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Abstract

Objective: Symptom counts as the basis for Post-Traumatic Stress Disorder (PTSD)
diagnoses in the DSM presume each symptom is equally reflective of underlying
disorder severity. However, the “equal weight” assumption fails to fit PTSD symp-
tom data when tested. The present study developed an enhanced PTSD diagnosis
based on (a) a conventional PTSD diagnosis from a clinical interview and (b) an
empirical classification of full PTSD that reflected the relative clinical weights of
each symptom.

RO1AA025853 Method: Baseline structured interview data from Project Harmony (N = 2658) was

used. An enhanced diagnosis for full PTSD was estimated using an empirical
threshold from moderated nonlinear factor analysis (MNLFA) latent PTSD scale
scores, in combination with a full conventional PTSD diagnosis based on interview
data.

Results: One in 4 patients in the sample had a PTSD diagnosis that was inconsistent
with their empirical PTSD grouping, such that the enhanced diagnostic standard
reduced the diagnostic discrepancy rate by 20%. Veterans, and in particular female
Veterans, were at greatest odds for discrepancy between their underlying PTSD
severity and DSM diagnosis.

Conclusion: Psychometric methodologies that differentially weight symptoms can
complement DSM criteria and may serve as a platform for symptom prioritization

for diagnoses in future editions of DSM.
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1 | INTRODUCTION

Psychiatric disorders within the Diagnostic and Statistical Manual of
Mental Disorders (DSM) are typically diagnosed by a simple count of
symptoms. This is true for Post-Traumatic Stress Disorder (PTSD),
which under DSM-5 requires (a) direct experiencing, witnessing or
exposure to the consequences and aftermath of a qualifying trau-
matic event under Criterion A, (b) at least 1 of the 5 symptoms under
the Intrusion criterion (Criterion B), (c) at least 1 of the 2 symptoms
under the Avoidance criterion (Criterion C), (d) at least 2 of the 7
symptoms under the Negative Alterations of Cognitions and Mood
criterion (Criterion D) and (e) at least 2 of the 6 symptoms under the
Arousal and Reactivity criterion (Criterion E). Notably, there is no
particular prioritization of any one symptom over any other symptom
within each PTSD criterion, as each symptom is treated as though it
has equal priority in reflecting underlying PTSD severity and diag-
nosis. However, it has been noted that symptom counts can give a
distorted picture of underlying disorder severity, because the relative
weight of each symptom in relation to the disorder is not taken into
account (He et al., 2014; Morgan-Lépez, Hien et al., 2022; Silverstein
et al., 2020).

Concerns regarding the use of symptom counts to characterize a
diagnosis, without prioritizing which symptoms are contributing to
the diagnosis, parallel concerns about the use of total scores (or sum
scores) to capture underlying PTSD severity. Most etiological and
treatment outcome studies characterize PTSD severity by using raw
total scores or symptom counts based on the sum of the categories
on Likert-scaled items capturing the frequency and/or intensity of
symptoms (e.g., Norman et al., 2019; Schifer et al., 2019). However, it
has been long understood that total scores can be problematic from a
psychometric perspective (McNeish & Wolf, 2020) as well as a clin-
ical perspective (Saavedra et al., 2022; Saavedra, Morgan-Lépez,
Hien, Back et al., 2021). Total scoring is primarily thought of as a
“data management problem”, often with little-to-no consideration for
what is implied psychometrically by its use (Morgan-Lépez, Hien
et al, 2022; Morgan-Lépez, Saavedra et al., 2022). For any latent
variable model that is structured under the “equal weights” model
(e.g., 1-parameter logistic item response theory (IRT), nonlinear fac-
tor analysis [NLFA] with equal factor loadings), the total score is a
sufficient statistic for maximum likelihood estimation of the latent
variable (Andrich, 1978, 2018; McNeish & Wolf, 2020). In practice
however, it has been consistently demonstrated that PTSD symp-
toms fit to IRT or NLFA models require discrimination parameters/
factor loadings that vary across symptoms (Contractor et al., 2018;
Morgan-Lépez, Saavedra et al., 2020; Ruglass et al., 2020; Saavedra,
Morgan-Lopez, Hien, Back, et al., 2021, 2022; Silverstein et al., 2020).
The underlying clinical conclusion from this collection of advanced
psychometric work is that some symptoms “matter” more than others
(Bourne et al., 2013; Morgan-Lépez, Hien et al., 2022).

