCID clinical reappraisal
study was conducted in person by the SRC field staff.
SRC telephone recruitment for the SHOS-A/B case–
control studies and telephone interviewing (for the case–
control studies and for the third wave of PPDS follow-up
interviews), in comparison, are being carried out by inter-
viewers in the SRC Survey Services Laboratory in Ann
Arbor, Michigan. Each professional SRC interviewer and
fieldworker completes a General Interviewer Training
(GIT) course before working on any project. Experienced
workers additionally complete GIT refresher courses on a
periodic basis. Each Site Coordinator, Group Session
Proctor, and Interviewer who worked on Army STARRS
also received 4–5 days of study-specific training and com-
pleted an Army STARRS certification test before beginning
production work.

The USUHS clinical interviewers who administered the
SCID interviews were trained by Michael First, a developer
of the SCID, and were supervised by an experienced clin-
ical research supervisor. All SCID interviews were digitally
recorded with the permission of respondents for quality
review purposes. The supervisor reviewed all written inter-
viewer notes and selected recordings. Biweekly in-person
clinical interviewer review meetings were held throughout
the clinical calibration study field period to prevent inter-
viewer drift. These meetings were chaired by the supervi-
sor and attended remotely by the trainer.

The Harvard clinical interviewers who conduct the
qualitative interviews with non-fatal suicide attempters
were trained and supervised by Matthew Nock, a clinical
psychologist with a long history of research on suicidal
behaviors. Nock developed the interview schedule used
in these assessments and also conducts some of the inter-
views. All these clinical interviews are audio-recorded with
the permission of respondents and then transcribed and
content analyzed using double-coding by independent
2/mpr
281



Army STARRS field procedures Heeringa et al.
raters to establish inter-rater reliability. The coding system
evolves in the course of content analysis. Interviewers/
coders meet weekly with Nock to review results, address
the problem of interviewer/coder drift, and discuss
updates and revisions to the coding system.

Fieldwork quality control

As noted earlier, weekly or biweekly interviewer meetings
and reviews of tape recorded interviews were used in the
clinical reappraisal study (which has now ended) and
continue to be used in the ongoing case–control studies to
maintain quality control of data collection. In the case of
the large-scale survey data collections, quality control proce-
dures began with close monitoring by SRC staff of respon-
dent selection procedures to avoid selectively recruiting
respondents. CAI programs were then used in all data
collections other than the AAS surveys implemented on
small US installations and overseas to control skip logic.
Completed CAI SAQs were sent electronically (by mail for
PAPI and overseas SAQs) every night to the central Army
STARRS Data Coordination Center at University of
Michigan, allowing supervisors to monitor data flow and
make quality control checks on a daily basis. In cases where
problems were detected, rapid remediation efforts were
undertaken. Despite these quality control steps, logistical
problems occurred in a number of group administration
sessions involving units of soldiers arriving late or having
to leave early that led to incomplete surveys in a non-trivial
proportion of cases. Computer hardware problems were
also encountered in a small number of early SAQ sessions
that resulted in loss of data. As these were relatively random
occurrences, though, we addressed these data losses with the
weighting procedures described later.

Sample sizes and response rates

Information on final sample sizes and response rates are
available for the NSS and baseline PPDS. Only estimated
projections are available, though, for the AAS and PPDS
follow-up surveys. In the case of the AAS, while data
collection has recently ended, with the late addition of
activated Army Reserve (USAR) and National Guard
(USANG) units in the continental United States that were
either about to deploy to Afghanistan or about to separate
from military service after returning from a deployment to
Afghanistan, it will take some months to reconcile sample
totals with population totals for these replicates. In the
case of the PPDS, follow-up surveys are still in progress.

The numbers of respondents with substantially com-
plete SAQ data are 50,765 in the NSS, 9421 in the baseline
PPDS, and projected to be 35,372 in the AAS (Table 1).
Int. J. Met
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These numbers represent SAQ response rates of 88.8%
in the NSS, 90.8% in the baseline PPDS, and 72.0% in
the AAS replicates for which results are currently available.
The numbers of SAQ respondents that additionally pro-
vided written informed consent and accurate identifying
information to link their SAQ responses to their adminis-
trative data system (ADS) records are 39,132 in the NSS,
7425 in the baseline PPDS, and a projected 24,266 in the
AAS. These numbers represent SAQ+ADS response rates
of 68.5% in the NSS, 71.5% in the baseline PPDS, and a
projected 49.8% in the AAS. Blood samples were also col-
lected in the NSS and baseline PPDS, with some SAQ re-
spondents providing blood samples but not ADS linkage
and others providing ADS linkage but not blood samples.
The numbers with complete SAQ data and blood samples
(with or without ADS linkage) are 33,088 in the NSS and
7923 in the baseline PPDS (80.1–76.2% response rates),
while the numbers with complete SAQ data, blood
samples, and ADS linkage are 27,807 in the NSS and
6531 in the baseline PPDS (67.3–62.9% response rates).

A decomposition of reasons for incomplete response
shows that even though all unit members in the AAS and
PPDS are ordered to report to the Army STARRS in-
formed consent sessions, 7.3% in the baseline PPDS and
23.5% in the AAS units for which results are currently
available were absent due to conflicting duty assignments.
However, the vast majority of those attending the in-
formed consent sessions in both surveys (96.0–98.7%)
consented to complete the SAQ and 98.0–99.2 of
consenters completed the surveys. The situation is quite
different in the NSS, where 100% of new soldiers selected
for the survey attended the informed consent sessions
(i.e. attendance at these sessions was made a part of the
new soldier training schedule) and a similar fraction as
in the AAS or PPDS consented to participate (97.7%
versus 96.0–98.7%) but a smaller proportion of consenters
completed the survey (91.0% versus 98.0–99.2%). Con-
sent to link SAQ and administrative data was considerably
higher among NSS (83.5%) and PPDS (84.0%) SAQ
completers than AAS SAQ completers (72.4%). Based on
these differences, the cooperation rates for the conjunction
of SAQ completion and successful record linkage among
soldiers attending informed consent sessions (i.e. response
among those who were contacted and participated in the
informed consent sessions) are lower in the NSS (68.5%)
and AAS (65.1%) than the baseline PPDS.
Discussion

This paper has presented an overview of the field proce-
dures in the Army STARRS, a multi-component initiative
hods Psychiatr. Res. 22(4): 276–287 (2013). DOI: 10.1002/mpr
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Table 1. Interim sample dispositions in the Army STARRS surveys1

New Soldier Study
(Q1 2011–Q4 2012)

All Army Study
(Q1–4 2011)

Baseline Pre-Post
Deployment Study

I. Components of cooperation rate and response rate calculations
Attending consent session (ACS)2 100.0% 76.5% 92.7%
Consent to complete survey (CCS/ACS) 97.7 96.0 98.7
Completion of survey (CS/CCS)3 91.0 98.0 99.2
Consent for linkage of ADS data among survey
completers (CRL/CS) 83.5 72.4 84.0
Successful record linkage (ADS/[CS+CRL])3 92.3 95.6 93.8

II. Cooperation rates
Survey 88.8 94.1 97.9
Survey+Consent for record linkage 74.2 68.1 82.2
Survey+ADS 68.5 65.1 77.2
Survey+ blood 80.1 — 82.4
Survey+ADS+blood 67.3 — 67.9

III. Response rates
Survey 88.8 72.0 90.8
Survey+Consent for record linkage 74.2 52.2 76.3
Survey+ADS 68.5 49.8 71.5
Survey+ blood 80.1 — 76.2
Survey+ADS+blood 67.3 — 62.9

IV. Sample sizes
Target sample (57,152) (49,128)5 (10,380)
Sample with completed surveys (50,765) (35,372)5 (9421)
Sample with completed surveys and ADS (39,132) (24,266)5 (7425)
Sample with completed surveys and blood (33,088) — (7923)
Sample with completed surveys, ADS, and blood4 (27,807) — (6531)

1NSS dispositions are reported for calendar years 2011 and 2012. AAS dispositions are reported for replicates in calendar
years 2011, as 2012 results are not yet finalized. PPDS dispositions are reported for the full pre-deployment PPDS sample.
2The AAS and PPDS target samples were all soldiers in designated units, allowing us to calculate the proportion of target
respondents that attended the consent sessions. The NSS target samples, in comparison, were stipulated to be samples
of new soldiers recruited on designated survey administration days in Reception Battalion to equal the numbers we could ac-
commodate in the group survey administration settings established on the training bases. All new soldiers designated to be
part of these target samples were designated as such by the Army Points of Contact (POCs) and marched to the Army
STARRS group administration setting for the informed consent presentation before being asked to provide voluntary
informed consent for the survey. Army STARRS data collection staff worked with Army POCs to guarantee that the target
samples were not systematically biased. Based on these NSS recruitment procedures, the table stipulates that 100% of
pre-designated respondents attended the NSS consent sessions.
3Failure to complete the surveywas largely due to logistical problemswith units arriving late or having to leave early from the group
survey sessions, although some new soldiers were unable to complete the survey in the allocated 90-minute data collection pe-
riod. Record linkage failure occurred when respondents who signed the informed consent form for record linkage either failed to
provide linking information or provided information that did not match the information available in Army administrative records.
4Collection of blood did not begin until the fourth quarter of 2011 due to delays in IRB approval of this study component.
5The final sample sizes for the AAS are projected due to the numbers of respondents in the final replicates, which consist of
activated USAR and USANG units, not yet being available at the time this report was prepared.
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designed to investigate risk and resilience factors for
suicidality and its psychopathological correlates among
US Army personnel. We also presented preliminary
Int. J. Methods Psychiatr. Res. 22(4): 276–287 (2013). DOI: 10.100
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information on sample sizes and response rates. The un-
precedented size, scope, and complexity of Army STARRS
created formidable challenges that, as described in the
2/mpr
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body of the paper, we addressed by putting in place an or-
ganizational structure that provided coordination across
component studies while allowing flexibility and creativity
within studies and using the expertise of SRC to guide all
data collection efforts. The fact that the component Army
STARRS studies were carried out as part of a high-profile
integrated research initiative helped promote cooperation,
as indicated by the fact that the response rates in the AAS
and baseline PPDS were a good deal higher than those in a
number of other major military surveys (Bray et al., 2006;
Ryan et al., 2007).

An issue of special importance in considering the
response rates is that the Army STARRS studies, while
de-identified (i.e. identifying information is kept separate
from research data), are not anonymous (i.e. identifying
information exists that can be linked to the research data
of individual respondents) due to the fact that we are
linking administrative data to survey responses and fol-
lowing respondents over time. This is in contrast to some
other large military surveys, like the Department of
Defense Survey of Health Related Behaviors Among Active
Duty Military Personnel (DoD Health Behavior Surveys;
Ryan et al., 2007) and the Mental Health Surveillance
Surveys in combat environments carried out by US Army
Mental Health Advisory Teams (MHATs; Bliese et al.,
2011), which were purposefully designed to be anonymous
in order to encourage complete and accurate reporting.

The rationale for anonymity in military surveys is com-
pelling, based on the fact that meta-analyses strongly sug-
gest that anonymity can influence survey reports of
embarrassing behaviors both in the general population
(Turner et al., 1998) and of mental disorders in the mili-
tary (Gadermann et al., 2012). As a result, a strategic deci-
sion was made in fielding the Army STARRS to allow
respondents to provide completely anonymous survey
reports even though we needed identifying information
for ADS linkage. This was done by creating a separate in-
formed consent form for identifying information to link
self-report data to other types of data and encouraging
respondents to complete the SAQ even if they did not
want to consent to ADS linkage.

It is noteworthy in this regard that the proportions of
soldiers attending AAS and PPDS consent sessions who
completed these surveys (94.1–98.0%) are similar to the
proportions who participated in previous Army surveys
that used completely anonymous surveys. For example,
the cooperation rate in the most recently reported DoD
Health Behavior Survey among soldiers attending
consent-survey sessions was 95.8% (Bray et al., 2009).
The cooperation rate among soldiers attending consent-
survey sessions in an earlier survey of pre-post deployment
Int. J. Met
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mental health of US Army soldiers and Marines deployed in
Operation Iraqi Freedom (OIF) and Operation Enduring
Freedom (OEF) in Afghanistan was 98% (Hoge et al.,
2004). Importantly, though, the proportions of eligible
respondents who attended the consent-survey sessions in
these earlier studies (80% of those described as “accessible
for study,” but only 64.7% of all unit members, in the
DoD Health Behavior Survey; 58% in the OIF/OEF surveys)
were considerably lower than in the Army STARRS PPDS
(92.7%) and AAS (76.5%). This suggests that there was
more self-selection of cooperative soldiers in these earlier
surveys than in the AAS or PPDS, making it all the more
striking that the SAQ cooperation rates in the AAS and
PPDS were comparable to those in these earlier surveys.

An advantage of having access to SAQ data for soldiers
who did not consent to ADS linkage is that comparisons
can be made with the SAQ reports of soldiers that agreed
to ADS linkage. With regard to objective variables reported
in the SAQs (e.g. age, sex, education, rank, marital status),
these comparisons allow us to examine the extent to which
consent for ADS linkage was non-random. Data are also
available in the SAQ onmore subjective data, such as reports
of being anxious, depressed, and suicidal. These reports
might be biased by the knowledge that responses are not
completely anonymous, making the comparison of results
in the completely anonymous SAQs and the de-identified
(but not completely anonymous) SAQS of considerable
interest. This kind of comparison is the focus of a compan-
ion paper in this issue (Kessler et al., 2013b).
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Abstract

The Army Study to Assess Risk and Resilience in Servicemembers (Army
STARRS) is a multi-component epidemiological and neurobiological study
designed to generate actionable recommendations to reduce US Army suicides
and increase knowledge about determinants of suicidality. Three Army STARRS
component studies are large-scale surveys: one of new soldiers prior to
beginning Basic Combat Training (BCT; n= 50,765 completed
self-administered questionnaires); another of other soldiers exclusive of those
in BCT (n= 35,372); and a third of three Brigade Combat Teams about to
deploy to Afghanistan who are being followed multiple times after returning
from deployment (n= 9421). Although the response rates in these surveys are
quite good (72.0–90.8%), questions can be raised about sample biases in
estimating prevalence of mental disorders and suicidality, the main outcomes
of the surveys based on evidence that people in the general population with
mental disorders are under-represented in community surveys. This paper
presents the results of analyses designed to determine whether such bias exists
in the Army STARRS surveys and, if so, to develop weights to correct for these
biases. Data are also presented on sample inefficiencies introduced by weighting
and sample clustering and on analyses of the trade-off between bias and
efficiency in weight trimming. Copyright © 2013 John Wiley & Sons, Ltd.
Copyright © 2013 John Wiley & Sons, Ltd.
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Introduction

The Army Study to Assess Risk and Resilience in
Servicemembers (Army STARRS; http://www.army-
starrs.org) is a multi-component epidemiological and
neurobiological study of risk and resilience factors for
suicidality and its psychopathological correlates among
US Army personnel (Ursano et al., under review). One of
these components, the Historical Administrative Data
Study (HADS) is a study examining associations among
information collected on all soldiers (2004–2009) using
Army and Department of Defense (DoD) administrative
data records to predict suicide outcomes. Two others are
retrospective case–control studies of suicide attempts and
fatalities. The other main component studies in Army
STARRS are three large-scale surveys (Kessler et al.,
2013). One of these, the New Soldier Study (NSS),
attempted to obtain information from self-administered
neurocognitive tests and self-administered questionnaires
(SAQs) in a representative sample of over 57,000 of new
soldiers reporting for Basic Combat Training (BCT)
(Heeringa et al., 2013). The second, the All-Army Study
(AAS), attempted to obtain SAQ information from a
representative sample of nearly 50,000 soldiers other
than those in BCT (Heeringa et al., 2013). The third,
the Pre-Post Deployment Study (PPDS), attempted to
obtain SAQ information from all 10,380 members of
three Brigade Combat Teams scheduled to deploy to
Afghanistan shortly after the baseline PPDS was carried
out (Heeringa et al., 2013). The NSS and PPDS
additionally attempted to collect blood samples from
all respondents, while all three studies attempted to
obtain informed consent from SAQ respondents to link
their Army/ DoD administrative records with their self-
report responses.

An important characteristic of the Army STARRS
surveys is that identifying information is needed from
SAQ respondents to link administrative records with
SAQ data. Concerns can be raised about the absence
of anonymity in this design, as some military
researchers have suggested that lack of anonymity can
lead to under-reporting of emotional problems in
military surveys (Warner et al., 2008; Warner et al.,
2007). A number of large military surveys, like the
DoD Survey of Health Related Behaviors Among Active
Duty Military Personnel (DoD Health Behavior
Surveys; Ryan et al., 2007) and the Mental Health
Surveillance Surveys in combat environments carried
out by US Army Mental Health Advisory Teams
(MHATs; Bliese et al., 2011), are administered anony-
mously based on this concern in an effort to encourage
complete and accurate reporting.
Int. J. Methods Psychiatr. Res. 22(4): 288–302 (2013). DOI: 10.100
Copyright © 2013 John Wiley & Sons, Ltd.
A good deal of methodological research has been carried
out on the effects of anonymity in surveys. One line of this
research investigates the effects of experimentally manipu-
lating perceived risk of disclosure of survey responses
(Couper et al., 2008, 2010). These studies find that only
when risk of disclosure is virtually certain and the informa-
tion in the survey is potentially damaging to the individual
does risk of disclosure reduce survey response rates. Empha-
sizing the confidentiality of responses in identified surveys,
however, has been shown consistently to increase survey
response rates significantly (Edwards et al., 2009). Based
on this evidence, the informed consent sessions preceding
the Army STARRS surveys were designed to be quite
elaborate (30-minute group-based sessions) and presented
detailed information on the tight security measures put in
place to guarantee survey response confidentiality.

A second line of experimental research investigates the
effects of anonymity on honesty of responding to sensitive
questions among people who participate in surveys. The
results of this research are mixed, with some studies show-
ing that anonymity increases reports of embarrassing
behaviors (Ong and Weiss, 2000; Werch, 1990) and others
finding no such effects (Brink, 1995; Campbell andWaters,
1990). It is unclear why this variability exists, but it has
been found even in studies examining the same types of be-
haviors (Begin et al., 1979; Fidler and Kleinknecht, 1977).
A broader experimental literature documents effects of
“social distance” on reporting of potentially embarrassing
behaviors even within anonymous surveys, with highest
reported rates in self-administered surveys, lower rates in
telephone surveys, and lowest rates in face-to-face surveys
(Rogers et al., 1998; Turner et al., 1998).

Non-experimental studies have also been carried out on
this issue. For example, a meta-analysis of studies designed
to estimate prevalence of major depression in surveys of
military samples found that anonymous surveys, all else
equal, yielded higher prevalence estimates than confiden-
tial surveys that were not anonymous (Gadermann et al.,
2012). The most dramatic non-experimental evidence
for such an effect came in a study of responses to the
Post-Deployment Health Assessment (PDHA) in a sample
of infantry soldiers returning from Iraq (Warner et al.,
2011). Completion of the PDHA is required of all soldiers
returning from deployment. PDHA responses are neither
anonymous nor confidential, as each soldier who completes
a PDHA is required to have an in-person review of responses
with a health care provider and to discuss deploy-
ment-related health problems reported in the survey and
to allow the health care professional an opportunity to pro-
vide referrals for needed treatment (http://www.pdhealth.
mil/dcs/dd_form_2796.asp). The effects of this lack of
2/mpr
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confidentiality on PDHA responses were examined by
administering a completely anonymous survey containing
some of the same questions as the PDHA about emotional
problems to a group of soldiers shortly after they completed
the PDHA. Reported prevalence of depression was over
three times as high in the anonymous survey as in the PDHA
(7.0% versus 1.9%, χ21 = 87.7, p< 0.001), with similar differ-
ences found for a number of other reports, such as having
symptoms of post-traumatic stress disorder (PTSD)
(7.7% versus 3.3%, χ21 = 48.9, p< 0.001) and of having
thoughts-concerns about losing control or hurting someone
(8.6% versus 3.4%, χ21 = 63.1, p< 0.001).

A number of factors could be involved in the dramatic
under-reporting of emotional problems in the PDHA, as
respondents know with certainty that their responses will
be reviewed in a meeting with a health professional. The
situation is quite different, of course, in the Army STARRS
surveys, where respondents are guaranteed that their
self-reports will be used only for research purposes, that
personally identifying information will never be linked to
research data, that the identifying information they
provide will be maintained securely by the civilian
academic research team carrying out the study, and that
this identifying information will never be shared with the
Army. It is unclear whether lack of anonymity will affect
reports of emotional problems in a situation of this sort.

In an effort to address the possibility of such an effect
in the Army STARRS surveys, a strategic decision was
made to allow Army STARRS survey respondents to pro-
vide completely anonymous survey reports. This was done
by asking first for informed consent to complete the sur-
vey and then asking separately for identifying information
to link survey data to administrative data. Importantly, the
survey cooperation rates (i.e. the proportions of soldiers
attending the consent sessions that agreed to complete
the surveys) were comparable to those achieved in anony-
mous surveys of similar samples (Heeringa et al., 2013).
However, meaningful proportions of SAQ respondents in
the three surveys chose not to provide identifying infor-
mation: 22.9% in the NSS (n= 11,633), 31.4% in the
AAS (n= 11,106), and 21.2% in the baseline PPDS
(n= 1996). These respondents would presumably either
not have completed the surveys or would have
under-reported emotional problems in the surveys if the
option for anonymous reporting was not provided.

Access to these anonymous surveys made it possible for
us to compare the characteristics of soldiers who
completed anonymous versus confidential (i.e. not anony-
mous) surveys. Furthermore, we had access not only to the
Army/DoD administrative records of all respondents who
completed confidential (i.e. non-anonymous surveys in
Int. J. Met
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which respondents provided identifying information for
purposes of linking the SAQ responses to their administra-
tive records) but also to a limited amount of de-identified
individual-level administrative record data for all soldiers
in the Army. The latter data were provided by the Army
for purposes of sample post-stratification. We were able
to use these data to make part-whole comparisons aimed
at investigating basic differences between survey respon-
dents who consented to administrative data linkage and
all other soldiers (i.e. both those who did not complete
the survey and those who completed the survey but did
consent to provide the identifying data needed to link
survey responses to administrative records). These com-
parisons were used to evaluate response bias in the Army
STARRS surveys and to develop weighting adjustments
designed to correct for these biases to the extent possible
by adjusting for two types of differences: (i) differences
between the anonymous survey sample and the de-identi-
fied survey sample in variables assessed in the survey; and
(ii) differences between the de-identified survey sample
and the population in variables available in the Army/
DoD administrative records. The results of these analyses
are presented in the current report. Data are also presented
on sample inefficiencies introduced by weighting and
time-space clustering and on analyses of the trade-off
between bias and efficiency in weight trimming.

Data adjustments and processing

Sample clustering

The time-space clustering of observations in the NSS,
AAS, and PPDS studies could lead to inefficiencies in
estimation due to increases in the variances of statistics
estimated from the survey data (Heeringa et al., 2010).
To obtain correct estimates of variances and associated
inferences about the survey population, we used design-
based methods of estimation (Wolter, 1985) that required
us to define strata and within-stratum sampling error
calculation units (SECUs) for each sample to characterize
the sample design stratification and the time-space cluster-
ing of observations within strata. In the case of the NSS,
this was done by beginning with the fact that each week
between January 2011 and November 2012 NSS
group-administered SAQ data collections were conducted
with 200 to 400 new soldiers at each of three Army training
installations shortly after they arrived for BCT. Both the
implicit stratification of the sample by location and time
and the “clustering effects" of weekly administrations to
groups of incoming soldiers introduced complex design ef-
fects. (The weighting of observations, discussed later in the
sub-section on case-level missing data, also contributes to
hods Psychiatr. Res. 22(4): 288–302 (2013). DOI: 10.1002/mpr
Copyright © 2013 John Wiley & Sons, Ltd.
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design effects.) The NSS “two SECU-per-stratum”

sampling error calculation model for design-based vari-
ance was formed by first defining pseudo strata based on
the training facility location of the survey and bi-weekly
windows of time. Each of the weekly time-space clusters
of respondents was defined as a separate SECU and two-
week pairs of SECUs were combined at a specific BCT
installation to define strata to capture the stratification
influences on time-space clustering. The two-SECU coding
approach, while not necessary, was chosen because of its
flexibility in permitting design-based variance estimation
under both the Taylor Series Linearization (TSL), Balanced
Repeated Replication (BRR) and Jackknife Repeated
Replication (JRR) methods. The same sampling error
calculation model also permits analysts the option to use
Bootstrap methods of inference for the complex sample
of NSS observations.

The AAS, in comparison, was selected in quarterly
replicates at the unit level stratified by Army command
and unit size within command. Large units from substrata
within commands (where computer-administered inter-
viewing [CAI] was the data collection mode) were typically
treated as pseudo-self representing (SR) units and split into
two random SECU groups for variance estimation pur-
poses. Splitting was done at the session level whenever pos-
sible and at the individual soldier level for units that were
surveyed in a single session. Non-SR smaller units were
usually paired with another similar unit within the same
command and quarterly time period to create a sampling
error stratum for variance estimation. Unit pairing was
always carried out not only within command, but also
within size stratum and survey mode (i.e. either CAI or pa-
per-and-pencil interviewing [PAPI]) in order to allow data
to be analyzed within meaningful subgroups of interest
(e.g. United States Army Forces Command [FORSCOM]-
only, CAI-only, etc.) while still maintaining the ability to
perform design-based variance estimation.

The PPDS sample, finally, consisted of all soldiers in
three Brigade Combat Teams scheduled to deploy to
Afghanistan (and return) in the 2011–2012 time frame.
Two of the three were Infantry Brigade Combat Teams
(one light infantry, the other airborne), each consisting
of six battalions (two infantry and one each of cavalry,
fires, special troops, and support) and the third was a
Stryker (mechanized infantry) Brigade Combat Team
consisting of three infantry battalions, one artillery battalion,
one support battalion, a number of separate companies
(network support, military intelligence, engineer, anti-tank,
and headquarters), and one cavalry squadron.

PPDS was designed as a “census” of all soldiers in these
three Brigade Combat Teams. While the three Brigade
Int. J. Methods Psychiatr. Res. 22(4): 288–302 (2013). DOI: 10.100
Copyright © 2013 John Wiley & Sons, Ltd.
Combat Teams in the PPDS were selected purposefully
because of their deployment schedule, a design-based
approach to PPDS estimation and inference serves to cap-
ture the influence of non-response and post-stratification
weighting adjustments on the sampling error of statistics
estimated from the PPDS data The design-based sampling
error calculation model developed for the analysis of these
data effectively treats the three Brigade Combat Teams as
a sample from a super-population of all possible such
units that underwent a similar deployment experience. A
two SECU-per-stratum sampling error calculation model
for PPDS design-based variance estimation was formed by
first randomly creating strata of 50 to 100 soldiers within
each of these units and then further randomly creating
half-samples of soldiers within each of these strata to
define SECUs. The two-SECU-per-stratum coding
approach, as noted earlier, is not the only one that could
have been used to estimate variances, but was used here
because of its flexibility in allowing implementation of
design-based variance estimation methods of the sort
used in substantive analyses of the Army STARRS data.
Adjusting for item-level non-response

Item-missing data are generally more common in SAQs
than interviewer-administered surveys. Army STARRS
is no exception to this rule, as indicated by the fact that
a meaningful proportion of SAQ respondents failed to
complete all SAQ items (Heeringa et al., 2013). In
addition, sporadic item-level missing data could be
found in a substantial proportion of completed SAQs.
A two-step process was used to address this problem.
First, SAQs were coded as missing if the data pattern
suggested that respondents were giving random
responses or if the amount of missing data was so large
that imputation was infeasible. Second, item-level
missing data were imputed using a three-part process
that began with conservative rational imputation for
missing items in sections that had selective missing
items. For example, in the section on exposure to trau-
matic experiences, missing values for respondents that
endorsed some items but left others blank were
recoded as negative responses. The second part of this
three-part process involved psychometric scales, where
respondents were assigned a total scale score based on
partial values using model-based imputation (e.g. esti-
mated true score values on an item response theory
[IRT] scale). The third part, finally, involved the use
of multiple imputation to assign plausible values to
item-missing data based on responses to other
questions (Schafer, 1999).
2/mpr
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Adjusting for case-level missing data

Recruiting difficult-to-reach cases

One way to deal with case-level missing data is to develop
special field procedures aimed at tracking, recruiting, and
interviewing hard-to-reach cases. These procedures were
not used in the NSS, AAS, or baseline PPDS because of
logistical constraints. However, these procedures are being
used in the third wave of the PPDS follow-up survey by
selecting a probability sub-sample of non-respondents at
the end of the standard field period and using special
tracing procedures, personalized recruitment procedures,
and financial incentives to obtain interview data from as
many of these cases as possible. Up-weighting of these
cases will be used to adjust for the fact that they are being
under-represented in the consolidated analysis dataset.
Similar procedures will be used in future planned follow-
up surveys of the baseline NSS and AAS samples and
further follow-ups of the PPDS sample.
Weighting for case-level non-response

As noted in the Introduction, we were able to adjust for
case-level missing data by comparing characteristics of
respondents with those of non-respondents. This was
done in two ways: by comparing SAQ responses of respon-
dents who did versus did not consent to Army/DoD
administrative data linkage; and by comparing profiles of
SAQ respondents who consented to linkage with popula-
tion profiles on the small set of administrative record
variables (e.g. age, sex, rank) we were given access to for
post-stratification. We developed weights based on both
of these comparisons to make weighting adjustments for
case-level non-response. Weight 1 (WT1) adjusted for
discrepancies in SAQ responses of survey completers with
versus without record linkage. Weight 2 (WT2) then
adjusted for discrepancies in multivariate profiles of
weighted (WT1) survey respondents with administrative
record linkage versus the population. Each weight was
constructed based on an iterative process of stepwise logis-
tic regression analysis designed to arrive at a stable
weighting solution. WT1 was the inverse of the probability
of agreement to link administrative data with SAQ data in
the sample of SAQ completers based on a prediction equa-
tion using SAQ responses as predictors. WT2 was the in-
verse of the probability of completion of the SAQ based on
the comparison of SAQ respondents who agreed to linkage
and were weighted (WT1) to represent all SAQ respondents
compared to the population based on a prediction equation
using administrative record variables as predictors.
Int. J. Met
292
Inspection of detailed results for the replicates weighted
up to now, which consist of NSS and AAS respondents
from Q2–4 2011 and the baseline PPDS, shows that survey
respondents who consented to administrative record link-
age differ from non-consenters in having experienced
more stress in their lifetime and the recent past and in hav-
ing generally higher self-reported rates of Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition
(DSM-IV) mental disorders. However, these differences
are not dramatic even though they are statistically signifi-
cant. This is illustrated in Table 1, which shows that linkage
consenters across the three main Army STARRS surveys
were somewhat more likely than non-consenters to report
having 30-day DSM-IV mental disorders, a history of
trauma exposure, and a history of head injuries, but that
these differences are quite modest in substantive terms
despite being significant from a statistical point of view.