A number of consequences have been noted when the “equal
weights” assumption does not actually fit psychiatric symptom data
that have implications for clinical decision-making (McNeish &
Wolf, 2020; Sinharay & Haberman, 2014). In work specific to PTSD

outcomes, it has been demonstrated that the use of total scores
(compared to model-based factor analysis [FA]/IRT scores) can lead
to non-trivial effect size distortion in the estimation of treatment
outcomes (Morgan-Lépez, Saavedra et al., 2020), mischaracterization
of statistical inferences regarding differences in underlying PTSD
severity across different racial/ethnic groups and across populations
(e.g., incarcerated populations; Morgan-Lépez, Hien et al, 2022;
Ruglass et al., 2020), and discordance in judgments regarding
whether individual patients had clinically significant improvement or
deterioration (Saavedra, Morgan-Lépez, Hien, Back et al., 2021,
2022).

Of particular relevance is the work described in Morgan-Lépez,
Killeen et al. (2020), where they developed an empirical classification
approach that distinguishes patients with full PTSD and subthreshold
PTSD that takes into account the differential weight of each symp-
tom. The approach adapts the clinically significant change framework
of Jacobson and Truax (1991), originally used to distinguish the
“clinical” and “normative” groupings on a continuous psychiatric
measure for treatment outcomes, but uses FA/IRT-based scale scores
instead of total scores to distinguish between the clinical (full PTSD
diagnosis group) and normative (subthreshold/no PTSD diagnosis
group) scale score distributions. Greater separation of overlap be-
tween full PTSD and subthreshold PTSD/no PTSD scale score dis-
tributions has been observed when using FA/IRT-based scale scoring
for PTSD severity compared to PTSD total scores/symptom counts
(see Figure 2 in Saavedra, Morgan-Lépez, Hien, Back et al.,, 2021). An
empirical cutoff is estimated, in a manner similar to Jacobson and
Truax (1991), by calculating the weighted midpoint between the full
and subthreshold/no PTSD scale score distributions using the means
and standard deviations of the scale scores for each group. Patients
with a scale score above the cutoff are classified with an “empirical
diagnosis” of full PTSD while patients who are below the cutoff are
classified as not having full PTSD based on the empirical
classification.

Demonstrating clear utility of the empirical classification
approach, patients with a full DSM-1V PTSD diagnosis who also had a
full PTSD empirical classification had significantly higher endorse-
ment rates on 15 of 17 DSM-IV PTSD symptoms (and differed along
several demographic variables) compared to patients with a full PTSD
diagnosis but a subthreshold PTSD empirical classification (Morgan-
Lopez, Killeen et al., 2020). This suggests that there is substantial
heterogeneity in the PTSD diagnosis- even among patients with a full
PTSD diagnosis—and symptom counts (as opposed to weighting
procedures such as FA/IRT) may obfuscate who has PTSD and how
severe it is. The present study examines the utility of an enhanced
diagnostic standard for PTSD, such that if the “gold” standard is a
PTSD diagnosis based on (unweighted) within-criterion symptom
counts from a clinical interview (e.g., Clinician-Administered PTSD
Scale (CAPS); King et al., 1998), then a “platinum” standard diagnosis
would be a conventional DSM PTSD diagnosis plus an empirical
classification of full PTSD based on symptom weighting procedures
(Morgan-Lopez, Killeen et al., 2020). Anywhere from 25% to 50% of

patients have shown discrepancies in both diagnostic grouping and
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individual-level treatment outcome inference when comparing FA/
IRT scores to raw scores/symptom counts (Jabraiylov et al., 2016;
Morgan-Lépez, Killeen et al, 2020; Morgan-Lopez, Saavedra
et al.,, 2022; Saavedra, Morgan-Lépez, Hien, Back et al., 2021). Thus, it
is critically important a) to assess the relative utility of this enhanced
diagnostic standard and b) to understand the conditions and pop-
ulations that may be most vulnerable to mischaracterization of their
clinical status, in relation to their underlying PTSD severity after

exposure to traumatic events.

2 | METHOD
2.1 | Participants

Baseline data were used from a subset of 25 studies (n = 2658)

that are a part of an individual patient meta-analysis of behavioral

TABLE 1 Study characteristics (N = 2658).

Study N Population type
Back (2016) 27 Veteran
Back (2019) 81 Veteran
Boden (2012) 98 Veteran

Foa (2013) 165 Civilian/Veteran
Hien (2004) 126 Civilian
Ruglass/Hien (2017) 95 Civilian
Hien (2009) 353 Civilian
Hien (2015) 113 Civilian
McDevitt-Murphy (2014) 68 Veteran
McGovern (2011) 53 Civilian
McGovern (2015) 284 Civilian
Mills (2012) 103 Civilian
Myers/Norman (2015) 41 Civilian
Norman (2019) 119 Veteran
Haller/Norman (2016) 154 Veteran
Petrakis (2016) 96 Civilian
Petrakis (2020) 24 Veteran
Saladin (unpublished) 44 Civilian
Sannibale (2013) 62 Civilian
Schacht/Peirce (2017) 58 Civilian
Schafer (2019) 343 Civilian
Sonne (unpublished) 25 Civilian
Vujanovic (2018) 53 Civilian
Zlotnick (2003) 24 Incarcerated
Zlotnick (2009) 49 Incarcerated