The fact that consenters do not differ dramatically from
non-consenters leads to the ratio of high to low weights
based on the best-fitting logistic regression equations (i.e.
the ratio of 1/p1 divided by 1/p99, where p1 is the predicted
probability of consent for respondents at the first percen-
tile of this probability in the sample and p99 is the
predicted probability of consent for respondent at the
99th percentile of this probability in the sample) being rel-
atively low: 4.2–8.4 for the NSS, 4.9–9.4 for the AAS, and
1.7 for the PPDS. In addition, the bodies of the weight dis-
tributions are fairly symmetrical. These distributional charac-
teristics typically reduce the impact of weights on variances of
coefficient estimates (Kish, 1976; Little and Vartivarian, 2005)

Inspection of detailed results of the logistic regression
equations used to produce WT2 shows that NSS respon-
dents who provided administrative data linkage consent
are somewhat younger than the population of all soldiers
eligible for the survey and somewhat more likely than sol-
diers in the population to be female, non-Hispanic White,
never married, and Protestant, but less likely to have no
religion, and somewhat more highly educated than all
soldiers in the population. NSS respondents with linked
administrative data are also somewhat more likely than
the population to be in the Regular Army rather than the
US Air National Guard (USANG) or US Army Reserve
(USAR). Some of these patterns are shown in Table 2,
where we see that sample versus population differences
are modest in substantive terms even though statistically
significant.

Similar patterns of statistically significant but substan-
tially modest sample versus population difference in
socio-demographic characteristics were found in the
AAS, including the sample being somewhat younger, less
female (as opposed to more female in the NSS), more
hods Psychiatr. Res. 22(4): 288–302 (2013). DOI: 10.1002/mpr
Copyright © 2013 John Wiley & Sons, Ltd.
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non-Hispanic White, more currently married (as opposed
to more “never married” in the NSS), less highly educated
(as opposed to more highly educated in the NSS), and less
likely to have any religion than soldiers in the population.
Some of these patterns are shown in Table 3, where we see
that the differences between sample and population are
quite modest in substantive terms even though they are
statistically significant. Differences between the AAS
sample and the population in Army career characteristics
are more substantial, though, with a higher proportion
of the sample than the population in the lower enlisted
ranks (E2–4), having somewhat less time in service, and
being more likely to have been deployed exactly once
(as opposed either never or more than once). More
detailed analyses found that respondents in the sample
are more likely than the population to be in the Medical
Command and less likely to be in Area Service Component
Commands (North/South America, Europe/Central/Africa,
Pacific) and to have quite different distributions than the
population on Military Occupational Specialties (MOS).
These differences are due to differential sampling of units
in the first year of the AAS. In the case of the baseline PPDS,
finally, differences between sample and population were
found to be very modest in all respects other than that the
sample was more likely to have deployed two or more times.

The substantial sample versus population differences in
the AAS in Command and MOS led to the ratio of consol-
idated weights (i.e. WT1×WT2) based on the best-fitting
logistic regression equations being a good deal higher
(53.3) than for the NSS (14.2) or the PPDS (3.8). How-
ever, as with WT1, the consolidated WT1×WT2 distribu-
tions were found to be smooth and fairly symmetric in all
three surveys, with no evidence of bimodality toward the
extremes. In addition, as respondents with suicidality
and mental disorders are over-represented in the samples,
respondents with the highest weights tend to be those who
do not have these outcomes. This, as shown in the next
sub-section, minimizes the adverse effects on sample effi-
ciency that might otherwise occur as a result of weighting.
However, it is possible that results will differ in the
remaining sample replicates. As a result, all weighting cal-
culations will be repeated in future Army STARRS study
replicates once data collection is completed. Consolidated
weights will then be created that allow for changes in op-
timal weighting procedures over the course of the study.
Weighting for under-represented time periods in the
ARFORGEN cycle

As noted in an earlier paper in this issue (Kessler et al.,
2013), the initial AAS replicates were restricted to the
Int. J. Met
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continental United States and only later expanded to
include units in other parts of the world. It was not until
rather late in the data collection period, furthermore, that
we were able to add soldiers who were currently deployed
to Afghanistan by interviewing these soldiers when they
were passing through Kuwait either leaving for or
returning from their mid-tour leave. Other than for those
deployed soldiers, the AAS replicates under-represented
activated USANG and USAR units in the continental United
States due to the fact that soldiers in such units typically ac-
tivated for only a short time before deployment, spent only a
short time in the continental United Stated after returning
from deployment prior deactivating, and were reluctant to
participate in the AAS during either of these short time pe-
riods. For a similar reason, the AAS under-represented units
that were scheduled to deploy in the near future as well as
units that recently returned from deployment. As we know
that the suicide rate is related to these fine-grained time
distinctions, the AAS is biased in that it under-represents
certain time periods in the unit deployment cycle.

In order to capture such subtleties of a unit’s location
in the ARFORGEN (Army Forces Generation) cycle we
added replicates late in the AAS field period to include
USANG and USAR units that (i) were scheduled either
to deploy soon after completing the AAS or that (ii)
recently returned from Afghanistan and were scheduled
to deactivate soon after completing the AAS. In addition,
the baseline PPDS sample provided us with information
about Brigade Combat Teams that were going to deploy
shortly after completing an Army STARRS survey. Impor-
tantly, this baseline PPDS survey contained all (and more
than) the information in the AAS. In addition, the T2
PPDS survey provided us with comparable information
for the same respondents approximately three months
after they returned from their deployment. Once the data
from all these final surveys are available for analysis, we
will combine them with the larger AAS sample to
construct a composite portrait of the entire Army with
appropriate weights for the cross-classification of
Command (i.e. Training and Doctrine Command
[TRADOC], Forces Command [FORSCOM], Medical
Command [MEDCOM], etc.), Component (i.e. Regular
Army, USAR, and USANG), and phase of the ARFORGEN
cycle to reproduce the actual distribution of the total Army
across the cells of this cross-classification for the time
period under study.

Design effects

Conventional methods of estimating significance, which
assume a simple random sample, do not take the
hods Psychiatr. Res. 22(4): 288–302 (2013). DOI: 10.1002/mpr
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Table 3. Design effects on selected 30-day outcome variable prevalence estimates due to survey weighting and clustering in
the three main Army STARRS survey samples1

New Soldier Study
(Q2–4 2011)2

All Army Study
(Q2–4 2011)2

Baseline Pre-Post
Deployment Study

Generalized anxiety disorder 1.5 1.0 1.0
Intermittent explosive disorder 1.2 1.6 1.1
Major depressive episode 1.1 1.8 1.0
Panic disorder 1.3 1.3 1.2
Post-traumatic stress disorder 1.2 1.7 1.0
Suicide ideation 1.2 1.5 1.1
Any of the above 1.1 1.9 1.1
(n) (11,802) (5428) (7425)

1The samples were doubly weighted to adjust for differences on SAQ variables between SAQ respondents who consented
and provided linking information for administrative data versus those that did not (WT1) and between the weighted (WT1)
sample of SAQ respondents with linked ADS data and the population (WT2).
2The NSS and AAS studies were piloted in Q1 2011 absent the questions about suicidality and the safety plan associated
with those questions (which did not receive IRB approval until after the Q1 replicates were fielded). Full implementation
started in Q2 2011, which is why this was the first replicate included in the weighting. Data for 2012 are not reported here
because weighting of the 2012 NSS and AAS data are being carried out separately using an updated population post-
stratification dataset for that year.

Kessler et al. Army STARRS response bias, weighting & design
imprecision introduced by clustering and weighting into
account. As a result, special design-based methods of esti-
mating standard errors and significance tests are used in
Army STARRS analyses to adjust for the effects of
weighting and clustering. The TSL method is the main ap-
proach used here (Wolter, 1985), although we also use the
more computationally intensive method of JRR (Kish and
Frankel, 1974) for applications where a convenient
software application using the TSL method is not readily
available or for highly non-linear estimation problems in
which the linearization of the TSL method might be
problematic.

Although the effects of weighting and clustering can be
described in a number of ways, a particularly convenient
way is to calculate a statistic known as the design effect
(DE; Kish, 1965) for a number of variables of interest.
The DE is the square of the ratio of the design-based
standard error (SE) of a descriptive statistic divided by
the simple random sample SE. The DE can be interpreted
as the approximate proportional increase in the sample
size that would be required to increase the precision of
the design-based estimate to the precision of an estimate
based on a simple random sample of the same size. DEs
due to clustering are usually a good deal larger in estimat-
ing means and other first-order statistics than more
complex statistics, as the number of respondents having
the same characteristics in the same SECU of a single
stratum becomes smaller and smaller as the statistics
Int. J. Methods Psychiatr. Res. 22(4): 288–302 (2013). DOI: 10.100
Copyright © 2013 John Wiley & Sons, Ltd.
become more complex. This leads to a reduction in the
effects of clustering in the estimation of DE. DEs due to
weighting are also usually somewhat smaller for multivar-
iate than bivariate descriptive statistics because DEs are
due not only to the variance in the weights but also to
the strength of the association between the weights and
the substantive variables under consideration. Because
means typically have higher DEs than other statistics,
evaluations of DEs typically focus on the estimation of
means. We do the same here.

Seven dichotomous measures of 30-day prevalence of
critical outcome variables were included in the evaluation
of DEs: suicide ideation and DSM-IV disorder estimates
for major depressive episode, generalized anxiety disorder,
PTSD, panic disorder, intermittent explosive disorder, and
any of the above six outcomes. DEs for these estimates are
in the range 1.1–1.5 for the NSS, 1.0–1.9 for the AAS, and
1.0–1.2 for the PPDS. (Table 3) The fact that a number of
DEs are 1.0 (i.e.,equal in efficiency to a simple random
sample) or only slightly higher than 1.0 can be explained
by the same general pattern of the samples with linked
administrative data over-representing soldiers with the
disorders that are the focus of interest in Army STARRS.
Trimming weights to reduce design effects

As DEs can be sensitive to extreme weights, weight
trimming of various sorts is often used to reduce this
2/mpr
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sensitivity. We investigated the implications of trimming
the final consolidated weight (WT1×WT2) in each sur-
vey. In doing this we took into consideration the fact that
even though weight trimming usually reduces the variance
of weights, and in this way improves the precision of
estimates and the statistical power of tests, it can also lead
to bias in estimates if the reduction in variance created due
to added efficiency is less than the increase in variance due
to bias. It is possible to study this trade-off between bias
and efficiency empirically in order to evaluate alternative
weight trimming schemes by making use of the equation

MSEYp ¼ BYp
2 þ Var Yp

� �
; (1a)

¼ E B̂Yp

� �2 � Var B̂Yp

� �þ Var Yp
� �h i

; (1b)

where MSEYp is the mean squared error of the prevalence
of outcome variable Y at trimming point p, BYp is the bias

of that prevalence estimate and B̂Yp, an unbiased estimate

of that bias, Var̂ B̂
� �

Yp), is the estimated variance of B̂Yp ,

Var(Ŷp) is the estimated variance of estimate Ŷp, and E[ ]
in Equation 1b indicates that the quantity in square
brackets is an unbiased estimator of MSE.

Each of the three terms in Equation 1b can be esti-
mated empirically for any value of p, making it possible
to calculate MSE across a range of trimming points and
select the trimming point that minimizes MSE. The first

term, (B̂Yp)
2, can be estimated directly as (Yp�Y0)

2, where
Y0 represents the weighted prevalence estimate of Y based
on the untrimmed weight. The other two terms in
Equation 1b can be estimated using a pseudo-replicate
method in which separate estimates for each stratum-
SECU are generated for Yp at each value of p (Zaslavsky
et al., 2001). The separate estimates were obtained by
sequentially modifying the sample and then generating an es-
timate based on that modified sample. The modification
consisted of removing all cases from one SECU and then
weighting the cases in the remaining SECU in the same stra-
tum to have a sum of weights equal to the original sum of
weights in that stratum. If we define Yp as the weighted esti-
mate of Y at trimming point p in the total sample and we de-
fine Yp(sn) as the weighted estimate at the same trimming
point in the sample that deletes SECU n (n=1, 2) of stratum
s (s=1–42), then Var(Yp) can be estimated as

Var Ŷp
� � ¼ ∑s Ŷp s1ð Þ � Yp

� �2 þ Ŷp s2ð Þ � Ŷp
� �2h i

=2: (2)

Var(B̂Yp) was estimated in the same fashion by replac-

ing Ŷp(sn) in Equation 2 with B̂Yp(sn) = Ŷp(sn) � Ŷ0(sn) and

replacing Ŷp with B̂Yp(sn) = Ŷp � Ŷ0.
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The analysis compared the design-based MSE of 30-day
prevalence estimates for the same outcomes as considered
in the last sub-section using the consolidated WT1×WT2
weight and 10 successively more severely trimmed
versions of these weights in which between 1% and 10%
of cases were trimmed at each tail of the distribution.
Trimming consisted of distributing the weights at each of
these tails equally across all cases in that tail. MSEY0 was
arbitrarily set at 100.0 and all other values were defined
in relation to that mean for ease of interpretation.
Summary results for illustrative trimming points are
presented in Table 4. In the cases of NSS and AAS, while
weight trimming reduced MSE for some outcomes (most
notably, generalized anxiety disorder in the NSS and major
depressive episode in the AAS), it increased MSE for other
outcomes, leading us to decide not to trim the consoli-
dated weight for either survey. In the case of PPDS, while
the effects of weight trimming were generally positive, they
were so modest that we decided not to trim the consoli-
dated weight. As with the weights themselves, it is possible
that results regarding the value of weight trimming will
differ in the remaining sample replicates. As a result, all
weight trimming calculations will be repeated in future
Army STARRS study replicates once data collection is
completed. Consolidated weight trimming rules will then
be created that allow for changes in optimal trimming
procedures over the course of the study.
Discussion

As noted in the Introduction, our reading of previous
methodological literature led us to expect that Army
STARRS survey respondents who agreed to administrative
record linkage would have lower rates of self-reported
mental disorder than survey respondents who provided
identifying information both because those with mental
disorders would be less likely to consent to record linkage
and because those who did consent would under-report
emotional problems. Yet the opposite pattern was found
in the data when we examined the predictors of WT1:
SAQ respondents who consented to administrative record
linkage had significantly higher, not lower, self-reported
rates of mental illness than SAQ respondents who did
not consent to record linkage.

Why this pattern occurred is unclear. One possibility is
that it reflects a positive effect of the message used in
respondent recruitment: that Army STARRS is an indepen-
dent research project carried out by academic researchers
outside of the Army that represents a unique opportunity
for soldiers to let Army leadership know about issues they
are experiencing in the realms of work-related stress and
hods Psychiatr. Res. 22(4): 288–302 (2013). DOI: 10.1002/mpr
Copyright © 2013 John Wiley & Sons, Ltd.
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emotional problems. This recruitment message went on to
say that only a small proportion of all soldiers were invited
to participate in the survey, that each respondent’s voice
consequently speaks for many, and that it is important
for those few soldiers who are invited to take advantage
of this opportunity to have their voices heard by Army
leadership in a fashion that protects confidentiality. This
message was presented to all potential Army STARRS sur-
vey respondents both in a Study Information Sheet
distributed prior to the informed consent session and in
the informed consent session. The Army STARRS data
collection team worked very closely with local Army
Points of Contact to mount a campaign for survey partic-
ipation while distributing Study Fact Brochures. They also
emphasized the high-profile nature of Army STARRS and
made it clear that survey results would be used at the
highest levels of Army leadership. This recruitment
message and the aggressive campaign mounted to dissem-
inate this message might have encouraged both a high
response rate and also encouraged soldiers with mental
disorders to admit having these disorders, leading to the
high reported rates of emotional problems among soldiers
who agreed to administrative record linkage.

It is important to put the Army STARRS response
rates in perspective by noting that these response rates
are a good deal higher than those in a number of other
major military surveys, including in surveys that offered
complete anonymity to survey respondents (Bray et al.,
2006; Ryan et al., 2007). As noted by Heeringa and col-
leagues in a companion paper in this issue (Heeringa
et al., 2013), these high Army STARRS response rates
are due to higher proportions of pre-designated
respondents in Army STARRS than previous surveys
attending the consent sessions coupled with equally or
higher proportions of those attending these sessions in
Army STARRS than previous surveys agreeing to
participate.

The high overall response rates in the Army STARRS
surveys had an important implication for WT2, where
we compared Army/DoD administrative record data in
the population of all soldiers with those in the weighted
(WT1) subset of soldiers who both completed the Army
STARRS SAQ and provided administrative record link-
age. This analysis failed to find evidence of significant
differences between the weighted (WT1) sample and
the population on a variety of administrative record
variables. As a result, while it was important to weight
the SAQ data for soldiers who consented to administrative
data linkage, this was because failure to do so would have
led to over-estimation rather than under-estimation of
mental disorder prevalence in the de-identified survey data.
Int. J. Met
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As we saw in the analysis of DEs, this over-representation
of soldiers with mental disorders improved efficiency in
estimating prevalence and correlates of these outcomes.
Another important finding in this part of the analysis was
that the distributions of the consolidated weights were fairly
symmetrical and had a relatively narrow range. Taken
together, these weight characteristics led to the finding,
reported in Table 3, that DEs for the self-reported outcomes
of central interest to the initiative are all quite modest.

One important limitation of the earlier analysis is
that the weighting adjustments are based on the
assumption that self-reports of mental disorders are as
valid in the sample of respondents who provided
de-identified SAQs as in the sample whose SAQ reports
are completely anonymous. This need not be the case.
The definitive evaluation of this issue would have
required us to carry out an experiment in which a
probability sub-sample of soldiers selected to partici-
pate in an Army STARRS survey were asked to provide
completely anonymous survey data without the option
to provide identifying information for administrative
record linkage. We did not carry out that experiment.
This means that even though prevalence estimates of
the disorders assessed in the Army STARRS surveys
are higher in the de-identified than anonymous SAQ
sub-samples, it might still be the case that prevalence
estimates would have been higher yet among respon-
dents whose SAQs are not completely anonymous if
they had never been asked to provide identifying
information. There is no way to assess this possibility
with the data available to us here, but it is a possibility
that needs to be kept in mind when interpreting
substantive results. To the extent that this bias exists,
prevalence estimates of these disorders in the weighted
Army STARRS survey data should be considered
conservative.
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Abstract

A clinical reappraisal study was carried out in conjunction with the Army Study
to Assess Risk and Resilience in Servicemembers (Army STARRS) All-Army
Study (AAS) to evaluate concordance of the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition (DSM-IV) diagnoses based on the
Composite International Diagnostic Interview Screening Scales (CIDI-SC) and
post-traumatic stress disorder (PTSD) checklist (PCL) with diagnoses based
on independent clinical reappraisal interviews (Structured Clinical Interview
for DSM-IV [SCID]). Diagnoses included: lifetime mania/hypomania, panic
disorder, and intermittent explosive disorder; six-month adult attention-
deficit/hyperactivity disorder; and 30-day major depressive episode, generalized
anxiety disorder, PTSD, and substance (alcohol or drug) use disorder (abuse or
dependence). The sample (n= 460) was weighted for over-sampling CIDI-SC/
PCL screened positives. Diagnostic thresholds were set to equalize false positives
and false negatives. Good individual-level concordance was found between
CIDI-SC/PCL and SCID diagnoses at these thresholds (area under curve
303
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[AUC] = 0.69–0.79). AUC was considerably higher for continuous than dichot-
omous screening scale scores (AUC= 0.80–0.90), arguing for substantive analy-
ses using not only dichotomous case designations but also continuous measures
of predicted probabilities of clinical diagnoses. Copyright © 2013 John Wiley &
Sons, Ltd.
Introduction

As described in more detail earlier in this issue (Kessler
et al., 2013b) and elsewhere (Ursano et al., submitted for
publication), the Army Study to Assess Risk and Resilience
in Servicemembers (Army STARRS; http://www.armystarrs.
org) is a multi-component epidemiological and neurobio-
logical study of risk and resilience factors for suicidality
and its psychopathological correlates in the US Army. The
literature on risk and resilience factors for suicidality makes
it clear that mental disorders are powerful risk factors (Nock
et al., 2008; Nock et al., 2013). As a result, a wide range of
mental disorders were assessed in the Army STARRS
surveys. However, due to the size and logistical complexities
of these surveys, which are described earlier in this issue
(Heeringa et al., 2013), it was impossible to administer an
in-depth psychiatric diagnostic interview to participants.
Instead, mental disorders were assessed with short self-
administered screening scales.

A number of screening scales exist to assess such
disorders as attention-deficit hyperactivity disorder
(ADHD; Kessler et al., 2005a), bipolar disorder (BPD;
Hirschfeld et al., 2000), generalized anxiety disorder
(GAD; Spitzer et al., 2006), major depressive episode
(MDE; Kroenke et al., 2001), and post-traumatic stress
disorder (PTSD; Breslau et al., 1999). Although in some
cases these scales were developed originally to assess
symptom severity among patients in treatment, they
subsequently have been adapted for use either as web-
based tools for self-diagnosis (Donker et al., 2009;
Farvolden et al., 2003) or as brief evaluations of mental
disorders in primary care settings or community surveys
(Broadhead et al., 1995; Gaynes et al., 2010; Hunter
et al., 2005; Kessler et al., 2013a). Clinical reappraisal
studies comparing scores on these screening scales with
independent clinical diagnoses show that many of these
screening scales have good concordance with clinical
diagnoses (Kessler and Pennell, in press).

The screening scales that form the core diagnostic
assessment in Army STARRS are the World Health Orga-
nization (WHO) Composite International Diagnostic
Interview Screening Scales (CIDI-SC) (Kessler et al.,
2013a). These were selected largely because they are a
Int. J. Met
coordinated set of short scales that cover a wide range of dis-
orders and have good psychometric properties. However,
another appeal of the CIDI-SC is that they are embedded
in the WHO Composite International Diagnostic Interview
(CIDI) (Kessler and Üstün, 2004), the research diagnostic
interview used in most large-scale epidemiological surveys
of psychiatric disorders throughout the world (Haro et al.,
2006). Use of the CIDI-SC in Army STARRS thereby creates
a crosswalk to an in-depth diagnostic interview that might
be used inmore focused follow-up studies of Army STARRS
high-risk subsamples. The exception is that we used the
PTSD checklist (PCL) (Weathers et al., 1993) to assess PTSD
based on the widespread use of this screening scale in previ-
ous military studies of PTSD (Barnes et al., 2013; Brown
et al., 2012; Jones et al., 2013) coupled with strong evidence
for the validity of the PCL in both military and civilian
samples (Wilkins et al., 2011).

Although good concordance of the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition
(DSM-IV; American Psychiatric Association, 1994) diag-
noses based on the CIDI-SC (Kessler et al., 2005a; Kessler
et al., 2007; Kessler et al., 2006a; Kessler et al., 2013a) and
PCL (Wilkins et al., 2011) with diagnoses based on inde-
pendent clinical reappraisal interviews has been reported
in a number of studies, this does not guarantee that these
screening scales will perform equally well among soldiers
in the Army STARRS surveys. As a result, a new clinical
reappraisal study (CRS) was carried out in conjunction with
the Army STARRS All-Army Study (AAS) (Ursano et al.,
submitted for publication) to examine the psychometric
characteristics of the CIDI-SC and PCL in the context of the
field conditions encountered in the Army STARRS surveys.
Results of this CRS are presented in the current report.
Methods

The samples

The All-Army Study (AAS)

As described in more detail previously in this issue
(Kessler et al., 2013b), the AAS is a cross-sectional survey
of active duty Army personnel exclusive of soldiers in basic
hods Psychiatr. Res. 22(4): 303–321 (2013). DOI: 10.1002/mpr
Copyright © 2013 John Wiley & Sons, Ltd.
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combat training administered in quarterly replicates to a
total of nearly 50,000 soldiers during calendar years
2011–2012. Each quarterly AAS replicate consisted of a
stratified (by Army Command-location and unit size)
probability sample of Army units, excluding units of fewer
than 30 soldiers (less than 2% of all Army personnel). All
targeted personnel in these units were ordered to attend an
informed consent presentation explaining study purposes,
confidentiality procedures, and the voluntary nature of
participation before requesting written informed consent
for a group self-administered questionnaire (SAQ). Re-
spondents were additionally asked for consent to link their
Army and Department of Defense administrative records
to their SAQ responses and to participate in future longi-
tudinal follow-up data collections. Identifying information
(name, birthday, Social Security number for record link-
age; telephone number, email, secondary contact informa-
tion for longitudinal follow-up) was collected from
consenting respondents and kept in a separate secure file.
These recruitment, consent, and data protection proce-
dures were approved by the Human Subjects Committees
of the Uniformed Services University of the Health Sci-
ences for the Henry M. Jackson Foundation (the primary
grantee), the Institute for Social Research at the University
of Michigan (the organization implementing Army
STARRS surveys), and all other collaborating
organizations.

The CRS was carried out between March 2012 and
November 2012. All quarterly AAS replicates over that
time period were based on representative samples of
soldiers stationed both in the continental United States
and elsewhere in the world other than a combat theater,
while the Q2–3 2012 replicates also included probability
samples of soldiers stationed in Afghanistan who were
surveyed in group-administered sessions while they were
passing through Kuwait either leaving for or returning from
their mid-tour leave. However, because of logistical issues
requiring that the CRS interviews be administered within
two weeks of the AAS survey, the CRS was implemented
exclusively in the continental United States among Regular
(active component) Army AAS respondents providing
consent for administrative data linkage and completing
the SAQ. Activated Army Reserve and National Guard
respondents were excluded from the CRS due to small
numbers.

Although, as noted earlier, all unit members in these
replicates were ordered to report to the informed consent
session, 19.4% of those in the replicates used for the CRS
were absent due to conflicting duty assignments. The vast
majority of those attending (99.6%) consented to the
survey and 98.8% of consenters completed the survey. In
Int. J. Methods Psychiatr. Res. 22(4): 303–321 (2013). DOI: 10.100
Copyright © 2013 John Wiley & Sons, Ltd.
addition, 71.4% of completers provided successful record
linkage. Most incomplete surveys were due to logistical
complications (e.g. units either arriving late to survey
sessions or having to leave early), although some respon-
dents needed more than the allotted 90 minutes to
complete the survey. The survey completion-successful-
linkage cooperation rate was 63.9% and the completion-
successful-linkage response rate was 51.5% based on the
American Association of Public Opinion Research COOP1
and RR1 calculation methods (American Association for
Public Opinion Research, 2009).
The clinical reappraisal study (CRS) sample

In order to evaluate the concordance of diagnoses based
on the CIDI-SC and PCL in the AAS with independent
clinical diagnoses, a sample of AAS respondents was
selected to participate in clinical follow-up interviews
within two weeks of completing the AAS in selected AAS
sessions. As soon as the AAS survey was completed in
these sessions, each AAS respondent was classified as
threshold, subthreshold or no on each of the eight screening
scales considered here. A probability subsample of AAS
respondents from the session was then invited to partici-
pate in a confidential clinical reappraisal interview with
the goal of obtaining a total (i.e. over the entire nine-
month interview recruitment period) of 30 CRS interviews
with respondents selected at random from those classified
as threshold cases on each diagnosis, 10 from among those
classified as subthreshold on each diagnosis, and 40
respondents selected at random from those classified as
meeting neither threshold nor subthreshold criteria for
any diagnosis. CRS respondents with each diagnosis were
selected with replacement (i.e. the same respondent could
be selected for more than one diagnosis). The initial
sampling fractions varied across disorders due to differ-
ences in prevalence among the disorders. These sampling
fractions were then modified over sessions in order to
achieve a roughly equal distribution of cases within each
diagnosis across sessions while meeting the sample quotas.
The 460 clinical interviews completed by the end of the
CRS is more than the 360 needed (i.e. 30 interviews with
threshold CIDI-SC/PCL cases for each of eight disorders plus
10 interviews with CIDI-SC/PCL subthreshold cases for each
of these disorders plus 40 respondents screening negative on
all eight CIDI-SC/PCL scales) because it was necessary to
recruit additional respondents in the later replicates to fill
the sample quotas for the least common disorders.