Abbreviation: PTSD, Post-Traumatic Stress Disorder.

and/or pharmacological treatments targeting PTSD comorbid with
AODs known as Project Harmony (2022, in press; Hien et al., 2019,
2022, in press; Morgan-Lopez, Hien et al., 2022; Saavedra, Mor-
gan-Lopez, Hien, Lopez-Castro et al., 2021). These 25 studies are a
subset of 36 studies in Project Harmony (N = 4046) that had item-
level data on PTSD symptoms from semi-structured interview.
Table 1 shows the studies that were included in the current
analysis.

2.2 | Measures

PTSD items across all measures were recoded to a common standard
at the item-level reflecting a binary (0/1) measure of presence/
absence of the 16 DSM-IV/DSM-5 common symptoms and the 5 non-
common symptoms, a process known in the integrative data analysis

(IDA) literature as item harmonization (Bauer & Hussong, 2009).

Percent female Percent full PTSD diagnosis Measure
3.7 66.7 CAPS-1IV
9.9 100.0 CAPS-IV
0.0 86.7 CAPS-1V

34.5 721 PSS-1(-1V)

100.0 82.5 CAPS-IV

81.0 48.2 CAPS-IV
100.0 80.1 CAPS-IV
374 40.7 CAPS-IV
8.8 58.8 CAPS-IV
56.6 100.0 CAPS-IV
58.5 100.0 CAPS-IV
62.1 95.2 CAPS-IV
100.0 68.3 CAPS-1V
10.1 86.6 CAPS-5
11.7 64.3 CAPS-IV
6.3 83.3 CAPS-IV
8.4 291 CAPS-IV
50.0 931 CAPS-IV
532 91.9 CAPS-IV
79.3 100.0 CAPS-IV
100.0 63.3 PSS-1(-1V)
320 920 CAPS-IV
50.9 73.6 CAPS-5
100.0 87.5 CAPS-IV
100.0 81.6 CAPS-IV
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CAPS-IV Symptoms. The CAPS-IV (Blake et al., 1990) was used
in 21 of the 25 studies in this analysis. The CAPS-IV assesses the
frequency and intensity of the 17 DSM-IV PTSD symptoms re-
spondents had experienced in the previous 30 days as well as to
determine PTSD diagnostic status and symptom severity. The CAPS-
IV has three symptom cluster subscales: Reexperiencing, Avoidance/
Numbing, and Hyperarousal. A DSM-1V diagnosis of PTSD requires
the presence of a Criterion A traumatic event, at least one reex-
periencing symptom, three avoidance/numbing symptoms, and two
hyperarousal symptoms. For harmonizing CAPS-IV items to a com-
mon metric relative to the other interview measures (CAPS-5, PSS-I-
IV; see below), the convention for converting frequency and intensity
items to binary DSM symptoms based on a symptom frequency rating
of at least once in the previous month and a moderate or higher level
of symptom intensity (known in the PTSD literature as “F1/12") was
used (20-21).

CAPS-5 Symptoms. The CAPS-5 (Weathers et al., 2018) was
used in 2 of the 25 studies (Norman et al, 2019; Vujanovic
et al.,, 2018) in this analysis. For the 20 items that capture severity of
symptoms under DSM-5 Criteria B-E, harmonization to a common
metric was done based on the item-level rule of a severity score of
“2” (moderate) or higher based on DSM-5 PTSD criteria.

PSS-I(-1V) symptoms. The PSS-I (Foa et al., 1993) was used in 2
of the 25 studies (Foa et al., 2013; Schifer et al., 2019) in this
analysis. For the 17 items that capture severity of symptoms under
DSM-1V Criteria B-D, harmonization to a common metric was done
based on the item-level rule of a severity score of 2 (“2-4 times per
week/somewhat”) or higher based on DSM-IV PTSD criteria.

Predictors of Joint Empirical/Diagnostic Grouping. Predictors
included the following demographic variables: age, gender, race/
ethnicity, education level, marital status and population type
(Civilian, Veteran, Currently Incarcerated). Two dummy variable in-
dicators were included for the measure (CAPS-1V, CAPS-5, PSS-1-1V),
with CAPS-1V as the reference measure. Other psychiatric predictors
that were commonly available across datasets included: number of
days of alcohol use in the past 30 days, any past 30-day cocaine use,
any past 30-day opiate use, any past 30-day stimulant use, any past
30-day sedative use, any concomitant psychiatric medications, and
current depression diagnosis. Descriptive statistics for predictors are
shown in Table 2.