Invitations to participate in the CRS were made
through unit points of contact who scheduled two-hour
time blocks during which respondents were relieved of
2/mpr
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their usual duty assignments in order to report to the
Army STARRS office on the installation. Once at the study
office, an Army STARRS data collection specialist explained
the content and purposes of the CRS and obtained written
informed consent to participate. Consenting respondents
were then assigned to a private room where they were
administered the CRS interview telephonically by one of
the CRS clinical interviewers, all of whom were located at
the Uniformed Services University of the Health Sciences
(USUHS) in Bethesda, Maryland. The CRS clinical supervi-
sor (CLD), also located at USUHS, coordinated with Army
STARRS data collection specialists at the local AAS installa-
tions to schedule these remote CRS telephone interviewers.
An overview of screening scale content

Screening scales were included in the AAS for eight
DSM-IV disorders that have been found in previous general
population studies to be significant predictors of suicidality
(Nock et al., 2008; Nock et al., 2013; Nock et al., 2009).
These include two mood disorders (MDE, mania/hypoma-
nia [MHM]), three anxiety disorders (panic disorder with
or without agoraphobia, GAD, PTSD), and three externaliz-
ing disorders (adult ADHD, intermittent explosive disorder,
substance use disorder [SUD]).

Symptom questions in most CIDI-SC ask respondents
about the frequency of particular symptoms over the
30 days before interview using the response options all or
almost all of the time, most of the time, some of the time, a
little of the time, and none of the time. Each CIDI-SC has
an embedded skip logic whereby all respondents are
administered one or more entry questions and then either
skipped if they fail to endorse these questions or continue
to a series of follow-up questions if they endorse the entry
question(s). This approach was designed to reduce overall
scale administration time and respondent burden while
minimizing the number of true positives incorrectly
skipped out by the entry questions. Respondents who fail
to endorse any of the entry questions are asked a total of
46 questions across all eight scales combined, while
respondents who endorse every single question are asked
an additional 82 questions.

The CIDI-SC MDE scale begins with four entry ques-
tions that ask about being sad, depressed, or discouraged,
having little or no interest or pleasure in things, and feeling
down on yourself, no good, or worthless (Kessler et al.,
2013a). Respondents who report that at least one of these
symptoms occurred at least some of the time in the past 30
days are administered 10 additional questions to assess the
inclusion criteria of MDE. The some of the time threshold,
while low for a DSM-IV diagnosis of MDE (which requires
Int. J. Met
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depressive symptoms to last most of the day nearly every
day for two weeks or longer), was chosen because we
wanted to collect information not only on threshold cases
but also on subthreshold manifestions of MDE. A similar
attempt to collect information about subthreshold symp-
toms was made in selecting stem question skip rules for
each of the other screening scales.

The CIDI-SC MHM scale focuses on subthreshold
hypomania as well as mania and hypomania based on
evidence that subthreshold hypomania can be highly
impairing (Merikangas et al., 2007). In addition, the ques-
tions focus on lifetime rather than 30-day prevalence due
to the fact that recent BPD can manifest as either MHM
or as MDE. As described in more detail elsewhere (Kessler
et al., 2006a; Kessler et al., 2013a), the single MHM entry
question begins with a vignette describing a hypomanic
episode and then asks respondents if they ever had an
episode of this sort at any time in their life. A positive
response is followed by four questions about the frequency
of core MHM symptoms during a typical intense episode of
this sort. These symptoms include being much higher,
happier, or optimistic than usual; much more irritable than
usual; so hyper or wound up that you felt out of control;
having thoughts race through your mind so fast you could
hardly keep track of them. Respondents who report that at
least one of these symptoms occurrs at least some of the
time during a typical intense episode are then administered
six additional questions about the inclusion criteria of
MHM and are then asked about episode recency to assess
30-day prevalence of MHM. Lifetime rather than 30-day
MHM is evaluated here due to the rarity of 30-day
MHM in the AAS sample.

The CIDI-SC panic disorder (PD) scale includes two
entry questions about lifetime atacks of panic, anxiety, or
strong fear that came on very suddenly and made you feel
very frightened or uneasy; and attacks of heart pounding or
chest pain that came on very suddenly and made you feel very
frightened or uneasy (Kessler et al., 2013a). A positive
response to either entry question is followed by one
additional question on how often these attacks are trig-
gered (i.e. occur in situations where the respondent has a
strong fear – like a fear of snakes or heights – or where
the respondent is in real danger – like a car accident)
versus untriggered (i.e. occur without provocation “out of
the blue”). Respondents who report ever having untriggered
attacks are then administered 13 additional questions to
assess the remaining DSM-IV inclusion criteria of PD.
Lifetime rather than 30-day PD is evaluated here due to
the rarity of 30-day PD in the AAS sample.

The CIDI-SC GAD scale includes five entry questions
about 30-day frequency of being anxious or nervous;
hods Psychiatr. Res. 22(4): 303–321 (2013). DOI: 10.1002/mpr
Copyright © 2013 John Wiley & Sons, Ltd.
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worried about a number of different things; more anxious or
worried than other people in your same situation; worried
about things most other people don’t worry about; and
having trouble controlling your worry or anxiety (Kessler
et al., 2013a). Respondents who report any of these
symptoms at least some of the time are administered an
additional nine questions to assess the remaining
DSM-IV inclusion criteria of GAD along with a final
question to assess persistence of symptoms. As a mini-
mum duration of six months is required to meet DSM-
IV criteria of GAD, the CIDI-SC assesses duration of
symptoms, although the concordance data reported
here are for symptoms in the 30-days before interview.

As noted earlier, PTSD is assessed in the AAS with the
PCL. The PCL Civilian version (Weathers et al., 1993) was
used in Army STARRS because we covered traumatic
experiences both in and out of the line of duty. This is a
17-question scale that assesses the 17 DSM-IV Criterion
B–D symptoms of PTSD. Although there are no entry
questions in the PCL, AAS respondents are first asked
15 questions about traumatic experiences (TEs) that might
have happened to them during deployments and 15 addi-
tional questions about TEs that might have happened to
them at any other time in life. Only respondents who report
at least one of these 30 TEs are administered the PCL. The
PCL questions ask how much respondents were bothered in
the past 30 days by symptoms associated with any of the
TEs they ever experienced. Response categories are
extremely, quite a bit, moderately, a little bit, and not at all.

The CIDI-SC adult ADHD scale includes four entry
questions found in previous research to provide an opti-
mal short inclusion screen for ADHD in the adult general
population (Kessler et al., 2010a). Respondents who report
at least two of these symptoms at least some of the time in
the past six months then receive an additional eight ques-
tions shown in a number of previous studies to detect
adult ADHD with good accuracy (Kessler et al., 2007;
Kessler et al., 2010a; Kessler et al., 2009).

The CIDI-SC intermittent explosive disorder (IED)
scale includes one entry question about lifetime attacks
of anger when the respondent all of a sudden… lost control
and either broke or smashed something worth more than a
few dollars, hit or tried to hurt someone, or threatened some-
one (Kessler et al., 2006b). A positive response is followed
by six additional questions that assess the remaining
DSM-IV inclusion criteria of IED. As the assessment of
IED followed the same logic as the assessment of PD, life-
time rather than 30-day IED is evaluated here in parallel
with the evaluation of PD.

The CIDI-SC assessment of SUD, finally, begins
with 12 entry questions about quantity-frequency of
Int. J. Methods Psychiatr. Res. 22(4): 303–321 (2013). DOI: 10.100
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alcohol use, illicit drug use, and prescription drug
misuse, where the latter is defined as use either without
a doctor’s prescription, more than prescribed, or to get
high, buzzed, or numbed out. Prescription drug misuse
is included in the assessment based on evidence that
it is considerably more common than illicit drug use
in the Army (Bray et al., 2010). Respondents who
report any of these types of substance use are then
administered the four CIDI-SC questions about DSM-IV
substance abuse in the 30 days before interview and eight
additional questions to screen for substance dependence
in the 30 days before interview including five from the
Severity of Dependence Scale (Gossop et al., 1995) and
three additional CIDI-SC questions. SUDs (i.e. either
abuse or dependence) are assessed only once for alcohol
and/or drugs combined.
Scoring the screening scales

Each screening scale was initially scored continuously by
summing values across all items in the scale, assigning
respondents who were skipped out after screening ques-
tions the lowest possible scores on the remaining items.
Receiver operating characteristic (ROC) curve analysis
(Margolis et al., 2002) was then used to estimate area
under the ROC curve (AUC) for the entire continuous
scale and to dichotomize the scale at a point that opti-
mized aggregate concordance between the prevalence
estimate based on the Structured Clinical Interview for
DSM-IV (SCID) and the prevalence estimate based on
the CIDI-SC at the designated threshold. This threshold
also makes the number of false positives equal the number
of false negatives. It is noteworthy, though, that other
criteria exist to select diagnostic thresholds and that
decisions about which threshold to choose can vary
depending on the criterion used. For example, if we had
wanted to use the screening scales in a primary care setting
to select patients for more in-depth evaluation, we might
have lowered the threshold to the point where the vast
majority of SCID cases were detected. Or if we were using
the screening scales to select patients for a clinical
intervention, we might have raised the threshold to the
point where the vast majority of screened positives
consisted of SCID cases. If the relative importance of min-
imizing false positives and minimizing false negatives can
be specified based on the considerations of such compet-
ing criteria, it is possible to minimize this weighted sum
of errors in a formal way (Kraemer, 1992). Based on these
considerations, a number of alternative thresholds are
examined later.
2/mpr
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The clinical reappraisal interview

The clinical reappraisal interview was a modified Research
Version, Non-Patient Edition of the Structured Clinical
Interview for DSM-IV (SCID-I) (First et al., 2002) focused
on the eight syndromes under study with the variations in
recall periods noted earlier to match the recall periods
used in the screening scales. As noted earlier, these inter-
views were administered by telephone. Telephone admin-
istration is now widely accepted in clinical reappraisal
studies based on evidence of comparable validity to in-
person administration (Kendler et al., 1992; Rohde et al.,
1997; Sobin et al., 1993). A great advantage of telephone
administration is that a centralized and closely supervised
clinical interview staff can carry out the interviews without
the geographic restrictions required for face-to-face clini-
cal assessment. A disadvantage is that people without
telephones cannot be included in the assessment. As noted
later, though, this difficulty was resolved in the Army
STARRS CRS by having pre-designated respondents
report to the central Army STARRS research office on
their installations, where they were placed in a private
room and interviewed remotely by telephone.

A major impediment to making accurate evaluations of
concordance between screening scales and clinical diagno-
ses is the fact that respondents are inconsistent in their
reports over time. Indeed, our own previous experience
and that of other researchers shows consistently that
respondents in community surveys tend to report less
and less as they are interviewed more and more due to
respondent fatigue (Bromet et al., 1986). Part of this
pattern is a tendency for respondents to endorse a smaller
number of diagnostic stem questions in follow-up inter-
views than in initial interviews (Kessler et al., 1998),
leading to the biased perception that initial fully-structured
assessments overestimate prevalence compared to clinical
reappraisal interviews. Consistent with the approach used
in a number of other clinical reappraisal studies (Haro
et al., 2006; Kessler et al., 2005b; Kessler et al., 1998), we
modified the conventional blinded clinical re-interview
design in three important ways to address this problem.

First, we unblinded the clinical interviewers to whether
respondents endorsed diagnostic stem questions in the
CIDI-SC. Importantly, though, we did not unblind clinical
interviewers to whether the respondents who endorsed
CIDI-SC diagnostic stem questions went on to meet full
diagnostic criteria.

Second, we rephrased entry questions in the clinical
reappraisal interviews to acknowledge prior endorsement
of diagnostic stem questions in the CIDI-SC/PCL in order
to minimize the problem of false negative diagnostic stem
Int. J. Met
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responses in the SCID. For example, rather than repeating
a question about presence-absence of 30-day depressed
mood in the SCID to respondents who reported 30-day
depressed mood in the CIDI-SC, SCID began the assess-
ment of major depression with a declarative sentence:
“In your earlier survey you reported feeling sad or
depressed most of the time over the past 30 days. The next
questions ask more about those feelings.”

Third, in order to guarantee that this partial unblinding
did not bias clinical interviewers in the direction of rating
all stem-positive respondents as cases, we enriched the
clinical reappraisal sample to include a higher proportion
of respondents than in the sample who endorsed
CIDI-SC/PCL diagnostic stem questions but did not meet
full CIDI-SC/PCL diagnostic criteria. This third feature of
the design actually makes the interviewer task more
difficult than it would be in a standard CRS in which
there is an over-sample of respondents classified as
meeting full diagnostic criteria but not of respondents
meeting partial criteria.
Clinical interviewer training and quality control

The SCID were administered by 14 trained clinical inter-
viewers. These included four doctoral-level psychologists,
seven MA-level psychologists, and three MSW-level clini-
cal social workers. Half of the interviewers had a decade
or more of clinical experience (10–21 years), while the
other half had 3–9 years of clinical experience (two with
three years of experience and one each with five, six, seven,
eight, and nine years of experience). The 32-hour SCID
interviewer training program began with a 16-hour
centralized group training session taking place over a full
weekend that was taught by one of the developers of the
SCID (MBF) with the assistance of an experienced SCID
supervisor (CLD). Training then continued with biweekly
individual and group training sessions with homework
assignments totaling 32 hours. The training was carried
out at USUHS using a modification of the standard SCID
training protocol tailored to the diagnoses assessed by the
screening scales. In addition to completing this training,
each clinical interviewer was required to pass a proficiency
test before they began production interviewing based on
trainer and supervisor ratings of three practice interviews
using a modified version of the SCID Interviewing Skills
Evaluation Form created specifically for this study.

All SCID interviews were audio-recorded with permis-
sion of respondents and responses recorded on a hard
copy interview. The supervisor reviewed the tape record-
ings of the first five interviews carried out by each inter-
viewer and a minimum of 10% of all subsequent
hods Psychiatr. Res. 22(4): 303–321 (2013). DOI: 10.1002/mpr
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interviews carried out by each interviewer. The supervisor
also reviewed all hard copy interviews completed by all
interviewers and reviewed tape recordings of all interviews
in which concerns were raised by the hard copy reviews.
The symptom-level hard copy clinical ratings were
double-entered into a computerized data file after supervi-
sor review and approval. Each interviewer had a weekly
one-on-one feedback meeting with the supervisor and
participated in a biweekly group calibration meeting with
the supervisor and trainer to prevent rater drift. Diagnoses
were made without diagnostic hierarchy rules but with
organic exclusions.

Analysis methods

Weighting

The CRS sample was weighted to adjust for over-sampling
respondents screened as threshold or subthreshold using a
weighting method that adjusted for the fact that sampling
was made with replacement. This is important because a
number of the statistics used to describe scale characteris-
tics are biased when differential selection of screened
positives and negatives is not taken into account.

Analysis of screening scale operating characteristics

As noted earlier in the description of screening scale
scoring, a summary continuous screening scale score was
created for each diagnosis by summing scores across the
screening scale items. ROC curve analysis (Margolis
et al., 2002) was then used to estimate AUC for the entire
scale. Each continuous screening scale was then dichoto-
mized at a threshold that equalized the (weighted) number
of false positives and false negatives, thereby maximizing
concordance between prevalence estimates based on the
SCID and the screening scales. The McNemar x2 test was
used to evaluate the significance of differences between
screening scale and SCID prevalence estimates at this
threshold. A range of other thresholds was then selected
so that SCID prevalence estimates increased monotoni-
cally across screening scale strata but did not differ signif-
icantly within strata using the logic of stratum-specific
likelihood ratio analysis (Pepe, 2003).

Screening scale operating characteristics were then
evaluated for each of these thresholds. Individual-level
concordance was evaluated using AUC and Cohen’s κ
(Cohen, 1960). Although κ is the traditional measure used
in psychiatric research, κ is not emphasized here because it
varies across populations that differ in prevalence even
when sensitivity (SN; the percent of true cases correctly
classified) and specificity (SP; the percent of true non-
Int. J. Methods Psychiatr. Res. 22(4): 303–321 (2013). DOI: 10.100
Copyright © 2013 John Wiley & Sons, Ltd.
cases correctly classified) are constant (Cook, 1998).
AUC, in comparison, is a function of SN and SP, which
are considered the fundamental parameters of agreement
(Kraemer, 1992). AUC equals (SN+ SP)/2 when the
screen is dichotomous. AUC scores between 0.5 and
1.0 are often interpreted in parallel with κ as slight
(AUC= 0.50–0.59; κ = 0.0–0.19), fair (AUC= 0.6–0.69;
κ= 0.2–0.39), moderate (AUC= 0.7–0.79; κ= 0.4–0.59),
substantial (AUC= 0.8–0.89; κ= 0.6–0.79), and almost
perfect (AUC= 0.9+; κ= 0.8+) (Landis and Koch, 1977).
We also report total classification accuracy (TCA), the
proportion of all respondents whose CIDI-SC and SCID
classifications are consistent.

In addition, we report disaggregated measures of
operating characteristics, including SN and SP, positive
predictive value (PPV; the proportion of screened posi-
tives confirmed by the SCID), negative predictive value
(NPV; the proportion of screened negatives confirmed
as non-cases by the SCID), likelihood ratio positive
(LR+; [SN/(100� SP)]), and likelihood ratio negative
(LR�; [(100� SN)/SP)]). LR + and LR� assess relative
proportions of screened positives versus screened nega-
tives confirmed as cases (LR+) or non-cases (LR�).
LR + values greater than or equal to five and LR�
values less than or equal to 0.2 are generally considered
useful, while LR + values greater than or equal to 10
and LR� values less than or equal to 0.1 are considered
sufficient to rule in/out diagnoses (Haynes et al., 2006).
Significance tests were based on Taylor series design-
based standard errors to adjust for data weighting
(Wolter, 1985).
Multiple imputation of predicted probabilities
of DSM-IV/SCID diagnoses

As noted earlier in the subsection on scoring the screening
scales, each screening scale was originally scored continu-
ously and then dichotomized. However, it is not necessary
to dichotomize screening scales to make them useful. This
is true even in clinical applications, where simple dichoto-
mous scoring rules can be refined by using polychotomous
rules that collapse screening scale scores into strata based
on analysis of data in a CRS such that the observed preva-
lence of the clinical outcome differs significantly across
strata but not within strata (Guyatt and Rennie, 2001).
Designations of patients into multiple risk strata can be
useful for clinical purposes when no sharp distinction
between cases and non-cases exists in the screening scale
(e.g. borderline hypertension).

An extension of this approach can be used in epidemi-
ological surveys to classify respondents into multiple risk
2/mpr
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strata based on screening scale scores and to assign
predicted probabilities of clinical diagnoses to respon-
dents in each stratum based on the results of a clinical
reappraisal survey. It is also possible to ignore the con-
struction of strata in this approach when a monotonic
association exists throughout the scale range between
a screening scale and probability of a diagnosis, in
which case regression analysis can be used to generate
predicted probabilities of clinical diagnoses for each
respondent in a large sample based on regression coef-
ficients estimated in a smaller clinical reappraisal sub-
sample. These predicted probabilities can then be used
either as continuous variables or as the basis for making
dichotomous distinctions using any of several different
methods discussed elsewhere (Kessler et al., 2010b;
Kessler and Pennell, in press).

The creation of continuous scores of this sort is only
useful, though, when significant monotonic associations
exist between screening scale scores and probabilities of
having the clinical diagnosis. We demonstrate later that
such associations exist between screening scale scores
and diagnoses based on the SCID in the Army STARRS
data by comparing AUC for the continuous versions of
the screening scales with AUC based on various dichoto-
mous versions of the scales. Given that these monotonic
associations exist, we used the method of multiple imputa-
tion (MI) (Rubin, 1987) to assign predicted probabilities
of SCID diagnoses based on screening scale scores to all
respondents in the Army STARRS surveys. MI is a two-
phase method designed to impute missing values of partic-
ular variables to respondents who have information on
variables strongly related to the variable(s) with missing
values in such a way as to maximize the use of all available
data in examining multivariate associations.

The first phase of MI develops prediction equations
based on any of several different complex search methods
(Schafer, 2003; White et al., 2011) to estimate multivariate
associations of predictors with the variables to be imputed
in the subset of respondents with complete data and to use
those equations to generate predicted values (imputations)
for the missing variables in the remainder of the sample.
In order to address the fact that imputed values are less
precise than observed values, this first phase uses
pseudo-replication (i.e. estimation of a new set of coeffi-
cients based on the same model from pseudo-samples
selected with replacement from the actual sample of
people with complete data) to generate multiple impu-
tations for each missing value. The second phase of MI,
in which the multiple imputations are used in substan-
tive analysis, then uses each set of imputed values to
carry out the substantive analysis separately and then
Int. J. Met
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combines the coefficient values across these replications
to adjust standard errors of estimates for the fact that
some of the data used in the analyses were imputed
rather than observed.

Importantly, the first phase of MI allows the inclusion
not only of a screening scale (in this case, the CIDI-SC
or PCL) designed to provide a proxy measure for the
unmeasured variable of interest (in this case, DSM-IV/SCID
diagnoses), but also other variables that might be used
in second-phase analyses as predictors or consequences
of the imputed variable. This is important because the
use of only the CIDI-SC or PCL to impute clinical
diagnoses would lead to under-estimation of the associ-
ations of predictors and consequences of clinical diag-
noses with the components of the clinical diagnoses
that are not predicted by the CIDI-SC or PCL scores
(Collins et al., 2001). As a result, the multiply-imputed
predicted probabilities of DSM-IV/SCID diagnoses in
Army STARRS were based on complex multivariate
equations that included the complete set of CIDI-SC/PCL
scores to impute each clinical diagnosis (to adjust for
comorbidities among clinical disorders) along with a wide
range of substantive correlates included in the AAS and
Army/Department of Defense administrative data systems.
We produced 20 imputations for each respondent in Army
STARRS, a number at the high end of the number
recommended in applying MI (Graham et al., 2007).
Results

Concordance of screening scale scores with
DSM-IV/SCID diagnoses

Differences in prevalence estimates based on the dichoto-
mized screening scales and SCID are insignificant for all
disorders at optimal screening scale thresholds for estimat-
ing prevalence (x21 = 0.0–0.6, p= 0.89–0.43). (Table 1) This
is not surprising, of course, as the thresholds were selected
to make CIDI-SC prevalence as similar as possible to SCID
prevalence. But this is no guarantee of good concordance
at the individual level. Individual-level diagnostic concor-
dance at these thresholds is moderate for seven diagnoses
(AUC= 0.70–0.79) and fair for the other diagnosis
(ADHD; AUC= 0.69). Total classification accuracy is
in the range 86.0–95.9%. The screening scale estimate
of 30-day prevalence of any of the seven disorders
assessed for 30-day prevalence (the exception being
MHM, which was only assessed over the entire life-
time), like most of the individual disorders, has moder-
ate concordance with the estimate based on the SCID
(AUC= 0.78).
hods Psychiatr. Res. 22(4): 303–321 (2013). DOI: 10.1002/mpr
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Table 1. Aggregate (McNemar x2) and individual-level (AUC, κ, TCA) consistency of DSM-IV diagnoses based on the CIDI
screening scales (CIDI-SC) at their optimal (to estimate prevalence) thresholds and on blinded SCID clinical reappraisal
interviews (n=460)a

Aggregate concordanceb Individual-level concordancec

Prevalence estimates

CIDI-SC SCID McNemar

Percent (SE) Percent (SE) x21 AUC κ TCA

I. Mood disorders
Major depressive episode 6.8 (1.0) 6.7 (1.0) 0.0 0.78 0.55 94.3
Mania/hypomania 4.9 (1.0) 5.2 (0.9) 0.1 0.70 0.42 94.4

II. Anxiety disorders
Panic disorder 5.0 (0.9) 5.1 (0.7) 0.0 0.78 0.57 95.9
Generalized anxiety disorder 6.6 (0.9) 6.8 (1.0) 0.0 0.70 0.41 92.6
Post-traumatic stress disorder 6.7 (1.0) 6.4 (0.8) 0.1 0.75 0.49 93.7

III. Externalizing disorders
Adult attention-deficit/hyperactivity disorder 8.2 (1.1) 7.1 (1.1) 0.6 0.69 0.35 90.8
Intermittent explosive disorder 20.8 (2.3) 20.4 (2.0) 0.1 0.79 0.57 86.0
Substance use disorder 4.9 (0.4) 5.4 (0.8) 0.1 0.73 0.47 94.8

IV. Any disorderd 18.9 (1.6) 20.3 (1.9) 0.6 0.78 0.58 86.6

aAnalyses are based on weighted data to adjust for the over-sampling of respondents screening positive on the CIDI-SC scales.
bThe CIDI-SC prevalence estimates are set at the thresholds designed to maximize concordance with prevalence estimates
based on the blinded SCID clinical reappraisal interviews. The McNemar x2 tests evaluate concordance of these two preva-
lence estimates.
cAUC=area under the receiver operating characteristic curve; κ=Cohen’s κ; TCA= total classification accuracy. See the text
for definitions of these statistics, all three of which provide information about the overall individual-level concordance between
diagnoses based on the CIDI-SC and the blinded SCID clinical reappraisal interviews.
dAny of the seven disorders other than mania/hypomania, as mania/hypomania were assessed only over the entire lifetime.
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Operating characteristics of the tests

The proportions of SCID cases detected (SN) at the opti-
mal screening scale diagnostic thresholds for estimating
SCID prevalence are in the range 42.8–66.8% and the pro-
portions of screening scale cases confirmed by the SCID
(PPV) at these thresholds are in the range 37.1–65.3%
(68.3% for any 30-day disorder) (Table 2). The propor-
tions of SCID non-cases classified correctly (SP) are
90.9–97.9% and the proportions of screening scale non-
cases confirmed as non-cases by the SCID (NPV) are
91.5–97.8%. Lower SN and PPV than SP and NPV are
expected for thresholds designed to estimate prevalence
without bias when only a minority of respondents has a
disorder. LR+ is generally considered more informative
than SN in such cases (Haynes et al., 2006). LR + is in
the definitive range (i.e. greater than 10.0) at these thresh-
olds for six of the eight disorders and in the informative
Int. J. Methods Psychiatr. Res. 22(4): 303–321 (2013). DOI: 10.100
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range (i.e. greater than 5.0) for the others (7.3 for IED;
7.8 for ADHD) and for any 30-day disorder (8.5), indicat-
ing that screened positives at these thresholds are much
more likely than screened negatives to be confirmed as
cases in the clinical reappraisal interviews. LR� values,
in comparison, are in a range that would not be consid-
ered useful in screening out true non-cases (0.4–0.6).
The implications of modifying diagnostic thresholds
The proportions of screened positives confirmed as SCID
cases (PPV) could be increased by raising the screening
scale diagnostic thresholds beyond the optimal for esti-
mating prevalence. However, this increase in PPV would
be obtained at the expense of decreasing SN and creating
downwardly biased (conservative) prevalence estimates.
The value of making such a change in threshold while still
attempting to approximate clinical prevalence can be
2/mpr
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Table 2. CIDI screening scale (CIDI-SC) operating characteristics at optimal thresholds for estimating DSM-IV/SCID
prevalence (n=460)a

Positive operating characteristicsb Negative operating characteristicsc

SN (SE) PPV (SE) LR+ SP (SE) NPV (SE) LR�

I. Mood disorders
Major depressive episode 58.8 (9.0) 57.5 (6.6) 19.0 96.9 (0.8) 97.0 (0.9) 0.4
Mania/hypomania 43.5 (8.9) 45.8 (6.3) 15.5 97.2 (0.6) 96.9 (0.8) 0.6

II. Anxiety disorders
Panic disorder 58.5 (11.2) 59.5 (7.7) 27.9 97.9 (0.4) 97.8 (0.6) 0.4
Generalized anxiety disorder 43.9 (4.7) 45.6 (7.4) 11.5 96.2 (0.8) 95.9 (0.7) 0.6
Post-traumatic stress disorder 53.7 (6.9) 50.8 (7.0) 15.3 96.5 (0.8) 96.8 (0.6) 0.5

III. Externalizing disorders
Adult attention-deficit/hyperactivity disorder 42.8 (7.8) 37.1 (7.0) 7.8 94.5 (1.1) 95.6 (1.0) 0.6
Intermittent explosive disorder 66.8 (6.2) 65.3 (5.2) 7.3 90.9 (1.6) 91.5 (1.6) 0.4
Substance use disorder 47.6 (8.5) 51.6 (8.0) 19.0 97.5 (0.5) 97.0 (0.8) 0.5

IV. Any disorderd 63.7 (4.3) 68.3 (4.0) 8.5 92.5 (1.2) 90.9 (1.6) 0.4

aAnalyses are based on weighted data to adjust for the over-sampling of respondents screening positive on the CIDI-SC
scales.
bSN= sensitivity (the percent of SCID cases detected by the CIDI-SC); PPV= positive predictive value (the percent of
CIDI-SC cases confirmed by the SCID); LR + = likelihood ratio positive (the relative proportions of SCID cases among
CIDI-SC cases versus non-cases).
cSP= specificity (the percent of SCID non-cases classified as non-cases by the CIDI-SC); NPV=negative predictive value
(the percent of CIDI-SC non-cases confirmed as non-cases by the SCID); LR�= likelihood ratio negative (the relative
proportions of SCID non-cases among CIDI-SC cases versus non-cases).
dAny of the seven disorders other than mania/hypomania, as mania/hypomania were assessed only over the entire lifetime.
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evaluated by examining relative changes in PPV versus SN
associated with modest increases in screening scale thresh-
olds around the optimal thresholds for estimating SCID
prevalence. When we make these small increases in
threshold we see that the increases in PPV are much less
than the decreases in SN for four disorders (MDE, GAD,
ADHD, SUD) (proportional screening scales decreases of
20%, 7%, 25%, and 31%, respectively; proportional PPV
increases of 2%, 0%, 18%, and 4%, respectively) (Table 3).
In addition, PPV actually decreases slightly for the other
four disorders due to respondents with CIDI-SC scores
just above the optimal thresholds for estimating SCID
prevalence of these disorders having high SCID preva-
lence. These results argue against small changes to increase
the screening scale thresholds in the service of making
diagnoses more conservative while still maintaining esti-
mates that approximate the SCID prevalence estimates.