2.3 | Analysis procedures

PTSD Scale Score Estimation under Moderated Non-Linear Factor
Analysis. Scale scores (set to a standard normal metric) were esti-
mated under the moderated nonlinear factor analysis framework
(MNLFA; Bauer, 2017) in Mplus (Muthén & Muthén, 1998-2017); the
MNLFA model is ideal for estimating scale scores in the presence of
differential item functioning (DIF). The model that best fit the
harmonized PTSD symptoms, summarizing from Morgan-Lépez, Hien
et al. (2022), was a single factor, “2pl analog” MNLFA model with a)

three symptoms showing no DIF across any predictor of DIF (i.e.,

psychologicalcues, negative beliefs, and horror/shame/guilt) and b)
DIF substantial enough to lead to differential test functioning (i.e.,
systematic bias in scale scoring if DIF was not properly modeled)
among African Americans and incarcerated populations. The MNLFA
model was chosen because a) the general “2pl analog” model fit the
data (CFl = 0.90, RMSEA = 0.052, 95% CI [0.048, 0.055]) while a “1pl
analog” model with factor loadings constrained to equality failed to
fit the data (CFI = 0.79, RMSEA = 0.072, 95% CI [0.068, 0.075]) and
b) previous psychometric analyses suggested both item threshold and
factor loading DIF was likely across multiple variables (e.g., Hoyt &
Yeater, 2010; Jamison-Eddinger & McDevitt-Murphy, 2017; Ruglass
et al., 2020).

Empirical Threshold for Distinguishing Full and Subthreshold
PTSD. Next, an empirical threshold was estimated for differentiating
MNLFA scale scores between participants with a full or subthreshold
PTSD diagnosis using the means and standard deviations of the
MNLFA scores (Jacobson & Truax, 1991):

(OFull PTsDX MeaNnsupthreshold PTsD) + (Tsubthreshold PTsDX Meany) prsp)
(Osubthreshold PTSD + OFull PTSD)

(1)

Participants whose score was above the threshold would have an
empirical full PTSD classification, while participants with a score
below the threshold value would have an empirical subthreshold
PTSD classification.

Comparison of the “Gold” and “Platinum” Standards for Diag-
nosis. The utility of adding a component to a full PTSD diagnosis that
was dependent on both (a) a conventional diagnosis from a clinical
interview (based on within-criterion symptom counts?) and (b) an
empirical classification of full PTSD that was dependent on the
relative weight of each symptom was examined; if (a) alone is
considered a “Gold Standard” diagnosis, then we consider (a) and (b)
together as a “Platinum Standard” for diagnosis. Using the empirical
classifications from MNLFA and the diagnoses of Full PTSD and
Subthreshold PTSD, four groupings were created: (1) a grouping
where participants had both a Full PTSD diagnosis and a full PTSD
empirical grouping (i.e., “Platinum Standard” diagnosis grouping), (2)
two groups where the diagnosis and empirical classifications were
discrepant (Full PTSD diagnosis/Subthreshold PTSD empirical, Sub-
threshold PTSD diagnosis/Full PTSD empirical) and (3) a grouping
where participants had both a Subthreshold PTSD diagnosis and a
Subthreshold PTSD empirical grouping.

Receiver Operating Curves (ROC) and sensitivity analysis for the
two standards at various points along the latent PTSD MNLFA scale
were used to assess differences in clinical utility for “gold” and
“platinum” standard diagnoses. The predictors that were associated
with higher probabilities of being in the diagnostic-discrepant groups
were assessed using random effects multinomial logistic regression
to assess which characteristics (i.e., populations, comorbidities) were
most likely to lead to mischaracterization of participants' diagnostic/
empirical PTSD grouping. Finally, to supplement validation of each
diagnostic classification method as recommended by Jo et al. (2017),
an assessment of the how each approach to diagnostic classification
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TABLE 2 Descriptive statistics for

predictors of diagnostic/empirical Predictor N Mean/Proportion SD Min Max
categorization groups. Age 2587 40.22 11.43 18 75
Male 2616 041 0.49 0 1
Hispanic 2623 0.07 0.26 (0] 1
White 2623 0.64 0.48 0 1
Black 2623 0.27 0.44 (0] 1
Other 2623 0.04 0.19 0 1
Asian 2623 0.01 0.09 (0] 1
High School or less 2011 0.50 0.50 0 1
Some college 1968 0.33 0.47 0 1
College 1968 0.16 0.36 0 1
Married 2225 0.18 0.39 0 1
Veteran 2601 0.36 0.48 0 1
Civilian 2601 0.62 0.49 0 1
Incarcerated 2658 0.03 0.16 0 1
Depression diagnosis 2273 0.57 0.51 0 1
CAPS-5 2658 0.06 0.25 0 1
PSS-1-IV 2658 0.19 0.39 (0] 1
Full PTSD diagnosis 2658 0.78 0.42 0 1
Days alcohol past 30 days 2496 9.96 10.87 0 30
Any cocaine past 30 days 1886 0.24 0.43 0 1
Any opiate past 30 days 1766 0.11 0.31 0 1
Any stimulant past 30 days 1744 0.10 0.30 0 1
Any sedative past 30 days 1522 0.10 0.30 0 1
Concomitant psychiatric Meds 1381 047 0.50 0 1

Abbreviation: PTSD, Post-Traumatic Stress Disorder.

of full PTSD (DSM diagnosis-only (DX), empirical classification-only
(EC), DX + EC) predict PTSD treatment outcomes over time (Hien
et al,, in press).

3 | RESULTS

Empirical Threshold between Full and Subthreshold PTSD groups.
Using Equation (1), the threshold dividing the Full PTSD group
(mean = 0.22, SD = 0.85) and Subthreshold PTSD group
(mean = —0.61, SD = 1.09) was —0.14. The subsequent diagnosis x
empirical classification groupings are shown in Table 3.

3.1 | Diagnostic recovery and evaluation of the two
standards

Next, we assessed improvements in clinical indicators of the “Plat-
inum” standard diagnosis (Full PTSD diagnosis + Full PTSD empirical

TABLE 3 Counts of the four agreement groups.

Reference Group 1 Group 2 Group 3
1373 694 195 395
(51.6%) (26.0%) (7.3%) (14.9%)

Note: Reference Group: Diagnosis & Empirical scores agree that patient
has full PTSD ("Platinum" Standard); Group 1: Diagnosis & Empirical
Disagree: Diagnosis of full PTSD but empirical class says subthreshold
PTSD; Group 2: Diagnosis of subthreshold PTSD but empirical class says
full PTSD; Group 3: Diagnosis & Empirical scores agree that patient has
subthreshold PTSD.

Abbreviation: PTSD, Post-Traumatic Stress Disorder.

categorization) versus the “Gold” standard (Full PTSD diagnosis only).
The ROC are shown in Figure 1, estimated based on logistic
regression models with the PTSD MNLFA scale scores as the pre-
dictor (given the superior psychometric model fit compared to total
symptom counts) and the diagnostic categories based on (a) the DSM

diagnosis and (b) DSM diagnosis + empirical grouping as outcomes.
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ROC curve for the Gold standard

o //__,__._.__,_«
— m - -
r o 7 o
o =
E o© -
z °
R
B o 7
-,
Qo
I — Binormal ROC
o | — = Chance line
= T | | | | T
0.0 0.2 04 06 0.8 1.0
1-Specificity (FPR)
ROC curve for the "platinum’ standard
o
— [s0] - -
¥ o s
o -
£« -
= ° P
R e
% o 7 =
= -
Qo -
2 ol et — Binormal ROC g
o | -7 — = Chance line
= T | I T T T
0.0 0.2 04 06 0.8 1.0

1-Specificity (FPR)

FIGURE 1 Receiver Operating Curves (ROC) Curve of Gold
Standard versus Platinum Standard Diagnostic Categorizations. The
Gold standard ROC curve represents 73% diagnostic concordance.
The Platinum standard ROC curve represents 93% diagnostic
concordance.

The area under the curve (AUC) value for the Platinum Standard
diagnosis was 0.93 using the PTSD MNLFA score as the model pre-
dictor. Using the PTSD MNLFA score as the model predictor for a
conventional/Gold Standard diagnosis, the AUC value was 0.73,
suggesting that greater than 1 in 4 patients (27%) have a diagnosis
that is inconsistent with their empirical PTSD grouping. Further, the
difference between the two methods is particularly pronounced
when balancing specificity and sensitivity within the Figure for
example, when specificity is 80%, the sensitivity of the “Gold Stan-
dard” was just around 48% while that of the “Platinum Standard” was
around 89%.

3.2 | Variation in diagnostic/empirical grouping
proportions by covariates

Given the marginal percentages of the diagnostic/empirical PTSD
groupings as shown in Table 3, the extent to which key covariates
were predictive of differences across classifications were examined
using random effects multinomial logistic regression, with a focus on
covariates that increased the probabilities of being in the diagnosis-

discrepant groupings. However, due covariate missingness, 50

multiply imputed datasets were generated under a random intercept
multilevel structure (adjusting for within-study clustering) using the
R package “mice” (Van Buuren & Groothuis-Oudshoorn, 2011); re-
sults are presented as pooled estimates and standard errors across
all 50 imputed datasets.