We also examined the implications of making small
changes in the thresholds in the other direction to increase
the proportions of clinical cases screening positive by
lowering the screening scale thresholds. Such changes
increase SN by definition. This is desirable for purposes
Int. J. Met
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of guaranteeing comprehensive detection in treatment
samples when PPV does not decrease more than SN
increases. However, such anticonservative changes can
lead to upward bias in prevalence estimates as well as to
reductions in LR+when the proportional increases in
SN are lower than the proportional decreases in SP. An
analysis of these changes associated with modest decreases
in screening scale thresholds shows that LR+ consistently
decreases when modest changes are made to decrease
thresholds (Table 3). These results argue against making
the screening scale thresholds less conservative while still
maintaining estimates that approximate SCID prevalence.
Selecting alternative optimization rules in selecting
screening scale diagnostic thresholds

As noted earlier in the section on analysis methods, the most
useful thresholds for screening scales differ depending on
the uses to which the screening scales are put. As Army
STARRS is an epidemiological study rather than a clinical
study, we place a premium on accurate estimation of SCID
prevalence. But in a clinical study, where screening scales
hods Psychiatr. Res. 22(4): 303–321 (2013). DOI: 10.1002/mpr
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Table 3. Variation in CIDI screening scale (CIDI-SC) operating characteristics when diagnostic thresholds are changed from
the optimal for estimating prevalence to either more conservative or more anticonservative thresholds (n=460)a

CIDI-SC prevalence
estimateb

Positive operating
characteristicsc

Negative operating
characteristicsd

Percent (SE) SN (SE) PPV (SE) LR+ SP (SE) NPV (SE) LR�

Major depressive episode
Conservative 6.0 (0.8) 49.1 (8.8) 54.9 (8.5) 16.9 97.1 (0.7) 96.4 (1.0) 0.5
Optimal 6.8 (1.0) 58.8 (9.0) 57.5 (6.6) 19.0 96.9 (0.8) 97.0 (0.9) 0.4
Anticonservative 7.5 (1.2) 62.5 (9.2) 55.6 (6.3) 17.4 96.4 (0.9) 97.3 (0.9) 0.4

Mania/hypomania
Conservative 2.7 (0.5) 20.9 (5.9) 39.5 (8.3) 12.3 98.3 (0.4) 95.8 (1.0) 0.8
Optimal 4.9 (1.0) 43.5 (8.9) 45.8 (6.3) 15.5 97.2 (0.6) 96.9 (0.8) 0.6
Anticonservative 11.6 (1.4) 72.6 (9.1) 32.3 (6.6) 8.7 91.7 (1.4) 98.4 (0.6) 0.3

Panic disorder
Conservative 3.4 (0.7) 37.1 (9.9) 54.8 (8.9) 23.2 98.4 (0.4) 96.7 (0.7) 0.6
Optimal 5.0 (0.9) 58.5 (11.2) 59.5 (7.7) 27.9 97.9 (0.4) 97.8 (0.6) 0.4
Anticonservative 6.4 (0.9) 71.4 (10.4) 57.1 (6.9) 24.6 97.1 (0.5) 98.4 (0.5) 0.3

Generalized anxiety disorder
Conservative 6.0 (0.8) 40.8 (4.6) 46.7 (7.7) 10.9 96.6 (0.8) 95.7 (0.7) 0.5
Optimal 6.6 (0.9) 43.9 (4.7) 45.6 (7.4) 11.5 96.2 (0.8) 95.9 (0.7) 0.6
Anticonservative 7.1 (1.0) 44.2 (4.8) 42.6 (7.8) 10.0 95.6 (1.0) 95.9 (0.7) 0.6

Post-traumatic stress disorder
Conservative 6.2 (1.0) 46.0 (7.0) 47.5 (7.2) 13.1 96.5 (0.9) 96.3 (0.7) 0.6
Optimal 6.7 (1.0) 53.7 (6.9) 50.8 (7.0) 15.3 96.5 (0.8) 96.8 (0.6) 0.5
Anticonservative 7.7 (1.1) 56.8 (7.2) 47.2 (6.3) 13.2 95.7 (0.9) 97.0 (0.6) 0.4

Adult attention-deficit/hyperactivity disorder
Conservative 6.8 (1.1) 31.8 (6.2) 33.4 (6.8) 6.5 95.1 (1.1) 94.8 (1.0) 0.7
Optimal 8.2 (1.1) 42.8 (7.8) 37.1 (7.0) 7.8 94.5 (1.1) 95.6 (1.0) 0.6
Anticonservative 8.8 (1.1) 44.1 (7.9) 35.5 (6.5) 7.2 93.9 (1.1) 95.7 (1.0) 0.5

Intermittent explosive disorder
Conservative 16.8 (1.4) 47.3 (4.5) 57.2 (5.5) 5.2 90.9 (1.6) 87.1 (2.0) 0.6
Optimal 20.8 (2.3) 66.8 (6.2) 65.3 (5.2) 7.3 90.9 (1.6) 91.5 (1.6) 0.4
Anticonservative 26.7 (3.3) 73.5 (7.4) 56.0 (5.7) 5.0 85.3 (2.7) 92.6 (1.9) 0.9

Substance use disorder
Conservative 4.1 (0.5) 38.1 (8.3) 49.5 (8.4) 17.3 97.8 (0.4) 96.5 (0.8) 0.6
Optimal 4.9 (0.4) 47.6 (8.5) 51.6 (8.0) 19.0 97.5 (0.5) 97.0 (0.8) 0.5
Anticonservative 6.7 (0.6) 57.3 (9.1) 45.6 (5.6) 14.7 96.1 (0.5) 97.5 (0.8) 0.4

aAnalyses are based on weighted data to adjust for the over-sampling of respondents screening positive on the CIDI-SC scales.
bThe CIDI-SC prevalence estimates are varied by changing the threshold to values both above (conservative) and below
(anticonservative) the thresholds designed to maximize concordance with prevalence estimates based on the blinded SCID
clinical reappraisal interviews.
cSN= sensitivity (the percent of SCID cases detected by the CIDI-SC); PPV= positive predictive value (the percent of
CIDI-SC cases confirmed by the SCID); LR + = likelihood ratio positive (the relative proportions of SCID cases among
CIDI-SC cases versus non-cases).
dSP= specificity (the percent of SCID non-cases classified as non-cases by the CIDI-SC); NPV=negative predictive value
(the percent of CIDI-SC non-cases confirmed as non-cases by the SCID); LR�= likelihood ratio negative (the relative
proportions of SCID non-cases among CIDI-SC cases versus non-cases).
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might be used for case-finding to select people for additional
assessment and treatment, it might make more sense to
lower the threshold to capture as large a proportion of
Int. J. Methods Psychiatr. Res. 22(4): 303–321 (2013). DOI: 10.100
Copyright © 2013 John Wiley & Sons, Ltd.
clinical cases as feasible within the constraints of the cost-
benefit ratio of screening and treatment. To investigate
the implications of using such a rule in setting
2/mpr
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screening scale thresholds, we compared scale operating
characteristics when the threshold was selected to
detect 80% of DSM-IV/SCID cases (i.e. SN = 80.0%).

This change leads to a lowering of screening scale
thresholds for all disorders because SN is consistently
lower than 80% at the optimal threshold for estimating
SCID prevalence. And this, in turn, leads to substantial
increases in screening scale prevalence (2.5–7.0 times the
prevalence estimates based on the optimal threshold for
Table 4. Variation in CIDI screening scale (CIDI-SC) operating c
(i) the optimal for estimating prevalence to (ii) having high SN (i.

CIDI-SC prevalence
estimateb

P

Percent (SE) SN

Major depressive episode
Optimal for prevalence 6.8 (1.0) 58.8
High SN 25.2 (2.1) 80.2 (1

Mania/hypomania
Optimal for prevalence 4.9 (1.0) 43.5
High SN 20.5 (2.2) 82.7

Panic disorder
Optimal for prevalence 5.0 (0.9) 58.5 (1
High SNe 6.4 (0.9) 71.4 (1

Generalized anxiety disorder
Optimal for prevalence 6.6 (0.9) 43.9
High SN 19.1 (2.1) 80.6

Post-traumatic stress disorder
Optimal for prevalence 6.7 (1.0) 53.7
High SN 43.5 (4.0) 81.2

Adult attention-deficit/hyperactivity disorder
Optimal for prevalence 8.2 (1.1) 42.8
High SN 40.3 (2.9) 84.3

Intermittent explosive disorder
Optimal for prevalence 20.8 (2.3) 66.8
High SNe 26.7 (3.3) 73.5
Substance use disorder
Optimal for prevalence 4.9 (0.4) 47.6
High SNe 12.4 (1.6) 66.8

aAnalyses are based on weighted data to adjust for the over-samp
bThe CIDI-SC prevalence estimates are varied by changing th
blinded SCID clinical reappraisal interviews.
cSN=sensitivity (the percent of SCID cases detected by the CIDI
cases confirmed by the SCID); LR+= likelihood ratio positive (th
versus non-cases).
dSP= specificity (the percent of SCID non-cases classified as n
(the percent of CIDI-SC non-cases confirmed as non-cases by
portions of SCID non-cases among CIDI-SC cases versus non-
eAs none of the CIDI-SC thresholds for this disorder had SN as
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estimating SCID prevalence) for all disorders other than
PD and IED (where CIDI-SC prevalence estimates
increase to 1.2–1.3 times the optimal for estimating SCID
prevalence) and to correspondingly large reductions in
PPV (Table 4). While PPV at the optimal threshold for
estimating SCID prevalence averages 51.6% (i.e. 51.6%
of screened positives are true clinical cases, with a range
37.1–65.3%), average PPV drops to 30.0% (range: 11.9–57.1%)
when thresholds are selected so that SN exceed 80%. This
haracteristics when diagnostic thresholds are changed from
e. detecting at least 80% of DSM-IV/SCID cases) (n= 460)a

ositive operating
characteristicsc

Negative operating
characteristicsd

(SE) PPV (SE) LR+ SP (SE) NPV (SE) LR�

(9.0) 57.5 (6.6) 19.0 96.9 (0.8) 97.0 (0.9) 0.4
1.8) 21.3 (3.1) 3.8 78.7 (2.1) 98.2 (1.2) 0.3

(8.9) 45.8 (6.3) 15.5 97.2 (0.6) 96.9 (0.8) 0.6
(8.4) 20.8 (4.1) 4.8 82.9 (2.1) 98.9 (0.6) 0.2

1.2) 59.5 (7.7) 27.9 97.9 (0.4) 97.8 (0.6) 0.4
0.4) 57.1 (6.9) 24.6 97.1 (0.5) 98.4 (0.5) 0.3

(4.7) 45.6 (7.4) 11.5 96.2 (0.8) 95.9 (0.7) 0.6
(5.2) 28.9 (5.3) 5.5 85.4 (2.3) 98.4 (0.5) 0.2

(6.9) 50.8 (7.0) 15.3 96.5 (0.8) 96.8 (0.6) 0.5
(6.6) 11.9 (2.0) 2.0 59.0 (4.2) 97.9 (0.8) 0.3

(7.8) 37.1 (7.0) 7.8 94.5 (1.1) 95.6 (1.0) 0.6
(7.5) 14.9 (2.5) 2.3 63.1 (3.1) 98.1 (1.0) 0.2

(6.2) 65.3 (5.2) 7.3 90.9 (1.6) 91.5 (1.6) 0.4
(7.4) 56.0 (5.7) 5.0 85.3 (2.7) 92.6 (1.9) 0.3

(8.5) 51.6 (8.0) 19.0 97.5 (0.5) 97.0 (0.8) 0.5
(9.,4) 28.8 (5.4) 7.1 90.6 (1.7) 98.0 (0.8) 0.4

ling of respondents screening positive on the CIDI-SC scales.
e threshold to have a minimum SN of 80.0% based on the

-SC); PPV=positive predictive value (the percent of CIDI-SC
e relative proportions of SCID cases among CIDI-SC cases

on-cases by the CIDI-SC); NPV=negative predictive value
the SCID); LR�= likelihood ratio negative (the relative pro-
cases).
high as 80%, the threshold with the highest SN is reported.

hods Psychiatr. Res. 22(4): 303–321 (2013). DOI: 10.1002/mpr
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means that it would require an average of about three
SCID interviews to detect each clinical case among the
screened positives at the lower threshold compared to
roughly two at the higher threshold. Clinical intervention
cost-effectiveness calculations would be needed to deter-
mine whether this additional expense of case-finding
could be justified based on the human costs (i.e. quality
of life, morbidity, mortality) of an untreated case, the
costs of treatment, and the likely effectiveness of treat-
ment in reducing human costs. From the perspective of
epidemiological research, lowering the thresholds below
the optimal for estimating prevalence might still be desir-
able even though such an anticonservative change
introduces upward bias in prevalence estimates, as it is
possible that lowering thresholds will lead to greater
proportional increases in SN than in (100� SP), in which
case LR +will increase. However, LR + decreases consis-
tently when the screening scale thresholds are lowered,
arguing against making these thresholds less conservative
for purposes of epidemiological analysis of the Army
STARRS data.

Another goal of screening might be to select screening
scale thresholds to have a minimum proportion of screened
positives confirmed in clinical interviews (i.e. high PPV).
For example, minimum PPVmight be set at 50% to guaran-
tee that the majority of screened positives are true clinical
cases or at 80% to guarantee that the vast majority of
screened positives are true clinical cases. However, this will
lead to a reduction in SN that might make the true cases
detected unrepresentative of all true cases. If minimum
PPV is set at 50%, the thresholds selected to maximize esti-
mation of SCID prevalence meet the PPV criterion in five of
eight cases, the exceptions being MHM (PPV=45.8%),
GAD (PPV=45.6%), and ADHD (PPV=37.1%). In the
case of MHM, the threshold can be raised to increase PPV
to 71.1%, but this leads to a dramatic reduction in estimated
prevalence (from 4.9% to 0.7%) and in SN (from 43.5% to
9.7%) (Table 5). While more than two-thirds of the small
fraction of respondents defined as positive for MHM in
the CIDI-SC are SCID cases, the exclusion of the vast
majority of SCID cases of MHM from this small fraction
(100� SN=90.3% of SCID cases not detected) means that
the proportion of SCID cases among the screened negatives
is nearly as high as the proportion among screened negatives
(LR�= 0.9), arguing against making the screening scale
thresholds this conservative for purposes of epidemiological
analysis of the Army STARRS data.