Full Diagnosis/Subthreshold Empirical versus “Platinum Stan-
dard” group. Compared to the total sample, older patients
(odds = 1.01 [ClI = 1.001, 1.02]), patients reporting past month
cocaine use (odds = 1.32 [Cl = 1.01, 1.73]) and patients assessed
using the PSS-I (odds = 1.90 [Cl = 1.36, 2.64]) had a significantly
greater odds of receiving a Full PTSD diagnosis but being empirically
classified as subthreshold. Participants who had a significantly lower
odds of this type of diagnostic discrepancy included men (odds = 0.72
[Cl = 0.55, 0.93]), patients with a comorbid depression diagnosis
(odds = 0.66 [Cl = 0.54, 0.81]) and patients assessed using the CAPS-
5 (odds = 0.19 [Cl = 0.06, 0.64]).

Subthreshold Diagnosis/Full Empirical versus “Platinum Stan-
dard” group. Groups that had a significantly greater odds of receiving
a Subthreshold PTSD diagnosis but being empirically classified as Full
PTSD included veterans (odds = 2.46 [Cl = 1.60, 3.79]) and married
participants (odds = 1.76 [Cl = 1.19, 2.60]). Participants who were
less likely to be in this diagnostic-discrepant grouping included non-
veteran men (odds = 0.48 [Cl = 0.31, 0.73]), patients with a comorbid
depression diagnosis (odds = 0.46 [Cl = 0.33, 0.65]), patients entering
treatment on concomitant non-study medications (odds = 0.55
[Cl = 0.37, 0.82]) and patients assessed using the PSS-I (odds = 0.19
[CI = 0.06, 0.64]).

Full versus Subthreshold PTSD: Treatment Outcome Differ-
ences by Method. Assessment of further validation of the ap-
proaches to PTSD classification was done by estimation of PTSD
treatment outcomes from baseline through end-of-treatment.
Separate three-level multilevel models (repeated measures clus-
tered within patients, patients clustered within studies) were fit
to PTSD treatment outcome data in Project Harmony using PTSD
scale score estimates jointly modeled under MNLFA from
harmonized self-report and clinical interview data (see Supple-
mental Material for Hien et al., in press for details); the focal
estimates were diagnostic group x Time interactions, which would
denote differences in average treatment trajectories between full
PTSD and subthreshold PTSD patients. The literature has sug-
gested, though not consistently, that greater baseline PTSD
severity may be associated with worse PTSD outcomes (Barawi
et al., 2020).

Findings differed substantially across methods of diagnostic
categorization. Using the DSM diagnosis, full and subthreshold PTSD
outcome trajectories were nearly indistinguishable on average
(Dx x Time interaction = -0.194 (0.103), t = -1.88, p = 0.06,
d = —0.24). However, using the empirical grouping that is differen-
tially weighted by each symptom, patients empirically classified as
having full PTSD were significantly (and meaningfully based on effect
size) worse off over time on average than their empirical sub-
threshold PTSD counterparts (EC x Time interaction = 0.760 (0.075),
t =10.07, p < 0.001, d = 0.99); similar findings were observed for the
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Platinum Standard treatment outcome validation analysis (Plat-
inum x Time interaction = 0.721 (0.082), t = 8.78, p < 0.001,
d = 0.94).

4 | DISCUSSION

Using a subset of 25 studies integrated under Project Harmony, the
present study evaluated an enhanced diagnostic standard for Full
PTSD, whereby patients meet both a conventional DSM PTSD diag-
nosis and an empirical classification of Full PTSD based on symptom
weighting procedures. In this sample, the marginal proportion of
diagnostic agreement was 66.5%, suggesting that 1 in 3 patients had
a discrepancy between their original PTSD diagnosis and their
empirical PTSD grouping, an even larger diagnostic discrepancy than
that observed in Morgan-Lépez, Killeen et al. (2020). Given this
discrepancy, it is tempting to ask the question “Which is correct: the
DSM diagnosis or the empirical grouping?” Recall that, between the
empirically estimated scale scores under (MNL)FA and a much more
restrictive model assumed by using within-criteria symptom counts
(i.e., the basis for diagnosis), the former model fit the data well and
the latter model fit the data poorly. Thus, symptom counts form a
biased basis, based on psychometric model misfit, for measuring
underlying PTSD severity and arguably a biased basis from which to
make a categorical decision regarding a PTSD diagnosis (Sinharay &
Haberman, 2014). To many clinicians this will come as no surprise, as
it is both clinically intuitive that “not all symptoms matter equally”
and has been shown in multiple factor analytic and IRT-based psy-
chometric studies (Contractor et al., 2018; Saavedra, Morgan-Lépez,
Hien, Back, et al., 2021; Silverstein et al., 2020).

Given the noted psychometric limitations of the DSM diagnosis
itself, the focus in this article was on augmenting the diagnostic
standard by requiring both the DSM Full PTSD diagnosis and an
empirical grouping of Full PTSD for an enhanced or “Platinum Stan-
dard” diagnosis. Using the enhanced diagnostic standard increased
the model-based ROC/AUC from 0.73 to 0.93 compared to a Full
PTSD diagnosis only, reducing the estimated diagnostic discrepancy
rate by 20%. This result is critical, because without attending to
differences in the relative weight of PTSD symptoms, a non-trivial
proportion of undiagnosed-but-high-severity patients may be at-
risk for missing necessary services and, conversely, patients with a
diagnosis whose underlying severity is not as high might otherwise be
referred to more appropriate services. This enhanced diagnostic
standard has the potential to be both more accurate and more
nuanced, opening the door for research on PTSD treatment that is
more personalized and tailored based on specificity in the symptoms
that contribute most toward a patient's underlying severity.

A key population that was more likely to be in the “under-
diagnosed” discrepancy group were veterans, who were 2.4 times
more likely than other mutually exclusive populations (non-veteran
civilians, incarcerated populations) to be subthreshold with regard to
their PTSD diagnosis but empirically estimated to have Full PTSD,

consistent with other work detailing risk for underdiagnosis of PTSD
in veteran populations (Fisher, 2014). This finding is underscored by
the higher marginal percentages for diagnostic discrepancy for fe-
male veterans (42%) versus male veterans (34%). Women veterans
represent™10% of patients seen in VA care clinically and in research
(Department of Veterans Affairs, 2017). It is possible that women
veterans on average differ in how their PTSD symptoms present
because of greater exposure to previous trauma, to sexual harass-
ment and assault, and to stressful homecoming experiences (Street
et al., 2009). Further, this type of underdiagnosis is in contrast to
non-veteran men who have lower odds of diagnostic discrepancy
(marginal percentage of 23%; see also Table 4). More research is
necessary to understand why veterans, particularly female veterans,
are likely to be under-diagnosed with PTSD via conventional diag-
nosis in contrast to our proposed “Platinum” standard. One key
population that was more likely to be “overdiagnosed” (i.e., Full PTSD
diagnosis/subthreshold PTSD empirical classification) was patients
with comorbid cocaine use. It is possible that patients may attribute
the effects of cocaine use (but not other substances, such as alcohol
use; Waldrop et al., 2007) to PTSD, resulting in higher PTSD symp-
tom ratings by assessors. Indeed, one study found that the presence
(compared to the absence) of cocaine use disorder was associated
with significantly higher arousal/reactivity symptoms of PTSD
(Dworkin et al., 2018). These authors suggested that certain experi-
ences, such as such as hypervigilance and irritability and angry out-
bursts, could be either cocaine- or trauma-related. Accordingly, our
findings underscore the importance of careful assessment of PTSD in
the presence of concurrent cocaine use.

Our findings also suggest that assessment under DSM-5 reduces
the odds of diagnostic discrepancy (see Table 4), with the marginal
percentage for diagnostic discrepancy of 26% under CAPS-5
compared to 34% for CAPS-IV/PSS-1-1V. This is likely due to a
larger influence of two DSM-5 symptoms in particular: in MNLFA
scale score estimation, Negative Beliefs had the second largest factor
loading and Blame of Self or Others had the second largest item
threshold (Morgan-Lépez, Hien et al., 2022), suggesting that these
two “high information” symptoms contributed to greater precision in
estimating the scale score and likely have greater impact on diagnosis
from the two studies from which DSM-5 symptoms were available
(Norman et al., 2019; Vujanovic et al., 2018). The additional infor-
mation that these symptoms provide speaks to one limitation of the
study (i.e., high proportion of DSM-IV studies), where there will be a
need to extend this methodology to IDA contexts once a critical mass
of DSM-5 PTSD/AOD studies are available. Relatedly, a second lim-
itation of this study is that analyses were conducted on a set of
studies of adults with comorbid PTSD/AOD. Given other work
showing that people with PTSD/AOD, relative to PTSD only, have
greater severity across numerous clinical variables, including PTSD
symptom count (Simpson et al., 2019), we cannot be certain that
observed “Gold” versus “Platinum” standard discrepancies would
have emerged in an IDA study of adults with PTSD only; calls have