In the case of GAD, raising the CIDI-SC threshold to
make PPV exceed 50% leads to halving both estimated
prevalence (from 6.6% to 3.2%) and SN (from 43.9% to
23.6%) in the service of only a relatively modest increase
Int. J. Methods Psychiatr. Res. 22(4): 303–321 (2013). DOI: 10.100
Copyright © 2013 John Wiley & Sons, Ltd.
in PPV (from 45.6% to 50.2%) compared to when the
threshold is set to maximize estimation of SCID preva-
lence. It is difficult to argue for a threshold that decreases
SN so dramatically for such a modest increase in PPV. The
situation is similar but less dramatic for ADHD, where a
change in the CIDI-SC threshold that increased PPV by
roughly 50% (from 37.1% to 55.9%) decreased estimated
prevalence by 70% (from 8.2% to 2.4%) and SN by 55%
(from 42.8% to 19.3%). Selecting thresholds to have even
higher PPV (a minimum of 80%) for disorders where
screening scale PPV is greater than 50% at the optimal
threshold for estimating SCID prevalence consistently
has the same negative effects in that the proportional
increases in PPV (in the range 47–59%) are much less
than the proportional decreases in prevalence (84–91%),
resulting in extremely low levels of SN (7.3–13.4%). These
results argue against using such restrictive thresholds
for purposes of epidemiological analysis of the Army
STARRS data.
Continuous versus dichotomous
diagnostic classification

As noted earlier in the section on analysis methods, we
calculated ROC curves for the entire screening scale distri-
butions (Figure 1). AUC was calculated for each of these
curves and compared to the AUC of the dichotomous
version of the same screening scale. AUC was found to
be substantially higher for the continuous than dichoto-
mous scoring rule for each of the eight screening scales
(Range: 0.80–0.90 continuous versus 0.69–0.79 dichoto-
mous; inter-quartile range: 0.85–0.87 continuous versus
0.70–0.78 dichotomous) (Table 6). This suggests that
meaningful variation in SCID prevalence exists at other
places on the screening scale ranges than the optimal diag-
nostic threshold for estimating SCID prevalence. The
important implication of this finding for our purposes is
that continuous screening scale scores defining predicted
probabilities of clinical diagnoses might be more useful
than dichotomous diagnostic classifications based on the
screening scales for purposes of epidemiological analysis.
We consequently calculated both continuous (predicted
probability of having a DSM-IV/SCID diagnosis) and
dichotomous versions of each screening scale for use in
analysis of the Army STARRS data. The continuous
versions were produced using the MI method. Impor-
tantly, not only the screening scale scores but also a wide
range of other significant correlates of the DSM-IV/SCID
diagnoses were used in the first-phase MI analysis in order
to minimize bias in subsequent substantive analyses that
2/mpr
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Table 5. Variation in CIDI screening scale (CIDI-SC) operating characteristics when diagnostic thresholds are changed from
(i) the optimal for estimating prevalence to (ii) having high PPV (i.e. at least 80% of screened positives having a DSM-IV/SCID
diagnosis) (n=460)a

CIDI-SC prevalence
estimateb

Positive operating
characteristicsc

Negative operating
characteristicsd

Percent (SE) SN (SE) PPV (SE) LR+ SP (SE) NPV (SE) LR–

Major depressive episode
Optimal for prevalence 6.8 (1.0) 58.8 (9.0) 57.5 (6.6) 19.0 96.9 (0.8) 97.0 (0.9) 0.4
High PPV 0.6 (0.3) 7.3 (4.1) 84.7 (11.5) 73.0 99.9 (0.1) 93.8 (1.0) 0.9

Mania/hypomania
Optimal for prevalence 4.9 (1.0) 43.5 (8.9) 45.8 (6.3) 15.5 97.2 (0.6) 96.9 (0.8) 0.6
High PPVe 0.7 (0.2) 9.7 (3.0) 71.1 (12.5) 48.5 99.8 (0.1) 95.3 (1.0) 0.9

Generalized anxiety disorder
Optimal for prevalence 6.6 (0.9) 43.9 (4.7) 45.6 (7.4) 11.5 96.2 (0.8) 95.9 (0.7) 0.6
PPV GT 50% 3.2 (0.6) 23.6 (3.9) 50.2 (8.5) 13.9 98.3 (0.5) 94.6 (0.9) 0.8
High PPVe 1.0 (0.3) 10.4 (3.5) 69.1 (12.2) 34.7 99.7 (0.2) 93.8 (0.9) 0.9

Post-traumatic stress disorder
Optimal for prevalence 6.7 (1.0) 53.7 (6.9) 50.8 (7.0) 15.3 96.5 (0.8) 96.8 (0.6) 0.5
High PPVe 1.1 (0.3) 13.4 (3.3) 79.5 (10.5) 67.0 79.5 (10.5) 99.8 (0.1) 0.9

Adult attention-deficit/hyperactivity disorder
Optimal for prevalence 8.2 (1.1) 42.8 (7.8) 37.1 (7.0) 7.8 94.5 (1.1) 95.6 (1.0) 0.6
PPV GT 50% 2.4 (0.5) 19.3 (3.8) 55.9 (12.0) 16.1 98.8 (0.4) 94.1 (1.0) 0.8
High PPVe 2.0 (0.4) 17.8 (3.7) 63.1 (12.7) 22.3 99.2 (0.3) 94.1 (0.9) 0.8

Substance use disorder
Optimal for prevalence 4.9 (0.4) 47.6 (8.5) 51.6 (8.0) 19.0 97.5 (0.5) 97.0 (0.8) 0.5
High PPV 0.6 (0.2) 8.8 (3.6) 81.7 (13.3) 88.0 99.9 (0.1) 95.1 (0.8) 0.9

aAnalyses are based on weighted data to adjust for the over-sampling of respondents screening positive on the CIDI-SC scales.
bThe CIDI-SC prevalence estimates are varied by changing the threshold to have a minimum PPV of 80.0% based on the
blinded SCID clinical reappraisal interviews. Results are not reported for PD or IED because optimal thresholds for predicting
SCID prevalence of these disorders also had the highest values of PPV.
cSN=sensitivity (the percent of SCID cases detected by the CIDI-SC); PPV=positive predictive value (the percent of CIDI-SC
cases confirmed by the SCID); LR+= likelihood ratio positive (the relative proportions of SCID cases among CIDI-SC cases ver-
sus non-cases).
dSP= specificity (the percent of SCID non-cases classified as non-cases by the CIDI-SC); NPV=negative predictive value
(the percent of CIDI-SC non-cases confirmed as non-cases by the SCID); LR�= likelihood ratio negative (the relative pro-
portions of SCID non-cases among CIDI-SC cases versus non-cases).
eAs none of the CIDI-SC thresholds for this disorder had PPV as high as 80%, the threshold with the highest PPV is reported.
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will use these variables as correlates of predicted probabili-
ties of DSM-IV/SCID disorders.
Discussion

Previous research has shown that CIDI-SC operating
characteristics are equivalent to or better than those of
alternative screening scales in samples of the general
population (Kessler et al., 2005a; Kessler et al., 2006a;
Kessler et al., 2013a) and that the PCL has very good
concordance with clinical diagnoses of PTSD in samples
of both the military and the general population (Wilkins
Int. J. Met
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et al., 2011). We nonetheless carried out an independent
CRS of these screening scales in Army STARRS due to the fact
that the operating characteristics of the same screening scale
can differ substantially across surveys depending on such fun-
damental survey conditions as auspices, level of confidential-
ity (e.g. complete anonymity versus de-identification), mode
of data collection, and situational factors, such as constraint
on the amount of time available to complete the survey
(Kessler and Pennell, in press).

It is not surprising in light of the challenging survey con-
ditions in Army STARRS – including group-administration
in settings with suboptimal physical facilities (e.g. sitting on
hods Psychiatr. Res. 22(4): 303–321 (2013). DOI: 10.1002/mpr
Copyright © 2013 John Wiley & Sons, Ltd.



Figure 1. ROC curves for the associations between continu-
ous screening scales and DSM-IV/SCID diagnoses (n=460).

ROC= receiver operating characteristic; SN=sensitivity;
SP=specificity; DSM-IV=Diagnostic and Statistical Manuel
of Mental Disorders, Fourth Edition; SCID=Structured
Clinical Interview for DSM-IV.

Table 6. Comparison of area under the receiver operating
characteristic curve (AUC) based on the dichotomous
versions of the CIDI-SC scales as the optimal thresholds for
estimating DSM-IV/SCID prevalence and based on the
continuous versions of the CIDI-SC scales (n= 460)a

Area under the curve
(AUC)

Dichotomous Continuous

I. Mood disorders
Major depressive episode 0.78 0.90
Mania/hypomania 0.70 0.86

II. Anxiety disorders
Panic disorder 0.78 0.90
Generalized anxiety disorder 0.70 0.87
Post-traumatic stress disorder 0.75 0.81

III. Externalizing disorders
Adult attention deficit/
hyperactivity disorder

0.69 0.85

Intermittent explosive disorder 0.79 0.86
Substance use disorder 0.73 0.80

aAnalyses are based on weighted data to adjust for the
over-sampling of respondents screening positive on the
CIDI-SC scales.
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folding chairs in full field gear in temporary data collection
locations) – that we found that the CIDI-SC and PCL AUCs
are somewhat lower than in previous psychometric studies
of these scales. Individual-level concordance of diagnoses
Int. J. Methods Psychiatr. Res. 22(4): 303–321 (2013). DOI: 10.100
Copyright © 2013 John Wiley & Sons, Ltd.
based on the CIDI-SC and PCL with diagnoses based on
independent SCID clinical reappraisal interviews in the AAS
is for most part moderate (AUC=0.70–0.79; κ=0.4–0.6),
whereas most previous evaluations found concordance of
the CIDI-SC and the PCL with SCID diagnoses to be
substantial (AUC=0.80–0.89; κ=0.6–0.8). However, the
administrative conditions of the screening scales in most pre-
vious studies that carried out clinical reappraisals were much
better than in Army STARRS, including self-administration in
primary care waiting rooms (Kessler et al., 2013a), face-to-
face interviewer administration in household surveys (Kessler
et al., 2006a), and interviewer administration over the
telephone with health plan subscribers (Kessler et al., 2005a).

Perhaps the more striking result in light of the chal-
lenging Army STARRS field conditions is that the positive
CIDI-SC/PCL operating characteristics for dichotomous
versions of the scales designed to optimize aggregate con-
cordance with SCID prevalence estimates are generally
quite good. LR+ values for six of the eight disorders are
in the range 11.5–27.9, all of which are well above the
10.0 value generally considered sufficient to rule in diag-
noses (Haynes et al., 2006), while the 7.3–7.8 LR+ values
for the other two diagnoses and the 8.5 LR+ value for any
30-day disorder are well above the 5.0 value considered
useful in ruling in diagnoses. However, these good LR+
values are accompanied by LR� values generally considered
not to be useful in screening out true negatives (0.4–0.6);
that is, to contain proportions of true negative that are not
strikingly different from the proportions found among
screened positives.

As discussed in more detail elsewhere (Kessler et al.,
2013a), the definitions of screened positives and screened
negatives could be purified for clinical purposes by
selecting thresholds at the tails of the distributions that
have operating characteristics deemed useful for clinical
purposes. For example, an upper threshold of a screening
scale could be selected to have a minimum PPV of 0.5 in
order to make sure that at least 50% of screened positives
are SCID cases. As we saw, though, this desirable feature of
that threshold would generally mean that a substantial
proportion of SCID cases are missed. Alternatively, the
upper threshold of a screening scale could be set at a
minimum SN of 0.80 to make sure that the vast majority
of SCID cases are picked up by the screen, but this
desirable feature of that threshold would mean that only
a small proportion of screened positives have SCID diag-
noses. In a similar way, a lower threshold of a screening
could be purified by requiring NPV to be, say, at least 1
– p/5, where p= SCID prevalence of the disorder, thereby
guaranteeing that the proportion of SCID cases among
patients screening negative is no more than 20% as high
2/mpr
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as the prevalence of the disorder in the sample, but this
desirable feature of that threshold might mean that a
substantial proportion of true non-cases are excluded
from this ruled-out group.

It is also possible to select multiple thresholds at upper
and lower tails both to maximize the positives (i.e. defini-
tive screen-ins and/or screen-outs) and minimize the
negatives (i.e. minimizing the numbers of false positives
and/or false negatives) and leave one or more intermediate
strata that define those with high-but-not-definitively-
high scores, low-but-not-definitively-low scores, and
uninformative intermediate scores. We noted earlier that
such polychotomous scoring rules are fairly common in
screening scales developed for clnical practice (Guyatt
and Rennie, 2001). Indeed, CIDI-SC polychotomous
thresholds have been developed for exactly this reason to
facilitate the use of these scales in primary care screening
(Kessler et al., 2013a).

However, a more useful approach for purposes of
epidemiological analysis of the screening scales considered
here is likely to be retention of the entire screening scale
range given that AUCs of continuous versions of the
screening scales are higher than AUCs of dichotomized
versions of the scales at their unbiased thresholds. Based
on this observation, we are using MI to assign predicted
probabilities of DSM-IV/SCID diagnoses to all Army
STARRS respondents who completed the screening scales.
We are addressing the uncertainty of inference from pre-
diction equations using imputed rather than observed
values by estimating 20 MI estimates of the predicted
probability of having each clinical diagnosis for each
respondent. The practical use of this approach is illustrated
in a more detailed methodological exposition published
previously in this journal (Kessler and Üstün, 2004) as well
as in a number of subsequent substantive reports that used
this approach to estimate the prevalence and correlates of
several different DSM-IV/SCID disorders in other psychiat-
ric epidemiological studies (Fayyad et al., 2007; Huang et al.,
2009; Kessler et al., 2005a). However, second-phase of MI
analysis can be computationally intensive even after the
first-phase multiple imputations, as each model has to be
estimated 20 separate times rather than once and the coeffi-
cients in these 20 replicates then need to be combined to
calculate adjusted standard errors. As a result, we also plan
to work with dichotomously-scored screening scale mea-
sures at the optimal diagnostic thresholds and to investigate
the extent to which substantive results differ depending on
whether this dichotomous approach is used instead of MI.
Dichotomous screening scale scoring will be used in cases
where results are relatively insensitive to the more refined
estimates using MI.
Int. J. Met
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