been made recently for such IDA studies with “pure” PTSD samples
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TABLE 4 Random effects multinomial logistic regression estimates.
Status Predictor Odds Ratio Lower CL Upper CL
Full PTSD Diagnosis/Subthreshold Age 1.0101 1.0013 1.0190
PTSD empirical grouping (v. Full/Full Hispanic (v. Non-Hispanic) 12076 0.8295 17579
Male 0.7171 0.5503 0.9345
Black (v. White) 1.0373 0.8127 1.3240
Other (v. White) 1.2274 0.7445 2.0235
Asian (v. White) 0.9987 0.2999 3.3262
Some college (v. High School) 1.0049 0.7957 1.2691
College (v. High School) 0.8203 0.5968 1.1275
Married 1.1341 0.8690 1.4800
Veteran (v. Civilian) 1.1245 0.8593 14717
CAPS-5 (v. CAPS-IV) 0.1902 0.0559 0.6471
veteran*caps5 3.0345 0.8109 11.3551
Incarcerated (v. Civilian) 0.2932 0.0686 1.2525
Comorbid depression 0.6613 0.5389 0.8115
Non-study medications 0.8329 0.6550 1.0592
PSS-1-1V (v. CAPS-1V) 1.9005 1.3639 2.6483
Number of days alcohol in past month 1.0057 0.9960 1.0154
Any past month cocaine use 1.3219 1.0110 1.7285
Any past month opiate use 1.0813 0.7236 1.6160
Any past month stimulant use 0.7202 0.4722 1.0986
Any past month sedative use 0.9433 0.6228 1.4288
Subthreshold PTSD Diagnosis/Full Age 1.0010 0.9862 1.0161
D Guppilien el (v Ul Hispanic (v. Non-Hispanic) 0.7014 0.3659 1.3445
Male 0.4752 0.3084 0.7321
Black (v. White) 0.9188 0.6204 1.3608
Other (v. White) 1.7382 0.8657 3.4903
Asian (v. White) 2.2004 0.6030 8.0286
Some college (v. High School) 1.2107 0.8323 1.7611
College (v. High School) 0.8888 0.5488 1.4397
Married 1.7635 1.1957 2.6011
Veteran (v. Civilian) 24666 1.6041 3.7930
CAPS-5 (v. CAPS-IV) 0.8579 0.2715 2.7105
veteran*caps5 0.5950 0.1552 2.2808
Incarcerated (v. Civilian) 0.1230 0.0054 2.8244
Comorbid depression 0.4600 0.3268 0.6474
Non-study medications 0.5537 0.3728 0.8224
PSS-I-1V (v. CAPS-1V) 0.0906 0.0238 0.3455
Number of days alcohol in past month 0.9992 0.9813 1.0175
Any past month cocaine use 1.0762 0.6992 1.6564
Any past month opiate use 0.8457 0.4391 1.6287
Any past month stimulant use 0.9143 0.4964 1.6842
Any past month sedative use 0.6763 0.3040 1.5045

Abbreviation: PTSD, Post-Traumatic Stress Disorder.
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(Morgan-Ldpez, Hien et al., 2022). However, the high prevalence and
unique impairments reported in civilian and military samples of pa-
tients with comorbid PTSD/AOD is an important area of focus
(Norman et al,, 2019). A third limitation is, although most studies
utilized the CAPS, which is a gold standard measure of PTSD, “real
world” clinical practice may not utilize structured interviews in
determining PTSD diagnoses. Further work is needed to investigate
the discrepancies between PTSD diagnoses based on unstructured
clinical interviews and empirical classifications to inform assessment
in non-research settings.

Although convenient and practical, the use of total scores or
symptom counts impose a psychometric model where each symptom
of a disorder is equally weighted in its relation to underlying disorder
severity. The current study shows that this one size fits all approach
can lead to over- and under-diagnosing of PTSD in specific subgroups,
potentially contributing to disparities in who is eligible for services
and treatment for PTSD (Spoont et al., 2009, 2017). This study adds
to growing evidence of the utility of using FA/IRT scale score esti-
mation in concert with normative threshold approaches for cate-
gorical decision-making (Morgan-Lopez, Killeen et al., 2020), such
that diagnostic decision-making can a) take into account the relative
weighting of symptoms and the extent to which FA/IRT item pa-
rameters differ across populations and b) potentially yield a different
diagnostic decision than historical and current (within-criterion)
symptom count approaches to diagnosis within the DSM. By empir-
ically identifying potential “red flag” symptoms (relative to less severe
“yellow flag” symptoms) that can enhance diagnostic precision, it is
possible that this more nuanced and accurate approach can help the
trauma field achieve the goal of better understanding and treating
the after-effects of trauma in all people.
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